PGS. TS. THAI DOAN TiNH

o ¥ §
v ’
g Vi Vg
S )
V 3 i ¥ 5
5 )
Vg

L1/ NHA XUAT BAN KHOA HOC VA KY THUAT



PGS. TS. THAI DOAN TINH

CO CHE VA PHAN UNG
HOA HOC HUU CO

TAP 3
(Tron bd 3 tap)
In ldn thd nhdt

NHA XUAT BAN KHOA HOC VA KY THUAT
HA NOI



LOI NOI PAU

Cubh sdch “CO CHE VA PHAN UNG HOA HOC HU'U CO”
nay dude bién sogn trén co sd cudn “Co sd ly thuyét hod hitu co”
(Nha xudt bdn Khoa hoc va K9 thudt Ha Néi, ném 1999 va tdi ban
ndm 2001) nhdm bé sung thém nhitng kién thite co bén va hién
dai vé lién két hod hoc, cdc hiéu wng cdu tric, hod hoc lép thé,
nhét la cde co ché phdn iing cu thé trong cdc logi phdn itng co bdn
cua hod hoc hitu c¢o nhu phdn itng thé gée, electrophin va
nucleophin; phdn éng céng gée, electrophin va nucleophin; phdn
ing tach; phdn wng chuyén vi; phdn iing nhiét va quang hod; phdn
wng oxy hod khiZ.

Cudn sdch ding cho sinh vién dai hoc, cao hoc va nghién
cttu sinh dang nghién citu vé hod hoc hitu co va c6 thé lam tai lidu
tham khdo cho cdc cdn b6 giang day va nghién citu vé hod hoc hitu
co.

Cuén sdch gém 15 chuong duoe chia ra lam ba tép.

Chde rang cuén sdch con cé nhitng ché chua ddp ng duge
yéu cu ctia dpe gid, chiing t6i mong nhin duge y kién nhan xét dé
cuén sdch duge hoan thién hon.

Tdce gia



CAC CHU VIET TAT VA THUAT NGU

1- Chit viét tir;

THF Tetrahydrofuran

DMF Dimetylfomamit

HOMPA Hexametylphotphoric triamit
DBN 1,5-Diazabixyclo[3.4.0] nonen-5
DBU 1.8-Diazabixyclo[5.4.0Jundexen-7
DDQ 2,3-Diclo-5,6-dixyano-1,4-benzoguinon
DMAP 4-Dimetylaminopyridin

9-BBN 9-Borabixyclo[3.3.1]nonan

LDA Liti diisopropylamit

DABCO 1,4-Diazabixycio[2.2.2]octan
DAST Dietylaminosunfua triflorua

DCC Dixyclohexylcacbodiimit

DHU Dixyclohexylure

NBS N-bromsuxinimit

TEBA Trietylbenzylamoni clorna
DIBAIH Diisobuty! alumi hydrua

2- Cédc thudt ngit tir ti€ng La Tinh duge giit nguyén géc.

3- Céc thuat ngit dich tir ti€ng nuéc ngoai duge ghi them tiéng Anh.



Chuong 1 1

PHAN UNG CONG NUCLEOPHIN Ay

Phan iing cong nucleophin Ay duge thie hién bing su tdn cong clia nucleophin vao
lién két boi ¢6 mat do electron nhd nhat,nghia la vao trung tdm electrophin & giai doan quyét
dinh téc d6 clia phan dng:

NS ALD > Nue—A—

Hop chdt trung gian ctia phan {ing nay la anion bén quyét dinh hudng ctia phan ting
cong. Anion c6 thé 12 cacbanion hay anion dj t6.

Phéan img dién hinh clia phan Wng Ay 1 phan tng cdng vao nhém C=0, C=N clia céc
andehit, xeton, axit va dan xuat, imin, nitrin va ankyn la nhimg nhém c¢ lién két doi dinh
véi nguyén t6 c6 do am dién cao nhu O, N, C,,. Cic lién két C=C ciing tham gia phan ting
nay khi phan tit ¢6 nhém thé hit electron manh.

11.1. PHAN UNG CONG Ay CUA ANKEN

Phan ng x4y ra bing sy t4n cong clla Nu  vio cacbon dé hinh thanh cacbanion:

N + >C = C: —  Nu¥---- (:3--; éla_ — Nu—-—(:l— g<

Su tdn cong hudng vao olefin n' phan lién két cé ning lugng thdp nhdt (LUO) nim
thang gbc v6i mat phang ciia lién két n. Su tuong tic nay la twong tdc clia obitan p cia tic
nhian (HOQ) véi obitan phan lién két d€ hinh thanh lién k&€t C-Nu, déng thdi gidi phéng
obitan p chita mét cap electron & cacbon khdc, nghia Ia hinh thanh trung t4m cacbanion.

N6i chung, mat d¢ electron & lién két doi 16n cho nén nhiing anken don gian khong
cho phén tng cong Ay,chi ¢6 nhimg anken ¢6 nhém the hit electron —f hay —C manh mdi ¢é
thé tham gia phan Gng Ay nhw cdc polyhalogen hay polyxyano anken cho phén tng cong
nucleophin. Chang han nhu cong Cl, hay HF vao C(CN),=C(CN), tim thdy tic nhan tdn
cong ban ddu 1a CI” hay F .

Céc nhom th€ nay lam giam mat do electron & lién két doi, gy ra mot phdn dién tich
duong & cacbon B d6i v6i nhém thé dé én dinh cacbanion:
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Cacbanion dugc dn dinh bang nhiu cdch khic nhau. Thong thudng la két hop vdi

proton tir moi trudng d€ hinh thanh san phim céng:
CH,0 + CH,=CHCN — CH;0-CH,~CH -CN ~> CH,0-CH,CH,CN

Cacbanion cé thé két hop véi olefin tao thanh polyme theo co ch& trung hop anion,

nhat 14 khi c6 xidc tdc kim loai kiém, ching han:
CH,=CHX _
e H,NCH,CHX-CH,CHX Na*

Na'NH, + CH,=CHX — H,N-CH,CHX Na
Cacbanion ¢6 thé dn dinh bang phan tng tich dé hinh thanh olefin méi:

R, X o R _ X g Nu X
c=c A -2 =
R'/ Y Rl/l \Y RI/ \Y

Nu

hoac bang phan ting tach lai Nu~ dé hinh thinh olefin déng phan hod:
R X N R\ - X N R\ /Y
\C = _‘1'1- C—C —_— = C\
R!/ \Y R'/' \Y R!/ X
Nu

Ngoai ra cdn cé céc phan tng phu khdc nhu chuyén vi, vdong hod tao ion kép hoic

cong vong hod phu thu¢c vao thanh phin anion:
N e - -
C—C Ne 7 chuydnvi N —
C—CL 971N

~ _+ —
C—C —_ |\ /
/s ~ ~ _ -~ : N R
P C\ N-R
dime hod

- ~ -~
N o7 c—cl +7
/(|: SN _"/\I\{ ~
NZ cdng vong hod

Phén dng phu thudc vao ban chdt nhém thé, hiéu tng hit electron cang 16n, tdc do

phan itng cang cao:
X-CgH4~CH=CHCOOCH + H,NNH, — X—C6H4—(|?H—CH2COOH

NHNH,

Tdc do phin ung gidm theo: X = p-NO, > m-NO, > H > p-CH,0 > p-N(CH,),.
Cac nhém th€ ankyl & ndi doi lan giam t6c d6 phan tng do hiéu ltng khoéng gian trong
trang thdi chuyén. Ching han, cdng este malonat v6i etylcrotonat cho hi¢u suat 60%, véi



ax‘t ,B-dimetylacrylic cho 30%, con axit «,B,B-trimetylacrylic khéng phan ting.

T8¢ d6 cang gidm khi c6 nhém ankyl & vi tri o clia ndi 46i, chéng han cong ion sunfat
vio cdc din xuft sau:

CH,=CHCN k10% =18 CH,=CHCOOCH; k10 =27
CH,=C(CH,)CN k.10 = 0,036 CH;=C(CH3)COOCH3 k.10* = 0,13
Dai da s6 phan tng 12 cacbanion két hgp véi proton d€ cho san phdm cong:
C¢HCH=CH,-50,C¢H,CH;-p + R-MgBr — C¢H;CHR-CH SO,C¢H,CH;-p —>

K, ¢ HCHR-CH,S0,CH,CHyp
. _ C,HOH
F,C=CF, + C,H;0” — C,H;0CF,~CF, C,H,0-CF,~CHF,

+ROH | RO-CH,-CH,-CN

+AOH . ArO-CH, CH,~CN

CH,=CH-CN ———
*HS  HS-CH,~CH,—CN
+ RNH,

— RNH-CH,-CH,-CN

Khi tinh bazg cia Nu tiang, t6c do phin Gng tang. Ching han kha ning phin ing
cha cdc nucleophin giam khi phan (ng vdi acrylonitrin nhu este malonic > este axeioaxetic
> axetylaxeton.

Khi diing céc ancolat khdc nhau, ching han véi acrylonitrin, hoat tinh ca ching ty 1¢
nghich v6i hing s6 phan ly axit clia rugu, khi ddng xic tdc amin, phan tng cang dé dang khi
tinh bazo chia amin cang 16n, tuy nhién phai tinh d&€n kho khan 14p thé.

Thong thudng phan tng cin c6 bazo dé tao anion tdn cdng. Ching han:

R,CHCHO + C;HsO — R,C -CHO
R,C —-CHO + CH,=CHCN — Rz(%—CHZCH_CN — Rz(%—CHZCHZCN
CHO CHO

Trong trudng hgp cong YE vao hop chdt ¢6 cdu tric C=C-Z khi Z = CHO, COR,
COOR, CONH,, CN, NO,, SO,R... cling theo co ché& cong nucleophin, trong d6 tic nhan Y
tdn cong vao cacbon & Xxa nhém Z:

Y Y

i @ | © HY

Ye’:*Cé—E—*Céa —] —C—C=C—0 - —C—(C— (E:-O _—
l [ | | [ jon enolat |

Y Y PII
|
- — (—(=C—QH —» —C—C—(C=0
¢ F



Su proton hod tao ion enolat ¢6 dién tich 4m & oxy hon 14 & cacbon r8i cho enol va
tautome hod, k€t qua phén éng 1a cong vao lien két doi cacbon-cacbon nhing co ché 1a cong
nucleophin 1,4 t6i h¢ C=C-C=0, néi chung cla h¢ C=C-Z. Khi Z 1a CO hay CN thi ciing cé
thé nucleophin t4n cong vao cacbon nay nhu 13 cong 1,2, tic nhan c6 thé tdn cOng vao vi tri
3 cho cacbanion (1) nhung khong dugce giai toa:

© I _
—¢—f—¢=0°
(1)

Céc hop chit andehit va xeton o, B-khong no ¢é sy lién hop véi sy phan bs electron
theo co hoc lugng tir:

CH;— CH_[T*_(E_/}] = [cH,— C}fj"“CH‘"-(II'"-O&l
R o008 -001 034 1,39 R
CHE=CH—C=0

Tinh chat cita nguyén tlr cacbon cacbonyl chuyén mot phdn sang cacbon cudi mach
lien hop, vi the trung tAm tdn céng ciia nucleophin khong phai & cacbon cacbonyl ma ca &
cacbon cudi mach.

Khi tdc dyng v&i tic nhan nucleophin, ching han CN™, phan ing véi metyletylxeton:

H-C=N+ 5 ==9c=N +HB

o Pl s0cC BH

N=C"+ CH SCH- 03" “> N=G- CH;—CH= &

R R
N=C-CH,—CH=C—O0H —*> N= C-CH;~CHy~ (=0
R R
e>o
] o we "
CH, = CH—C" + C N —= CH,= CH- Q—- c=N > CHy= CH—Q— C=N

R R R

Hai phan tng canh tranh nhau, phan ting sau ¢6 nang lugng hoat hod cao hon mot it.

Déi véi xeton, phdn ing xdy ra & cacbon B (nhu cong 1,4), con andehit cé thé tham
gia ca vao cacbon cacbonyl. Cic tic nhan khic nhu mecaptan, ancol, amin ciing cho phan
\fng tuong (v, ciing cdn xic tdc axit va bazo.

Phin tng quan trong loai ndy 13 cong cha acrylonitrin 12 céng 1,4, goi 1a phan iing
xyanoetyl hod vi Y duge xyanoetyl hod:

CH,=CH-CN + HY — Y-CH,~CH,-CN



Khi anken cé nhém thé€ hiit electron 14 nhém C=0 lam tang kha nang phan ing coéng
Ay vao n6i do6i nhung chit ban ddu & vao trang théi lién hgp nén phan ing cong 13 1.4 nhu
loai phan dng Michael:

C,H.0H
C¢Hs—CH=CHCOOC,H; + CH,(COOC,Hs),

2 CgHs~CH-CH,COOC;H;
CH(COOC;Hj;),

Phan dng dugc xdc tic bing axit hoac bazo. N€u xdc tdc 12 axit H k&t hgp vao O, néu

xic tac 12 bazo thi bazo tic dung véi tdc nhan hinh thanh anion 1am tdc nhan Nu

H
|
CH,=CH—CH=0 +H*22%. CH,*-CH=C-OH

R-0: + CH,"-CH=CH-OH cham
H

e

R-O*-CH,-CH=CH-OH ==
H
RO-CH,-CH,-CHO
R-OH+B 2

RO + BH
RO" + CH,=CH-CHO 2§ RO-CH,-CH=CH-O

== ROCH,CH=CHOH

RO-CH,CH,CHO
Cic tdc nhan cé thé diing 12 amin, mecaptan, nitrin, HO™ va hgp chét khéc, song phan

ing quan trong nh4t 13 phan ng v6i tic nhin tao thanh lién k&t C-C nhu este malonat, este
axetoaxetat, este Xyanoaxetat goi chung la phan iing Michael.

Céc hop chat thom phén iing v6i Nu theo phan #ing cong Ay xdy ra rit hi€m, chi c6 vai
han:

truong hop khi ¢6 tic nhan Nu manh vA hgp chat c6 sy lién hgp manh trong phan tir. Chéng
H,

CH; H; CH,
RMgX R
CO —_— CO H
H;C  CH, H,C  CH;
V& mat hod hoc 14p thé ciia phan ing Ay, c6 su chuyén trang théi lai hod tir sp? sang
sp3 kém theo su bi€n dang phan tir va tinh hinh hoc khdc nhau phu thuéc vao hai hudng tan

tdn cong syn hay song song cho cacbanion cé cqu dang che khuit:

4 Y v
D~ & -
X —a X
X bY v

cong: tan cong anti hay phin song song cho cacbanion c6é cdu dang kim ham anti vi ké, con



Co ché cong nucleophin 14 co ché cacbanion don gian, khéng c6 dac thit 14p thé nhung
¢6 chon loc 14p thé. Ching han, cis va rrans-olefin dang ABC=CDE cho cacbanion:
=

B 3

Neéu cacbanion ¢6 doi séng ngén thi hai cacbanion di cé cdu dang (2) va (3) 1a thich
hop dé két hop v6i E cho sin phdm. M&i cacbanion c6 thé €6 mot trong hai déng phan dig
nén goi la chon loc lap thé, déng phan cis hay trans khéng cho sin phim khdc nhau thi
khéng cé dac thii 1ap thé.

Hod hoc lap thé cong nucleophin vio lien ket déi chi duge nghién ciu & hop chat
vong, trong d6 chi t6n tai & dang cis. Trong trudng hop nay quan st thdy phan tng chon loc
1ap thé va cong syn, trong trudmg hop khic cho cong anti.

Trong phén tng cong loai Michael, hydro khong tryc ti€p di t6i cacbon ma qua can
bing tautome. San phfm tir c4u hinh bén nhigt dong hoc nhat khéng c6 quan he véi sy tan
cong ban diu ctia Y . Trong mét s6 trudng hop céng clia CH;0D va (CH,),CSD t6i rrans-
CH;CH=CHCOOC;H; thi wu tién cong trans, tinh chon loc 1ap thé & day 1a do proton hod
cudi citng clia enolat, khong phii tr tan cdng ban d4du.

Phan ing cong nucleophin t6t nhat & anken ¢6 ba hay bon nhém thé hit electron, nhur
F,C=CF; va (CN),C=C(CN), déu chju t4n cong ciia anion, ching han véi Cl, bing CI”, véi
HF bang F". Hi¢u ting th¢ 16n ciing khéng cho ¢6ng nucleophin.

Su dinh huéng cua cong nucleophin it dugc nghién citu trir phan ing loai Michael
C=C-Z, & day phdn am Iu6n ludn t4n cong chon loc vj trf & cacbon ma khong dinh véi Z.

11.2. PHAN UNG CONG 4y CUA ANKYN

Ankyn ¢6 hoat tinh véi nucleophin cao hon anken qua trang thdi cacbanion:

Y + (C=C- —» Y—?=C—-

Vinyl cacbanion duge 6n dinh hon nh dé am dién cao hon cia Cp- Ankyn dé dang
tic dung vdi tdc nhan nucleophin ngay khi khong cdn cé nhém thé hit electron 1am phan
cuc hod lién két ba. Ban than axetylen dé& dang phan 1ing véi ancol khi ¢ xic téc bazg:

10



CH=CH + ROH HO , RO-CH=CH,
Phan itng xay ra qua cacbanion vinyl:

CH=CH + RO~ - RO-CH=CH" ROH, RO-CH=CH, + RO

Tuy RO™ 12 bazo y&u hon, cachanion vinyl ¢é tinh bazo manh hon va kém bén hon
nhung lai tao duge lién k&t C-O bén hon nén bl trir cho nhau.

Diaxetylen phan tng dé hon:

CH=C-C=CH + ROH — CH=C-CH=CH-OR

Kha ning phan ting cing cao khi phan tr ankyn c6 nhém thé€ 6 hi¢u tng ~/ va -C,

ching han amin d& phan img véi céc andehit, xeton hay axit axetylenic:
RNH, + CH=C-CHO — RNH-CH=CH-CHO

Vé mit hod hoc 14p thé, phan iing Ay vao ankyn ciing 13 phdn Ung cong anti va dugc
dinh hudng theo sy hinh thanh vinyl cacbanion 6n dinh hon:

—o=c- = Do=& I De=
va thudng san phdm cé ciu hinh cis.

Phan Gng cong vao ndi ba ciing khong c6 thé dic thi 1ap thé. Tdc nhan nucleophin
cong vao néi ba thudmg 1a chon loc lap thé va anti, tuy cing ¢ cong syn va khong chon loc
1ap thé.

Phan ting thudng ding diéu ch€ cdc vinyl ete hay vinyl thioete:

GOl He _CH,

C= C\
Hy, oo SCeHaCHy-p

2-p-tolylmecaplo-rrans-2-buten

p'-CH 3-C6H4-S'Na+ + CH3C =CCH 3

C6H5C0 NR
CeHs;CO-C=CH +R,NH —» =c 7

¢is-1-phenoxy-2-diankylaminoetylen
H
CeHo-C= CH +CHs0" 128 Ce 15{): 0C2H5
75%

cis-PB-etoxystyren

Kha nang phan ing Ay ciia néi ba cao hon ndi doi nén trong cic hgp chat enyn tdc
nhan Nu c6 kha ning ¢ong chon lgoc vao néi ba:

CH=C-CH=CH, + ROH — RO-CH=CH-CH=CH,
Ankyn khi tdc dung vdi ROH c¢6 kiém cong hop theo co ch€ nucleophin:

11



H OR H OR

- I [
~C=C- + ROH -HO _c.c ROH_ -C-C-

H OR
ciing nhu v4i thiol:

i1 SR SR
-C=C- + Rsy -HO ROH

—_— =C- - _C‘_(I:_.

H SR

N6i ba trong ankyn ciing tdc dung véi amoniac, amin bac nh4t, hai hay ba vdi su tan
céng nucleophin cho enamin réi tautome hod cho imin bén hon:

By
R-C=C-R’ + R"NH, =™ R~-C=C-R’ = R—(I'J—C—R’

H
Céc diyn lién hgp phin ng véi amin cho pyrol, qua hai 14n cong 1,2 ma khong phai

c¢ong 1.4
—(Ca=(C—(CamC— +RNH, — @

Phin \ng Michael ciing 4p dung cho néi ba loai C=C-Z:
Q
HC=C-COOGC,H; + CH;CO~ CH~COOC,H; — CH;CO(IZHCOOCZHS
CH=CHCOOC,H;
Vi d6 nhay 1dn cla n6i ba nén d& tdn cong nucleophin, cdc ankyn khong cdn hoat ho4
ciing tham gia phén iing dugc, chdng han nhu axetylen.
11.3. PHAN UNG CONG Ay CUA ANKEN-ANKYN
1- Phdn wng céng amin
Amoniac cling nhu amin bac nhat va hai 12 t4c nhan nucleophin cong hgp vao ndi deéi:
1 ! [
>C=CZ +NH, — —CIH—CIINH2 + (—(I)H—(IZ);,_NH + (—(ISH—(I2)3N
- _ ] [
~C=C_+RNH, — —QH——(IZHNR + (~(|3H-(|2)2NR
|
>C=CZ +R,NH — ~CH-CNR,
Amoniac cho ba sin phidm v6i san phidm ddu 13 amin bac nhat réi cong hop tiép véi

12



olefin cho amin bac hai va ba. Tran thuc t€ c6 thé khdng ch€ sin phdm dé cé m6t san phdm
s tien. Ban than amoniac hay amin déu ¢6 tinh axit y€u hon ancol, thiol va axit nén khong
tim thdy phan tng electrophin, chi & diéu kién khéc nghiét nhu & 170 + 200°C, 800 + 1000
atm khi ¢6 Na thi c¢é phan (fng gilta amoniac va etylen. Phan ting lu6n 14 nucleophin, nhat a
nhu polyhalogen olefin va loai Michael va ankyn.

Céc hop chit khic nhu hydroxylamin, hydrazin, amit(RCONH, va RCOONHR)bao
gbm c& imit, lactam v sunfonamit ciing cong hop vao olefin. Trong trudng hop amit cdn
thém xiic tdc baza vi amit khong phai nucleophin manh nén cdn dé chuyén thanh RCONH".
Cic RNH™, R,N™ 12 nucleophin thuc thu, cdn amin bac ba, trir khi ¢6 nhém thé thé tich 16n,
cong vio néi d6i cdn cé xiic tic axit dé tao mubi amoni bac bon:

2-C=C- + RyNH'CH Ha, z*(::—(::-
H NR,'CI”
Amin bic ba c6 thé 12 ankyl, xycloankyl hay di vdong.
Ankyn tic dung v&i amin bac nhit cho enamin dé tautome ho4 thanh imin bén hon:
R e
RC=CR’ + R"NH, — RC=CR’ == R(F—CR’
H

Amoniac cho san phdm khong bén RCH,—-CR’=NH dé& polyme ho4.

NH; cong hop vao néi d6i bing phuong phép gidn ti€p qua phan (mg hydro bo hod rbi
phin ¢ng ti€p véi NH,Cl hay H,NOSO,0H cho amin bic nhét theo dinh hudng anti
Markovnikov.

Xeten ciing cong hgp amin bac nhét vA hai cho amit mot 14n thé va hai l4n thé tuong ing:

i f
RNH R,NH

=0 = Jomcmo B g0

NHR NR,
Xetimin cling cong hgp amin cho amidin:

i
Somcmn— B —po=N—
NR,

Ngay olefin khong duge hoat hod cong véi amin bac hai khi ¢é xiic tic nhu phic
paladi (II) tao phifrc 1dm gidm mat do electron & olefin tao khd ning cho sy tdn cong
nucteophin. Phan ting dinh huéng Markovnikov va cong anti.

13



2- Phdn ting cong ROH clia ankyn
Phédn ing cong ROH vio n6i ba khi ¢6 kiém cho enol va axetan:

HOR o, R

HO ROH

~C=C- + ROH -C=C- o~ —C-C-
H OR

Phin (ng theo co ch€ cong nucleophin, t6c d6 giam tir ancol bac nhat t6i ancol béc ba,
con phenol cdn diéu kién manh hon.

3- Phdn vng cong thiol ciia ankyn

15 13
-C=C- + RSH &-» —C=C— +RSH, HO _(;_$_
H SR

Phan ing xay ra theo co ché cOng nucleophin xic tic bazo v&i téc nhan 1a RS
4- Phan ing Michael

Olefin ¢6 nhém the& hiit electron céng hgp nucleophin khi ¢6 bazo theo phuong trinh
chung goi 12 phan 1fng Michael va cling 12 phan tng cong lién hop:

b [
X-CHp-Y + -C=C-Z = X-CH-C-C-Z
Y H

Phin wing xay ra khi ¢6 kiém tdch 14y proton tao cacbanion hay bazo tdn cong vao ndi
doi cacbon-cacbon:

-
5 oo, — tngX o+ BH

CH,}: (f_c O —» X—FH-—?—F=(i:—-O B
— X—FH—?—F=§—OH +B

Phan \ing xdy ra v6i malonat, xyanoaxetat, axetoaxetat, cic B-Xeto este vi céc hop
chdt thuoc dang ZCH;, ZCH,Z’, ZCHR;, vd XCHZ'R bao gbm ca este cacboxylic, xeton,
andehit, nitrin, hop ch4t nitro, sunfon va nhitng hop chét c6 hydro c¢6 tinh axit nhu fluoren,
inden. Céc tdc nhan ndy khéng céng vio ndi do6i binh thudng trir khi ¢6 chét kich thich géc
tw do. Phén ing ciing ¢6 su canh tranh cia phan fing cong 1,2 va ciing ¢6 khi wu tién. biac
biét cdc andehit @, B-khong no hi€m khi cho cong 1,4. Phin ing thudng xay ra trong dung
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moi proton v6i mot lugng xic tic bazo, nhung t6t hon 12 diing mét duong lugng bazo dé
chuyén nucleophin thanh enolat, thuc t€ téc nhan enolat c6 tinh chat chon loc 14p thé.

Trong phan tng Michael, tic nhan ¢6 nhiig nhém R khic nhau thi cho hai trung tam
chiral méi:

2 R, R H o
/C—C\ + /C_C\Z —» R,—C— (i: CHZ
enolat 3 3 chit ban ddn g R3; Rs

Cic hop chit nay c6 th€ tén tai & dang cap enantiome. Trong qué trinh thi mot trong
hai cap wu tién hay hén hgp raxemic. Trong nhiéu trudng hgp ca hai enolat va chdt ban ddu
c6 thé ¢6 déng phan E va Z. V6i enolat tao ra tir xeton hay este cacboxylic, enolat £ cho cap
syn enantiome, con enolat Z cho cip anti.

Khi mot hay ci hai cAu ti phin dng 12 nhém thé ¢6 trung tam quang hoat, phén g c6
chon loc d6i quang (chi mot trong bén déng phan dig wu tién). Phan tng cgng chon loc d6i
quang ciing dat dugc khi dung xic tic quang hoat, thudng ding enamin quang hoat thay cho
enolat.

Bazo Mannich v3 hop chit cacbonyl B-halogen ciing ding lam chdt ban diu dé chuyén
in situ 161 hop chit C=C-Z bing bazo, dac biét dung khi chat ban ddu khong ben. Phan (ing
clla C=C-7Z v6i enamin ciing duge coi 12 phan ing Michael. Phin Ung Michael 1a thuan
nghich.

Khi chat ban ddu chia hai nhém thé gem-Z vin c6 thé cOng véi nhém thé tich 1én néu
dung diéu kien aproton. Ching han phin ting sau:

Li
+ Oﬁ/COOCZH5 — H—CN
CH;0 ~ N

COOC,H;
CH3

Ciéc silyl enol ete ciifig cong hop vao xeton va este o, B-khoéng no, tuy cham hon, khi
¢6 xiic tdc TiCly. Phan fing c6 tinh chon loc 1ap thé dia:

OSi(CH3)3 . o o
4

Allyl silan R,C=CHCH,Si(CHj), diing thay cho silyl enol ete (phan {ng Sakurai).
Silyl xeten axetal cho 8-xeto este trong dung moi CH3NO,, ching han:
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HiCS o —OCH; CHNO;
H =~ OSi(CHj); GH—COOCH;

CH;

Cac ankyn loai C=C-Z ciing tgam gia phan dng Michael:
HC=C-COOC;H; + CH;COCHCOOC,H; — CH;COCHCOOQC,H,
|
CH=CHCOOC,H;

V1 ankyn ¢6 nGi ba rit nhay vdi t4n cong nucleophin nén ngay ankyn khong hoat hod
ciing tham gia phan ding nay.

5- Phdn itng céng hop chdt co kim

Téc nhan liti diankyl déng céng hop vao andehit hay xeton a, B-khong no tuong ty
nhu phan iing Michael:
II{, i + II{ I;I
-C=C~-C-R + RyCuLi ~—» —C-C=C-R % _C_C_C-R
Lo C”) b (I) o Ul g)

Gdc R’ c6 thé 1a anky bac nhdt, vinyl hay aryl. Cdc este o, B-khong no phan dng
cham hon,cdn (CH3);S8iCl phan ing nhanh vA hiéu sudt cao hon. Phan ting chi chuyén mot
nhém ankyl. Thudmg tdc nhan diéu ché tix RLi v6i RCu, R’C=CCu. Phan ting cfing ¢6 sy
canh tranh clia cong 1,2. T4c nhan R,CuLi cling c¢ng vao sunfon o, B-khéng no nhung
khong cong vao nitrin a, f-khong no.

Théng thwémg thi sau khi tao enolat, tir xeton o,B-khong no, chuyén ¢di $-ankyl xeton
nhu rén nhung ciing c6 thé enolat phan ng véi electrophin khdc (goi 13 ludng chic
hod ké citng loai - tandem vicinal difunctionalization), trong mot s§ truong hop cé phan
ing vao O hay trudng hop khdc vao C. Ching han khi ¢6 R”X bac nhét hay hai vi trong
1,2-dimetoxyetan thi enolat ¢6 thé tryc ti€p ankyl ho4:

R’ R R”
R;CllLi | R"X [
TR G0=CR =5 C-C-CR
0 0° 0

Trong cing mot phan iing ny, c4 hai vi tri « v B déu bi ankyl hoa.
Tdc nhan Grignard cfing cong vao hgp chat trén nhung ¢6 su canh tranh cong 1,2
manh hon va san phim duoc khong ché bing 14p thé:
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C6HS C(,H5
CeHs—CH= C— ﬁ C¢Hs + CgHsMgBr —» C6H5—CH—CH—C C¢Hs

0 (1) bﬁHS (':l) 100%

(}:6H5
CeHs—C= CH—% CeHs +CgHsMgBr —»  CgHs—f= CH—(lj CeHs
100%

CGHS 0 @) CGH5 OH

Phan ting (1) cho 100% san phérn cdng i,4, cdn (2) lai cho 100% céng 1,2. Cac nhém
the & cacbon cacbonyl 1am tang khd nang cong 1.4, nhém thé & lién két doi tang kha nang cOng
1,2. Ca hai sdn phdm déu tim thiy nhung véi andehit thi chi ¢6 cong 1,2 vdi tac nhan Grignard.

Téac nhan Grignard cling nhu liti diankyl déng khong cong hgp vao ndi d6i thudng, chi
cong hgp vao ndi ddi nhay véi tdn cong nucleophin nhu vdi floolefin, xyanoolefin. Tuy
nhién tdc nhan Grignard cong hgp dugc vdi néi doi cha allyl amin, allyl ancol va homoallyl
cling nhw cong vao lién két ba cua ancol propargyl va ankynol khédc. Trong trugng hop nay,
phan ting tao thanh chét trung gian do magie phéi tri véi di t16. Hop chét co liti vdi gbc ankyl
bac nhit, hay hai, ba cling cdng hop vao n6i déi hay ba cho ancol allylic v propargylic (xuc
tic tetrametyletylendiamin) va cdc olefin chira di t6: OR, NR,, SR... Phan ting cong néi
phan or duge ching minh bing phan éng cia 6-clo-1-hepten vdi Mg dun néng trong 5 gi
cho 88% 1,2-dimetylxyclopentan.

Nhém ankynyl ciing cong hgp vao ndi doi clia xeton «,3-khong no khi ding tdc nhin
dietyl-ankynylalan (C,H5),A1C=CR.

Phin ting cong 1,4 clia hop chét co kim cfing chon loc 1ap thé dia va chon loc 14p thé
d6i quang, chang han sunfoxit o, B-khong no (3) hoat déng quang hoc & S cho déng phan
d6i quang rit cao,dén 95%:

ﬁ ArzCuLl Arﬁ Al Mg
93%

Ar = p-tolyl

Téac nhan Grignard cling cong 1,4 v6i hé thom di qua chat trung gian xyclohexadien
dé bi oxy hod cho benzen:

HsCe_ H HCe 1
CﬁHs_EO + CellMeBr_ (C6H5)3C—ﬁ: — (C¢Hs);C
HO

Phin ing dung dé ankyl hod vi aryl hod cdc xeton ¢6 khé khan khong gian. Mot s8
xyclohexadien dé bj oxy hod cho benzen.
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Ciing c6 thé ankyl hod cdc hgp chét nitro thom cé khé khin lap thé:

CH
+ 3CH;MgX . CH3 3

NG, 2 NO; NG,
CH;

Song chii ¥ rang phan ing ¢6 thé c¢6 nhitng co ché rdt khdc nhau nhu phan tng cong
1,4 clia Grignard khong c6 xiic tdc ¢6 thé 1a co ch& cong vong:

|
S P
—_—
R\M gf(-)_ /Mg—({c
e X

Phan iing cia RyCuLi va tdc nhan Grignard ¢6 xudc.tic déng theo co ché gdc tu do va
bao toan gdc R.

Dé 1am rd phan tng ndy, ngudi ta d3 nghién citu phan ng cla xeton a, B-khéng no
nhu 2-xyclohexenon véi (CH;),CuLi:

G O—Li(CH;),CuLi) O—Li(CH;),CuLi
ij + 2(CHy),Culi == ‘ Cu(CHy), — —
) o Cu(CHs),
@\ + (CH3);CulLi
'CH,4

Céc xeton o, B-khong no nhu 2-xyclohexenon trén phan {ing vdi (CH;),Culi theo co
ché qua phiic d-m (4) v6i lien két giita déng nhu 1a mot bazo ¢ cdp electron d va enon ja
axit Lewis c6 obitan 7" cla k4 allyl. Phiic ndy da dugc ching minh bing '*C. Phan ing cong
vdi R3Al theo co ché gée ty do.

6- Phdn ung cong hai nhém ankyl vae ankyn

Hai nhém ankyl c6 thé céng vao ankyn cudi mach:

ete-HMPA /C=
R R"
Phan Gng mot giai doan trong phong thi nghiém v&i bromua ankyl déng-magie (1dc
nhan Normant) va ankyl iodua trong ete-HHMPA chifa trietylphotphit. Phan éng cong ¢é dac
thit 1ap thé syn. Phan tng diing cho R’ bic nhit, va R” bac nhit, allyl, benzyl, vinyl va

a-ancoxyankyl véi giai doan dau la cong tde nhan ankyl déng rdi ti€p theo 12 phan ing ghép:

H
CHOP N\
RC=CH + R'CuMgh, + R'l ——m c<
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H H
RCuMgBr, T\ . N
RC=CH ——> /c=c< Al =
R' (55 CuMgBrn, R’ R"

Ban than axetylen (R = H) ciing phéan iing v&i R,CuLi thay cho tic nhan Normant. R’
6 thé c6 nhém chite. Néu khong diing ankyl iodua thi chét trung gian vinyl dong (5) chuyén
thanh axit cacboxylic khi cdng v6i CO; hay tao amit khi céng véi isoxyanat khi ¢6 HMPA
va xic téc trietyl photphit:

H H : H
N @ R
/C"‘< “(CHO)P HMPA _/ _< (GHOP HMPA _<
R’ CONHR" R Cu.MgBr, R’ COOH

Né&u diing I, cho iodua vinyl. Phan ing cling tuong ty khi cong hai géc ankyl vao lién
k&t ba khi ¢6é phifc zirconi 1am xdc tdc.

Bromua allyl k&m va viny! Grignard va téc nhan liti cho hop chit gem- hai kim loai
(6). Hai nhém kim loai ¢6 thé tdch ra khi phan tng vdi nucleophin:

R R i 1 ] 1
Ry N, o/ AR Ry
Rz\ﬂ + =C — \%<R4 R4

Zn ™ BZn
\/Zﬂﬁ' R/ N J
4 M B, R; R;
L M Rs ] M Rs
(6)

7- Phdn img dicachbankoxyl hod olefin va axetylen

Anken ¢6 thé chuyén thanh este suxinic bing phan tng v6i cacbon monooxit, ancol va
clorua paladi khi c¢6 déng:

| _PdCl, 1
¢=¢ + CO + ROH HgCl, ROOC -C-C-COOR

Phan tng 12 cong syn. Tuong ty, ankyn gilta mach va cusi mach déu cé thé chuyén
thanh este axit maleic.
8- Phdn ting chuyén hod diphenylaxetylen thanh butadien
Piphenylaxetylen phan iing v6i cacbanion metylsunfinyl cho 3,3-diphenylbutadien:
e @
C6H5&CC6H5 + CH3SOCH2N3 —_— CﬁHS_ﬁ_ﬁ—CﬁHs
CH, CH,
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11.4. PHAN UNG CONG Ay VAO LIEN KET CACBON - DI TG
11.4.1. Co ch€ va dac tinh chung

Phan ing cong nucleophin vao lién két cacbon-di t§ nhu cacbon-oxy, cachon-nita,
cacbon-luu huynh ¢ nhitng co ché va dac tinh chung. Céc lién k&t C=0, C=N, C=N déu la
nhimg lién két phan cuc cao, trong d6 cacbon la ddu duong clia lién két (urir isoxyanua), con
di t6 mang dién tich am. Do d6, tdc nhan nucleophin luén tdn céng vio cacbon, tdc nhéan
electrophin tdn cong vao oxy va nito. Phan tng cong vao lién két C=S cling ¢6 nhitng tinh
chat chung nhung phan itng cong c6 thé c6 hudng khic, ching han khi tic dung (CeHs),C=S
v&i phenyl liti va thuy phan lai cho benhydrolpheny] sunfua.

Phan ing duge nghién ctru nhiéu 12 phan ting cong vio C=0.

Nhém cacbonyl 1a nhém phan cyc manh ¢6 do phan cuc hoé cao, do ¢6 lién két giita
cacbon va dj t6 am dién cao:
® O
~C=0Q - —C—0O

O trung tdm cacbon duong thuén lgi cho sy tin cong clia Nu ™

Pl
Nu- _ (l-:5+__ pE+

Trong trwding hop céng binh thudng, co ché clha phan ting gém hai giai doan vdi giai
doan d4u 1a sy tdn cong nucleophin:

Nu
|
[- A-C-X + Nu~ — A-C-X
[ Ile
0 0
Y Nu
| |
2- AhCFX + HY — A-(IZ—X
0° OH

Giai doan 1 1a sy tdn cong cha nucleophin cho chat trung gian cé cfu tric uf dién 1a
giai doan cham nén cdn goi 1a co ché& i dién; giai doan 2 & day la két hop vdi proton cho
san pham 12 giai doan nhanh.

Thuc €, phan ting & giai doan 2 ¢6 thé khdc nhau nén phan ing nay cho san phim
cudi cling phu thude vao cdu tric chat ban ddu ¢é nhém CO va cqu triic nucleophin.
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Bang 11.1. Mot s6 phan iing theo co ché 1 dign

1 RCOX + H,0 — RCOOH

2 RCOOCOR'+ H,0 —= RCOOH + R'COOH
3 RCOOR' + H,0 —= RCOOH + ROH

4 RCOX + ROH —> RCOOR' + HX

5 RCONR'; + H,0 —> RCOOH + R,NH

6 RCOOCOR + R'OH — RCOOR’

7 RCOOH + ROH — RCOOR'

8 RCOOR' + R"OH — RCOOR’ + R'OH
9 RCOX + R'CO0™ — RCOOCOR'

10 RCOX + H,0, — RCOOH

11 RCOX + RSH —= RCOSR’

12 RCOX + NHR', — RCONR/,

13 RCOOCOR + NHR'; —> RCONR’;

14 RCOOH + NHR’, ~» RCONR’,

15 RCOOR' + NHR"; — RCONR';

16 RCOOH + S0Cl, — RCOC!

17 RCOX + LIAH(O-tert-CH; — RCHO

18 RCONR', + LiAIH; — RCHO

19 RCOX + R',Culi —= RCOR'

20 2RCH,COOR’ —» RCH,COCHRCOOR’

Giai doan quyét dinh ciia phan tng 12 sy tén cong cha Nu tao thanh hgp chat trung
gian cé c4u triic tf dién:

o oy
I |
R—C—X + Nw@Nu) —| R=C—Nu hay R—(IZ——Nu+
L X X

X = H, R, Hal, OH, OR, NR,, OCOR
Nu = H,0, ROH, RNH,, RNHNH,, NH,0H, HO ,RO,CN”
Hop chét trung gian 1a hop chét bén thudc loal anion ankoxy Phan ing & giai doan
nay c6 sy chuyén trang thdi lai hod cua cacbon tu sp sang sp
Su chuyén hod ti€p theo clia anion ankoxy trung gian phu thudc vao cdc y€u 16 sau:

1- Néu X trong chdt ban diu hay trang thi trung gian khoéng c6 vai trd clia nhém di
ra, nghia 12 lién két C-X la lién ket bén, thi anion chi két hop véi proton dé cho san phim
cudi cing:
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Q . OH
R-C-Nu H, R-C-Nu
X X

Phan dng thudmg xdy ra khi X 13 H nhr trong cdc andehit va xeton, ching han phan
tng chia LiAIH, v6i cacbonyl:

H

1
CGHS—CO—CH:; + L1A1H4 —— C6H5‘-$—CH3

OH

2- Néu nhém X 1a nhém di ra khé, ciing nhu H va R, khéng ¢6 thé tdch ra dudi dang
anion thi phin Gng dimg lai & giai doan dé. Chéng han, nhimng phan iing cha andehit hay
xeton cong hop véi CN |, bisunfit natri, hop chdt co kim:

RCHO + HCN — RCH(OH)CN

OH
[(O=0 +HN — E><CN

R-CO-R' +R"-MgX — R-/C\-O-MgX
Rl Rn

Hai trudng hop trén day 13 phin ting cong don gian hinh thanh anion bén, anion chi c6
thé phan tich tr lai chat ban ddu:

o
Nu
O,) Yy
C\
¥ DR
3- Trong trudng hop X ciing 1a nhém di ra khé do khé phan cirt lien ket C-C, nhung

néu Nu ¢6 hydro linh déng & vi tri o hay Nu c6 cdp electron n thi phan itng khong dimg lai &
giai doan nay ma xay ra phan tng t4ch ti&p theo cho sin phdm khéng no.
Chang han, khi diing tdc nhan 1a RNH,, NH,OH... ¢6 H dinh véi N ¢6 cap electron n

dé proton hod d€ tdch ra v&i nhém OH bén canh hodc 1a tdc nhan ¢é hydro linh déng nhu
RCH,COR";

~HOH
RCHO + RNH, — RCH(OH)NHR —— R-CH=NR

Ngay khi céng H,O déng vi vio nhém cacbonyl ciing cho thay:

R-CO-R’ +H,0" — R-C-R* — R-C-R’+H,0
HO O'H 0

]

hodc:
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HO R, ,COR"
R-CO-R + RCH,COR" —= R'? -F]—[_CO-R" — =
R

R' R R
Phén tng nay thudng goi la phan ing cong - tich: giai doan ddu la cong nucleophin,
giai doan sau 12 tich theo co ché€ E:

N +
Hoy § N I o
/C\ — C i ct
" R " T

Hop chit ndy ¢6 thé bén hodc c6 thé cong hop vdi Nu thi hai.

4- Néu X 1a nhém di ra dé, nghia 1a d& tich ra thanh anion bén thi phan Ung ti€p theo
duge xem nhu la phan ing thé noi phan tit, trong d6 X la nhém di ra, O la téc nhan
nucleophin:

O-
|
R—C — X +Nu —»= R—(;-—Nu — R_C\yO
P) X Nu
Phan tng ndy goi 12 phan tng the noi:
E Nu O
0 s T
— C
7 x R/ “~Nu

va trong trudng hop nay ngudi ta o6 thé x€p phan img nay vao phan dng thé nucleophin §y2,
nhu trong trudng hop céc dan xudt cha axit ¢6 nhém X = OH, OCOR, NHj... 1a nhing nhém
di ra d& c6 thé cho 12 phan ting th€ hay cong.
Nhém di ra & day thudng 12 nhém di t6, song ciing ¢6 trudng hop X c6 lién k&t C-C
bén nhung tich ra dugc dudi dang anion bén ciing xdy ra theo co ch€ nay. Chéng han:
(l).
R_g_CHZ_E_R + HO" —» R-?-CHZ-E-R —»= R-C-0OH +"CH,COR

OH —» R-COO * CH;COR

Nhitng phan \ing trén déu gua trang thii hinh thanh san phdm cong trung gian chita
dién tich khong bén trong diéu kién phan éng va khong tdch ra duge, song cling ¢é mot s¢
trudng hop cho san phdm bén nhu hydrat cia hexafloaxeton:

CF;—CO-CF; + H,0 — CF;C(OH),CF;
Ngoai ra cin chi ¥ ring phan tng cin xdc tdc axit hay bazo va trong truong hop nay
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co ché ciing c6 sy khéc nhau, d6ng th¥i phan iing 12 can bing, do dé thay déi diéu kién phan
tng ¢6 thé thay d6i hudng clia phan itng cong nay.

Co ché€ chung khi c¢6 xic tic axit cling la co ché 1t dién c6 giai doan ddu 12 cong
electrophin la giai doan nhanh:

1- A-CX + H*—-ﬂ’*Acx
o OH

2- Nu
cham {

A(FX+Nu — A-CX

OH OH

Trong moi truyng axit, axit xiic tic bing cong hop vao O d€ tao cacbon duong la giai
doan nhanh, nghia 12 axit di hoat hod nhém cacbonyl tac cacbocation dé két hgp véi
nucleophin 1 giai doan cham cho san phdm tit dién.

Phn ing cdn xiic tdc bazo, khi tic nhan cé hydro linh dong cén cé bazo dé tao
nucleophin,nghia la bazo hoat hod tdc nhan nucleophin.

Céc hop chdt cacbonyl ¢é Hy linh dong nén trong méi truding axit hay bazo giy ra
hién twong enol hod chit ban ddu nén c6 sy twong quan gifta cong nucleophin va enol ho4.

Di¢u kién bazo: 00 tlcll /—N . o°
| B: /C\ ‘ (I:

cong ~

?Cé;;t enol hod “c cacbonyl e

o +ﬂm .

OH /7\1 u ?H
& N
\‘/ cnol hod // cong /]i\
C o u
-

enol ~" 7 cacbonyl
ll'l proton hod

Diéu kién axit:

G day cdn phan biét sy hinh thanh enol va san phim cong. Sin phdm cong hinh thanh
bang sy tdn cong cha Nu vio cacbon clia CO theo huéng thing géc véi lien két n, con enol
la tan cong ciia Nu vio H cla lién két C-H bén canh & trang th4i lién hop duoc véi lien k&t n:

Hinh 11.1. Cau triic obitan clia Ay viio C=0 Hinh 11.2. Cau triic obitan enol hoa
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Phén tng Ay thudng nhiéu giai doan véi t6c d6 thay déi phu thudc nhiéu vao diéu kién
phan tng vi cfu trdc chat ban ddu, lam khé khin cho qué trinh nghién ciu dong hoc cla
phan ing nén thudng dirng lai & giai doan hinh thanh san phdm cong.

Phan tmg ciing ¢6 giai doan quyét dinh t6c d6 la céng nucleophin, nhung néu
nucleophin con c¢6 hydro & nguyén t6 cong vao cacbon ciia C=O thi phén tng khic & giai
doan sau 1a phan iing tich E nhu co ché A hay B sau day:

Co ché A & I
: -H;0
¢ R-C—X +YH—= R-C—X 22 R-C—x
X OH

Giai doan sau Ia loai nuSc ¢t nhém OH vé6i H cia nucleophin nhu trong truong hop
cong amin, cacbanion... dé cho san phim nhu san phdm thé clia nhém C=0, C=NH, bing
C=Y...

Co ché c6 thé 12 sy thé nhém OH hay NH, tir sin phdm cong nhu co ché B:

\{H \I’H
. z

Phén itng thé nay x4y ra nhanh va thudng xay ra trong trudng hgp Y c6 cép electron n
theo hudng tao cation tuong tu Sy/l.

Ngoai co ch€ hai giai doan qua trang thdi trung gian cacbanion trén, phin fng cong
vio nhém cacbonyl con xay ra theo co ché tao trang thdi chuyén vdng. Co ché ndy xay ra
trong nhitng phan iing ma t6c d¢ khong chi phy thuoc vio ndng d6 kiém ma cdn phu thude
vao cation kim loai c¢6 trong thanh phin enolat.

11.4.2. Hoat tinh va cdc nhan té anh hudéng

Kha niang phin ng cong Ay vio nhém cacbonyl C=0 truéc hét phy thudc vao dién
tich dwong & C. Néi chung cdc nhém thé + va +C lam gidm kha nang cong, —I va —C lam
ting t6¢ do phin img. Diée ndy quan sit thdy trén co sO trang thai chuyén:

R R "
Nu + (I:tf’f——oa' . Nua'----gf?'f--oa' . st st
X X

Dién tich duong & chit ban ddu 16n hon & trang théi chuyén, do d6 céc nhém thé€ cho
electron 1am &n dinh chét ban d4u hon trang thdi chuyén, nghia 13 lam giam t6c d6 phan tng.

Né&u nhém thé 1a gbc ankyl nhu trong xeton so v6i andehit, t6c do phan ing khong chi
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do higu ting +/ ma cdn do hiéu vng 13p thé. Hiéu tmg lap thé & trang thai chuyén 16n hon &
chat ban ddu. Khi ¢é mét s6 16n nhém ankyl ¢ Cy thi phédn dng gidm, c6 khi khéng ¢é kha
ning phan iing.

Theo quan di€m co hoc luong tir, phin tng ¢ong nucleophin vio nhém cacbonyl 13
tuong tdc cia obitan bi chi€m cao (hay khong lien ké&t) cha tic nhan Nu véi obitan phan
lien két cha lien két C=0. Lien két n trong C=0 I phan cyc va khong déi xing vi c6 su
khdc nhau 16n vé 46 am dién cita C va O nén obitan ©* ¢6 tinh dinh ché & cacbon:

* .
T i

‘ﬂ?ﬁ' /g
Khi dua nhém th€ hit electron vdo nhém C=O thi mo6t mat lam tang dién tich duong &
cacbon, dong thdi 1am gidm nang luong cia obitan n° phan lien két. C hai nhan t6 nay Iam
ting nang lugng kich thich, do d6 tang t6c d¢ phan ing. Cic nhém thé cho electron thi

nguge lai. Nhém aryl 1a nhém 13m m4t hoat tfnh vi ¢ong hudng, 1am 6n dinh chat ban ddu
ma khong mét di trong trang thdi trung gian:

&
C—R_‘__._ C'—R*_.__ V.V...
!_1, 0°

Lién két doi lien hop vdi cacbon lién két di t6 1am gizm t6c d6 cong v6i 1y do binh
thudng trén nhung quan trong 1A & diy ¢4 sir canh tranh cia phan ting cong 1.4.

Chéng han phén ting cong HCN vao benzandehit the c6 p =233,

Té6c d¢ phan ting phu thudc vao c4u tric chdt ban ddu bdi nhan t6 electron va nhan 16
1ap thé tdc dong d6ng thdi ma thuc 1€ khé phan tich ra dugc. Ching han t6c do cong gidm
khi chuyén tir andehit t&i xeton do tang hiéu ing +/ cha gdc ankyl, déng thdi ciing 1am ting
khé khan [ap thé trong trang thdi chuyén dua t6i san phdm. Su tang th€ tich nhém thé 1am
mdt 8n dinh trang thdi chuyén nhidu hon chét ban ddu nén t6c do gidm.

Nhan 16 13p thé déng vai trd quan trong trong phan Gng Ay va thuémg 1am gidm hoat
tinh cda xeton so v6i andehit. Xeton c6 khé khan 13p thé cao nhu hexametylaxeton va
dineopentyl khong cho phan ting cong hay ddi héi diéu kien'rat khic nghiet,

bic tinh chung cia phan ¥ng cong vio nhém cacbonyl 1a entanpi hoat hod thip (8 +
13 kcal/mol) va entropi hoat ho4 am (-28 + —40 d.v.e).
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Dic biet 1a cac hgp chdt vdng, ching han xyclobutanon c6 kha ning phan tmg cao vi
giam dugc sic cang v& géc khi chuyén tir chdt ban ddu sang trang thdi chuyén. Cic
xyclopentanon va xyclohexanon thi xyclohexanon phin ing nhanh hon xyclopentanon vi khi
chuyén t&i trang thai chuyén, sifc cang Pitzer cila xyclopentanon Ién hon do tuong tic & vi
tri che khuét cia O va C-H, ciing nhv gifta C-H véi nhau, trong khi dé xyclohexanon ¢6 céc
lién két & cAu dang kim him.

Téc d phan tng ciing phu thudc vao cfu tric tic nhan Nu. Tinh bazo clia Nu cang 1én
thi t6c d6 phan iing cang 16n, bdi vi dién tich duong & cacbon khé 16n ¢6 thé coi C cha C=0
la mot trung tdm axit cing, su tang dién tich duong gdy ra sy déng gép vao thanh phén
tuong tac Coulomb, nghia 12 phan (ng tuan theo kh6ng ché€ dién tich, t6c do tang khi ting
tinh bazo. Mat khéc, thé tich ciia Nu ciing 1am gidm t6c d6 do hiéu ting khong gian. D6i véi
Nu, cdc nhém thé ¢é +/, +C 1am ting phan ing.

Khi nhitng phén iing c¢é diing xic tdc axit hay bazo, cing nhu nhitng phan ing cé giai
doan tich ca sian phim cong thi huéng anh huéng clia nhém the trong chdt ban d4u ciing
nhu trong tdc nhan c6 thé thay déi (thudmg phic tap hon) va c6 thé cé sut thay déi giai doan
quyét dinh t6c 4o phan dng.

Phan tng ciia hop chit cacbony! rit hoat dong va nucleophin ciing rit hoat dong thi
phan tng khong cin xiic tdc axit hay bazo. Néu hoat tinh clia tdc nhan nhd thi c4n xic téc
axit hay bazo.

Néu xiic tic axit proton hod nhém cacbonyl dé tang tinh electrophin cia né thi tdc do
phan (ing phu thuéc vio néng d6 H™:

& _®
v = k[C=0][Nu][H*]

Tdc do cuc dai dat dwge khi t4t cd nhém cacbonyl duge proton hod. Vi nhém cacbonyl
c6 tinh bazg y&u nén t6c d6 phan ing tang lén dén gid tri pH rat thip, ching han khi Nu la
HOH. Nhung khi ding tAc nhan cé kha ning bi proton hod nhu amin thi pH cé gid tri cuc
dai phu thudc vao ban chét clia nhém cacbony! va nucleophin.

Loai xiic téc nay goi la xic tdc dién hinh hay dic biét. Phan ting x4y ra qua nhiéu giai
doan theo cd ché sau:

@
p—t—,
H-B \% chim + |
-B+ C==QH === H-B (f-(I)H

nhanh

I -
H-B*—(E-OH - H"+ B-C-OH
v = k[H*][C=0]{BH]
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Trong nhiéu trudmg hop, nhém cacbonyl duge hoat hod bang cich tao lien k&t hydro
vdi oxy ciia C=0 d€ tang tinh electrophin cila C:

SC==0 +HA —= >Czz=-0---H---A
Loai xiic tdc nay goi la xic téc axit chung, thudng xay ra trong nhitng phan tng trong
dung moi chita nhém hydroxyl.

Tuong tdc & day 1a tuong tdc déng bo gilra Nu v6i C=0 va sy chuyén proton tir phan i
axit khong phan ly téi O clia C=0:

SC=0 +HA 2 >Cer0---H---A
H-B+ Sc=L 0N H-TR = H-B+-(:3-0-H+A'
v = K[C=0][BH].ky[HA]
Trong xiic tic chung thudmg t6c do tao thanh kien két hydro v6i C=0 gin v6i téc do

cong nucleophin va qu4 trinh xay ra hdu nhv déng thdi va phan ting cé bac ba. Tic dung xtic
tdc chung tudn theo dinh luat xvc tdc cta Bronsted.

Phan biét hai trudmg hgp nay bang cdch tién hanh phan tng trong dung dich dem & gid
tri pH d6ng nhat, néu téc d¢ khog thay ddi khi thay d6i thanh phdn dung dich dém ma chi
phu thudc vao [H*] thi d6 12 cha xic t4c dic biet.

Céc nucleophin nhy HO, CN', RNH,, SO; , NH,OH thudng khong cdn xiic téc axit,
cdn CgHsNH;, H;NNHCONH,, H,0, ROH, RCONH, cdn ¢6 xiic tdc axit chung.

Trudmg hop xiic tdc bazo, cling twong ty nhu xdc tic axit, ¢6 xic tdc bazo dac biét va
chung. Chéng han, khi diing HO" vai trd xic tdc 12 tao thianh anion 13 xdc tic didc bidt:

RCH,CHO + HO® — RCH CHO + H,0
con khi xic téc bazo chung, phén ung duogc xic ti€n boi cdc bazo c6 trong dung dich:

/-A
B HLY =20

Phan biét hai trudmg hop ndy ciing nhu hai trudng hop axit trén.
Tinh chat xiic tdc ciing phu thude vao diéu kién phan ing.
11.4.3. Ho4 hoc lap thé

Phan ting cong Ay vdo nhém cacbonyl do sy tdn cong cha Nu vao lién két n thing géc
v6i mat phing phan tir vd vao cacbon thi€u electron hon. Phan dng xay ra theo hai huéng
cong cis va trans cha mot lién két doi nhung c6 ciing mét sén phim vi ¢6 sy quay xung
quanh lién két C-0:
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X

‘K%/ RoOR N RESR

155

. —_—
frans lL cis

L ral®

O-H O-H

Song san phdm céng vao nhém C=0 tao nén mot trung tdm bat d8i nén cho hai san
phdm Rva Shay Dva L:

Nu”
RO R.. ¥ Ko, AN
R'( \ u RV ~— NU O

Néu 4n ngit khong gian & hai phia clia mat phing phan ti nhu nhau s& thu duge hai
déng phan véi lugng nhu nhau nén thu duge hén hop raxemic hod. N€u dn ngit khong gian
d6 khdc nhau, tdc nhan nucleophin s& uu tién vao phia nao ¢¢ it khé khan khong gian hon.
Tuy nhién chiéu huéng phan tng con phu thu6c vao tinh bén cla san phim.

Chang han, phin itng cong vao xyclohexanon:

N 0
w lL1AlH4.eIe
(4) (10%) (5) (90%)

N&u xét v& khé khan 14f thé cho sy tiép can Nu thi huéng e thuén lgi hon, néu xét vé
sin phdm thi huéng a cho sin phdm bén hon. Sin phim nio wu tién 14 phy thude vao trang
thi chuyén. N&u trang thii chuyén gén gi6ng cfu triic ch4t ban ddu thi sén phdm (4) uu tién
hon, néu giéng ciu tric san ph4m thi san phdm (5) uu tién hon.

Hiéu tmg electron ciing ¢6 vai trd dinh hudng trong phan ting cong anti hay syn.
Chang han khi céng vio C=0 ciia adamantanon nhu 5-Z-adamantanon:

anti syn

N

3
Z

Nhém thé hiit electron - cha Z huéng tic nh&n nucleophin tin céng vé& phia syn, néu
Z 12 nhém th& cho electron thi hudng vao phia ansi- Tinh chit nay, cling gidng nhu & phan
ting cOng electrophin vao néi déi din xuit adamantan, 1a do ¢ hiéu ng siéu lién hogp, do su
xen phit gifa obitan o" ciia lien két méi tao thanh khi cong vio nhém CO va céc lién két o
clia Co-Cp chat ddy.

Trong trudng hop khi R hay R’ 13 mot trung tdm bat dsi thi hén hop raxemic khong
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phai luén ludn xay ra ma hod hoc lap thé & day di duge nghién ciu nhiéu, cho thdy trong
nhiéu trudng hop hudng céng ndy twan theo quy téc Cram, song theo loai ndy thi hudng tan
cong cua Y va H khong dugc xdc dinh ma 1a hudéng t4n cong cita Y d6i véi g0c cia phan to
chit ban ddu. Néu quan sit phan tir theo truc lién két cha né, va biéu thi cdc nhém the bang
nhém th€ 16n L, trung binh Tb va nhd N, nguyén tir O & giita nhém thé trung binh va nho thi
quy tic cho thay, huéng t4n cong cia Nu vé phia cia mat phang chita nhém nho:
0 Y v
T YH
N
T T
N > N+

- OH
H
E'Rr i R

san phdm chinh san phdm phu

Trudng hop hop chit cacbonyl da c6 trung tdm bdt d6i dé san phdm c6 hai trung tam
chiral thi ty 18 san phdm erythro va threo s& khdc nhau, trong dé san phdm wu tién [4 san
phdm cé trang théi it khé khan lap thé nhat.

Tinh chon loc 1ap thé & day duoc giai thich bing trang thdi chuyén, thuan loi nhdt 1a
trang thdi hinh thanh khi tdn cong phan song song clia tic nhan vao cdu dang cé tuong tic
cyc ti€u v6i nhém thé c6 trong phan tit (quy tic Cram-Felkin hay su cam ing bat d6i xing).

Ching han phéan dng ctia xeton ma nguyén tr C, 12 cacbon bit déi ¢ ciu dang bén
khi g6c R & bén canh nhém thé nhéd. nhém cacbonyl & bén canh nhém thé trung binh thi
hudng tdn cong phat phan song song v&i nhém the 16n:

N O Th % R Tb R e

Y ' . [ N R'
That Y ‘;1 + R-2Z \/' ;.JOZ+ \/. o,
L R L R L R

, . huéng a (chinh) hudng b (phu)
L=1én Tb=trung binh N =nho

Phin ing vu tién cho mét trong hai déng phan dia. Nhu phan \ng trén, trang thdi
chuyén ging vdi cdu tric chat ban ddu nén hudng lap thé xdc dinh bing hudng ti€p ¢an cha
nucleophin, song thyc t€ rat khé dat dugc theo quy tic trén vi rdt khé xdc dinh ¥ 1& thé tich
chia cdc nhém thé dé c6 c&u dang xdc sust hon va nh4t 1a khi cdc nhém thé lai xu4t hién hien
tng electron. Quy téc nay chit yéu dp dung cho cdc phin ing kh6ng ch€ dong hoc. Ching
han phan ing cong HCN vdo 2-metylbutanal quang hoat cho hai déng phan dia, trong dé
dong phan (7) > (6):

e g
CHB—CHZ—*(;—*C—H
tl !

©® H oH

CHs—CHy~C~C—H + HCN
3 y) h | \ H3F OH
0 CH5=CHy-t-—T-H
(" H CN

CH;
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Thyc t€ hung tdn cong phu thudc nhidu vao thé tich nhém th€ cda tac nhan Nu.
Chéng han khi khir CgH;COCH(CH;3)CgH; v6i tdc nhan H cho sin phim chinh 1a erythro
V6i ty 16 erythrof/threo = 4, nhung khi phan tng cha CH;CH(C¢Hs)CHO véi CgHsMgBr cho
déng phan threo 1a chinh véi ty 18 threolerythro = 4.

Ngay trong phan @ng cong vao xyclohexanon & trén, khi c6 nhém the¢ 3,5-diankyl:

% _+R_2{ OH
E®

hudng t&n cong vao xyclohexanon 1a tao thanh san phdm ¢6 cdu dang OH & lién két e, song
hieu tng khong gian cha hai g6c 3,5-diankyl can tr& hudng tdn cong tao san phdm e nay.
Néu tic nhan Nu ¢6é thé tich nhd thi vin c6 thé tdn cong theo hudng a d€ hinh thanh san
phdm bén hon. Néu Nu ¢é thé tich 16n khong c6 kha nang tdn cong theo hudng a thi s& t4n
cong theo hudng b. Thuc nghiém cho thdy, néu Nu 1a H™ thi thu duge 50 + 60% sin phim
theo hudng a, cdn Nu 1a CH;MgBr thi hdu nhu khong thu dugc san phdm theo huéng a.

Phén ting trén cho thiy, sin phdm céng tao thanh con phu thude vao cfu dang ciia chit
ban déu, nhat 13 cau dang cha trang théi chuyén, déng thoi vao thé tich cha tdc nhén Nu.

Ty 1¢ sén phdm erythro/threo cdn phu thuéc vao nhitng phin dng ¢6 trang thai chuyén
vong, trong d6 ciu dang cla hgp chét cacbonyl ¢6 dinh nén s& cé mot cau hinh hoan toan
chi€m wu thé. Ching han, phan ting cong sau hau nhu chi cho san phdm threo:

Br Mg—mBr
e L0

PR P % g
. +C4HsMpBr L +CH MgBr
Hﬁ;’?c C\Ar Hﬁé«?c C\‘Ar
H
i
8 e g
—_—
HSC fC C"--. HSC fc C‘-—-..Ar
"?/ \CﬁHS V \C6H5
Ihreo ferythro=6411
GHs
‘Mg —Br :
CH3? (I? CH,MgBr), CH O\'\ gBr CH3? ?H
+( gBr
Hscqfc —"C\C H " ﬁ_&;/g‘): HsCeg _“C"chl-ls
CH; 67 %C N\C,Hs CHj CH;
3

threo ferythro=1/2
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Trong nhitng phan ng c6 xic tic axit hay baza, thudng cc s enol hod cta H, véi
nhém C=O. Su hinh thanh enol hay enolat chi x4y ra khi obitan clia lien k&t C—H song song
vGi obitan n clia nhém C=0 d€ ¢6 sy xen phi cuc dai va luén & trang thdi can bing clia hai
cdu dang enol hoa:

O (H)
axibt H3
H hay baza CH)-C
(CH),C —=—== (CH;),C == (CH3); I
CH, CH; H

epime kém bén enol hay enolat epime bén hem

11.4.4. Cac phan iing Ay eia nhém C=0
9- Phdn itng hydrat hod

San phém tao thanh gifta andehit hay xeton véi nudc goi 1 hydrat hay gem-diol:

OH
H' f
-C- + H,O _— —(I'J—
f o
S hay OH OH

San phdm ndy thudng t6n tai trong dung dich nudc va phan huy khi chung cat. Dai da
36 céc hop chat cacbonyl trong nudc tén tai & trang thdi c4n bing khong thudn loi:
R-CHO + HOH === RCH(OH),
trtr cde andehit don gidn va andehit ¢6 nhém thé hit electron tao dugc gem-diol bén c6 thé
tdch ra dugc & 20°C. Fomandehit hydrat hod 99,99%, axetandehit 58%, axeton 0%, cloral v
glyoxan cho diol 1a chat két tinh bén c6 thé tich ra dugc.

Cac andehit va xeton polyclo va polyflo va a-xetoandehit cho hydrat bén, ké ci
xyclopropanon, lién quan téi s\ic cing [+

at oH
Cl;CCHO +HOH —— C(I- C-C-H
f Cl OH
CEC\C=O + H,0O —» C. Ot
C’ 2 - OH
I ('E
0]
D=() + H20 — OH
OH

Hang s6 can bing giam khi tang thé tich nhém ankyl:
K = [dang hydrat] / [ dang cacbonyl]
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Bang 11.2. Hang s6 cAn bing hydrat hoa nhém cacbonyl

Hgp chat cacbonyl K.(H,0, 25°C) Hap chét cacbanyl K.{(H,0, 25°C)
CH,0 2280 CH,COCH; 1,8.107°
CH,CHO 1,06 CICH,COCH, 0,1
CH,CH,CHO 0,85 CF;COCH, 35
{CH3),CHCHO 0,61 CF,COCF, 1,2.10¢
CF,CHO 2,810 CsH;COCF, 78

Khuynh huéng hydrat hod gidm: CH,O > RCHO > R,CO (R = ankyl).

Phan tng hydrat hod dugc xic tién bing axit hay bazo, ca hai déu la axit chung va
bazd chung.

Co ché xic tac axit:

*OH, OH
BH | B I
—("} + H,0 = —(II— = —(‘Z— + BH
O OH OH

Trong co ché nay, HB luén & trang théi lién két hydro vdi O cha C=0 nén cho proton
téi oxy ciing c6 thé tdi nudc tin cong:
RCH + HB = RCH=0----- HB
RCH=0-----HB + H,0 == R(%HOH + B

O'H,
RCHOH == RCH(OH), + BH
O*H,
Co ché xiic tic bazo:
OH X (?H
—C— +H0 LA —é— =L _Cc— +B
') 6‘ OH

Trong co ché nay, H,O tin céng, bazo dy proton ra va két qua 1a cong HO, & day
bazo ciing Inén & trang théi lién k&t hydro véi H,O:

B~ + H,0 + RCHO == R(IZHO_ + BH
OH
RCIHO' + H,0 == RCH(OH), + HO"
OH
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Trong cdc phan 1fng nay, B va BH déu xuc ti€n phan tmg d€ di t6i hinh thanh HO™ va
H,;0" bdi phan ting v6i nude. Cic phan iing mé xic tdc cho proton t4i tdc nhin electrophin
(trong trudng hop nay la andehit va xeton) proton theo mot hudng va lai tdch ra theo mot
huéng khic goi 1a phan éng loai e. Phan ing ma xiic tic déng vai trd clia moét nucleophin ()
1a phan \ing loai . Trong hai phan {ng trén thi phan Gng xic tic axit goi 12 phan ing e, con
Xlic tdc bazo goi 12 phan ing n.

10~ Phdn tng cong ROH

Andehit va xeton cong hop can bing véi 1 mol ancol khi ¢ xiic tic axit cho axetan
hay xetan theo so d8 chung:

. OR
H i
—ﬁ—- + ROH =— —(|:— + H,0
O OR

Phan ng 1a can bang vi axetan va xetan c6 thé bi thuy phan bing nuéc.

Néu tinh theo nang luong lién két thi ning lwgng hinh thanh hemiaxetan chi bing 4
kcal/mol (AE = +4 kcal/mol), gi4 tri nhé ndy it thich hop cho can bang cha andehit va xeton,
song thich hop cho cdc hop chat hemiaxetan vong:

CHy-CH,-CH,-CR=0 —» [j\bHOH
OH o

Co ché phin ung 1a ban d4u hinh thanh hemiaxetan, nguoc véi phan ing thuy phan
axetan. Cac hemiaxetan khong bén trong moi trudng axit nén chju sy chuyén ho4 tiép cho
axetan hay xetan:

EBﬁ)RH " ?R

H* @&

3 il ke Rl il
O ®0OH OH OH OH
hemiaxetan

fpr

OR {R ®0R PR PR

B g e |é 4—;———8——-——(:—-

I -H* I ROH | —-C — +
OR ®ORH OH,

axetan

Héng s6 can bing khi cong hop ancol nhd hon khi hydrat hod mot it, chdng han hing
s6 can bing tao thanh axetan 14 0,03.

34



Phan fing 12 c4n bing, axetan va xetan ¢ thé thuy phan khi cé axit. Véi cdc andehit
¢6 mach nhdnh nho thi can bing chuyén sang trdi, néu mudn diéu ch€ axetan hay xetan cé
phan tir I6n, d€ trdnh can bing cn phai chung cit loai nudc bing chung cat thudng hay déng
phi hoac diing tic nhan lam khé nhu Al,O;.

Phan iing tao axetan hay xetan dugc thyc hién trong ancol khan dé trdnh thuy phan
san phdm.

Khi nghién citu qué trinh hinh thanh hemiaxetan bing xiic téc axit, Grunwald tim thay
giai doan thit ba clia co ché thuc t€ 13 déng bo do phin vng ddng thdi cha axit va bazo vl
bazo la nuéc:

I
—C - — -C—

"_\ (l)__H + B

Né&u trong andehit hay xeton ban ddu c6 Hy thi ¢6 thé loai nude cho ete enol:
¢-R” QR
R—ﬁ:—CHzR' — R-C=CH-R’
O-H
Hemiaxetan thudng khong bén ciing nhu hydrat, cdc hemiaxetan cla xyclopropanon,
cla andehit hay xeton polyclo hay polyflo bén hon.

Cic xetan vong ciling bén hon:

HO
Oro + ) = O omo
HO

Phén ng tao hemiaxetan hay hemixetan ciing xdy ra trong méi trudng bazo vi nhiéu
hemiaxetan hay hemixetan bén trong moi trudng bazo, nhit la nhiing hemiaxetan va
hemixetan dé thuy phan trong méi trudng axit. Phuong phdp nay chi y&u ding dé bio vé
nhém chiic andehit hay xeton khéi bi t4n cong cia bazo:

OR OR
RO I ROH I __
—E- _— _(i:_ _— —CI— + RO
O o OH
hemiaxetan

Phén tng ditng lai & giai doan nay vi bén trong méi trudmg kiém nhung khong di bén
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dé tdch ra thanh san phim va khong c6 kha nang chuyén hod ti€p thanh axetan hay xetan.

Nhiéu andehit d& chuyén thanh axetan cdn xeton ¢6 khé khin hon vi 1y do lap thé, dac
bi¢t thuding ding t8ng hop cdc xetan vong tir hop chat cacbonyl véi 1,2-glycol va [,3-glycol:

[\

Ve

Khi andehit hay xeton tdc dung v6i ancol ¢6 khéi lugng phan tir 16n thi c6 thé 6 phan
Ung tdi axetan hod va phén ting tai axetan hod ciing xdy ra véi andehit hay xeton khi tdc dung
vdi mt axetan hay xetan khdc, nhat 1a khi tic dung xeton vdéi orthoeste khi cé xiic tc axit:

0C,H; OC,H
) H |
R_I(I: TR AR-C-O0CH; == g-C—R' + R-C —0CH;
O OCzHS 0C2H5

Céc 1,4-dixeton khi téc dung véi axit cho furan nhu 1a phdn vtng céng no6i phan tir cia
ancol 1Gi xeton & dang enol:

CH—(ll'Hz .
2 T R D e
H

11- Phdn ting céng bisunfit
Bisunfit natri céng hop vao andehit cho hgp chat bisunfit:

SO;Na
|
—?IZ— + NaSHO; == ~|C-
0 OH

Phan ng xdy ra v6i cdc andehit, metylankylxeton va xeton vong (vong 7 canh va
vong nho) cdc a-Xetoeste vi isoxyanat. Nhiéu xeton khéc khéng cho phan Ung nay vi Iy do
1ap thé. Phan tng 12 can bing va ¢6 ing dung trong tinh ché va tich cdc chat.

Cac andehit va xeton khong c¢é mach nhénh & gin nhém chite ¢6ng hop véi ion bisunfit
cho hgp chat bisunfit 12 san phdm a-hydroxysunfonat két tinh & dang mudi sunfonat natri:

27N
HO-E“I' CH:;CHzﬁ “H = CH}CHz(I:H-SOZOH +CH3CH2gH_SO2O-
O o H
Cdc dir lieu xdc nhan ring nucleophin SO42” manh hor tdc nhan HSO,; ngay trong
dién kién néng d¢ rat nho va tdc nhan si dung cap electron » dé t4n cong vio nhém C=0.

Phin ing dugc diing d€ nghién ciu 4nh hudng l1ap thé vao hgp chat cacbonyl. Hop
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chét bisunfit d€ thuy phan trd lai chdt ban déu.

12- Phdn ttng cong HCI

Ion halogen nhu Cl” ¢6 thé cong vio nhém C=O khi ¢6 mat axit cho san phdm cudi
ciing 1a 1,1-halogenhydrin, song phdn tng d& thuan nghich dén ndi sin phim khong thé tich
ra dugc vi can bang nhanh va khéng bén:

cl cl
H |
CHy-CO-CH, + HCl == CH,;-C-CH; == CH;-C-CH,
*OH, OH

2-clo 2-propanol

Song né€u ti€n hanh trong ancol s& ¢6 phan tng thé nucleophin cta 1,1-halogenhydrin
v6i ancol cho a-cloete bén:
Cl

-C- + ROH + HCl — —(IZ—
0 OR
Phin ing 4p dung cho cdc andehit va xeton béo v6i ancol bac nhét va hai:
CH,OH

H,CO + HCl == H,C-Cl == H,C-Cl = H,C™-Cl
OH *OH,
== H;C-O"-H — H,C-OCH,
Cl CH, Cl

«-clometylete 85%

Andehit thom phan dng rat kém. Phan ng céng HX vao andehit hay xeton cho
a-halogen ancol thudng khong bén trir vai trudng hgp nhu cdc chét peclo hay peflo. Céc hop
chat nay thudng trd thinh bén bing cich dime hod: 2XCR,0H — XCR,0CR,X.

13- Phdn itng cong xyanua

Phan mg xay ra khi c6 xic tdc bazo tao thinh xyanhydrin:

CN
-~ + HON = ¢~
0 OH

Phén ng cha andehit v xeton loai béo 13 cin bing chuyén vé bén phai va nhanh, trir
nhing xeton khé khan vé 1ap thé nhu diisopropylxeton:

CeH;CH,CHO + HON B9 CgH CH,~CH-CN

OH
2-hydroxyl-3-phenylpropionitrin (67%)
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Céc xeton ArCOR cho hi¢u sust kém vA c6 khi khong thue hién duge vi can bing
chuyén sang trdi. Véi andehit thom c6 canh tranh cfla phan \ing ngung tu benzoin, céc
andehit va xeton «,B-khong no thi ¢6 phan \ing canh tranh 1,4. Cic xeton kém hoat tinh hon
nhu ArCOR cho thé chuyén thanh xyanhydrin khi ¢6 dietyl xyanua nhom (C;Hs), AICN hay
gidn 1i€p vdi (CH5);SiCN khi ¢6 axit Lewis hay bazo rdi thuy phan:

eN CN
R-C-R’ + (CHy),SiCN AxitLewis, o (; R — R- th’
o OSi(CH,); OH

Phén ting 12 cong nucleophin véi tdc nhan 1a CN™ va t6c do tang khi them bazo. Phén
ing cling ¢6 tinh chon loc lap thé d6i quang, xyanhydrin quang hoat thu duge khi diing xiic
tic quang hoat.

14- Phan iing Strecker

Andehit hay xeton tdc dung véi NaCN va NH,Cl cho a-amino nitrin goi 13 phan ng

Strecker la trudng hgp riéng ciia phan tng Mannich. Phuong phép thudng dung trong téng
hgp aminoaxit:

CH,CHO ot
2 CHGH o H,CHCOOH
NH,CI.KCN NH, 2 NH
H,0 2

Phédn iing ¢6 thé ding NH;~HCN hay v6i NH,CN theo co ché sau;

OH NH
N | | H.O
\ 3 R~ -
H 7 NH, Ny
i IFIH H,0 NH2
Lovon =| g0 == R—C—CN + HO'

H

Phan ting diing t6t cho xeton béo ciing nhu thom.
15- Phdn itng cong anion axetylua

Mugi axetylua natri R-C=C'Na* cong dé dang vao andehit vi xeton nhu 13 mot tdc
nhan nucleophin twong ty nhur CN', song cacbanion axetylua cé tinh bazo cao hon ion
Xyanua cho nén cén bang thudn loi cho phan ing céng hon. Phin dng thue ¢ 1a khéng can
bang:

CuC=CCu 80°C
2CH,0 + HC=CH > HOCH,C=CCH,0H

1,4-diol-2-butyn 92%
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HO
LiC==CH MECH
e i
HO H

Phan #ng thudng ti¢én hanh trong amoniac 1dng va amidua natri:

R,C=0 + OCECH —_ Rz(I:—CECH

OH
Phan img goi 1a phin tng Nef.
16- Phdn itng céng hop RMgX
R R
_ﬁ_ + RMgX — —C:— — _(:;_
0 OMgX OH

Cfu triic clia thudc thir Grignard phu thudc vao dung moi, thudng 12 hén hop cta cin
bang:

RzMg + ngz — Mé‘. )Ag — R—- Mé" X\Mg —R —_— 2R—Mg-X
l{ X Trx
Trong dung méi cé tinh bazo manh nhu ete, thu6c thir Grignard bi solvat ho4:

; X R\O/R OR;
' o . X '
R Mg—X I\Mg \M' KM \:.-OR;
A 0" \X' KR R/ g“-x/M .
OR,

Trong céc thic nghiém thudng ding cdc thudc thir Grignard ¢6 tinh phin cuc
Rs_-Mga"—X, nghia 1a tic nhin cé nguyén tlt cacbon mang dién tich &m hay 1a ngudn
cacbanion cho phan \ng Ay vdo nhém cacbonyl.

Co ché cita phan ing ndy nhu sau:

ISol
.SOl nthanh I\:‘[g—x Chf_lm R S.OI
> Mo X e - 2 :
O+ R I\i/[g X nhanh O O_Mg""x
1 i :
Sol 1 +Sol (8) (9) Sol gy
R :
— 7( + X— Mg—OH
OH :
Sol
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b = (k K, [C=0] [RMgX1) / k., = Kup ks [C=O}[RMgX]

Giai doan chayén san phdm (8) thanh (9) 12 giai doan cham quyét dinh t6c d6 phan

ting. Phan wtng c6 dong hoc chung: k = K.k, nghia 1a bac 1 cho méi tdc nhan va:
v = k[C=0][RMgX]

Céc nhém thé cho electron trong nhém cacbonyl lam thuan lgi cho giai doan nhanh &
trudc, nhung cham cho qua trinh chuyén hod thanh sin phdm cuéi cing nén phan iing
thudng c6 gid tri p nho, ching han d8i véi ArCOCH; + C4HsMgBr ¢6 p = —0,41.

Sir chuyén hod tir (8) sang (9) xdy ra qua trang thdi chuyén vong, nhiéu phan dng lai
quan sdt thay phan ing bac ba: v = K[C=O][RMgX]?, ¢6 thé cho ring san phdm (9) trong co
ch€ trén chuyén thanh sin phim bing cich két hgp véi mot phan tir Grignard theo phén tng
cong vao CO tir ddu 6 sy tdn coéng cia dime Grignard:

,-Sol
. Sol Mg— R
/¥_o + Mg\X\M'g:\ _-..)I EX — >.( +MgX,
Sol R Mg \Mg/R
"Sol

R

Co ch& nay dé khi ¢6 néng d¢ cao clia Grignard. ThuSc thir dang dime cé kha nang
phin ting tuong tu RMgX, con R,Mg kém kha nang phan ting nén khi thém MgX, lam giam
kha nang phan ting cha RMgX.

Trang thdi chuy€n (8)) 1a trang thii chuyén vong, cé tinh d6i xing, tao nén chi khi
khéng ¢ ngin can khong gian do ¢é nh6ém th& 16n trong hgp chit cacbonyl hay thudc thir
Grignard thi phan \ing xdy ra theo co ché véi RMgX.

Viéc nghién citu co ch€ phan {ing ndy c6 khé khan vi ban chalt cla cdc tiéu phan tham
gia phan ing ludn thay déi trong dung dich, va hgp chdt co Mg cé 14n tap chdt trong musi
Mg c6 anh hudng 16n d€n dong hoc phan dng 1am khé khian cho nghién ciu.

Hién nay ¢6 th€ c6 hai co ché: co ché do g6c R ciing cap electron cong hop vao
cacbon cacbonyl nhit CH;MgBr hay (CH,),Mg tao trang thdi chuyén vong bén canh:

CH,+Mg—Br CH; MgBr
LA ]
R2C= O RzC"""
va co ché chuyén don electron (co ché€ SET) qua chit trung gian xetyl:
R
* ‘ A | A
R—Mg—Xx + Ar— C—Ar —» R + AT——-—?— Ar | o= l'—ﬁ,‘— r

[ OMgX OMgX

xetyl



Co ché ndy di dugc nghién cifu v6i hgp chét diaryl xeton bang phé ESR quan sét thdy
g6c xetyl va ¢6 san phim Ar;C(OH)-C(OH)Ar, do dime hod géc xetyl va bing cacbon déng
vi cho thdy giai doan quyét dinh t8c do phén tng 12 sy hinh thanh lién két cacbon-cacbon.

Trong phédn itng cong ndy thudng ¢6 nhiing san phdm phu khdc.

Khi trong thudc thir Grignard ¢6 H & Cp ¢6 phan tng chuyén H vao cacbon cacbonyl
cho sin phim Khi:

1 /N
f
_>)\

=

Yo
/

Phan tmg chuyén nay <6 hiéu tng déng vi ky / kp = 2, chiing 16 12 trang thai chuyén
vdng, déng thii cting phit hop véi hod hoc Hap thé cho san phim cis-trans.
Néu trang thdi chuyén vong tao thanh nhung thudc thir Grignard khong c6 Hp thi s& c6

phan iing enol hod clia hgp chat cacbonyl ¢6 Hy:
7/

>
— + l]—l

J/ ~M
O "Mmg ®O03M; ).( g

! k
Néi chung, cdc phan ¢mg phu trong phin Ung cia téc nhan Grignard véi andehit hay
xeton thudng c6 & cdc xeton va tdc nhan Grignard ¢6 nhém thé thé tich 16m, trong dé6 ¢6 hai

phéan tng phu quan trong 12 phén tng enol hod va khir. Phan 1ing enol hod x4y ra khi andehit
¢6 H,, va phan tng Khir khi téc nhan Grignard c6 Hp.

/ /
\C/\C ~H \C/\,P_% H

Phan (g enol hod:

H H

1 | [ | v |
~E-C-MgK + —C- —» -C=C- + G- g e
H 0 OoMgx P oy

Phan {mg enol ho4 14 phén tng axit-bazo, trong d6 proton chuyén tir cacbon « 16i tic
nhan Grignard. Hop chat cacbonyl chuyén thanh dang ion enolat ma néu thuy phan cho tré
lai xeton hay andehit ban dau.
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Phin ¢ng khir 13 hop chét cacbonyl bi khir thanh ancol bdi tdc nhan Grignard, ¢on tic
nhan Grignard bj tich thanh olefin.

Hai phan 1tng phu khdc 12 phan vng ngung tu (gitfa jon enolat va xeton du) v phan
itng Wurtz.
Céc ancol bac ba thé tich I6n nhu triisopropylcacbinol, tri-tert-butylcacbinol vi diiso-

propylneopentylcacbinol khéng c6 thé téng hop ti tdc nhan Grignard va xeton vi phan ing
khir (hay enol hod) wu tién hon, ma téng hop bing ankyl liti & ~80°C

Néu phan itng véi (RMgX), khi ¢é du RMgX thi trang thdi chuyén cho san phdm cong
thuan lgi hon trang thdi chuyén cho sin phdm khtr, song khi du hop chit cacbonyl thi ty le
san phdm khir tang len.

Khi cho them mudi MgX, phin ting chi ¢6 trang thai chuyén v6i mot phan tir RMgX

theo ty 1¢ 1 : 1. Phitc ndy khéng thé cong them phan tir thi hai dé tao thanh trang thii
chuyén cho phén tmg khir:

Bang 11.3. Anh huéng cia ciu triic hop chit Grignard
dén huéng phan (ng cong vao diisopropylxeton

Hop chat Grignard % hidu sust % san phdm cong | % s&n phdm khir % enol
CH,MgBr 95 %5 0 0
CH,CH,Mg8r 100 77 21 2
CH,CH,CH,MgBr 88 36 60 2
is0-C3H,MgBr 94 0 85 29
(CH,),CHCH,MgBr 97 8 78 11
(CH,)sCCH,MgBr 94 4 0 90

Do d6, n€u phan ting x4y ra theo trang thdi vong 1 : 1 thi khi dua thém axit Lewis
manh hon vao dung dich s& xic ti€n phin g vi chinh axit nay di vao trang théi chuyén gay
ra dién tich duong 16n hon & cacbon. Thyc &, khi them axit Lewis hiéu suft phin iing tang
lén. Ching han khi thém MgBr, vio xeton higu sust rugu bic ba tang len gdp do6i (bang 11.3).

Hop chét co Mg c6 thé c6 g6c khong no:
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CH,Cm=CMgBr +CHiCOCH; -  (CH3)C-O==CCH;
2‘ 4C]‘H20

H
2-metyl-3-pentyl-2-ol
HC=C-MgBr + LTHE
2-NH,C
O H,O H (C==CH

Co6 thé dung hop chét co Li thay thé cho hop chét co Mg song phan tng cé nhiéu sin
phdm enol hod va khir hon:

(CH3);C-Li +(CH;3),CCOC(CHy); — [(CH3);Cl:COLi1 + [(CH3),C1,CHOL + (CH3),C=CH,

—» [(CH3);Cl,COH + [(CH;3}CCHOH
tri-tert-butylcachinol (81%) di-teri-butylcacbinol
Phén tng cia RMgX véi fomandehit cho ancol bac nhit, andehit cao cho ancol bic
hai va xeton cho ancol bac ba sau khi thuy phan trong HCl hay H,S0O, loang cho sin phdm
cong, nhung khéng ding cho ancol bac ba vi d& dehydrat hod trong moi irudng axit. C6 thé
ding dung dich clorua amoni thay cho axit manh.

C6 thé ding tdc nhan co kim khic, nhung ankyl thuy ngan khong phin ing, thuc t€
diing co Mg, ankyl va aryl liti, ankyl k&€m c6 tinh chét chon loc d6i quang.

Cic hop chit allyltriankyl thi€c khi c6 BF;-eterat, allyltrianky! silan khi c6 axit Lewis.
Céc co boran khéng cong vio andehit va xeton trir allyl boran cdng dugc andehit qua trang
thdi chuyén vong va c6 chuyén vi allyl:

)
(RCH=CH-CH;);B + R”-—(li'—H — R”—(IZH—CH—CH=CH2
8] OH

o~

Cic tac nhan RSn(C,Hs)s, cong duge véi andehit. Cic ankyl va aryl liti tdc dung véi
hop ch4t cacbonyl & dang huyén phi trong THF cho hi¢u sudt t6t goi 1a phan iing Barbier.
Liti dimetyl déng (CH,),CuLi phén tmg v6i andehit va vai xeton cho ancol, RCu(CN)Znl
khi ¢6 BF;-eterat phan tng v6i andehit cho ancol bic hai. Trimetyl nhom va dimetyltitan
diclorua diing dé metyl hoé xeton cho gem-dimetyl:

CH,

(CH;)5Al '
R- C R’ —> R- C R’
0 CH,
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Céc andehit va xeton «,B-khéng no cong hgp v6i Grignard theo 1,4 hay 1,2, trong dd
ankyl liti cong 1,4 kém hon Grignard. Trong hop chit chia nhém andehit va xeton ¢6 cong
hgp chon loc hod hoc t6i nhém andehit hon 13 xeton, va c6 thé phdn ing v6i xeton néu da
kh6a nhém andehit bing titan tetrakis(diankylamit).

Phan tng céng hgp chdt co kim vio hop chat cacbonyl ciing ¢6 tinh chon loc déi
quang hay chon loc 1ap thé dia khi ding céc xidc tac quang hoat nhu amino ancol quang
hoat, hgp chat bo quang hoat nhu B-allylbis(2-isocaranyl)boran (10), E va Z-crotyl-(R,R)-
2,5-dimetylborolan (11), v6i hgp chat co k&m nhu din xu4t R,Zn cdn mot lugng nhd xic
tic nhu d4n xu4t borneol DAIB (-)-3-exo-(dimetylamino)isoborneol (12), I-piperidino-3,3-
dimetyl-2-butanol (13):

B—CHy~CH=CH,

R N(CHj3),
“»/3  (10) —OH (12)
\B—CHZ—CH=CH—CH3 { N— CH,—CH—OH

(11) (13) C(CHs);

Phin iing ciing c6 cong chon loc lap thé dia véi tic nhan khong quang hoat vi chat
ban ddu quang hoat, nhung thuding cong chon loc l4p thé ciia chat ban diu khéng quang hoat
v6i tic nhan quang hoat. Khi phan vng tao nén hai trung tam chiral ¢6 hai cap doi quang:

R, R JH
I
Rr—CHMe + RB_ﬁ_Rq — R] . R} .
O

Ry OH R; OH
déng phan diu

Néu hgp chét co kim 14 raxemic thi c6 thé thu duge moét cap enantiome 16n hon déng
phan khdc trong phan ting chon loc lap thé nay.

Phan fng Grignard cling c6 phdn Gng nodi phan tl cho san phdm vong hoa:

Mg CH
BrCH,CH,CHyC—CH, ——» ’
3 THE OH  (60%)

Li
N~ 000 OH
heptan
bazo



Phan iing sau xeton khong cé Hy sé 1y Hp d€ vong hod.
Cac hgp chét co magie gem- hai 1dn th€ hinh thanh tir CH,Br; hay CH,l, phan dng véi
andehit va xeton cho olefin véi hidu su4t t6t:
(Iin—Br — (iIHZ—MgBr + —E— — (lIH2—(II3—OMgBr — CH2=CI—
Br MgBr O MgBr
Trong trudng hgp dung cic gem-dihalgen, andehit hay xeton cOng v6i nhém CH,l
(R,CO —» R,C(OH)CH,!) khi tdc dung véi CH,l; ¢6 mat Sml, va cong v6i nhém CHX, khi
¢6 metylen clorua va dixyclohexylamit & nhiét do thap:

C 1- LiIN(C¢H, )2 (‘: CHX
—_ e ——
CHzXz + ; > Hzo ; 2
OH
X=ClBrlI

Néu muén dua nhém axyl vio xeton, cho téc dyng RLi vd CO & —110°C va thuy phan
thu dugc a-hydroxyxeton:

1] +
;“_Q_g,. R-C-C- ﬂ, R-C-C-

—%— + RLi + CO C~C C—C
0 O OLi O OH
Ciing nhu khi tdc dung gem-dihalogen v6i hop chat cacbonyl ¢é Li hay RLi cho
epoxit:

Rz R2 OLl Rl / \
| Li

R,—(F—Br W Rl C Li + R3—C R4 - Rq C C"Rz — Rq“"C""—'— C“'RI
Br Bl' 0 R4 Bl' R4 RZ

17- Phdn itng Reformatsky

Phan ng cha co kém vdi hgp chit cacbonyl cho sin phfm cong goi 12 phan iing
Reformatsky:

thuy phan

_%‘_ _C_Coocsz ..._...,. *C-C00C2H5 _— ~C-C0()C2H5
0 Br —(Il— —(l:—
OZnBr OH

Phan 1ing cling tuong tu nhy vdi co magie. Cic andehit va xeton tic dung v6i kém va céc
halogenua, cdc halogenua thudng diing 12 a-halogeneste hay vinyl este RCHBrCH=CHCOOC,H;,
va sén phdm cu6i cling 1a B-hydroxyaxit. C6 thé ding k&m hoat tinh cao nhir kém/ bac-
graphit va k&m vdi siéu 4m. Hop chit cacbonyl ¢é thé 14 andehit hay xeton mach hd, thom

di vong va cé thé chita cic nhém chirc khic nhau. Dung méi thudng diing 1 ete, THF va
1,4-dioxan.
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Phan ing dugc xem nhu gi6ng phan tng Grignard véi C2H3OOC-F—ZnBr la chat

trung gian hinh thanh tir k&m va este ma c4u tric d3 xdc dinh béng tinh thé hoc tia X tir ch4t
trung gian rin clia terr-butyl-OCOCH,Br va kém:

B
7o
E\ /O R= tert-butyl
/CHz_ZK
RO Br

Sau khi thuy phan ancol 1a sin pham, nhung thinh thoang c6 san phdm tich cho olefin
1a san phdm phu, n€u ding (C4Hy),P v6i kém cho olefin [a chinh.

Phédn ttng Grignard khong thé di tix a-halogen este nén thudng ding phuong phdp nay
trir khi ¢6 sén phdm canh tranh 16n va hi¢u suat thap.

Chat ban ddu c6 thé 12 nitrin, goi 1a phan tng Blaise:

I Zn | thuy phan I
R-C=N + —F—COOCsz — —IC—COOCsz _(I:‘_COOC2HS

Br R-C=NZnBr R-C=0

hay este cacboxylic:

R-C-OR + —(EZ—COOCZHS L, ~C-COOC,H;
0 Br R-C=0
Va né€u tc dung ters-butylaxetat véi co liti diisopropylamit (LDA) trong hexan &
-78°C cho muéi liti clia tert-butylaxetat 1a chat rin ma phé NMR va IR da xdc dinh c4u tric
la mot enol, réi cho phén \ing ti€p v6i xeton, sau khi thuy phan cho san phdm B-hydroxy-
tert-butyl este:

H OLi .
-7 C=0
LiN(iso-C3Hy); + CH;COOC(CH;), —8 S >c=c< 220,
H OC(CHs),

thuy phan |
— 2> ~C-CH,COOC(CHy),

OH

Phén ng twong tr c6 thé xay ra khi ding silyl ete axetan R,C=C([OSi(CH;);]OR" khi
¢6 TiCl,.

18- Phdn itng v6i amin
Andehit va xeton téc dung véi amin hay néi chung céc hop chét chifa nito nhu NH,,
RNH,, R;NH, hydrazin va cdc din xu4t cla amoniac va amin hay hydrazin [a phan \ing cong
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nucleophin v6i nucleophin 13 N ¢é cap electron n vao cacbon cacbonyl theo co ché€ hai giai
doan dé cho san phim cudi ciing:

H

| ~ ky Hﬁ |  © nhanh | ka
R-I?I:+/C=O I.= R-l-F-O _— R-II\]—IC-OH ~.
H ! H H 2

| ka3

| ks o
R-N-IC-%Hz“-—-—“‘ R-]]\%C\’ -..—}-I=R-N=C< +H0
H H

San phdm nay ciing gi6ng nhu gem-diol, nhung én dinh hon nén ¢6 thé tach ra duge.
Giai doan ddu 12 céng nucleophin bing N ¢é cip electron » rdi chuyén hoé proton nhanh cho
san phdm cong cla hgp chat nito v cacbonyl goi 12 hemiaminal hay cacbinolamin. Hop chat
ndy binh thudng rit hoat dong khong tdch ra duge va cé phan ¥ng tich nudc ti€p theo ti
hemiaminal khi ¢é nhiét hay xdc tdc cho imin. Giai doan nay 1a giai doan quyét dinh t6¢c d¢
phan (ing, giai doan tdch nudc tir hemiaminal nhanh nhat 1a khi di proton hod.

Phan ting thuong diing xic tic axit hay bazo.

Khi ¢é xic tac axit, axit hoat hod nhém cacbonyl, dong thdi ciing proton hod amin va
¢6é anh hudng dén giai doan tdch nuée:

+ Ht -
R,C=O+ RNH, == R,C-NHR == R,C-N-R+BF—= R;C=NR+H0+BH
OH HO

Phan 1tng xay ra gilta cacbonyl tu do hay di proton hod véi amin bing cap electron n
ciia N. Phan ing phu thudc vao pH clia phan tng.
Khi ¢6 xiic tdc bazo, bazo tic dung & giai doan x4c dinh t8c d6 phan tng tich nude:
H

!
Rzlc"’N'R +B —» Ry,C=N-R + BH + H,0
( OH
Pac trung chia phan ing la thay déi co ché theo sy thay ddi pH ciia phan tng.
O pH = 7, twong téc amin véi cacbonyl 1dm gidm nhanh pic hip thu cia C=0 trong
UV hay IR, chitng t6 phan ting & giai doan nay xay ra nhanh. Phan ing tdch nudc xay ra khé
hon do nhém OH di ra khé, pic C-N xuft hién cham. Do dé giai doan chim & day 1a tich
nudc. Trong nhiéu trudng hop san phim cong ciing da duge tch ra.
Trong moéi trrdng bazo, phan ng tich nudc cling xay ra.
Phan (g tdch nudc 1a sy tich H ddng thdi véi tich HO. Phan ing ndy xay ra cham,

nhu vay trong moi trudng kiém, giai doan x4c dinh t6¢ d06 1a giai doan tdch nuéc. Trong moi
trudng axit, mot mat axit proton hod nhém OH 1am tang t6c d6 phan ng loai nudc, mat
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khdc axit proton hod ca amin 1am cham giai doan ¢éng. Nhu vay trong moi trudng axit, giai
doan diu trd thanh cham, cdn téch nude 14 nhanh:

tH
b
i -—
—N—C-= H=A s —N=C< +HO + A + H'
N9 v ~

T6c do loai nudce tang khi giam pH cha dung dich. Su thay déi t6¢c d6 theo pH c6 thé
bifu dién theo giin dd sau:

3
pH
Hinh 11.3. Sy phy thudc t8¢ d6 phan Gng vio pH

Khi tang tinh axit, pH giam, tc d¢ tich nuéc ting nhung ting néng do amin proton
hod, t6¢ do phan wng cdng gidm. Giai doan xdc dinh t8¢ d¢ 1a giai doan cong nucleophin,
Khi tang gid trj pH t6c d§ cong ting, dong hoc theo dudng cong 2 & trén.

Khi tang gid tri pH, gidm tinh axit, sy proton hod hop chat cong gidm, giai doan téch
nudc giam, giai doan nay trd thanh quyét dinh t6c do phan ing, song t3c do tich nudc chi
ting dén gia tri pH béng gid tri pK, cla amin.

Khi tang ti€p tinh axit clia moéi trudng, sy proton hod amin bét ddu xiy ra, néng do
amin ty do gidm, gidm n6éng d6 ctia hop chit cong. Nhu vay & day c6 sy tang néng do H* va
gidm ndng d¢ san phdm cong b trir cho nhau nén trong viing giéi han pH thdp, t6c do tich
nudc it phu thude vao tinh axit cia méi trudng nhu dudng cong 1, & viing gia tri pH nay, néu
giai doan tich nuéc la giai doan quyét dinh t8c d¢ phan ¥ng thi t6¢ d6 chung phy thudce vao
pH nhu duong cong 1. Nhw vay trong ving pH thdp, t6c d¢ chung cla qué trinh dugc xdc
dinh bang dudmg cong 2, con trong ving gid tri pH 16n t6c do chung xdc dinh bing dudng
cong 1, do d6 dudng cong t6c do chung phu thugc vao pH c6 dang hinh chubng nhu dutmg
cong 3. Sy phu thugc nay dua t6i s thay ddi giai doan quyét dinh téc d6 ciia phan ing.

V€ anh hudng ctia nhém thé, & pH nhd, giai doan xdc dinh t6c d6 1a giai doan 1, cdc
nhém the hiit electron lam tang t8c d6 phan ing, & pH cao, giai doan xdc dinh tdc do 12 giai
doan loai nudc theo phdn tng tich E7 thi theo quy ludt chung cha EJ, trong d6 cdc nhém the
cho electron 1am tang t6c do phan Gng. Thuc t& & moi trudng trung tinh, téc do thuc t&
khong phu thudc vao ban chit nhém thé. .
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O gi4 tri pH trung gian, su thay d8i giai doan quyét dinh t6c do c¢6 thé dat duoc bing
cdch thay d6i nhém thé. Néu t6c do cong va loai nudc bing nhau, dua nhém thé cho electron
Iam tang tdc do tich, giam tdc do codng, giai doan quyét dinh tdc d6 1A giai doan 1, khi dua
nhém thé hiit electron thi nguge lai.

Chi ¢ 1a khi ding amin bac hai thi khéng cho imin ma tao thanh lién két C=C (tao
thanh enamin).

Amin bic nhat, hai vi ba cOng hop vdi andehit hay xeton cho san phdm khic nhau:

QH -H,0
—ﬁ:— + RNH, — _9' I —?—
¢} NH-R N-R
Amin bic nhét cho imin, cdc imin con cé hydro & nito di bén dé cé thé tich ra, tuy
nhién trong nhiéu truong hgp cdc nhém R don gian thi phan huy hay tring hgp nhanh, chi
nhém aryl & nito hay cacbon dit bén thudng goi 12 bazo Schiff, cic hemiaminal N- th& mat

nude cho baza Schiff du bén,

Néi chung, xeton phan ¥ng chidm hon andehit, cdn & nhiét d6 cao va théi gian lau hon
va thudmg cdn loai nwdc bing chung ¢t ding phi hay tdc nhan loai nuéc nhu TiCly...

Phan mg thudng diing didu ché& cdc hop chat vong nhu tdng hop quinolin Friedlander:
CH,__

Ci1~&I‘~:(|:EH—R”‘" @:,j\R

Cdc amin bac hai cong hop andehit hay xeton cho hemiaminal khong cé thé mat nudc
nhung ciing khong bén nén chuyén hod ti€p theo didu kién phan ung, n€u khong ¢é Hy
chuyén thanh aminal bén hon:

NR: R,

_clj_ — _(lj_
OH NR;
aminal

néu ¢6 Hy tdch nuéc hay amin cho enamin:

AR
Qe — G-
OH

Peclorat ctia amin bac hai tdc dung vdi andehit hay xeton ¢cho mudi iminium. Amin
bac ba chi cho mudi.
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Trong phan (ing cong clia amoniac hay amin bac nhét va hai v6i andehit hay xeton khi
¢6 hydro va xidc tdc hydro hod goi 1a ankyl hoéd khir clia amoniac hay amin hay 14 phan iing
amin hod khr cdc hgp chit cacbonyl:

R-C-R’ + R"NH, + H, Ni R-CH-R’
0 NR”,

Chéng han, nhém cacbonyl v6i RNH, hay amin tao hemiaminal réi khir bang hai
cidch: hydro phan va hydro ho4:

.......C_
l}h R hydro hod
o 7 NN
hydro pha
_EI:_ + RNHy —m —Cii— — —?-——
O NH-R NH-R

con amin bac hai chi ¢6 hydro phan. C6 thé thay hydro va xic téc bang k&m va HCI, natri
xyanbohydrua NaBH,CN, natri bohydrua va néu ding axit fomic goi 1a phan iing Wallach,
ding fomandehit va axit fomic Id phin Ung Eschweiler, mu6i amoni va axit fomic hay
fomamit 12 phan ng Leuckart d€ thu duge din xuit N-fomyl thay cho amin.
Khi tdc nhén 1a amoniac thi cho sdn phdm ban d4u réi phan ng ti€p cho amin bac hai
va bac ba [4 san phdm phu:
_ﬁ_ —_— ~(|1H— — -—(I:H— — —CH-

(
O NH, 1TIH l\ll—CH—

-CH- ~CII-
Thudng amin bac nhit cho amin b4c ba d& han bac hai.
Su chuyén hod amin bac khdc nhau c¢6 thé diing ty 1¢ duong lugng cha tdc nhan.

Amit ciing phan tng dugc v6i andehit hay xeton khi ¢6 bazo véi nucleophin, thudng 13
RCONH hay khi ¢6 axit cho amino ancol axyl hod réi phan iing ti€p cho ankyliden hay
arylidenbisamit:

NHCOR NHCOR
b | |
RCONH, + R*-C-H 22, R-C-H — R'-C-H
o) OH NHCOR

19- Phdn itng cong NH;

Amoniac céng hop véi andehit hay xeton khong cho san phdm chung clia phén ting
cong nhung theo co ché chung nhu sau:

NH, NH

| I
~C- 4 NH; — -C- + —C-
0 OH
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San phdm ban d4u 1a hemiaminal cling goi 12 andehit amoniac hay imin. Cdc san phdm
nay déu khong bén. Nhiéu imin c6 hydro & nito tring hop tic thdi. Cic hemiaminal bén
dwoc diéu ché 1ir andehit hay xeton polyclo hay polyflo hod hay loai diaryl xeton cho imin
bén loai Ar,C=NH hoac cho san phdm bén khdc nhu fomandehit cho hexametylentetramin:

H-CHO + NH; —» r
\IN-Q

Benzandehit v6i hai phan tir amoniac cho hydrobenzamit ArCH(N=CHAr) bén.
20- Phdn ting cong hydroxylamin

Hydroxylamin va din xuft cong vdi andehit hay xeton cho oxim va din xuét. Phan
(tng di qua hai giai doan: -

NHOH N-OH
1 2

-C- + NHOH — -C-  —> -C-

0 OH

Céc din xuit thudng ding 13 H,NOSO;H, HON(SO;Na), con xeton c6 khé khan [ap
thé thi cdn 4p suil cao, ¢6 khi dén 10.000 atm.

T6c do hinh thanh oxim cuc dai & gia tri pH phu thudc vao chét ban ddu nhung thudng
pH = 4. T&c do giam khi pH cao hon hay thdp hon gid tri d6. Do d6 giai doan quyét dinh t6¢
do phan ting thay ddi theo gid tri pH.

Trong trudng hop gid i pH thap hon, téc do giai doan 2 nhanh vi xiic tdc axit, con
giai doan | cham quyét dinh t6c d¢ phan \ng vi hydroxylamin chuyén thanh ion lién hgp
NH,;OH". Néu gid tri pH tang cham, thanh phin hydroxylamin ty do tang va t6c d¢ tang dén
cic dai cia pH = 4. pH tang gay ra tang tdc do giai doan | va giam tdc do giai doan 2. Qui
trinh sau khong thich hop cho 8¢ d6 chung vi giai doan 2 nhanh hon giai doan . Khi pH &
trén gia tri 4, giai doan 2 ud nén quyét dinh téc d¢ phan ing, tc do giai doan | tdng nhe va
giai doan 2 quyét dinh t6¢c do va giai doan nay chdm bdi gidm néng dé axit. T6c d¢ chung
giam khi pH tang trén 4. Tinh chit nay 12 chung cho cdc nucleophin nito khéc.

Céc oxim c6 thé thu duge khi cho hoi axeton, NH; va O, di qua silicagel.

Trong trudng hop ding hydroxylamin clohydrat va axit fomic, HCl déc, SeQ,,

pyridin-toluen vdi andehit s& cho nitrin:

R-C-H + NH,0H + HCI HCOOH | p.c=N
|
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Phén tfng di qua chét trung gian oxim réi tdch. Nitrin tryc ti€p tao thanh khi ding
N,O-bistrifloaxetylhydroxylamin F;CCONHOCOCF; va NH,0SO,0H.

Este cacboxylic chuyén thanh nitrin bing dimetyl nhom amit:

CH:)»AINH
RCOOR® ~—aANH, RCN

21- Phdn ung cong hydrazin va ddn xudt

San phdm ngung tu cta hydrazin véi andehit va xeton goi 1a hydrazon:
H,NNH,

_ﬁ_ — .,.ﬁ_

) N-NHR

Hydrazin chi phan iing v6i xeton thom, v6i cdc andehit hay xeton khéc cho san phdm
khong tich duge. San phdm ngung tu nhém amin thit hai goi 12 azin. San ph4m quan trong la
clia hgp chit thom:

Ar-CH=N-NH, + ArCHO — Ar-CH=N-N=CH-Ar

Trong vai trudng hop cé thé chuyéﬂ azin thanh hydrazon bing diing du hydrazin va
Kiém.

Cac dan xudt arylhydrazin nhu phenylhydrazin, p-nitrophenyl- va 2,4-dinitrophenyl
duoc ding nhiéu cho hydrazon twong tmg véi nhiéu andehit va xeton. Cdc san phdm nay
thuong 1a chat rédn nén 1a phugng phdp dé tdch hop chat cacbonyl.

Céc a-hydroxy andehit va xeton va c-dicacbonyl cho ozazon c6 hai cacbon canh nhau

chita nito:

( |
-C=0  + 2C¢HsNHNH, — C=N-NHCGH;

I
H-C-OH C=NH-NHC¢H;
OZazZon

dac biét ding nhiéu trong hod hoc cacbohydrat.

Céic [3-dixeton va B-xeto este cho pyrazol va pyrazolon:

R
R-C—CH,; ~C— OCyHs; + C¢HsNHNH; — N/
| Il ~ 0
O O
CeHs
Céc hydrazon don gian c6 thé diing phin ing trao d6i hydrazin thé véi hydrazin:

H,NNH,

~C- + HN-N(CH3); — -C~ —— -C-
| 1
0 N-N(CHy), N-NH,
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22- Phdn ting v&i semicachazit
Semicacbazit NH,NHCONH, phan wng véi andehit hay xeton cho semicacbazon:
—|C— + H,N-NH-CO-NH, —» —ﬁ—
[
O N-NHCONH,

Phan dng chi y€u véi nhém NH, xa nhém cacbonyl, con thiosemicacbazit cing phan
ting tuong tr. Thuc t&€ phan ng cling phu thudc pH theo quy ludt chung caa phan iing cong
v&i amin & trén nén ciing ¢é khi nhur nucleophin 2-metylthiosemicacbazit c¢é su thay déi tha
hai vé giai doan quyét dinh t6¢ d6: pH trén 10 xiic tdc bazo clia giai doan 2 tang 161 diém khi
giai doan 1 tr& thanh quyét dinh t6c d6. Su thay déi giai doan quyét dinh t6c do thit ba tim
thdy 6 pH = 1.

T4c nhan thudng ding dé€ tinh ché hgp chét cacbonyl 1a tdc nhan Girard T va P cho
san phdm tan trong nudc vi & dang ion:

=\ @
CI (CH;);N*CH,CONHNH, <\ ,:N_CH?.CONHNHZ , CI"

tac nhan Girard T tac nhan Girard P

23- Phan ung Mannich

Phan dng cia fomandehit vi amoniac tao mudi réi ngung ty véi hop chét ¢é hydro
linh déng:

H—ﬁ—H + NH,CL + CH;—E—R —-13-16-_—* HszCHz—CHZ—ﬁ—R
0 O 0

Fomandehit tic dung v&i amoniac hay mudéi amoni cho H,NCH,OH goi la bazo
Mannich. Cé thé diing mud&i cla amin bac nhét hay bac hai hoiac amit cho san phdm thé R,
R, hay RCO tuong ting, con arylamin khong cho phan ting nay.

Céc hgp chdt ¢6 hydro linh dong thudng diing nh:

l | | |
—CH—COR (hayH) —CH~—cCooR( hayH) —CH—NO, —CH—CN
OH

H
- @_ J,_  RO=m=N HCN ROH RSH

Phan ing Mannich thudng c¢é xic tdc axit hay bazg véi co ché€ nhu sau:

Phan 1ing xiic tdc axit:
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®
NR, NR,

H* ” A \
H—hZ—H + RyNH— H~C—H = H-C—H + CH,_=<E—R —
o)

o H OH
R2 + 2
H=C—H A B gEH
CHy— |(|:_ R’ CH,;— (lf_ :3
®0oH 0

Trong co ché nay, tdc nhan phan ¥ng 12 amin ty do, khong phai muéi, trong dung dich
axit va hop chdt cé hydro linh dong phan itng duéi dang enol. Phan ng c6 chit trung gian 1a
ion iminium.

Phan ting xiic tic bazo:

1TTR2 II\IRz
H—”C—H + RNH — H»(I}H + eCH;,—h:—R’ — H—(IS-H + HO™
O OH 0 CHz-ﬁ—R'
O

Khi diing xeton khong d6i ximg 12 chat ¢6 hydro linh dong c6 thé cho hai sin phdm.
Tinh chon lgc vi tri & day ciing duge nghién cfu khi tdic dung xeton véi ion iminium: ding
(CH;),N*=CH,, CF;COO" trong CF;COOH cho phan ting th€ & vi tri thé cao nhét, con ding
ion (is0-C3H7),N"=CH,C1O, thi th& & vi tri it th¢ nh4t. Ion iminium dimetyl-(metylen)
amoni iodua CH,=N(CH)," goi la muéi Eschenmoser ciing diing trong phan tng Mannich.

Tinh chon loc 1ap thé dia ciia phan dng Mannich khi diing mu6i liti quang hoat v6i
TiCl, va tdc dung vdi enolat cua xeton:

H OLi
RNLi | . TiCl, - O( ©
R—” —H —» R—Ic—NR2 —_— R—leH_ NR, —» R
*
0 OLi OTiCly

NR’,
Thuc t&, bazo Mannich ¢6 thé tham gia vio ba loai phan tng.

Néu la amin bac nhat hay hai thi san phdm cong cla andehit ¢é thé ngumg tu véi mot
hay hai phan tir andehit va hop chat hoat dong:

HCHO HCHO
1 2CH, CH,COR (CH,CH,COR), —“—"CHSC OR N(CH,CH,COR),

Néu hop chdt ¢6 hydro linh dong cé hai hay ba nguyén tir hydro linh dong, bazo
Mannich ¢6 thé ngung tu vdi moét hay hai phén tir cia andehit va amoniac hay amin:
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HCHO
H,NCH,CH,COR

(H,NCH,),CHCOR

3 3

(H,NCH,);CCOR

Va phan ing khic 12 ngung tu bazo Mannich véi du fomandehit:
H,NCH,CH,COR + HCHO — H,C=NCH,CH,COR
Do d6 ¢6 trudng hop thu duge cac sin phdm d6 12 san phdm chinh, ciing c6 khi lai 1a
san phdm phu.
Khi bazo Mannich chita nhém amin 3 d6i véi nhém cacbonyl thi dé tdch amoniac ra
cho andehit, xeton, este o, B-khong no:

A
H,NCH,CH,COR — H,C=CHCOR

Phan ting Mannich rit quan trong trong sinh hod d€ t6ng hop cdc hop chat tu nhién
nhw ancaloit, chdng han nhu tropinon clia Robinson bang bazo Mannich véi suxindiandehit,
metylamin va axeton:

HO CH ~CHj
?{{2 ! —(3) — N L 0O
+CHNH, * ¢
\ 3
CHO

24- Phan ung ngung ty andol
1- Co ché andol hoa:

Phan ¢ng ngung tu andol xdy ra do nguyén tlr cacbon o clta phan tir andehit hay xeton
niy coéng vdi cacbonyl clia phan tir andehit hay xeton khéc:

~—(|3~COR ~C-OR
~CH-C-R + R'-C-R” H9 ., R'_-CR" + R'-C-R”
I I (H") '
0 OH

San phdm 13 hgp chédt P-hydroxyandehit hay B-hydroxyxeton, goi chung la andol.
Phén g co ban 1a gilta hop chit cacbonyl v hop chit ¢é hydro linh dong c6 thé tao thanh
cacbanion lam tdc nhan nucleophin:

I |
—C- -C- —C-
' [ +>C=0 ! ! Il
_CH_ —_— _C@_ [, _(F_ — __C_ — _C__
(=) |
@) OH

Phan ung thudng xay ra khi ¢d xiic tdc axit hay bazo. Ngoai ra c¢6 nhiing phan ting
giéng hay thudc loai andol nhu phan tng ngung tu Claisen, Knoevenagel, Peterson, Perkin,
Darzen, Tollens, Wittig, déu tuan theo quy tic chung cta andol.
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Bang 11.4. Phén \ing ngung ty xiic téc bazo cita hop chét c¢é H linh dong

Phan (g qul;t’:a;:::a H Hap chat cacbonyl Phan (ng ti&p sau
Phan ing andol Andehit Andehit, axeton Behydrat hoa
- (IIH—CHO
Xeton
—(I‘,H— COR
Este
—CH—-COOR Andehit, xeton Dehydrat hod
! {thueng khong ¢6 H
Phan (ng Knoevenagel Z-CH,-2, Andehit, xeton Pehydrat hog
Z-CHR-Z' (thurang khong ¢6 He,

Phan (g Peterson

|
{CH,),Si-CH®

|
~CH-Z

Andehit, xeton

ZzCOR | C02CS;
COOR, NO,
Phén tng Perkin Anhydrit Andehit thom
|
—-CH-COOCOR

Phan ung Darzen

a-Halogen este

|
XCH-COOR

Andehit, xeton

Epoxy hoa, (SN)

Phan ung Tollens

Andehit
—?H—CHO

Xeton
—ICH—COR

Fomandehit

Phan g Cannizzaro chéo

Phan ¢ng Wittig

Photpho ylit
® lo
{CgHe)sP—C=

Andehit, xeton

Dehydrat hoa {ludn Judn)

Phan ng Thorpe

Nitrir|1
-CH-CN

Nitrin




Co ché xiic tic bazo 13 co ch& chung cho phan tmg ngung tu andol va phan iing tuong
tu andol:

kl e
X-CH,-Y + B == X-CH-Y + BH )
L
o k |
—C~ + X-CH-Y == —C—CH—X )
] k2o | ]
0 ° Y
|

| ks -
—C—CH— X + BH == —(I:— (IZH-" X +B 3
i ks
e(l) Y OH Y

Tinh axit cia C-H y&u nén dé tao cacbanion cdn c6 kiém manh, nhy HO', déi khi
ding nhém fert-butoxit. Bazo chi cdn dii manh nhung khong qud manh dé chuyén tdt ca
andehit hay xeton thanh enolat, nghia l1a dé can bing sang trdi cho ci andehit va xeton, tuy
nhién ¢6 dui ion enolat cho phan ing:

1 HO" ol |
—CH—C—R = —~C—C—R = —C=C—R
I [ |
0 0 o

Cacbanion tao thanh cdn dugc gidi toa bing hiéu dng electron va dic tinh 13p th€ cia
phan .

Trong phan Gng ngung ty andehit ¢6 H, linh dong, andehit phan ding véi bazo tao

thanh cacbanion dugc 6n dinh bing hiéu ing —C ctta nhém cacbonyl:
I 1 0

| I
—CyC-R — —47CR o —(%—(LR
—R"

—

Rl_gR Rl_l_R“ Rl_i *
=)
H

Trong cdc phuong trinh t6c do trén, giai doan (3) xdy ra rit nhanh va bé qua k, thi

phuong trinh téc d¢ chung:
d[andol] _ kk,[XCH,Y][B™][C=0]
dt k_,[BH] + k,[C =0}

C6 hai trudng hop gidi han:

1- Néu k,[C=0] 16n hon k_;[BH] nhiéu, nghia 1a giai doan cong k, rdt nhanh thi
v = k,[XCH,Y}{B] va giai doan tao cacbanion xay ra chim xdc dinh t8c do phan Vg, tdc
d6 chi phu thuoc néng do cfu tir metylen, khong phy thugc vao néng dé cacbonyl.

Trong trudng hop ndy xay ra véi nhilng andehit hoat dong, chdng han nhu trudmg hop

andol ciia andehit axetic. & day anion tao thinh két hop ngay v6i cacbonyl nén phan ing chi
phu thudc vao néng d¢ anion tao thanh:
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CH;-CH=0 -
: 1 HO™ ?

TN LI -CHO
CHy-CH  [CH, . cHO CH;-CH-CH,-CH

H,0
CH;-CH-CH,-CHO

{

CH, = CHO"
H
v = k[CH;CHO][HO]

Phan itng (1) xay ra chdm, phan ing (2) xdy ra nhanh, do d6 khi ti€n hanh phan img
trong D,0 thi D di vio nhém metyl, san phdm khong chia D.

T6c d¢ phin ung ty l¢ véi ndng do cAu tir metylen (hay con goi 12 cdu tir gia axit)
nong d nay tang ty I¢ vdi ndng do kiém nhung chi dén diém ma pKy, = pH. Chéng han,
cyc dai phan ing cong bisunfit khi pH = 7 (pK, cia bisunfit 12 6,99), phan ting
hydroxymetyl hod phenol & pH = 10 (pK, cla phenol 12 9,9).

Khi pH = 14, t6c d¢ cOng giam, ban than xdc tic phan iing nay vio nhém cacbonyl
12m giam néng d¢ cacbonyl. Vi th€ thuan 1gi cho phan ing khi diing kiém c6 pK gin bing
pK ctia gia axit. V6i nhifng cau tir metylen y&u cdn ti€n hanh trong méi trudng benzen c6
kiém manh (vl trong nudc chi trong gi6i han pH = 14), dac biet diing ancolat kim loai trong
DFMF hay DMSO hay amidua.

2- Néu k,[BH] 16n hon k,{C=0] nhiéu thi phuong trinh t6c d6 cé dang:

d {andol] K,k [XCH, Y][B™ IC=0]
dt [BH]

= k,[XCH Y] [C=0] =

trong trudng hgp nay, téc do chung phu thude vao vi tri cin bing cla phan dng loai H cla
cdu tir metylen ciing nhu vao hing s6 t6c d6 cong andol. Trudng hop nay xiy ra d6i véi
nhitng phan tng clia nhitg hgp chét cacbonyl it hoat déng hon vi hiéu 1ing electron v hiéu
tng lap thé. Ching han, phin ting ngung tu clia xeton:

CH3-CO-CH3 ?'
HO™
== CH;-C -CH,-CO-CH
CH; - C-CHy  [CHy -CO- CH, L ’
3
© CH,= C-CH P
2= G- CH == CH;C-CH,-CO-CHy
O CH,

v = k[CH;COCH;]? [HO']

Néu tién hanh phan tng trong D,O thi ¢6 sy trao déi déng vi va san phdm c¢é chia D
trong nhém metylen cua axeton. Nguyén nhan 12 tinh duong dién & xeton kém hon trong
andehit va thé tich nhém thé tang nén tdn cong cacbanion khé hon. Do d6 san phim tao
thanh andol trong axeton khéng 16n, c6 khi chi dat vai phdn tram. Phan \ng nay c6 thé dat
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duge chi khi tién hanh phén tng bing binh chiét Soklet dé tich andol ra khodi moi trudng
phan tng.

Phan tmg ciing duoc xiic tdc bing axit va thudng c6 giai doan dehydrat hod kem theo:

OH

1
—g—R
H* & i -H*
R'—ﬁ—R“ — R‘—(|:—-R“+ —C=C-R — R':?I—-R' %
0 OH OH H o
| M |
_(F_C-R -H;0 -C—C-R
RL-(CB_RF R=-C—R’
H

Vai trd clia axit 12 proton hod nhém cacbonyl 16i tdn cong vao nhém cacbonyl bing
cacbon cha dang enol.

Vé hiéu tng electron cOa nhom thé, nhit 1a trong nhimg phan @ng phic tap, khi dua
nhém thé hiit electron vao hgp chit cacbonyl 1am tang kha nang ion hoa, nhung lam giam
tinh bazo clia cacbanion nén 1am giam phan ng cong & giai doan 2. Hai giai doan bu trir
cho nhau, nén néi chung phan ing it nhay véi anh hudng cha nhém the; mat khéc, nhém thé
hiit electron 1am tang dién tich duong & cacbon cacbonyl nén & giai doan 2 ciing b b trir
cho nén hiéu tng electron ciia nhém thé chi y&u xust hién & giai doan dau.

Phén éng andol chll yéu xay ra vdi céc andehit ¢é Hy, thudng ding v6i mét hop chat
¢6 Hy vdi hop chit khong ¢6 Hy:

CH,0 + CH,CHO — HOCH,CH,CHO — CH,=CH-CHO

C¢HsCHO + CH,COCH; —* C4H;CH(OH)CH,COCH; — C¢H;CH=CHCOCH,3

Khi ngung tu mot hén hop andehit-xeton thi san phdm ngimg tu giifa axeton hdu nhu
khong hinh thanh, giita andehit thom va andehit mach hd thi ngung tu gilfa hai andehit mach
h& chi 12 san phim phu, gilta hai andehit déu c6 Hy, thi thu duge hdn hop sén phim ngung tu
khdc nhau nén khong ding trong téng hop. Phan tng tao andol vong c6 thuan loi vé entropi
véi vong 35, 6 canh: '

CH,
CH;COCH,CH,COCH; —— ( \S
2

(]
KOH
..-—.-
= H,0.° m
H, o
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Nhu vay phédn ing ngung tu trong moi trudng bazo Ia giita ion enolat — mot bazo manh
hay mot cacbanion manh v6i phan tir hop chét cacbonyl, nghia la giita mot nucleophin manh
v6i mot electrophin y&u hon, ¢on trong moi trudng axit 1a phan itng ciia mot enol - mot

nucleophin yé€u hon véi mét cacbonyl duge proton hod, nghia 1A gilta mot nucleophin y&u
véi mot electrophin manh.

Trong thuc t€, hgp chét trung gian 1a dang enol hay enolat 1a tiéu phan hoat dong d&
tdn cOng vio trung tdm electrophin. Phan ing cong andol 14 lién quan t&i sy enol hod ma
axit va bazo sé& ¢6 vai trd xdc tic:

Pl N — -
B® + H/{:*-ﬁ:fo_'?{-s == BH + —C=C-OH +B

Trong phan ung clia hop chat cacbonyl, t6c d6 phin ing khéng chi phu thuéc vao
ndng do axit va bazo ma con phy thude vao sy phéi trf ca ion kim loai, do d6 trang thai
chuyén khi ¢6 xiic tic axit vi bazo cé khéc nhau.

Khi ¢6 xiic tic bazo c6 sy tao thanh enolat;

S R
R—"~pH oS N C
\‘\,OG-R"—‘“ = | | +ROH
O A....Me
M@ Me 0]
va tdc dung véi hgp chét cacbonyl:
N/
RW S ‘,(lz" R\E/C\ C
OlMc (IO M’
Con xdc tac axit ¢d sy tao thanh enol:
/
S
R— £ H — R /C{‘
\‘ . -H w +H3O
H O~y
va tdc dyng véi cacbonyl:
N
R?#’.C'{*\ P — R\. \F/
~
(D\H 0 O“ ))
H
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Nhu vy, trong trudng hop nay phin Ung xay ra theo co ch& chelat (co ch€ cing cua)
nghia 12 6 su chuyén déng bd electron va ¢6 sy giai tod electron nén thuén lgi v€ nang lugng.

Co ché chelat duge nghién ciru k¥ trong phan ing téng hop a-hydroxymetyl hoéd
phenol trong d6 chi xay ra & vi tri ortho khong xay ra & vi tri para:

M OH ,I}/Ig
Mg(OH), &~ @ 9
CHO H}& gH ==
2
H

e ol
@/

V& mat lap thé, sy k&t hop gifta hai cfu t&t tao thanh hai trang thai chuyén c6 nang
lugng khdc nhau khong 16n nén & trang thdi can bing d& chuyén hod cho nhau:

san phdm threo  —-—— R( N ff/H = g L H —™ sanphdm erythro

Neén tinh chon loc 14p thé clia phan ¥ng gin véi ty 1¢ nhigt dong hoc, hgp chat (1) &
trén thuan loi hon hgp chét (2) nén déng phan threo wu tién hon.

Néu phan tng ngung tu andol c6 sy hinh thanh phic chelat thi cé hai trang thdi
chuyén tuong Gng véi hai huéng phan ing:

O ~ R——H
HY, — H L == R
H"‘C\/ threo OH
R'
0., M \C.&O
—N g R——H

L =  RrH

R— (*\/ erythro OH
H
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Trong trang théi chyén c6 sy tham gia cda cacbon kim loai, trang thii chuyén trd nén
char hon, khong chuyén hod cho nhau vi khong c6 kha ndng quay xung quanh truc C-0. Do
d6, néu ti€n hanh phan ing & nhiét d¢ thdp va thi gian ngén thi s& thu dugc san phim dong
hoc méa khong phai 1a sin phdm nhiét dong hoc.

Trang thdi chuyén threo c6 hai nhém thé€ va R’ it twong téc 13p thé hon trang théi
chuyén erythro vi thé ty 1¢ hiéu sust déng phan threo / erythro > 1.

2- Phan \ing croton ho4

Phin {mg loai nudc ciia san phdm andol khi cdn c6 H, goi la phan ling croton hod.
Phén ing loai nudc trong méi trudng axit xay ra theo co ché EJ:

+

CH;—(IZH-CH;_,—CHO “}'{—"' CH3—(FH~CH=CH~-0H — CH;-CH=CH-CHO
OH *OH,
Nhung ngay trong moi trudng kiém, phén dGng ciing xdy ra nhd san phém andol c6
nhém metylen hoat dong dé loai hydro 1am cho nhém OH dé di ra:

HO' FO
CH3-%H-CH2_CHO —> CHy-CH—CH-CH-OH —  CH;-CH=CH-CHO
H

OH

Mat khdc, san phdm loai nudc 1 hop chat khong no lien hop, do d6 1 san phdm bén
hon, tao nén khuynh huéng chuyén dich can bing vé phia san phim.

San phim sau khi loai nudc thu duoc 13 rrans-olefin, nghia 13 phan tng loai nudc
khong dic thil [ap thé nhung hoan toan chon loc 14p thé.

3- Sur dinh hudng cia phan iing andol trong hop chat cacbonyl khong d6i Xing:

béi véi xeton khong déi xing, phan ing andol ¢6 cic hudng khéc nhau phu thudce vao
xtic tic. Chéng han, phan iing ctia metyletylxeton:

xtic tac kiém —~ + xtc tdc axit
B + H-CHz*C-(FH-H B’ _— CHz_ﬁ:-CHz-CH:; - CH3-ﬁ-CH2-CH3
CH; e} +OH
CH2=C-CH2-CH3 CH3- =CH-CH3 CH2=q-CH2_CH3
H 1) H (2 OH (3)

Khi enol hod bing bazg, bazo uu tién tdn cong vao nhém CH; dé c6 cacbanion bén
hon vi hiéu ing +/ cia CH; khong 1am thusn lgi cho cacbanion tit metylen. Do d6 phan
ing enol hod metyletylxeton luon ludn chim hon axeton. Péag thoi ciing do hiéu 1ing
khong gian.

Khi ¢6 axit, enol hod qua hai giai doan tao ion cacboni — oni, wrong ty £7 cho wu tign
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enol (2) (san phdm theo Zaitsev). D&i véi metyletylxeton, ty 18 t6c 49 ke, ke, = 2.5. Ty
1¢ san phdm phu thu6c vao can bing enol hod, dong thoi con phy thudc vio phan iing cong
theo khéng ch€ dong hoc hay nhiét dong hoc.

Khi khéng ché dong hoc:

Khi ¢6 xic tdc kiém, ty I& sin phim phu thudc vao tinh bén cia cacbanion, déng thdi
t6c do loai nude & giai doan sau. Néi chung phu thugce vao can bing cla céc giai doan.

Khi ¢6 xiic tdc axit, t6c do loai nudc bing axit rdt nhanh, cao hon t6¢c d¢ cia hai qua
trinh andol ho4 canh tranh nhau. Qud trinh nay khéng thuin nghich. San phdm uu tién la
enol thuan lgi vé niang lugng hon dé tao thanh san phdm nhanh hon.

Khi khong ché nhiét dong hoc:

Ty 1& hiéu suat phan fing clia hai sdn phidm cu6i cing khong phu thudc vao hudng enol
hod. Vai trd chinh & day 1A hiéu ing khong gian, nghia 13 trong metyletylxeton thi nhém
metyl thuan lgi hon nhém metylen. Hiéu sudt chia phan dng v€ vi tri cla xeton khong d61
Xitng rat phitc tap vi phai tinh dé€n can bing enol hod, tc do cong hgp va ca téc do loai nudc
sau dé.

Chang han, phén itng ciia benzandehit v6i rnetyletylxeton'

H -CH,-CO-CH,-CH,

,|,ks €))
CH CH-CO-CH,-CH;,4

@- CHO + CH;CH,COCH,; \ GHy ©)
Q_ H-CH-CO-CH;
H o s )
Q_CH (é -CO-CH;
(6)
Xiic tdc bazo: ky = kg > kg >> kes kg << ky. k3> ky
Xie tdc axit: kg >> ki3 k3 >> k.

Trong trudng hop khéng ch€ dong hoc: Khi ¢6 xic tic kiém, sian phdm phan nhinh
ca andol hod wu tién hon so v&i sin phdm & C;: k3 > k. Thuc nghiém xdc dinh ring, andol
(4) lai d& phan tich nhanh trd lai chdt ban ddu d€ chuyén thanh sdn phim bén nhiét dong hoc
hon 14 andol & C;. Sdn phdm andol (3) ¢ t6c do loai nudc va tdi tao chit ban ddu gén nhu
nhau nén thuc t€ san phdm chinh 1a andol (3). Trong moi tridng kiém, téc d6 loai nudc cua
andol (4) rat cham, t6c d6 ngugc 16n hon € chuyén thanh san phdm (3) nén sin phdm (3) wu
th& va cho xeton khéng no (5).

Trong moi trudng axit, t6c do loai nude 16n & cdc san phdm andol (3) va (4) cao hon

t&c do ca hai qua trinh andol hod canh tranh nhau, nén qua trinh néi chung la khong thuin
nghich. San phdm thuan lgi vé nang Iugng, vu tién tao thanh 1 andol (4) vd hop chit
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cachony! o, B-khéng no (6).

Trong trudng hop khéng ché€ nhié¢t dong hoc, san phdm cudi cing khong phu thuéc
vao qud trinh enol hod. Vai trd chinh quyét dinh & day 12 yéu 6 khong gian, nghia 13 san
phdm andol wu tien & C; nhém metyl.

Phan ing ngimg tu andol clia hgp chdt cacbonyl ¢6 cdc truong hop cu thé sau:

a- Phdn iing gita hai phdn ti andehit: Can bing phan imng chuyén manh vé phéi va rit
kha thi. Nhiéu andehit chuyén thanh andol va loai nuéc cho sin phdm dehydrat hod. Xiic tic
hi¢u dung nhat 12 nhva trao déi ion bazo.

b- Phdn ing gidta hai phan ti xeton: Trong trudng hop nay can bing chuyén vé bén
trdi va phan dng thyc hién dugc khi c6 chuyén dich duoc can bing, thudng bing phuong
phip chi€t Soklet. Xeton khong d6i xing ngimg tu & phia nhém nhiéu hydro hon (trir
butanton thi xiic tic axit ngung tu & CHj, trong kiém ciing ngung tu & CH;).

c- Phdn itng giita hai andehit khdc nhau: Trong nhiéu truémg hop cho hén hgp bén san
phdm, n&u mot andehit khéng c6 Hy thi cho hai san pham va nhiéu trudng hop cho ngung tu
chéo la chinh (phan ing ngung tu chéo goi 1a phin tng Claisen-Schmidt).

d- Phan ung giita hai xeton khdc nhau: Thudng phan tng it thuc hién (trir khi c6 sin
enolat) nhung thudng dp dung cé cin nhic.

e- Phdn ung giita andehii va xeton: Phuong phap thudng ding nhat 12 khi andehit
khong c6 H, va khong cé phan tng ngung tu canh tranh do ngung tu xeton v§i nhau. Phin
ing cling goi la Claisen-Schmidt. Khi andehit ¢ H, thl cacbon o cia xeton cong vao
cacbon cacbonyl andehit, khong ¢é nguoc lai.

Phan ting ¢6 chon loc vi trf néu chudn bi trude enol clia xeton réi cho phin ing v6i
andehit (hay xeton). Cic enol nay thudmg diing 12 silyl enol ete caa xeton khi c6 TiCly (tdc
nhan Makaiyama) hay xic tdc khic dé tdng hop vé6i andehit hay xeton:

R”
1- TiCl,
R—(;.'=CHR + R —C R 2 H,0 R- C CH C R
OSi(CH;3); 0 O R' OH

Phan ting cé din xust enol trude ciing c6 chon loc 1ap thé cha phin ting andol.

Phén ting andol ciing tao nén hai trung tAm bat d&i xing va néi chung c6 bén ddng
phan 12p thé cha sdn phdm andol cé thé biu dién chung 1a:

H o QOH 0o OH o H 0O

| b L I
O RS

cip (+ ) syn ( hay erythro) cap(t) anti (hay threo )
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Cic din xuft enol c6 sin hay dung 1a enolat clia magie, titan, rodi, zirconi, thi€c, enol
borinat, allyl enol ete, enol borat R*’CH=CR"”"-0OB(OR)},.

N6i chung, enolat kim loai cho cong syn hay eryrhro v duge diing nhiéu trong nghién
cttu chon loc 1ap thé. Péng phan E néi chung khong ¢6 chon loc 1ap thé, C6 mot s§ trudng
hop chon loc 1ap thé anti nhu enolat titan, enolat geranium, enolat magie, enolat liti & —78°C.

Phin dng ciing ¢é chon loc d6i quang véi moét trong bon déng phan uu tién khi ding
dén xudt enol quang hoat, andehit hay xeton quang hoat hofc ca hai. Qud trinh sinh ra mét
trung tam mdi véi trung tam cii da ¢6 goi 1a téng hop bat doi kép.

Phin (ing cong cacbon a clia andehit v&i cacbon cacbonyl cla xeton dat duge khi
ding imin thay cho andehit va bazo LiN(iso-C3;Hy)a:

?Hz—g—H

0, /R thuy phan
LiCHI—E—H + CHrﬁ —CeHs = OH; \’ —— H,G—C—CeHs
HsCong: q
0 HyC~ \o/L'

Phan img ngung tu cling xay ra véi hgp chit cacbonyl o, B-khéng no ¢é hydro linh
dong G vitriy:

—(IIH-CH=CH—T‘[—R —!- -C CH=CH—ﬁ —R  'iepn ‘(l[‘—CH=C —R

+ 1'_ —_ "
b C—R o

l
OH OH

Phan dng andol thudmg cling dé& déng vong S, 6 canh vi thuan lgi vé entropi, nhat 12
khi ngung tu xeton v&i xeton. Phan Wng quan trong loai nay 1a phan &ng vong hod Robinson,
dung nhiéu trong téng hgp cdc steroit va tecpen. Trong phan (ng nay, mot xeton vong
chuyén thanh mot Xeton vong khdc cho san phdm c6 mot vong chia ndi doi. Phan ing cla
xyclohexanon tic dung v6i metyl vinyl xeton va bazg cho san phim dixeton theo phén iing
Michael réi déng vong theo phan tng andol noi phan tir cho san pham:

ﬁ 1ihae] 1 andol heod
2- IOdl nuée
O
Phan ung ciing ting dung dé t6ng hop c& vong chida hai ndi doi hay san phim vong

quang hoat. Chang han khi déng vong 1,5-dixeton véi xéc tdc amino axit (prolin) cho san
phdm quang hoat v&i mot d6i quang du rat 16n.

25- Phdn ung ngung tu Claisen

Phan (ing ngung ty giita hai phan tir este etylaxetat khi ¢6 Na trong ruou. Thudng diing
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I mol Na vi mét lugng nhd rugu dé tao ancolat xic tdc phan wng. Phan ung theo co ché
andol:

C,H;0" + CH;CO0C,H; == “CH,CQOCH; + C;H;OH

T . 3)

CH;-C *~CH,COOC,Hs = CH3-CI3"‘*CH2C00C2H5 -

|
OC,H; {OCH, g

CH3 -@_ CH2COOC2H5 = CH3 _ &%Hcoocsz _ CH3 et EOC2H5

#

. Né'

o=

Khi ¢é kiém manh, nhu ancolat, etylaxetat chuyén thanh enolat lam c4u tir metylen
tin cong vao phan tir etylaxetat khic 1a c4u tir cacbonyl.

Sy hinh thanh cacbanion bén vitng ¢6 tdc dung chuyén dich can bing cho nén nhiing
hop chat khong ¢6 H, khong tham gia phan éng nay néu khéng ding bazo manh. Néu ngung
tu gilfa hai este khac nhau s& cho hdn hgp san phdm nén chi diing phan tng nay khi mot
trong hai cdu tlir khéng c6 Hy,.

Phan tng Claisen thudng ding dé diéu ché este axetoaxetic hay axetylaxeton (khi
ngung tu este véi xeton). Phan ¢tng 1a thuan nghich va la phan Ung bac hai, giai doan sau
tach nudc 12 Elch. Kha nang dé thuc hién phan éng nay 1a phitc kim loai cla hgp chit
B-dicacbonyl ¢6 thé xem nhu 13 hé gid thom. Do d6 nhing este R,CH-COOR hay
R~CO-CHR, khong ¢6 kha nang tham gia ngung tu Claisen vi hop chét dicacbonyl loai
R-CO-CR,COR’ khéng cdn khé niing enol hod 6n dinh béng lién hop.

Tuong tu nhu phan ung Claisen, cacbon o cha este cacboxylic ngung tu véi cacbon
cacbonyl ¢lia andehit va xeton cho B-hydroxy este:

|
~-C-COOR -C-COOR
I bazg I 1l
~-CH-COOR. + R’—(”:—R" I R’—(E—R" — R'-C-R”
O OH

Cic téc nhan manh cé thé dung 14 (iso-C3H;);NLi, (C4Hs);CNa, LiNH,. Céc este
thudng cling phan ing véi lacton va vdi vi trf y cho este o, B-khong no.

Trong phan Gng niy, c6 thé ¢é phén ting clha cacbon o cilia andehit vd xeton véi
cacbon cacbonyl clia este nhung d6 1 phan itng thé nucleophin, nén c6 thé trong phan tng
nay 1a san phdm phu.

26- Phdn imng Dieckmann

Tuong tr Claisen, nhung xuat phat tir phan tir ¢é hai nhém este trong ciing phan ti.
Phan {mg xay ra kém theo vong hod:
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,COOC,H;
H,COOC,H CoHsO -
2 25 === (CH,),-CH- COOC,Hs =
(CH,),CH, COOC,Hs
CH - H CH, o
o R0 X 0
(CHw £ —= (CHy), == (CH o
~ OC;H; ~ /
H
Eooczﬂ5 EooczHs (Eoocsz

Phan dng di qua trang thai vdng hod da dugc ching minh bing hi¢u ing dong vi dong

hoc *C 7 "*C cha este clia axit o-phenyldiaxetic:

o

CHy-COOCHs *CI—I-C\OOQHS am
L 4 ——
CL .0 B
CH; — C-—oc ,Hs CH; —C=0C,H;
COOC2H5 COOC,Hs
*
/
P
~0C,H; “O

27- Phdn ing ngung tu Stobbe
Phan ting cha andehit hay xeton véi dietylsuxinat cho sdn phim coéng vong hod 5, 6
canh ¢6 thé m& vong bing xic tic bazo:
(IZHZ—COOC;,_HS RO
CH,—COOC;H;

)
CH-COOC,H
CH,-COOC,H;

(Hy-COOC;Hs
CH,-COOC,H;
COOC,Hs

e?H-COOCZHS
CH,-COOC,Hj

C,H00C Ch, (i OC,H; COOC,H
H-CH,COOC,Hj; 23 \(le/ cong tit dign s
' - R~
R—C-R C /’E 5
RV (0]
O) 0o
tich £1 hay E2 C,H;00C o C,H,00C
R%\ CH,COO S CH,COOH
R’ '

Phan tng tuong ty ngung ty Claisen nhung phan ing xay ra dé dang hon khi cé bazo
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nhu NaOC,H;, NaH, (CH,);COK. Trong phan éng niy mot (hay c6 khi ca hai) bi thuy phan
trong phan ng. Phan tng cla este suxinic xay ra d€ hon céc este khdc, mot nhém este luon
luén bi phan cit, khong cho san phdm ancol ma olefin. Trong phan ung nay, chét trung gian
la lacton c6 th€ tdch ra khoi hén hop.

Phén tng Stobbe diing d€ téng hop céc hop chdt da vong véi tic nhan ferr-butoxit hay
natri hydrua:

IHZCOOC2H5 tert-C{Hy0K
+ e R
H2CO0C2H5 H,0"

a—tetralon 90%

Phan ung Stobbe md rong dén este di-rers-butyl clia axit glutaric, trong d6 cé giai
doan vdng hod va ciing c6 hai phn tng Michael khi ding este «, B-khéng no tic dung véi
enolat liti:

Li ] COOR] . [ © o~ COOR] _H
. . bazd COOR
< coor
ROO COOR ROO COOR ROO COOR
bz thuy phan g

28- Phdn ing Perkin
Phan ting diéu ch€ axit a, B-khong no tlr andehit thom va anhydrit axetic khi ¢6 mudi

kim loai kiém cia axit twong tng. Phén \ing cdn ¢6 xiic tic bazo dé tao cacbanion két hop
vao nhém cacbonyl cho sin phdm andol, sau d6 loai nudc va thuy phan cho axit khong no.

RCH,COOK -
Ar-C-H + (RCH,C0),0 ——2—— Ar-C=C-COO” + RCH,COOH
t

0 H R
Khi anhydrit c6 hai H,, phan #ng dehydrat hod luén luén xay ra, mu6i cia B-hydroxy
axit khong bao gity tach ra duge. Trong mot s6 trugmg hop, anhydrit dang (R,CHCO),0 ciing
dung nhung khong dehydrat hod. Bazo trong phin ¢ing Perkin luén 1a muéi cla axit tuong
ing cua anhydrit. Mu6i Na va K thudng diing nh4t, cho hiéu sust cao va thdi gian phan ting
ngin. Andehit thom dang lién hgp Ar-CH=CH=CHO ciing tham gia phan (ng nay, nhung
phan ung khong ding cho andehit mach hé.
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29- Phdn ng Knoevenagel

Phan ing gilta andehit va xeton, thudmg khoéng cé Hy véi hop chit ¢6 hydro linh déng
dang Z-CH,-Z" hay Z-CHR-Z’ goi la phan iing Knoevenagel:

R—F—R‘ + Z-CH,-Z’ 2, R—(HZ—R’
O -CcC-Z
véi Z va Z” 1a: CHO, COR, COOH, COOR, CN, NO,, SOR, SO,R, SG,0R.
Phén ttng thudmg dung 14 phan dng clia benzandehit v6i etyl malonat trong diéu kién
kiém yéu nhung tot hon la ding cdc bazo yéu va axit y&u:

R,NH, CH,COOH

C4Hs—CHO + CH,(COOC,Hy), > C4Hy—CH=CH(COOC,H;),

90%
C6 thé diing xuc tac florua kim loai kiém trong dung moéi aproton ludng cuc, néu ding
xiic tic piperidin trong pyridin tao trang thdi chuyén threo. Sau khi thuy phéan va loai CO,

thu duge axit khong no. Phan #ng loai CO, xay ra véi t6¢ d6 nhd hon t6¢ dé chung cha
ngung tu andol.

Khi Z 1a COOH thi ludn cé phan tng decacboxyl hod in situ. Hgp chét hydre linh
dong khic nhu CHCly, 2-metylpyridin, ankyn cudi mach, xyclopentadien ciing c6 thé dung,
thuc t€ bat ky hop chat ¢é hydro 6 kha nang phan cit bdi bazo déu ding duge nén phén iing
cé pham vi ting dung rong.

Phan (ng thuan lgi khi diing bazo yéu nhung véi hgp chét leai CH,Z hay RCH,Z thi
ding kiém manh.

Mot s6 phan ng tuong ty nhy sau:

n-
C¢H,—CHO + CH;NO, % C4Hs—~CH=CH-NO, (phan \ing Henry)

CH;~CHO + HooccH,cooH L2, ¢ .H;-cH=CH-CcooH

CH,CN
CeHs=C~CqHs
OH

CoH;COC(H; + CH,cN X&H

HO,_.CH,CO0C,H;

O
& + LiCH,COOC,Hy ——»
HO
0 s& CH; S
et — O

H,C
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H;C, CH,
) _ thuy phan o
CH;CH,COCH,CH; + (CH,),C-COO > » C2H5-(|:—IC—COOH

HO CH,

C¢HsCH,CH,CHO + [C¢HsSOCHCOCH, > 1%11; _y mphin
C6H5CH2CH2%HCH2COCH2SOC6H5

1 .4-diumbixylo[2.2.2]0ctan__

(DABCO) -
CH3—(13H- ﬁff —COO-tert-C4Hg
OH CH,

CH;CHO + CH,=CH—COO-fert-C,H,

NbCly-CH4OCH,CH,OCH 3

C,HsCOC,H; + CgHsCH=NCH,C¢H;

Sy phig  He CH—~NHCH,CsH
C2H5—(I',’— OH
C,Hs

C,*Hng
CH,CH,CH,CHO + ’lt
CH3 H2 H_

CH,CH,CH;

Phan ing ding dugc v6i hau nhu edc nucleophin véi andehit va xeton cho san phim
khdc nhau sau khi thuy phan, decacboxyl hod, khir ...

Ciing nhu andol, phan ting Knoevenagel cting chon loc 1ap thé dia va chon loc d&i quang.
Mot 56 ng dung quan trong ctia phan iing Knoevenagel:

1- Andehit va xeton tdc dyng vdi din xuft dithio clia N-metansunfinyl-p-toluidin, sau
khi thuy phan, hydrosunfinamit s€ tdch khi dun néng cho olefin theo co ché tich syn:

R’
2C,H,Li RCOR’ I H,0
CH,SONHAr —*"» CH,SONAr ———» R-C-CH,SONAr ——
Ar = p-tolyl ' ' ' ’
p-ely . . . .
Li Li OL1 Li
$!
— R-C-CH,SONHAr — R-C=CH, + SO, + ArNH,
|
OH R’
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2- Phan tng cla xeton v6i tosylmetylisoxyanua cho san phdm khic nhau phy thuoc
diéu kién phan ding:
R‘ NHCHO " R’

‘ (
ORTHES R—CeC-Ts — R—CH—COOH
Al H;0
Wz 3ty phan R'

=] |
(" — R T — -tert-C4H,OK, DME
R ([f R + 5CH2 —( 1 fert pakt] D il R (:I] CN
N 0-20°C

T 1
Cij.OH‘ngHS iR
e 7& o R=G=CHO

0C,H; OH

3- Andehit vi xeton RCOR’ véi metoxyvinylliti CHy=C(Li)OCH; cho hydroxy enol
ete RR’C(OH)C(OCH;)=CH, ma dé& thuy phan cho axyloin RR’C(OH)COCH,.

4- Andehit v xeton phan ng véi liti allyl cacbamat cho phén iing ¢6 chuyén vi allylic
cho y-hydroxy andehit va xeton, thudng goi 1a phan ing homoandol c6 chen loc d6i quang:

R R R
R CICONR", = eeCHli R A
R epr \C o T =g -
H EI{' CONRZ CONRI2
R'"_Clj_OH RIII

wb-on

w u _ Dt thuy phan
R“COR R_(]: ?:____(‘: R ¥p l&%_ EH_ ﬁ_ o
R O

R R OCONR",

5. Chuyén ho4 andehit va xeton t6i déng dng cla né béng tic dung chat ban ddu vdi
liti bis(etylendioxyborylymetit réi oxy hod ti€p bang HyO;:
ol 0 Oy n0 .
RR'CO + S h {B: :]] —» RR'C=CH -B: j —? RR'CHCHO
O 2

6- Phan tng chon loc 1ap thé 1,2-diol cia andehit thom & —120°C va oxy hod bang
HzOzI

RS LY OH
o H,0 H
Ar-CHO + R—CH BR, —» (‘%‘; Hzo'2 R)%?\H
Ll i H At H
R’ = mesityl Ar déng phan eryihro

7- Phan tng cha mu6i liti cla hgp chdt c6 hydro linh déng véi mubi liti cia
tosylhydrazon clia andehit cho sén phdm cong tich cho anken (khi X = CN, SCeHs, SOR).
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RF
R—,E—H + R—CH-X R——(I:H-&H—-x -%-. RCH== CHR'

~N—Ts Li N=NLi
i
30~ Phdn ttng Doebner

Tuong ty nhu Knoevenagel, phin tng chia andehit chua no véi ciu 1 metylen nhu axit
hay este malonat, Xyanoaxetic trong pyridin khi dun néng goi la phan tng Doebner:

idin, 100°C
CH3CH=CH—-CHO + CH,(COOH), Ry

CH;CH=CHCH=CHCOOH +
(30%) + CO, + H,0
31- Phdn itng Rodionov
Phan ing ngung 1y cdc andehit véi axit malonic ¢é mat amoniac cho amin axit goi 1
phan tng Rodionov:
R-CHO + CH»{(COOH), + NH; — R-CH(NH,)-CH,~COOH + CO; + H,0
32- Phdn iing Peterson

Andehit va xeton tdc dyng véi din xudt liti cla triankylsitan cho B-hydroxysilan réi
tach ngay nudc hay axit hodc bazo cho olefin goi 1a phan tng Peterson hay phan tng olefin
hod Peterson:

R Rn R R” R
o . sau thuy phan . _ axit -
(CH;);S1~CH-Li + R’—ﬁ,‘—R” R — R’—IC—CH—Sl(CHg); —(b‘a" R’-C=C-H
O OH

Phan tng ndy gdn nhu 12 mot dang khéc cia Wittig nén d6i khi goi 1a phan tng silyl-
Wittig. Néu gc R 12 COOR cho este o, 8-khong no, 1a 50,C¢H; cho vinyl sunfon.

Hod hoc 1ap thé duge khéng ché bing xdc téc axit hay bazo ding & phan g tich.
Néi chung, néu diing bazo cho phan iing tich syn (Ef), con axit 1a tich anti (E2):

0

R, R;
Ry .. —— ——
OH R] S](CH3)3 Rl <R.

4
R, we” Ri™ >R,

Khi andehit va xeton tdc dung véi din xuét cé chira clo diing dé téng hgp metylxeton
hay dé chuyén hod RCHO thanh RCH,COCH,:
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(|:H3 R! (I:H3 l}n
(CH3)3SI_(|: —Li + R- l(li-— R — R—C\ C—Si(CH;); — R—-CH—([%-CHs
Cl 0 0 0

33- Phdn ung Darzens

Andehit hay xeton ngung tu v&i a-halogen este khi cé bazo cho o, B-epoxy este, goi
la este glyxidic 1a phan @ng ngung tu Darzens:
R
—("3- + Cl—(liH—COOCZHj
O

CHONa |
-G~ C-COOC;H;

Phan tmg ¢é giai doan d4u 1 loai Knoevenagel va ti€p theo 1a §32 n6i phéan

R R

| CHONa | U
~C- + Cl-CH-COOC,H; ~C—£-COOC;H; — c\ /C COOC,H;
o} E;,o R o)

Céc chat trung gian halogen ankoxit khong tach ra dugc. Andehit thom va xeton cho
hiéu sudt t6t, con andehit béo kém hon nhimg ¢6 thé cho hiéu suat 16t nhu andehit thom
hay xeton néu diing bazo liti bis(trimetylsilyl)amit trong THF & —78°C. Bazo thudng diing
12 natri etoxit, d6i khi dung amidua natri. Néu tao ra dianion Cl- CR-COO™ truéc tir
a-halogen este thi truc 1i€p thu duoc o, B-epoxy axit. Phan ting Darzens cling ding véi
a-halogen xeton, a- halogen nitrin, a-halogen sunfoxit va sunfon... Ching han:

CH;
- KO
C¢HsCOCH;3+ CICHZCOOC2H5 RY CGHS-QJH COOC,H; -—l—- CeHs- {C?H -COOH
s 8 cﬁHS-é‘.g B 1y =i CgHyC=CH-OH == CgHs-CH-CHO
Hj

H} (enol)
Phan ing Darzens ciing chon loc d6i quang cfia a-brom-B-hydroxy este véi andehit.

34- Phdn vmg Tollens

Phén ting Tollens 1a phan itng cha andehit hay xeton véi fomandehit khi c6 Ca(OH),
hay bazo tuong

CH,OH
Ca(OH), |
-CH-C-R + 2HCHO ———> -C-CH-R + HCOOH
o OH

Giai doan ddu cia phan tng 12 phén fmg andol hén hgp:
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H-C-H
|
~CH-C-R + H-C-H Dazg, -C-C-R
0 0 0

Phan iing c6 thé dimg lai & giai doan nay nhung thudmg tic dung véi mot fomandehit
thif hai cho 1,3-diol.
Phdn \ng quan trong loai nay 13 téng hop erytritol:
CH,CHO + 4HCHO — C(CH,0OH), + HCOOH

Hop chét nitro c6 Hy, thay thé cho andehit tic dung v6i HCHO ma khong c6 phan ung

khir:
CH;NO, + HCHO 9. HOCH,CH,NO,

Hop chat nitro c6 H,, thay the cho andehit tic dung v6i HCHO ma khong ¢6 phan ing
khir ma thye t€ 1a phan ¥ng Knoevenagel nhung cdn goi la phan iing Tollens.

35- Phdn img Wittig

Andehit hay xeton tdc dung véi ylit photpho (ciing goi 12 photphoran) cho olefin goila
phan ing Wittig: 6o |

—ﬁ,‘— + (C6H5)3P—(|3—R —_— —C=(E—R + (C¢Hs)3PO
0 R’ R’

Ylit photpho thudng diéu ch€ tr mu6i photphoni véi bazo ma mu6i photphoni thudng

diéu ché tir photphin va ankyl halogenua:

@ .
(CeHs)sP + X~CH—R —> (C6H5)3p_— CH- R CaHoLi
R’ X g
mudi photphoni
® e
CHIP-CR <m (CHYP=(-R
Ryt R

Muéi photphoni chuyén thanh ylit khi ding bazo manh nhu butyl liti, amidua natri,
hydrua natri, natri ankoxit.

Phan dng xdy ra véi cic andehit béo, alixyclic hay thom (ké ca diaryl xeton), ¢6 thé
¢6 ndi doi hay ba, c6 nhém chic nhw OH, OR, NR;, nitro thom hay halogen, axetan hoac
este, nhung noi doi va ba lién hgp véi cacbonyl khong cho phan ing nay vi tan cong vio
cacbon C=0. Cdc ylit ciing ¢6 thé chita n6i déi hay ba va vai nhém chiic. Céc ylit don gian
(R, R’= H hay ankyl) hoat tinh cao véi oxy, nudc, axit halogenhydric, ancol cling nhu hop
chat cacbonyl va este. Cic nhém th€ cho electron & vi tri o nhir CN, COR, COOR, CHO lam
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cho ylit bén hon do dién tich giai tod bing cdng hudng:

® e &
(C6H5)3P—' CH— ﬁ_ R = (C6H5)3P— CH= (li_ R
0 o°

Céc ylit nay phan ttng nhanh vdi andehit nhung cham hay khong phan itng véi xeton,
tuy cling c¢6 ylit khong phan {ing véi andehit hay xeton nhu:

¢

® pC¢Hs);

Co ché ciia phan tng Wittig nhu sau:

‘o= o(li-— )
‘7—- S~ g

+
® [
(CeHs):P— C— (CeHs).v,P‘C F‘ R (CgHs)sP ?— R

R' R’ R'
oxaphotphetan
Trong co ché trén, hop chét trung gian 12 oxaphotphetan nhung ciing ¢6 tai li¢u cho la
hqp chit diionic goi 1a betain:

|
e0—C—
®
(CsHs)sP— *lc-— R
Rl

betain

Nhu betain tao thanh khi tdc dung photphin véi epoxy:

3]
(CeHs)sP

I
(CeHshP + —é\—o;]z— — _C_ei_

Trong phan ing Wittig, ca ba giai doan hay giai doan sau goi la phan ung Wittig. N6i
chung phan ing Wittig 1a tic dung andehit hay xeton ¢6 thé 12 loai aliphatic, alixyclic hay
thom (ké ca diaryl xeton) c6 thé chia n6i déi hay néi ba, cdc nhém chitc khiac nhu OH, OR,
NR,, nitro hay halogen thom, axetal va ngay ca este. Lién k€&t d6i hay ba lién hop thi khong
thich hgp vi tdn cong vao cacbon C=0.
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Phin tng Wittig chil y&u diing dé téng hop cic olefin, nhat 12 olefin 6 néi d6i cudi
mach va olefin c6 thé 1a ddng phan £ hay Z nén y&u 16 1ap thé dugc nghién cita nhiéu. Néi
chung cédc ylit ¢6 nhém thé chita nhém dn dinh hay hinh thanh tir triankyl-photphin thi cho
E-olefin, cdc ylit hinh thanh tix triarylphotphin hay khéng ¢6 nhém thé lam én dinh cho
Z-olefin, hay hén hop £ va Z, nhung thyc t€ hod hoc 1ap thé phy thuoc nhiéu nhan 16,

Mud: photphoeni khi ¢6 kiém chuyén thinh photphoryl (hay photphorylen, ankyliden
photphoran) gi6ng enolat c6 kha nang ké&t hop v&i andehit:

® X ® X H( X
k %P—— <HM>P-_C<\H )

o — L v - + O=PR
Rp-CHX [ 7 BJ_ o 49— R 3
o H R

@ -HH ¢ ) R' ervthro ciy
R3P-CH X == —

R,P=CHX ky P— (|:<~ H _ .nhanky i | ~ H ﬁp— + O=PR3
i R ) o, ~H
b 500 0—cZ g/ H

L}
ihreo R trans

Céc photphoylit phan ving v6i xeton va phan tng 13 bac hai. Nhém the cho electron
trong photpho va nhém thé& hiit electron trong andehit déu 1am tang t6c d6 phan ung.

Hod hoc 13p thé cita phan iing giéng nhu ngung tu andol Khong ¢6 trang thédi chuyén
chelat song trdi véi ngung tu andol 13 giai doan téch oxit triankyl hay triarylphotphin xay ra
dac thi 1ap thé, nghia 12 trong so d6 trén, ion ludng cuc cé cdu dang erythro uu tién cho
sin phim cis, cdn ion ludng cuc threo cho trans olefin. Huéng hod hoc lap thé cha
qué trinh dugc xdc dinh bing cdu hinh san phidm trung gian ¢é ban chat ion ludng cuc. Phin
ing twong ty la phin ng cha Horner diing ylit cita oxit photphin R,PO hay este
(RG,)P(0)=CHX c6 kha ning phan tng vdi ca xeton.

Hod hoc 1ap thé duge khéng ché khi ding axit photphonic bisamit v6i qué trinh hinh
thanh betain va tic dung véi nudc cho bisamit B-hydroxyphotphonic axit 13 mét hén hop
déng phan dia phan tich cho hai déng phan olefin. N&u diing bisamit photphonic axit quang
hoat cho olefin quang hoat.

Mot phuong phédp khdc nghién citu 14p thé Ia diing photphin oxit (C¢Hs),POCH,R.

Chéng han, ylit tao thinh tir etylidentriphenylphotphoran véi heptanan (1) r6i tac dung
ti€p véi butyl liti cho ylit (2), néu phan tng v6i andehit R*CHO cho cht trung gian (3) réi
cho ancol (4) khong no chon loc lap thé. Ylit (2) phan Gng vdi N-closuxinimit cho cis-
RCH=CCICHj, véi CgH;ICL, cho trans-RCH=CCICH, chon loc lap thé.
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[ ® C4HsLi R'CHO
RCH*?HP(C6H5)3 Betak = RCH—-f=P(CsHs)3 -
CH; (1) CH; (2
R=n-C¢H; ?e eIP(CGHS)3e l—L /CH3
RCH—? —G(HO Lit |~ R/C= HOH
' @ 9
CH; R 3) R
Phan (ing Wittig c6 thé vdng hod noi phan tlr cho vong 5 t&i 16 cacbon véi vong don:
0 R
I ol @

R-C C—P(C4Hs); —» R—i(—-- R’
L (CH,), - CHz)j_

hay vong kép:
@ o
CHO  (CgHs)P—CH
O+ o D~ QT
CHO (CeHs)3P—CH
dic biét 1a ding trong téng hop cdc hop chat tu nhién nhir téng hop B-caroten:
©
N CH_P(C6H5)3 /\/\/\/CHO
ZG(W + OCH —
I
Y 20 2 T X ~ \Q
B-caroten

Céac ylit photpho ciing phan tmg v6i nhém C=0 cia xeten, isoxyanat, anhydrit, imit
nhém nitrozo, C=N:
B‘I

(" R,C=C=0 —» R,C=C=C-R’
Rll
|

o o _ RN=0  — RN=CR
(C6Hs)3P_IC_R +< F

R" R,C=NR — R, C=CR’

0 ]3/ R
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vi vdi CO, cho muéi r6i thuy phan cho axit cacboxylic (chuyén RR’CHX thanh
RR’CHCOOH) hay nhiét phan cho allen:

Rl
I
R’ . R—CH— COOH
® | apis &7
(C6H5)3P“— $—R' + C02 —» R—(C- P(C6H5)3 R
! s lJ>C=c=c/
R COO R \gr

36- Phdn ting ngung tu benzoin
Khi andehit tdc dung véi ion xyanua tao thanh benzoin goi 12 ngung tu benzoin:
2ArCHO + KCN — Ar-CH-C-Ar
HO O

Phan dng ciing 12 cOng cacbanion clia mot phan tr andehit ndy tdi cacbon cacbonyl
cla phan tir khdc. Phan dng chi ding cho andehit thom va glyoxal RCOCHO.

Ion CN 14 xdc tdc két hop vio nhém cacbonyl & giai doan ddu ¢ hiéu ng hiit
electron dé dé tich proton chuyén benzandehit thanh cacbanion, cuéi ciing lai tich ra dé tao
thanh benzoin, héi phuc lai xic tdc. lon CN™ ¢6 ba chirc ning: 1- tdn coéng nucleophin, 2- ¢6
tinh hit electron gy ra s mat proton andehit, 3- ¢é vai trd cla nhém di ra. Mot s6 mudi
thiazoli ciing diing xic tdc phan ng nay.

Hai phén tir andehit ¢6 chitc ning khdc nhau. Mot khong ¢ lien két C—H trong san
phim 1a chat cho vi cho hydro téi oxy ciia phan ti khéc 1a chat nhan. Mét s6 andehit chi c6
mot trong hai chic nang va khong cé thé ty ngung tu ma thudng chi ngung tu véi phan tir
khic, ching han p-dimetylaminobenzandehit khoéng phai I chdt nhan ma chi 13 chét cho. N6
khong cé thé wr ngung tu nhung c6 thé ngung tu v&i benzandehit ¢6 hai chite nang nhung
chitc nang nhén cao hon chifc nang cho.

Co ché cita phan ting nhu sau (clia Lapworth - 1903):

oN o h))
At—C—H SON = Ar—C—H == Ar—CQ *(_ap ==
&)
H g
(ICN ?H chét nhan OH
|
Ar—i—fl—m- = Ar— —F—Ar‘ == Ar-C-C-Ar
[ H

T6c d6 chung cta phan ting 12 v = k[CgHsCHOJ?[CN™] va giai doan ket hgp cacbanion
vao phén t benzandehit thi hai 14 quyét dinh t6c do phan dng.

78



Andehit béo cling cho phan ing nay goi 12 axyloin va hén hop andehit béo va thom
cho a-hydroxy xeton hén tap.

37- Phdn itng tao o-halogen ete

Andehit hay xeton tdc dung véi HX va ancol cho o-halogen ete:

Cll
—E— + ROH + HCl — —('I,‘—
0 OR

Phan tng ap dung cho andehit va xeton loai béo va ancol bic nhét va hai. Andehit
thom cho hiéu sudt thap.

Phan tng cong HX vao andehit va xeton cho a-halogen ancol nhung thudng khong
bén, trir mét s6 trudng hop rieng nhu loai peclo hay peflo. Cic a-halogen ancol trd nén bén
néu dime hod: 2XCR,0H — XCR,0CR,X.

38- Phdn ung tao gem-dihalogen
Andehit va xeton béo c6 thé chuyén thanh gem-dihalogen khi tic dung véi PCls:

ql
i

~C- + PQly — G-

o) Cl

Phan (ng khong xay ra véi pehalogen xeton. Néu andehit hay xeton ¢ Hg thi c6 phan
ting tach (iép theo cho san phdm phu clovinyl:

(l:l | |
e T e
ClH Cl

PBr; cho gem-dihalogen v6i hiéu suit khong t6¢ nhung véi andehit ¢6 thé diung brom va
triphenylphotphit.

Co ché cua phéan ing:

o ¢ 9 L9
cl I cr

Cc- +PCLY — - — ¢ — - — -—C-

I} | | c] |

0 OPCl, OPCL, cl

Téc nhan tdn cOng ban ddu vao O la PCl,* (c6 trong PCl; rén) réi cong tigp Cl° vao
cacbon. Ion Cl ¢6 tir PCl¢~ (cling ¢6 trong PCls rén). Phan Gng c6 hai qud trinh Sy/, trong
d6 san phdm cong chuyén t6i san phdm qua clocacbocation theo qué trinh Syi.

Phan tng nay doi khi cling c6 & este cacboxylic nhu chuyén F;CCOOCgH; thanh
F;CCCl,0CcHs. Nhiéu andehit hay xeton chuyén thanh gem-dihalogen bang sunfua
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tetraflorua SF,, ké ca quinon, cho din xuat 1,1,4,4-tetrafloxyclohexadien. Axit cacboxylic,
axyl clorua va amit phan wng SF, cho 1,1,1-triflorua theo phan ing sau:

F
SF t
R-C-X + SF, — R-C-F — R-C-F X = OH, ClI, NH,, NHR
o) o) F

Este ciing cho triflorua véi diéu kién manh hon nhung & day nhém cacbony! bi t&n
cong dau tien ma c6 thé tdich RCF,OR’ ra tir RCOOR’ 16i chuyén thanh triflorua. T4c nhan
thuong mai thudmg ding d€ chuyén andehit hay xeton thanh gem-diflorua 1a dietylamino-
sunfua triflorua (DAST) (C;H;),NSF,.

39- Phdn ding chuyén hod mudi axit cacboxylic thanh xeton

Muéi liti cia axit cacboxylic v6i ankyl liti cho xeton véi hiéu sust tot:

OLi
| H,0
R—lc':—OLi + RLi — R-C-R* —— R—(I?—R’
O OLi 0

Phén dng cho san phdm cong réi thuy phan, R’ ¢6 thé 1a ankyl hay aryl bac nhat, hai
hay ba. Thudng diing nhiéu CH,Li va CeHsLi, R ¢6 thé 12 ankyl hay aryl, trir liti axetat cho
hi¢u suit thdp va ancol bac ba cho san phdm phy.

40- Phdn iing céng Grignard voi dén xudt axit

Este cacboxylic phan itng v6i tdc nhan Grignard theo phén iing cong binh thudng cita
nhém CO déng thdi phan ing thé R” cho OR’, tuy ancol bic ba déu tao thanh véi hai nhém
R giéng nhau:

R!’ RQ!
thuy phan I
R-E—OR’ + 2R"MgX —™ R- C R” ———— R- C R”
0] OMgX OH

Fomat cho ancol bac hai va cacbonat cho ancol bic ba ¢6 cic géc R gidng nhau
((GH;0),C=0 + RMgX — R3;COMgX). Axyl halogenua va anhydrit phan ting binh thudng
nhung it dung. Phan ting c6 nhiéu sin phdm phy nh4t ia khi diing axit va ddn xust.

Hgp chét 1,4-dimagie v6i este cho xyclopentanol:

OH

R-ﬁ—OR' + BrMg(CH,)MgBr t]?,';h“an

1,5-Dimagie cho xyclohexanol nhung higu suat thap.
Trimetyl nhom véi axit cho este réi cho hon chat tert-butyl.
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43
RCOOH + (CHpsAl dw) 129°C, RCOOANCH,); AL RreccHa),

Fomamit hai 1dn thé c6 thé cong 2 mol Grignard (goi l1a phin #ng Bouveauit) cho
andehit v amin bac ba:

R!
|
H-C-NR, + 3R'MgX — H-C-NR; + R’CHO
I [
O R’

va néu R’ chita hydro o s& thu dugce enamin:
H-C-NR, + R*-CH-MgX — [R'—(I:H—CH—NRQ] — R'-C=CH-NR,
|
O R” R” OMgX R”

Trong trudng hop este cacboxylic va lacton tde dung v6i phifc titan dixyclopentadienit
(tdc nhan Tebbe) s& chuyén nhém cacbonyl thanh enol (C=0 — C-CH,):

C
v
R—=C—OR' + Xy,T R— C=CH
i Y2 I\Cl/f\l(CH3)2 — ? 2

O Xy= xyclopentadienit OR

Phan iing xiy ra trong THF-toluen ¢é chita mét lugng nho pyridin. Cdc enol ete c6 rhé
thuy phéan cho xeton nén ciing 1a phuong phdp chuyén este thanh xeton RCOOR’ — RCOR".

Céc andehit vi xeton ciing chuyén nhém C=0 thanh C=CH, khi ding dimetyltitanoxen
nhung véi ete cho higu suat thép.

Cic este chuyén nhém C=0 thanh C=CHR (R la ankyl bac nhét hay hai} khi tdc dung
vdi RCHBr,, Zn va TiCly khi ¢6 N,N,N* N’-tetrametylendiamin. Phiic cacben kim loai
R,C=ML, (L = phdi tir) véi M = Zr, W hay Ta ciing chuyén nhém C=0 clia este cacboxylic
va lacton thanh CR,.

41- Phdn ving céng Grignard véi COy

Tac nhan Grignard cong hop véi mot lién két C=0 cla CO, tuong tu nhur andehit va xeton;

0=C=0 + RMgX — R—(|3=O
OMgX

San phfim 13 mu6i clia axit va thudng ding nuéc dd kho. Phan ting c6 tng dung dé
téng hop cic axit chita déng vi vi CO, ddng vi la san phdm thi trudng. San phdm cong cla
Grignard v6i CO, trong hén hop 12 phép thir duong cho su ton tai clia cacbanion trong phan
tng c¢6 chét trung gian 12 co kim trong hén hgp phan dng.

Cic tic nhan khdc nhu RNa, RCaX, nhung ding it hon.
42- Phdn ing axyl hod andehit
Andehit ¢6 thé chuyén thanh axylan khi tic dung v6i anhydrit c6 BF; hay axit Lewis khac:
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OCOR
BF, I

R-C-H + (RCO0),0 —> R-C-H
0 OCOR

Phan tng khéng dp dung binh thudng cho xeton ma chi khi ¢6 tdc nhaa rat manh nhu
tricloaxetic anhydrit méi tao duge axylan véi xeton.

43- Phdn ttng céng vong cia andehit

Khi c6 xdctdc axit, cdc andehit thdp phan tr c6 thé cong tao thanh axetan vong,
thudmg cho trime:

Trime vong clia fomandehit goi Ia trioxan, axetandehit goi 12 parandehit. Polyme hinh
thanh tir fomandehit got 1a parafomandehit. N6i chung céc trime hay peolyme clia andehit 1a
cdc axetan, bén trong mai truding kiém nhung dé& thuy phan trong méi trudng axit.

44- Phdn itng tao epoxy tw andehit va xeton

Andehit v xeton c6 thé chuyén thanh epoxit khi tic dung véi ylit dimetyloxosunfoni
metylit (1) hay dimetylsunfoni metylit (2):

® o |
~C~ + (CHy),5-CH, — ~C— O
1 I} ANV
o) 0 CH,

Téc nhan (2) kém bén hon nén thudng ding ngay sau khi hinh thanh, cdn tic nhan (1)
c6 thé t6n tai trong vai ngay. Ci hai tén tai & dang cong hudng:
@ o ® ©
(CH;), S= CH, == (CH3), ﬁ-— Hz{ | (CH;3),S=CH, <= (CH;),S— CH,
I (1) 0 @

Hai tic nhan ndy phén {ng c6 khdc nhau cho déng phan dia, dimetyloxosunfoni
metylit chi tdn cong tir phia khé khan khéng gian nhiéu hon, con dimetylsunfoni tir phia it
khé khan khong gian hon. Ching han khi phan ting v6i 4-terr-butylxyclohexanon:

93} (1)

lignk&tmdilhe
lignkétmdilaa

H
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hay khi tdc dung véi xeton o, B-khong no thi dimetyloxosunfoni metylit chi cho xyclopropan
con dimetylsunfoni metylit cho oxiran.

Co ché€ chung clia phan dng la:

|
5
R R_i\ |
R,CO + —S=C— —= R—?jﬁ?— — _O/C—
©0

Vé héa hoc 1ap thé, ca hai tdc nhan déu di qua chét trung gian betain, trong d6 tic
nhan dimetyloxosunfoni metylit 1 can bing, cdn dimetylsunfoni metylit kém bén hon
khong cén bing, do d6 sin phim khé khan 1ap thé hon 12 khéng ch€ dong hoc, con sin
phim it khé khan 14p thé hon 12 khéng ché€ nhiét dong hoc. Cac ylit photpho khong cho phan
ing nay.

Andehit va xeton ciing chuyén thanh epoxit khi tdc dung véi diazoankan ma thudng la
diazometan theo cd ché sau:

|
| o @ 1 ® s —C\?Hz
— Cwat CHy—N==N — -%-é— CH—N=N {_

san phim chuyén vi

Phan dng v6i nhidu andehit, Xeton va quinon, thudmg cho san phdm chinh 13 epoxit va
san phdm phu 1A sin phdm chuyén vi (xem chuong chuyén vj). Dihalogen cacben cong hop
dé voi lién két d6i C=C nhung khong cong vio lién két C=0 clia andehit va xeton.

Epoxit d6i xiing thu duge khi ding hexametylphotpho triamit:

Al‘-\ Ar
2ArCHO + [(CH3),NJ;p —= \ /
O

C4c phan cong nucleophin bing ion H nhu LiAlH,, NaBH,... dugc viét & chuong
Phén iing oxy hod - khir.
47- Phdn ting cong H,S vao andehit va xeton
H,S cong hop véi andehit va xeton cho cdc phan ing sau:
SH SH

| |
_E_ + H,§ — _(I:_ hay —ﬁ— hay —(l:~ hav ﬁ
O OH S SH

(1) (2) (3} 4
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Sin phim(1)1a a-hydroxythiol tao thanh khi ding din xu4t axit polyclo hay polyflo
cua andehit hay xeton. Hgp chdt nay chi bén tir céc hgp chat dé.

San phim()1a thioaxeton tao thanh khi H,S tdc dung vé6i vai xeton nhu diaxylxeton v
xtc tée axit, thutng HCL Hop chat nay thudng khong bén, dé trime hod cho san phim 4 hay
khi tdc dyng vdi khong khi.

Thioandehit thudng kém bén hon nén terr-C;HyCHS thudng didu ché trong dung dich,
ton tai trong vai gio & 20°C. Cic thioxeton cao hon téng hop bang tic dung xeton axyclic
vdi 2.4-bis(4-metoxyphenyl)-1,2,3,4-dithiadiphotphetan-2 4-disunfua (5) (goi 1a tdc nhan
Lawesson) & dudi dé chuyén nhém C=0 clia amit va este thanh C=S:

oK /.,Oms

Phan iing ding bis(trixyclohexyl thi€c)sunfua (RySn),S vdi R = xyclohexyl va BCl; dé
chuyén nhém C=0 ctha lacton va lactam thanh nhém C=S. Dung H,S-(CH;),SiCl-(iso-
C,H7);NLi dé chuyén nhém este cacboxylic thanh thicete. Axit cacboxylic RCOOH c¢6 thé
truc tiép chuyén thanh este dithiocacboxylic RCSSR’ vdi P45,y va ancol bac nhat R'OH.
Thioxeton ¢6 thé téng hgp bing tdc dung xeton véi P,S,, ciing nhu chuyén oxim va
hydrazon thanh C=5 (C=N — C=8).

Sin phdm gem-dithiol (3) bén hon cdc hydrat va a-hydroxythiol. Cdc hop chét nay
dugc téng hop bing tdc dung xeton véi H,S dudi 4p sudt va xiic tic HCL

48- Phan itng cong thiol RSH vao andehit va xeton

Thiol ciing cong hop véi andehit va xeton cho hemimecaptan va dithioaxetan:

StR 1|{H
—ﬁ?— + RSH —™ —(;— hay —ﬁ:—
0O OH SR

hemimecaptan dithioaxeton

Hemimecaptan thudng khéng bén, nhung lai bén hon cdc hemiaxetan va c6 thé tich ra
dugc. Dithioaxetan gidng axetan, bén khi c6 bazo, trir véi bazo manh s& phan cét proton andehit.

Phuong phdp chung bao vé xeton 1a tic dung véi etandithiol cho dithicaxetan vong:

BFq, eterat SX
R—ﬁl—R + HSCH,CH,SH —— S

Q
Dithioaxetan dé desunfua hod bing Ni Raney dé chuyén hoi C=0O thanh CH,.

Dithioaxetan cling c6 thé tdng hop tir andehit hay xeton bang tic dung v6i thiol khi ¢é
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TiCl,, SiCl, hay este trimetylsilyl ciia axit polyphotphoric hoac tidc dung vl disufua RSSR
(R = ankyl hay aryl) hay vGi metylthiometylsilan CH4,SSi(CH3);. Né&u andehit hay xeton c6
H,, thi c6 thé chuyén thanh enol thioete khi tdc dung véi thiol ¢6 mat TiCly:

TiCl, |
~C-CH- + RSH —— —C=C-

O SR

Andehit va xeton c6 thé chuyén thinh sunfua khi tdc dung véi thiol va pyridin-boran
trong tr nhu trong phan @ng ankyl hod khir:

BH
RCOR’ + R"SH ——» RR"CHSR’

11.5. PHAN UNG CONG CUA LIEN KET C=§
49- Phdn ting cua ancol véi CS,
Ancol cong véi cacbon disunfua tao thinh xangtat:

NaOH _
$=C=S + ROH ———» RO-C-SNa’

S
Phin tng cin xic tac bazo, thwdong dung HO', nhung nhiéu trudmg hop ding
cacbanion metyl sunfinyl CH,SO,CH,; 16t hon. Néu ¢4 mit RX thi truc ti€p cho xangtat

este. ROCSSR’. Theo phuong phip ndy, CO, véi ion ankoxit cho mudi cacbonat este
RCOO .

50- Phdn ung céng voi amin
Amin bac nhat hay bac hai cong vdi cacbon disunfua cho muéi cia axit
dithiocacbamic:

NaOH N
S=C=S + RNH, ——* RNH*(IZIK*S Na

S
Phan ing tuong ty nhu phan dng v§i amoniac, song H,S ¢6 thé truc tiép hay gidn ti€p
tach ra cho isothioxyanat RNCS.
Khi cé diphenyl photphit va pyridin, amin bdc nhdt tac dung vdi CS, hay véi CO, cho
thioure va ure thé déi xiing tuong (ng:
pyridin

o _— —_C—
5=C=§ + RNH, HPO(OCH,), RNH E NHR

CO; + RNH, — RNH-C-NHR
o)
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51- Phdn itng céng véi RMgX

Hop chat Grignard céng hop véi cabon disunfua trong twr véi CO; cho mudi ciia axit
dithiocacboxylic:

S=C=S + RMgX — R-C-SMgX
S

Este cua axit dithiocacboxylic tic dung véi tdc nhan diankyl déng cho thioancol bic ba:

ec 1- R*,CuLi .
_||_S:H3 2- H,S-NH,Cl Rﬂc_R

S SH

Phéan wng c6 tng dung trong téng hop cic ete vong lém khi tdc dung thiolacton vdi
ankyl liti:

SCH; C,Hg

S $
/( C4H9 C4H9 /
=0 2O O

11.6. PHAN UNG ESTE HOA VA THUY PHAN
11.6.1. Co ché

Nhém cacbonyl trong axit cacboxylic v dén xudt ciing chiu su t4n cong nucleophin
cua céc tdc nhan nucleophin theo co ché cong-tich & trén nhu phan dng este hos, anhydrit
hod, amit hod, halogen hod cling nhu thuy phan din xuft cla axit hay dung méi phan cdc
din xudt axit.

O day ciling cén chd ¥ ring, phan ting cé thé coi nhy I phdn ng cdng nucleophin vao
nhém C=0O cua axit hay ddn xudt va ciing c6 thé coi 1a phan tng th€ OH cha axit hay X ciia
din xu4t theo co ché thé nucteophin.

Phan wng este hod giita axit va ancol xdy ra khi c6 xiic tdc axit:
RCOOH + R'OH == RCOOR’ + H,0
Phén (mg 1a cdng nucleophin cia ancol vao nhém cacbonyl theo co ché i dien khi cé

XUc tac axit.

Phan (ing este hod ¢6 thé di tir axit hay cdc din xuit axit theo co ché chung, trong dé
t6c d¢ dugc xdc dinh bang su tao thanh sin phdm trung gian tif dien, phan fng duge xiic tdc
bang axit vo co;
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X

+

|
cham —— ROH, chdm .
R-C—0 + Hf == R-C:=0—H —— R-(-OH ==
| nhanh I nhanh +
X X HO—R
+
Shanh R— =O_H+HX % R—C=0 + H'
cham R’ nhanh R

X = OH (este hod)
OR (t4i este hod)
Cl, OCOR (este hod)

Téc d6 dugc xdc dinh bing giai doan cham ciia san phfm ti di¢n 12 san phdm ludng
phan tr.

Trong phan dng trén, giai doan quyét dinh t6¢ do ciing 12 phan tng cong nucleophin
vio nhém cacbonyl tuong tw nhu phan ting clia andehit va xeton. Sy khéc nhau giita hai loai
hop chat nay 13, trong phdn tng Ay cla andehit hay xeton c6 giai doan cong nucleophin tao
san phdm trung gian i dién bén, khong c6 tich ra ion hydrua hay cacbanion dé tao lién ket
d6i C=0, nghia Ia dimg lai ¥ giai doan tao thanh san phdm. Trong phan ing este hod tir axit
hay diin xudt ¢ sy di ra cia nhém X nhu OH, OR, Cl... 12 phin Gng the nucleophin ndi phan
tir. D61 v6i este hod, phan Gng xay ra véi tac nhan nucleophin manh hon va xic téc axit.

Nguoc v6i phan ting este hod 13 phan ing thuy phan este hay dan xudt ciing 14 phan
tmg ¢éng nucleophin vao cacbon sp* di 16 C=0 theo co ché tf dién hay co ch€ bac hai,

nhung ciing ¢ nhitng truémg hop tuln theo co ché Sy2 hay Sy/ hay co ché& SET nhung phé
bi&n hon ca 1a co ché ui dién.

[
- R—¢c—X+ Y —= R—C—X
1 o
Y
Y I

2- R_ei)_&» — R—-@ X

Phan tng xic tdc axit, c6 sy tdn cong ban ddu cha H™:

&
- R_@—)u- HY == R——@—x - R—i-—x
H H

®
2- R—i—x + Y = R—C—X
" ;
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v f

3- R— I_X —_ R—E - R_([:@
(JCJH ®OH OH

4- R—%;D - R_E_Y +HY
OH

Ion hydro lam xic tdc, tang dién tich duong & cacbon cacbonyl nén t8c do cong
nucleophin tang.

Phan ing xic tdc bazo:

OH OH
[ H,0 f
R“@-‘X+ HO" = R—i)/x’ = R—@ +HX + HO"
e

O day thuc € bazo ¢6 tham gia vao phan ting nhu 12 tdc nhan nucleophin ban déu.
Céc co ch€ déu di qua hop chat trung gian tf dien bang nhirng chitng minh sau:

1- Phan ing c6 dong hoc bac nhat cho chat ban ddu va téc nhan nucleophin tham gia
co ché.

2- Da ¢6 nhiing chitng minh déng hoc khic phi hop v4i co ché ut dién. Ching han,
hang s6 tdc do ctia phan img gilfa axetamit va hydroxylamin thay d6i va giam khi tang néng
d6 hydroxylamin. Sy gidm nay khong giam tuyén tinh ma cé dudng cit rén dudng cong
dong hoc, mot doan théng ing v6i néng do cao va mot doan Ung v6i nong do6 thap cha
hydroxylamin, chiing té giai doan xdc dinh t6c do thay déi. Didu dé khong ding n&u phin
ung chi ¢6 mot giai doan, ¢6 thé c6 hai va ba chit trung gian. Déng hoc twong tu ciing tim
thdy & mét s8 phan ing khic.

3- Khi ti€n hanh phan tng xic tdc bazo clla este chia *O cta nhém cacbonyl cho
thdy, né€u phan ting la Sy2 binh thudng thi 141 ca 0 déu dugc giit lai trong nhém cacbonyl
va trong qud trinh can bang thi mot s& axit cacboxylic hinh thanh trg lai ban ddu:

HO™ + R—('f—OR' — R—EII—OH + RO == R—-(Ijl—OH + RO”
O 0 0

song néu xay ra theo co ché tit di¢n thi chét trung gian cong ban ddu c6 thé nhan proton dé
thanh chét trung gian ¢6 tinh ddi xding gem-diol:

OH OH
I H,0 ]
R— C—OR' +HO R— (’3—01{' = R—C—or’
© |
18 80" (1) Bon (2)
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Trong chat trung gian nay, hai nhém OH tuong duong nhau thi ¢6 hai kha nang loai
nudc dé nhu nhau dé tao este cacboxylic:

K
R— OR' == R— C—0OR' +'%0H
(I)H —_— 1 H
R—C—0OR G)

N N
(2)

R—C-OR" == R— f~OR" + OH
18 18
o m 0

trong d6, mdt loai nuée o 'O dé ré thanh este khéng chita 0, con mot loai nude khong
¢6 '*0 dé trd vé este ban déu.

Chit trung gian (1) vi (2) ¢6 thé mat OR’ cho trd lai axit hay mat OH thanh este. Néu
(1) ird vé este, este vin danh dau, néu (3) chuyén thanh este thi mat dong vi.

Tién hanh thi hai co ché ¢6 thé va bing phan tich este ¢6 O, Bender di tim th&y khi
nghién citu thuy phan este chita déng vi ¢6 xidc tdc bazo cla metyl, etyl va isopropyl
benzoat, di tim thiy este m&t 'O, Phin ¢ng twong ty khi thuy phan benzylbenzoat chia
déng vi ¢6 xiic tde axit ciing tim thdy este, mit 130 Trong khi dé, thuy phan kiém benzyl
benzoat the fim thiy khong mat %0,

Néu tir chat trung gian (1) hay (3) khong chuyén 16i este ma chuyén thanh axit khong
mat '*O thi s& tim thdy chét trung gian t& dién. Trong truding hop benzyl benzoat thi sy hinh
thanh axit lién quan t&i sitc cang 1ap thé, Mat khdc, c6 thé chdt trung gian (1) tdich RO
trude khi proton hod thanh (2). Cling chd ¥ rdng, thyc nghiém tim thay mét (o) ciing chura
ching minh cho cd ché tf dién vi ¢6 thé mat *O theo mot qué trinh doc 1ap khong dua t6i
thuy phan este. Bender va Heck da do téc d¢ mét 0 khi thuy phan etyltriﬂothioaxetat-mO:

ki . .k
F3C'—ﬁ'—-'SC2H5 + H,0 z—"‘- Chat trung gian == F3;CCOO+ C,H;SH
180

Phén tng nay da duge nghién cifu dong hoc va Bender - Heck do t6c d6 mét 80 va
gi4 tri t6¢ do phan ky/ks xdc dinh bing k¥ thuat trao d6i oxy cho thdy tring hop v6i két qua
dong hoc. Két qua do trao déi 0 ¢cho thay ¢6 chdt trung gian ti dién, tuy nhién cling khéng
nhat thi€t 12 theo con dudng nay, cdn thuc nghiém dong hoc tim thiy su tén tai cia chat
trung gian nhung khéng nhat thiét 1a tt dien. Bender-Heck chitng minh chét trung gian 1a tt
dién nam trong phan ing nay.

4~ Cé mot s& trudng hop chit trung gian ti dién da tich ra duge va x4c dinh bing phé.
Khi nghién cttu vé kha nang nhém di ra, ching han nha Y di ra cho san phdm va X di ra tré&
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lai chat ban déu 12 ¢6 su lya chon cdu dang cila cht trung gian ma dac biét hon 12 vi tri cla
cap electron. Nhém di ra Y va X ¢6 thé di ra néu ca hai nguyén o khdc & trén cacbon cé
obitan phan song song v6i C-Y va C-X. Ching han trong chét trung gian sau:

OR
e
0O
hinh thanh do t4n cong OR vio chat ban ddu RCOX:
* R

R\/ R\

(4) (5)

Su phan cét lien két C-X véi mat X c6 thé ¢é tir cAu dang (4) vi hai obitan ¢é cap
electron (ddnh ddu sao) & trén mit phdng nguge v&i mat phing lién k&t C-X, nhung khong
tit (5) vi chi ¢6 O c6 obitan ndy. Néu chét trung gian ¢6 cau hinh (5), nhém OR cé thé cit
ra (n€u X ¢4 obitan cé cap electron & trong vi trf thich hgp d6) d€ hon X. Nhan t6 nay goi la
khéng ché 1ap thé electron. Trong qué trinh ¢6 sy quay trong cht trung gian mach hé
axyclic va c6 thé c6 nhiéu cdu hinh nhung c6 cfu hinh tu tien va phan ing phan cit ¢6 thé
nhanh hon sy quay thi sy kh&ng ch€ 1ap thé electron 1 nhan t§ quan trong. Nhiéu dit lidu da
chitng minh cho quan diém nay. Néi chung, thuat ngit hidu \ing electron thich hgp cho bat cid
trung hop nao cdn ¢6 vi tri obitan thich hop cho tién trinh phin ing. Sy t4n cong sau cia
Sn2 1a vi du cho hiéu tng 1ap thé electron.

Phén iing thuy phan dugc phan loai theo Ingold véi 8 co ché phu thude vio cée yéu td
sau: 1- xic tdc axit hay bazo, 2- don phan tit hay Iudng phan tir, 3- phan cit axyl hay ankyl.

Co ché xiic tdc axit: AAc2, AAcl, AALI, AAIZ:
1-Coché AAC2:
Phan img xiic tdc axit, phan cit axyl-oxy va ludng phan tir:

+0H2 OH
2] HyC l -H* I
R—- C—0OR' == R— ? OR' == R—IC—- OR' == R—(—O0OR' ==
Lham
OH ou (M OH (6)
?)—R = 2L rc
S ! — S _O

= R c— = R (I}—OH ( H
(8) OH OH 0
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Phan ting xdy ra nhiéu giai doan. proton axit proton hod O cila cacbonyl réi chiu tdn
cong cha nudc theo co ché€ ur dien vd mot proton cho chit trung gian khong mang dién tich.
Nhém di ra OR 13 nhém di ra y&€u nén cén proton hod thanh nhém di ra d& ROH'. Céc giai
doan sau tuong tu nhu phan (ng tdch don phan tir. Phan ving thuy phan axit ¢6 cdc giai doan
déu thuan nghich.

Kha nang phan cat cacbon axyl-oxy duge chiing minh bing phan tng H,'"*0O trong d6
axit hinh thanh c6 chita H'*O va tao trang thdi chuyén:

]80+H2
|
R-C-OR’ + H,'*0 = R-C-OR’ == R-CO'"0H + R’OH
0 0

Trong co ché trén, tuy san phdm tf dién khong tich ra duge vi ¢6 du trit nang lugng
I6n nhung thyc nghiém di xdc nhan 12 tao thanh hop chat trung gian c6 thdi gian sdng cao.

Khi dua nhém thé hiit electron vao este, giam xdc sudt proton hod nhung tang t6c do
cong nucleophin. Cic hiéu ting nay b trir nhau, do d6 anh hudng nhém thé trong thuy phéan
axit nhd, tuy nhién su bi trir khong phai luon luén dat duge. N6i chung, anh hudng cla
nhém th€ va hiéu dng electron ciing nhu 1ap thé nhd, nhd hon trong thuy phan kiém:

p-X-C¢gH,~COOC,H; — X-C¢H,~COOH + C,H;0H
X= OCH; CH; H Br NO,
kg= 092 097 1t 098 1,03

Co ché AAc2 13 co ché ut dién, phan cét axyl-oxy, khong c¢6 phan cét lién két O-R’ vi

chiing minh déng vi trén, néu goc R* trong ancol 1a chiral thl duge bao toan c4u hinh, néu la

allyl thi khong c6 chuyén vi, R® 12 neopentyl ciing khong chuyén vi nén ching 16 khong c6
phan cit lién két O-R’.

Trong phin ng nay c6 thé c6 sy tham gia cia hai phan tlr nuée theo AAc2:
OH
R &"._/ODO- H +OH, —» R _I —OR' +H;0"
_il-l H
Né&u c6 thi ddn xuat (7) va (8) (trang 90) khong xuft hién. K&t ludn ndy dua vao gié tri

w = 5 (theo Bunnet, nudc 1a tadc nhan chuyén proton), lugng nuéc vira 1a nucleophin, vira 13

electrophin nhung co ché ba phan tir nay hi€m nhung c6 thé hai phan tir nuéc & dang lién két
hydro.

2- Co ché AAcl:
Trong co ch& AAc2 trén, nhém X chi tich sau giai doan xdc dinh t6c d¢ phan iing,
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song qud trinh téch X ra khoi din xuft cacbonyl di proton hod xdy ra cham guyét dinh téc
do phan Gng. Khi ti&n hanh trong axit dac, thudng axit sunfuric 85 + 100%, nhém X c6 thé
tich ra dé tao thanh cation axyli 12 giai doan chim quyét dinh t6c do phan dng:

-R'OH 1,0

3] -
1 —--. o j— R _%H T—
R ﬁ— OR" = @ %R cham [ ﬁ ] cham “ :

-H™

e R—E—OH - R‘E—OH
H

Giat doan quyét dinh 12 tao cation axyli 2 phan itng don phan to, do dé ngudi ta coj
nhu phén img Sy/. Phdn tng thudng c6 AS* tir 0 dén —10 d.v.e. (AAc? tir —15 dén —20
d.v.e.). Khuynh huéng AAcl tang khi tang tinh én dinh cla cation axyli véi nhém thé cho
electron, do d6 p &m manh (tir -3 dén —4).

Hu6ng phin (ing ndy xay ra khi khong thé xdy ra phin 1ing AAc2 do khé khan khong
gian. Co ch€ AAc/ chi xdy ra khi R ¢6 thé tich I6n, nén khong thé tdn cong ludng phan ti
theo AAc2 va chi xay ra trong dung méi ion hod.

Co ché nay hi€m, tuy da tim thdy khi thuy phan axetat phenol hay ancol bac nhit
trong axit H,S0, dac (& diéu kién lodng 1a AAc2) va thuy phan 2,4,6-trimetylbenzoat nhu
metylmesitoat cho axit mesitoic:

?/O H+ 3‘/0 +H,0 H_o,/})

H, OH

ROH
H; 0O

+ /
Q ___0 [: 1[20 Q C\/

Phin ting duge xic ti€n khi ¢6 nhém the hit electron 1am ting do bén cha cation axyli
nhat 1a khi nhém th€ ¢é hiéu Gng +C d&i véi trung tam thi€u electron nén phuong trinh
tuong quan véi ¢,

Phan \ing thuy phan AAc/ xdy ra dé dang trong cic din xudt halogen, anhydrit axit
trong moi trudng axit. Phan Gng xdy ra khi ting tinh axit cia moi trudng va kha ning solvat
hod cua ion halogen tao thanh cang I6n ma khi ning solvat tang theo murc d9 giam anion
solvat, do d6 din xudt flo thuy phan theo AAc/ dé& hon. Mat khie, co ché AAc] it nhay vdi
su khé khan 1ap thé khi t4n cong vao nhém cachonyl.
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3- Co ché AALT

Trong este ¢6 hai oxy déu Ia trung tam nucleophin, néu trong moéi trudng axit, sy
proton hod xiy ra & oxy clta OR d€ phan cét lién ket oxy-ankyl tao dugc cation bén thi phan
\ing xdy ra theo co ché AALL:

* ® ® H0 ® -H*
R—C—0 | ==R-C-OR == R—(=0 +R == R—O—H = R-OH
O O OH OH H

Trong phan ng nay, giai doan quyét dinh t8c do Ia tao cacbocation bén, vai trd cia
axit 13 proton hod oxy, nhd dé nhém di ra khong phai cacbanion ma la phan tr axit
cacboxylic trung hoa, nén thuc t€ co ché tuong tu nhu Sy/ don phan tIr va tuan theo quy luét
clia S/, nhém di ra 1a RCOO hay axit lién hop cha nd.

Ching han khi thuy phan tritylbenzoat va tritylaxetat cling nhu ete benhydrylic, phan
fmg dugc xic ti€n khi tang tinh én dinh clia cacbocation:

O
XCeH, I H
>CH—O"C —C¢Hs-NO, —— O2N-C6H4-COOH + XC6H4>%H E?..
CeHs CeHs
— XC6H4-FH'C6H5 +H"
H
p=-2,38

Néu ding este ciia ancol hoat dong quang hoc, sau khi thuy phan thu duge san phdm
raxemic hod tuong tu Syi:

o H H,0'
CH,0-C¢H —_— - )
30-Cy H? c-—o@- CH, == CH3COOH + CH;0-CgHy~ K ¢ H,
CeHs

CH;0-C¢H, R
CHaO'CtSI'I4“~~~C —0OH + > C—0OH

H// Cﬁ“s‘?
CeHs
4- Co ché AAL2:
Co ch€ nay néu trong méi trudng axit la:

Hzo H*

R—@—OR' — R‘i—% $ == R—E-OH + R‘—%Hz == R-OH

chi xdy ra khi proton khong proton hod dugc cacbonyl, thyc t& kha nang nay rdt khé xay ra
nén co ché ndy rét hi€m va vi née tham gia nhu 12 nucleophin trong qué trinh Sy2. Co ché
AAI2 quan sdt thdy khi thuy phén axit ¢dc y- lacton.
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Khi c6 xiic tic bazo: Phan iing thuy phan trong moi trudmg kiém di qua co ché€ hinh
thanh anion trung gian bén thude co ché hop chat trung gian tif dién:

cl)e

R-C-O-R’
OH
San phdm trung gian nay di duge xdc nhén bing quang phé trén phan ing sau:
AP+ CHO ==  FyC —G —OCH;
O0CH, OCH;

Co ché€ xiic tdc bazo: BAc2, BAcl, BAll, BADD.
5- Co ché BAc2:
Phén (ng thuy phan duoc thyc hién trong méi trudmg kiém ion HO™ ¢6 giai doan quyét
dinh t6c d¢ 12 giai doan tao thanh chat trung gian anion:
06
ki I , kz _
R_I_ OR' +HO==— R—C—OR' == R—i— OH + RO

F3C—C

k-
H H

—= RCOO" +R'OH
Gian d6 phan g qua hai dang trang thai chuyén ti€p:

- o
P ls
R—C=== OH R—(— OH
OR' (9) 5-0R' (10)

R~ f—-Y*X'

O p—
Toa d& phan ting

Hinh 11.4. Gian d6 nang luong cha BAc2
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Hop chat trung gian hoat dong hon chét ban ddu, ty phan tich thanh san phdm. Vé anh
hudng ctia nhém thé, cdc nhém thé ¢6 tinh chdt hit electron trong géc axyl clia axit déu lam
tang t6¢ do phan ng do ting tinh én dinh cla cé hai trang thdi chuyén (9) va (10), déng thdi
tang di¢n tich duong & cacbon cacbonyl 1am tang kha nang t4n cOng nucleophin.

Nguge lai, cdc nhém thé cho electron 1am 6n dinh ch4t ban ddu hon 13 trang thij
chuyén nén tam gidm t8c do phan (mg. Ching han, cdc este clia axit benzoic thé cé hiéu iing
lién hop gifta nhém cacbonyl va nhén benzen nhung tinh chat lién hgp nay lai giam trong
trang thdi chuyén va khong xuét hién trong anion trung gian nén 1am giadm t&c d6 phan tng.

Céc nhém th€ hit electron trong géc ankyl ¢lia ancol lam tang tinh éa dinh cia trang
thdi chuyén (9) bing hiéu tng -/, va 1am tang tinh 6n dinh cla trang thdi chuyén (10) bing
giai toa dié¢n tich am, tang tinh 8n dinh cla anion trung gian tdi giai doan d4u 13 giai doan
quyét dinh t6c do cha phan ing. Ching han thuy phan phenylbenzoat trong HQ]RO khong cé
déng vi trong phén tlr este, khdc véi thuy phéan etylbenzoat, ching t6 k, > k; anion trung
gian chuyén khong thugn nghich thanh sin phim:

o

O 0

|

R— —6""‘ C6H5 » R + C6H50'
iH H

p-X-CgH,~COOC,Hs + H,0 — X-C¢H~COOH + C,H,OH
X = OCH; CH,4 H Br NGO,
kg= 092 097 1 098 1,03
Phin Gng xay ra nhanh 1a do tinh bén cla anion phenolat tao thanh.

Nhu viy phan tng thuy phan trong kiém dac trung bing gié tri p duong khi thay déi
nhém thé trong axyl cing nhu trong ankyl clia chét ban ddu.

CH;COOC(H,X + HO p=1,1
X-CgH~COOCH; + HO™  p=193
Vé mat hod hoc 1ap thé, sy tang thé tich nhém th€ 1am giam tSc d6 phan ¥ng twong ty
nhv trong phan (ng axit. Nhém thé& & axyl dnh hudng 16n hon & trong ankyl.
6- Coché BAcl:

Co ch€ BAcl chi tim thiy khi ¢6 kha ning tao cation axyli bén, thuc hién trong moi
trudng kiém yé&u hay trung tinh, tuy hi€m nhung ciing d4 quan sét duogce:

cham ® _ HO™ - -
R—ﬁwOR' == R—ﬁf + OR’ === R—I(;,'-OH + OR’ == R-COO + R’OH
O 8] O
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7- Coché BAI2: .

Khi hgp chét cacbonyl ¢é nhiéu nhém the 1am khé khan cho sy t4n coéng nucleophin
vao cacbon cacbonyl, tdc nhan ¢6 tinh nucleophin manh thi ¢6 thé tan coéng vao g6c R’
ankyl theo Sy2:

HO
R— E- OR' =—

Theo co ché trén, phan tng tuong tu Sy2 v6i nhém di ra 12 anion cacboxylat. Nhém
cacboxylat la nhém di ra y€u nén mu6n phan ¢ng BAI2 xdy ra cin phai c¢é bazo manh vi g8c
ankyl khéng c6 dn ngit khéng gian nén thuong géc ankyl 12 CH;. Phan tng BAI2 canh tranh
v BAc2 nén phdn itng xay ra khi nhém cacbonyl bi 4n ngit khéng gian tén lam khé khan
cho bazo tin cong vao nhém cacbonyl. |

R_g_%"RL-- OH[f— . R-COO +R'OH

Co ch€ BAI2 rat higm, thudng thy khi thuy phan cdc B-lacton trong didu kién trung
tinh vi su phén cét lién k&t C-O trong trang thdi chuyén md vong 4 canh va gidm sic cang.

Chdng han phéan 1ing thuy phan metyl-2,4,6-triphenylbenzoat v6i metylat natri:

CﬁHSj 6Hs
— OCH, _o
t CHO' —» + CH;0CH,;

C6H5 CGHS CGHS

Su tao thanh ete dimetylic chiing t6 co ché BA/2. Phan ving & day phu thu6c vio tinh
nucleophin, nghia la diung tic nhan ¢6 tinh phan cyc manh, tinh bazo y&u nén thuding ding
ion phenolat trong dietylfomamit.

8- Coché BAlIL:

Co ch€ don phan tr nay tich ra anion cacboxylat va ancol:
cham -, o+ HO HO
R-C-OR’ === R-C-O" + R* —> R"OH, —» R-OH
I
O 0

Phan iing xay ra khi cdc nhém di ra ¢6 tinh 6n dinh cao cia nhém di ra cacboxylat
bang nhém thé hiit electron hay g6c ankyl di ra & dang cacbocation bén bing nhém thé€ cho
electron. Phan img ndy duge chimg minh bing san phim raxemic hod do tinh chat cda
cacbocation. Phan tng x&y ra trong moi trudng trung tinh hay dung dich bazo yé&u, khi dé
t6c do tan cong HO™ chim nén thudng phan cét don phén tir cling chdm. Chang han, phan
itng san dé xay ra theo BA!! do anion cacboxylat dugc 6n dinh bing lién két hydro ndi phan
tlr v cation ankyl dugc 6n dinh bing lién hop:
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o

=]
O.
N (- O—CH-CH=CH—CHj ‘1 + CH, -%H - CH = CH -CH,

L
1f—OH E-O/
o .

—-

Cr H . CH,-CHOH-CH=CH-CH,

E— OH

Trong 8 co ché trén, thyc t€ chi ¢6 co ché AAc2 va BAc2 la co ché it dién, co ché
AAcl, AAlL, BAcl, BAll 1a co ch€ gidng SyJ nén phu thudc nhiéu vaoe dac tinh clia S/ hon,
co ché AAI2 va BAI2 gibng co ch€ Sy2 nén theo quy ludt cha Sy2 hon. Phan tng thuy phan
trén cling 4p dung chung cho cdc din xudt khdc ciia axit, clorua va anhydrit axit thuy phan
khong cdn xic tdc, amit thuy phan cham hon cén xic tdc axit manh hay kiém manh. Phin
img thudng di qua co ché tif dién va cn téc nhan cé tinh bazo ldn hon tinh bazo cia X di ra.

R—COCI > RCHO > RCOR > RCOOR > RCONH, > RCOO™

Phan (g trong pha khi ciing twong ty nhu phan img este cacboxylic véi CH;O theo
BAI2,con aryl este tim thy co ché Sy2.

Trudng hop thuy phin kiém axyl cacbamat N- th€ xay ra theo co ch€ khic 14 cOng -tach:

- H,O
R—NH—C— OAr = R—-—I:IB-E—/OTM —» R—N=C=O0 —= R-NH-COOH

— (O, + RNH,

Nhung khong 4p dung cho N,N-hai l4n th€ (theo co ch€ binh thudng). Cic este
cacboxylic thé & vi tri & bdi nhém the hit electron nhu CN, COOH... thuy phan theo cg ch&
binh thudng qua chit trung gian xeten.

Phan ting thuy phan axit cic enyl este RCOOCR'=CR", ¢6 thé theo ca ch€ AAc2 hay

bdi co ché proton hod ban ddu vao lién két doi, nhung thudng theo co ché thuy phan enol ete
trén phu thuoc didu kién phan tng.

11.6.2. Cac phan Gng

52- Phdn ng este hod

Phan tmg giira axit cacboxylic va ancol khi cé xiic tac axit cho este goi la phan vng
este hod:

+

RCOOH + R’OH =— RCOOR’ + H,O
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Phan tng cin bing, chuyén dich can bing bang: 1- ding du mot tic nhan, thudng
ancol, 2- loai este hay nwéc ra khoi phan ting, 3- loai nude bing chung cat ding phi, 4- loai
nude bang chit hit nwée. Thudng khi R’ 12 metyl thi chuyén dich biang ding du CH;,OH, khi
R’ Ia etyl ding chung c4t ding phi. Xdc tdc thuong dung 1a H,SO, hay TsOH. Ancol 1a bac
nhat hay hai, bic ba thudng c6é phan iing tich. Phenol thinh thoang diing nhung rdt cham.
Céc axit manh nhu axit fomic, trifloaxetic khong edn xic tdc.

Este cacboxylic c¢6 thé téng hop tir axit v6i ters-butyl ankyl ete v6i xde tdc axit:
RCOOH + tert-C;HyOR* — RCOOR’ + H,C=C(CH,), + H,0

Céc y hay &-hydroxyaxit khi cé axit cho lacton, nhung cdc vong nhd hon hay 1én hon.
khong thuc hién dwge theo phuong phdp ndly vi phan tmg polyme hod Xay ra nhanh hon,
B-hydroxyaxit th€ B chuyén thanh B-lacton khi tic dung véi benzensunfonyl clorua trong
pyridin & 0 + 5°C. e-Lacton (vong 7 canh) tao thanh khi vong hod e-hydroxyaxit & do pha
loAng cao con lacton vong 1on hon thi tdng hop bing cdch gidn tiép chuyén hod hydroxy axit
t6i 2-pyridinthiol este khi dun héi luu trong xylen nhu céc phin tng sau:

CH, —(IZH--CH2 —COOH —»

CH;y © 70O
OH

-
A
HO—(CH,);— COOH —» HO-(CH2),,—C-5—(ND —

=
T . 58
(CH;C\ 5 (CHTC\(@)}I 0
\n o 2/n (CH)~ =0
0 ™~ (! \O

)

=y

Phuong phdp khdc 1a este hod axit bang ancol khi ¢é tdc nhan loai nudc, thudng diing
dixyclohexylcacbodiimit (DCC), hay dixyclohexylure (DHU):

O-N= (;C-—; N—O ONH—l(':—NH-O

puu O

cling theo ¢ ch¢ cong nucleophin chung & trén nhung khong phai t¢ dién vi lién két C-0O
gilr duoc trong giai doan nay:
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1- R—@-—OH + DCC == R—@ O+ CeHy-'NH=C=N-CiHy,

2- Rmc—@ + CgHy='NH=C=N-CgH; — — 0~ NGy
i )
CeHiy

3- R—@ o—(f—N-CéH“ —_— R_ﬁ o—q~NH -CeHy,
C6H“ CﬁHll

i X
CeHyy R

R— @ OR'

Ngoai DCC, con ding cic tdc nhan hit nude khic nhur ankyl clofomat va (C;Hs);N,
phenyl diclophotphat CgHsOPOCI,, di-2-pyridyl cacbonat, polystyryl diphenylphotphin,
amberlyst-15, dietylazodicacboxylat C;H;OOCN=NCOOC,Hjs... khi diing cédc tdc nhén hit
nudc nay thudng goi la phan iing este hod Mitsunobu. BF; ciing kich thich phén (mg bing
chuyén axit thanh RCO*BF;0H nén theo co ché AAc].

53- Phdn itng tdi este héa hay ancol phan este

Phan @ing x4y ra khi c6 xic tdc axit hay bazo va phan ing 1a can bang:

+

R— ﬁ—OR' + R"OH R——-ﬁ— OR" + R'OH

hay HO"

Phan ing citng duge coi nhur 1a axyl hod nhém OH bic nhdt khi ¢6 nhém OH béc hai.
Piol ciing phan ting vdi etyl axetat khi ¢6 nhom trung tinh Woelm. Phan tng chon loc 14p
thé khi ding enzym, thudng men lipazo, céc lacton phan ting v6i ancol cho hydroxy este
mach hé:

. + ROH —» CH;—CH—CH,—CH,~COOR

Phén itng ciing ding xic tdc chuyén pha hay chuyén RCOOR’ thanh RCOOR™ khi tdc
dung véi ancol R”OH véi n-butyl liti d€ chuyén R”OH thanh R"OLi.

99



Ca ch€ phan 1ing tdi este hod gidng nhu co ché thuy phan este, & day ROH thay cho
HOH v6i su phan cit axyl-oxy.

Neéu 6 phan cit ankyl-oxy thi san phdm 13 axit va ete vA thudmg c6 & este c6 R” 1a bac ba:
R—(I“T—OmR’ + R"OH — R—(I%&OH + ROR"
0 0

Enol este tdc dung véi ancol cho este va xeton:

CH;=C-OCOR + R'OH — RCOOR’ + CHy=C-OH == CH;~C=0
CH, CH, CH,

nén thudng diing enol este 1am tdc nhan axyl hod ancol va diéu ché enol este tir isopropenyl
axetat voi xeton cho enol este khic:

CH,-C=CH, + R-C-CHR', i, R~C=CR’, + (CHy),CO
OCOCH; O OCOCH;
54- Phan wng axyl hod axit
Phan tng ding d€ t6ng hgp anhydrit. Néu dun néng axit v6i tdc nhan it nudc thu
duge anhydrit déi xiing:

2RCOOH 2%, (RCO),0 + H,0

Tac nhdn hit nuéc thudng ding 12 anhydrit axetic, anhydrit trifloaxetic, DCC,
metoxyaxetylen, P,Os. Phuong phdp nay it diing d€ tdng hop anhydrit khong d6i ximg.

Dun néng diaxit cho anhydrit vong, thudng vdng 5, 6 hay 7 canh:
C CH,

H, |
LCOOH . CQ
— O\ >O + H,O
COOH Co

Anhydrit khong d6i xing thu duoe tir mu6i axit cacboxylic véi clorua axit:
RCOCI + R'COO -~ RCOCCOR’
hay tdc dung axit v&i este nhung cén diéu kién chuyén dich can bing:

R—I(IZ‘~OH + R’—(IikOR” == R—EIZ—O—I(II—R’ + R”OH

0 O
néu dung enol este cho xeton dé chuyén dich can bing:
CH,
R—l(IZ—OR + R’vﬁi—O—(IZ'=CH2 - R-I(lZ—O—I(IZ'—R’ + CH_;—E—CP?;; h
O 0] O O 0
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55- Phdn ing axyl hod amin

Dan xudt axit nhu clorua axit tdc dung véi amoniac hay amin la phuong phdp chung
téng hop amit:
RCOCI + RNH, — RCONHR + HCI
V&i amoniac cho amit khéng th€, amin cho amit thé, trong mot s6 trugng hgp ¢6 them
baza d€ loai HCI goi 14 phuong phdp Schotten Baumann.

Photgen ciing tic dung vdi amin cho isoxyanat:
Cl-CO-C1 + RNH; — (C1-CO-NHR — 0O=C=N-R
véi thiophotgen cho thioisoXyanat, véi triclometyl clofomat CCl,OCOCI cho cacbamat, véi
benzyl clofomat ma nhém C4H;CH,OCO goi la nhém cacbobenzoxy, viét tat la Cbz hay Z
va tert-butoxycacbonyl ¢6 nhém (CH;)4COCO goi tét 12 Boc ding d€ khod nhém amin khi
téng hop polypeptit, nhét 12 phuong phdp téng hop trén pha rin cia Merrifield:

CH, R

& - I (C;HshN
: H CH,Cl + Boc-NH-CH-COOH =~ "=,
g

|

CH, R

[ |

CH— )~CHrO ~(—CHNH=Boc FsCCaok
| CH,Cl,

T 0

CH, R

| | Boc-NH-CHR-COGH

CH —@— CH-O—f ~CH™ NHy' —

CH, 0
|

R
G F | F;CCOOH
CH— CHy-O—f ~CH™NH—(- CHNH—Boc ——=>
| CH,Cl,

?Hz O O
| . "
CH, | I N HF
CH— CHz-0 =L —CHNH—(- CH-NHy"  ———»
¢H O 0
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‘?Hz R
Q_ CH,F + HOOC—CH-NH— £—CH-NH;"
I H, 0
+ Ie?'t-C4HgOH + C02
Céc phan dng trén déu tuin theo co ché tir dién.
Cé thé dung anhydrit:
R-C-O-C-R’ + NH; — R-C-NH, + R*COOH
0O O
ma thudng dung dé t8ng hop cdc imit vong:

c— NH, E\
E:[ O+NH; — Qﬁ:{m C[g/NH

Este tdc dung v6i amoniac hay amin ciing cho amit va ancol:
RCOOR’ + NH; — RCONH, + R'"OH
Cic este don gian kém hoat dong, cAn xic tic nhu ion xyanua va dp sudt cao, thudng
dung este c6 nhém R’ di ra dé nhu nitrophenyl hay diing thém (CHx);Al, cdc B-xeto este cho
phan iing tot.
Co ché€ chi tiét clia phan iing nay ciing 13 BAc2, xiic tic bazo va thudng ¢ hai phan tir
amin tham gia va giai doan quyét dinh 16c d¢ phan itng c6 si chuyén proton:

l()Rr Fﬂ OR,
Re (-~ N—H -~ -NHR" S R-CoNHR' + R'NH;" —>
Qo

R— F_ NHR" + RO Y™ ROH + R'NH,

Vi ciing ¢6 thé & diéu kién axit thi sy phan cdt san phdm cong quyét dinh t6¢ 46 phan tmg:

0R| H_/—‘-A
b, _dun R=C-NHR'+ROH +A'
— |§ —_— I

Qs

HA ¢6 thé 1a RNH;" hay axit khéc.
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Khi diing este vdng nhu B-lacton do ¢é sitc cing vong nhd nén theo co ch€ BAIZ tuong
ty nhwr thuy phan $3-lacton:

—_
HN + CH=CHy L HN*CH,CH,CO0
0— C=0

Axit cacboxylic cling tdc dung vé&i amoniac hay amin cho mu6i ma nhiét phan
cho amit:

- A
RCOOH + NH; — RCOO NH,* == RCONH,

Amit ciing axyl hod mudi cha amin nhy I3 phan ing trao d6i véi nhém di ra 1a NH, dé
hon NHR hay NR,:

RCONH, + R’NH;* — RCONHR’ + NH,*
C6 thé diing thém BF; dé tac phiic véi nhém di ra amoniac.

Cic lactam c¢é chita nhém amin & nito ding dé m& rong vong nhé thanh vong ldn khi
¢6 bazd manh:

77N\

1y, =0 T (CHp), C=0 — (CHy, =0
N \ )}IH
| i
( HZ)m ( H2)m \(CH
cxixmz iﬂe ?

Phan itng nhu 1A tdi amit hod, goi 12 phan dng Zip.

56- Phdn ting axyl hod amit va imit

Imit ¢ thé téng hop tir amit hay mudi amit v&i clorua axit, anhydrit, este hay axit
cachoxylic:

RCOCI + H,NCOR’ — RCONHCOR’

Phan tng thudng ding d€ tng hop cdc imit axyclic gilta amit va anhydrit & 100°C xdc
tic H,S0,. Khi ding RCOCI véi ty 1&¢ 2:1 & nhiét do thip cé pyridin thu duge N,N-
diaxylamit (RCO);N.

Axit barbituric thu duge bing phuong phdp nay:

—NH
,COOCHs  H)N cmo AN
C{‘IZ + \C=0 A CH, /C=0
coocH;  HN F—NH
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57- Phdn itng tao thanh halogenua axit
Thionyl clorua téc dung véi axit cho clorua axit, turong tu nhy védi ancol:

RCOOH + SOCl,; — RCOC! + H(l

cling c6 thé ding PX; va PX; (X = Cl, Br). Néu tic dung axit véi clorua axit khac cé phin
ting trao d6i di qua chét trung gian 13 anhydrit:

RCOOH + R'COCI == RCOCI + R'COOH
Mudn t8ng hop axyl florua thi tic dung anhydrit hay clorua axit v6t HF & ~10°C hay
voi KF trong axit axetic hoac dietylaminosunfua triflorua (DAST):
(RCO),O + HF — RCOF
RCOCI + HF — RCOF

58- Phdn img chuyén hod ddn xudt axit thanh xeton

Axyl halogenua tdc dung véi liti diankyl ddng tao thanh xeton:

R’—I(IZ-X + R,CuLi — R’—ﬁ?—R
0 0
véi R’ 1a ankyl bac nhét, hai hay ba, aryl v c6 thé chita nhém chife nhu jot, xeto, este, nitro,
xyano; R thuong 14 metyl, ankyl bac nhit va vinyl.
Cac tac nhan co kim khdc cho hi¢u sudt t6t 1a co cadimi R,Cd, co kém, R,Sn it ding,
co thuy ngan cén ¢é xic tic AlX,.

Hop chét Grignard khong tim thAy xeton vi xeton cé phan ing cac véi tdc nhan
Grignard nén thudng cho mudi cla ancol bac ba nhung c6 thé ding & nhiét dé thip trong
ding mo6i HMPA va du axyl halogenua.

59- Phdn ving axyl hod hop chdt ¢é hydro linh dong

Axyl clorua phin {mg véi hop chét loai ZCH Z’, tvong ty RX, cho san phim chita
thém nhém RCO:

S
R_ﬁ_Cl + Z-CH-Z' — Z—(IZH—Z’
COR
Anrhydrit it dung. Khi ding mu6i tali (I} ciia ZCH,Z’ c6 phan ing chon loc vj tri & C

hay O, néu dung mudi tali (I) clia CH,COCH,COCH; véi axetyl clorua & -78°C cho > 90%
G-axetyl hod, vi axetyl florua & nhiét d¢ phong cho > 90% C-axyl hod.

Ap dung phan ting ndy véi xeton don gian khi ¢6 bazo nhu NaNH,, (C¢Hs),C Na thi
thudong thu duge san phdm O-axyl hod vi axyl hod & oxy nhanh hon, n€u muén tang san
phdm C-axyl hod thi phai dang du ion enolat, du d&€n 2 + 3 14n va & nhiét d¢ thap.
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60- Phdn wng axyl hod este bing este
Este cacboxylic cé chifa hydro o trong moi trudng bazo manh nhu etoxit natri s€ ¢6
phan @ng ngung tu tao thanh B-xetoeste:
R

|
2R-CH;-C-OR’ == R-CHy-C-CH-C-OR’
O 0O O

Phan tng 13 ngung tu Claisen. Néu ding hén hop hai este thi cho b6n san phdm nén
phan ting thudmg ding mot este ¢d véi mot este khong 6 hydro o

~ R
CHO I
CH3CH20—(I'T‘—OCH2CH3 + R—CHZ—(ﬁ—OR’ CH3CH20—ﬁ-CH—ﬁuOR’
o O 0 O
CHO [
H_ﬁ_OCH2CH3 + R—CHz—ﬁ—OR' — H—ﬁ—CH—(l'.I'—OR’
O O O O

Né&u dung hop chét dieste s& c¢6 ngung tu tao thanh hop chit vong 14 phan ting ngung
tu Dieckmann:

/CH,COOR . —— CH-COOR
(C{h),, — % (CHpn
CH,COOR C=0

Co ché déu 1a cu ché 11t dién:
2
R—CH;/~CGOR' + C;HsO” == R—-CH—COOR'
R— (;H—COOR'
R- CHz—ﬁ—OR' + R—CH—COOR'===  R—CH;~C—OR'
]
O

R—CH-COOR' R
R—CH,—C—OR' —— R—CHz—g—CH— COOR'
)

Trong d6 cdc giai doan déu 12 can bing, véi nhém di ra 1a OR’ (khdc v6i phan Gng
cOng vao andehit va xeton 12 H va R 12 nhém khé di ra).
61- Phdn iing axyl hod xeton va nitrin bing este
Este cacboxylic tdc dung véi xeton cho P-dixeton:
R!'J
NaNH, '
R—”C—OR’ + R"CH,;-C-R” — R—ﬁ—CH—C—R"’
l tl
O ) O O
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Phédn ng trong ty nhv phan tng trén, cling ¢6 khi goi 12 ngung tu Claisen. Hiéu suat
ting khi ding ete crown. N&€u diang este cla axit fomic cho B-xeto andehit, ding etyl
cacbonat cho B-xeto este.

Trong trudmg hop dung xeton khong d6i xing thi phan ng wu tién & phia nhém the
nho hon, nghia 12 CH; wu tién hon RCH,, con R,CH rat khé khan.

Néu chat ban ddu 1A nitrin thay cho xeton, thu duge B-xeto nitrin:
R
R—'(IS—OR’ + R”CHZ—ICIT-CN - R—ﬁ—(l'fH~fi}-CN
O O O Q

Phéan ing ciing diing dé t6ng hop 1,3,5-trixeton tir 1,3-dixeton:

2-H,0

R— E- CHy— ﬁ—c Hs ﬁ_ R"

con téng hop dixeton thi ding bazo cta 1,3-dithian:

<:S>éR +RCOOR' - —m CSXE"R' — R_E_E_ R'

62- Phdn g téng hop diazo xeton

=] } '
CH3_E_CH2_ E R ;za_[rm@_ %HZ__E_ CH—@—R" 1-RCOOR

Phan ing cia axyl halogenua vdi diazometan 13 phén \ing chung dé téng hop diazo
xeton:

RCOX + CH,N, = RCOCHN,
Phan ung c6 thé ding tryc ti€p axit cacboxylic véi diazometan khi ¢6 xdc tdc DCC.
63- Phdn wng thuy phdn halogenua axit
Halogenua axit d& bi thuy phan cho axit khéng can xiic tac:

RCOX + H,0 —RCOOH + HX
Co ché c6 thé 12 Sy/ hay tf dién, ciing ¢6 mot s6 trudng hop 14 Sy2. Khéd niang phin

inglAF>Cl>Br>1.
64- Phdn iing thuy phén anhydrit axit
Anhydrit ciing d€ thuy phan nhung c6 khé hon halogenua axit:
RCOOCOR + H,0 — 2RCOOH
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Co ché€ phan tng thudng 12 co ché tif dién, cling tim thdy co ch€ S/ khi ding xic tic
axit, cling c¢6 thé dung xic tdc baze nhr HO hay bazo khdc, thudng goi la xiic tdc
nucleophin vk co ché thudng gém hai giai doan lién ti€p nhau. Chéng han khi thuy phan
anhydrit axetic bing bazo pyridin:

N —
CH3_ -0 _CH3 +O — CH3_C""N / + CH3_ _Oe
N } \
=

— @
_ + HO —= CH—C=OH,+ [ _
S S AL i

65- Phdn ting thuy phan este

Phan tng thuy phén este cdn xiic tdc axit hay bazo vi nhém OR 1a nhém di ra khé hon
halogen va OCOR nén nuéc khong thé ty thuy phan duge nhiéu este:

% RCOOH + R'OH

R '_()I{‘| &
0-
AE ,3\\0\\ RCOO™ +R'OH

Khi phén d@ng xic téc kiém tao mudi clia axit goi 13 phan ng xa phong hod. Ngoai ra
este ciing thuy phan bing xic tdc ion kim loai, xyclodextrin, enzym va nucleophin khic hay
diing axit metansunfonic, guanidin, (CH;3);Sil, (CH3),SiCl,-Nal. Este phenolic thuy phén
thuc 1€ nhanh hon, lacton ciing thuy phan nhu thiol este. Cdc este kh6 khan 1ap thé c6 thé bi
phan cét khi diing ters-butoxit véi ham lugng gdp doi hay dung n-propyl liti. Este khong tan
thi diing siéu 4m hay xiic 1dc chuyén pha. Co ché di trinh bay & phdn trén.

66- Phdn sing thuy phdn amit

Amit khéng thé RCONH, thuy phén cén xiic tdc axit hay bazo cho san phdm la axit ty
do va mudi amoni hay mud6i clla axit va amoniac:

%R-ﬁ-()wNH;

R_C_NH2\Q‘ O
4o R—C— OH +NH,*

P

Amit mot 14n the¢ RCONHR’ hay hai 14n th¢ RCONR'R’ ciing thuy phéan tuong ty cho
amin bAc nhit hay bac hai tuong Gng thay cho amoniac. Lactam, imit, imit vong, hydrazit..,
cfing c6 phan ‘mg tuong tv. Nude khéng du thuy phan amit vi NH; ciling 1a nhém di ra kém,
trong trudmg hop khé khan thi ding axit nitrg, NOCI, N,0,4 (chi vdi amit khéng thé) dé di
qua mudi amoni dé thuy phan hon:
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R-C-NH, + HNoz-—+-R—E_OH + N,
O O
Tam co ché€ cha thuy phan este cling ding dugc cho amit twong tw, tuy c6 khdc 1a ci
hai thuy phan xtic t4c axit va bazo déu 1a khong thuan nghich do hinh thanh mudi.
Khi ¢é xic tdc bazo co ché 1a BAc2:

ky, cham (I)H ky e | =] .
R—C-NR), +HO' 3== R—(-NR, = RCOOH +NR), = RCOQ +R’,NH
1
g; o )

Trong co ché nay, co ché ciing tit dién nhung nghién citu déng hoc tim thay phan tng
12 bac hai d6i v6i HO™ nén ¢4 thé xdy ra qua hop chat trung gian (1), r6i mat proton cho hop
chdt (2) dé ¢6 thé phan cit cho hai anion (a) hay proton hod N réi tdch theo (b).

@ ©
e _ ~ [
OH (I) oA R O  + NR%,
R—=C=NR;, = R=C-nR, s
o lo N © ‘
(’) 5 75 R@_O + HNR,
(1) (2)

Khi nghién cttu cdc amit loai CH3CONHAr vé ty 1€ k_,/ k, cho thdy cdc nhém thé hiit
electron trong vong thom xay ra theo cdch (a), nhém thé cho electron xay theo cdch (b).

Déng thoi cho thdy, sy hinh thanh (1) quyét dinh t6c dé khi néng d¢ bazo cao theo co
ch& BAc2, con néng d6 thap thi sy phan cét (1) hay (2) tré thanh quyét dinh t6c do.

Co ch€ xic tdc axit 1a bac hai ma axit proton hod oXy cacbonyl nén néi chung la
AAc2:

®0oH,
R-—@— . H0 I p—
R—ﬁ— NR, +H* =—= T NR', m R—C— NR/,
0 OH OH
& R—-ﬁ:— OH
OH R- (I)-OH 3
| & — @
R—T—NHR2 —n H + H,NR’,
+ HNRZ
OH

Co ché ndy duge nghién ciiu bang trao déi dong vi khi thuy phan benzamit. Dong hoc
cling tim thay sy tham gia ciia hai phan I nudc trong co ché AAc2 nhu khi thuy phan este:
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Co ch€ phan cit N-ankyl khong dp dung cho phan ing nay, khong xay ra véi amit
khong th€ vi chi ¢6 lien két N-C la lién két axyl. D6i v6i amit mot hay hai 14n th€ ¢6 thé
xay ra theo co ch& nay nhung cho san phdm rit khac nhau:

R—ﬁ—NR’z + HO® — R_l(I:_NHR’ + R'OH
O : O
Phén tng nay hi€m quan sit thdy véi rert-butyl amit trong axit sunfuric 98% la AAll

cling nhur amit ¢6 chita nhém azo thi co ch& 1a BA/I. Hai c¢d ch€ phan cit don phéan tir axyl
chi quan st thdy phan tng theo AAc/ trong axit sunfuric dac.

11.7. PHAN UNG CUA AXIT SUNFONIC VA DAN XUAT

Phan tdng the nucleophin clia RSO,X ciing gifng cia RCOX. Nhiéu phan tng giong
nhau tuy sunfonyl kém phan \ing hon halogenua axit va co ch€ cling khong hoan toan déng
nhdt vi chdt trung gian tir dién khic nhau. Chat trung gian tit dién ciia S ¢6 5 nhém dinh véi
nguyén tir trung tam c6é 10 electron vin Ia duge phép nén co ché gidng Sy2 voi trang thdi
chuyén hinh thdp kép (trigonal bipyramidal):

o i
Y
T
lox / “u
0 d %

Pi ¢6 nhidu thire nghiém cho cdc két luén saw:

1- Bic tinh 13p th€ cha Sy2 & S khé hon & C no nhiéu vi hgp chit quang hoat tuy dé
tdng hgp nhung goi 14 quang hoat cia RSO, X khi 43 co mot O 1a 150 va mot 1a *O, & phan
ing cha sunfonat este tdc dung vdi tdc nhan Grignard thu dugce sunfon quay cdu hinh, tuy
chua phit hop v6i chdt trung gian trén nhung cting phit hgp véi co ch€ Sy2 1a tan cOng sau.

2- Khi thuy phan aryl arensunfonat khi dung 180 cho thdy, co ch& ¢6 chét trung gian
trén, t6c d6 it thay déi véi nhém di ra khéc nhau, gid tri p 4t 16n chiing to trang thdi chuyén
mang dién tich am 1dn.

Khi chat ban ddu c6 hydro o ciing xy ra co ch€ tich-cong Elcb tuong tu nhu &
cacbon nhu tir metansunfonyl clorua va anilin di qua chit trung gian sunfen:

bazo CgH;NH,
CH:;—SOzCl - CH2=502 _— CH:;—SOZ—I']N(:sHS

sunfen
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Trong phan #ng nucleophin cita este RSO,0R’ v6i R’ = ankyl, su phan cit R’-0O
nhi€u hon 5-O vi OSO,R 1A nhém di ra tét, nhimg néu R’ - aryl thi lién két S-O phén cit
nhiéu hon vi khuynh huéng the nucleophin & hop chat thom kém hon.

Tinh nucleophin cha nguyen tir I huynh trong sunfonyl thay déi theo: HO™ > RNH,
>N3 L, F, CH;COO >ClI' > H,O>T twong tw nhur & cacbonyl. Ca hai hop chét sunfonyl
va cacbonyl duge xem I axit twong dé6i cung, con & cachon no 1a mém.

67- Phdn ing thuy phdan sunfonyl clorua

Clorua sunfonyl, citng nhu este hay amit ciia axit sunfonic, thuy phan cho axit twrong
ting ¢6 thé trong nudc hay trong ancol c6 axit hay bazo:

H,0

H,0, H*
RSO,0R* — RSO,0H

H,0, H*
RSO,NR’; = RSO,0H

Este thuy phan nhanh trong nuéc hay kiém lodng, tuong ty este c6 phan cit R’-O uir
R’ 1a aryl va trong nhiéu trudng hop tim thay su bdo toan cAu hinh clia R’
68- Phdn itng hinh thanh sunfonamit

Sunfonamit tao thanh khi tdc dung sunfonyl clorua véi amoniac hay amin:
R502Cl + NH‘; — RSOzNHZ

Amin bac nhdt cho N-ankyl sunfonamit, amin bac hai cho N,N-dianky! sunfonamit,
phan \ing 13 phép thir Hinsberg dé phan biét amin bac nhét, hai va ba, song phén g bj gidi
han vi N-akyl sunfonamit cé 6 cacbon hay Ién hon ciing khé tan trong kiém va khé khong
ch& di€u kién d€ cho amin bac ba thu lai khong thay déi.

Amin bac nhat va hai thudmg dugc bdo vé bing phenaxyl sunfonyl clorua CsHsCOCH,S0,Cl
cho sunfonamit RNHSO,CH,COC¢H; dé héi phyc lai bing Zn trong axit axetic.
69- Phdn itng téng hop sunfon
Arylsunfonyl clorua tdc dung v6i RMgX cho sunfon:
ArSO,Cl + ArMgX -— ArSO,Ar
Phan tng 1a tdn cong clia cacbon vao S theo Sy2, ¢6 thé ding co liti. Vinyl va allyl

sunfon tao thanh tir sunfonyl clorua véi vinyl hay allyl stannat vi xic tic phitc paladi.
Ankynyl sunfon tao thanh tir sunfonyl clorua vdi trimetylsilylankyn va AlCl;:

ArS0,Cl + RC=CSi(CH;); ~* ArSO,C=CR

70- Phdn itng tao thanh este sunfonic

Céc este sunfonic thudmg téng hgp tir halogenua tuong tng voi ancoel khi ¢6 bazo:
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bazg

RSO,Cl + R'OH RSO,0R’
RSO,NR”, + R'OH -22Zs RSO,0R’ + NHR™,

Phuong phap niy thudng diing ¢é chuyén hod ancol thanh tosylat, brosylat hay este
sunfonic twong tu. Ca hai géc R va R’ ¢6 thé 13 ankyl hay aryl va bazo thudng la pyridin véi
chifc nang 14 xic tdc nucleophin. Ancol bac nh4t phan Gng nhanh hon nén ¢é phan tng chon
loc khi trong phan tir vira ¢6 nhém OH bic hai va ba.

Phén ng v&i sunfonamit chi han ch€ véi sunfonamit N,N- hai l4n thé, véi R khong
phai 12 hydro va nucleophin thudng ding 124 RO . Axit sunfonat ¢6 thé chuyén tryc 1i€p t6i
sunfonat khi tdc dung véi trietyl hay trimetyl orthofomiat khong cdn xic tdc va dung moi.

71. Phdn 1ng tao thanh sunfonyl clorua

Axit sunfonic tdc dung vdi PCls hay SO,CI cho sunfonyl clorua:

RSO,0OH + PCly; — RSO,Cl

Sunfonyl clorua va iodua cé thé téng hop tir sunfonyl hydrazit (ArSO,NHNH,) khi tac
dung v6i brom hay iot. Sunfonyl florua téng hgp bang phan \ng trac déi halogen.

11.8. PHAN UNG CONG NUCLEOPHIN VAO LIEN KET C=N

Lién két d6i C=N ciing 1a lién két phan cyc nén ciing cé kha nang céng nucleophin
twong tir nhw nhém C=0. Cic hop chit ¢d lién két C=N nhu loa1 C=NZ v6i Z = H hay R goi 1a
imin, ¢on goi 14 azometin cé tinh phan cuc cao dugce tao thanh tir amin va hgp chét cacbonyl:

H* —2 L~ R
R-CHO + R-NH; =— R- CH—N\H

So véi andehit fomandehit, azometin ¢6 tinh phan cuc cao:
® R
H\ 5 & I_krc—_:_'_—/
1 C=0 oG Ny
1a hgp chit trung gian quan trong cua phan ing Mannich. Cation nay ¢6 dién tich giai toa &
C va N, hoat tinh electrophin clia cation nay cao hon 1a imin khong chifa dién tich do dé ¢6
kha nang céng hgp véi nucleophin:

@ C—
_(f - TL@
N
R/N\R R” "R
Azometin ¢6 kha nang cong hop véi nucleophin nhw CN', ¢6 kha nang thuy phan, c6

kha nang két hop vdi cdc hgp chét 6 hydro linh dong, chang han loai B-dicacbonyl, song phin
ting khong dimg & giai doan cong ndy ma tdch amin dé thu duge o, B-khong no én dinh hon.

111



72- Phdn ing thuy phdn lién két C=N

Hop chét chita lien két doi C=N ¢6 thé b thuy phan tuong fing cho andehit hay xeton:

H,0
G- — 7 -G+ ZNH,

N-Z 0]

Céc imin (Z = H hay R) dé& bi thuy phan v&i nudce, khi Z = H thi ¢6 bén hon v thudng
thuy phan in situ khong tich ra. Phin tng thuy phan bazo Schiff (Z = Ar) khé khan hon va
thudng cdn xiic tic bazdg hay axit. Cic oxim (Z = OH), arythydrazon (Z = NHAr), nhit la
semicacbazon ciing c6 thé thuy phan.

Mot s6 tdc nhan khdc ciing ding dé phan cit lien k&t C=N, nhat 1a nhitng hop chat
khong dé thuy phan trong axit hay bazo hay chita nhém chic c6 tic dung trong diéu kién
phan ting. Dac biét oxim dé chuyén thanh andehit hay xeton khi tdc dung véi nitrat tali, axit
axetic va TiCly nuéc, dung dich nudc NaHSO,... tosylhydrazon thuy phan cho xeton véi
NaOCl, dung dich nu6c axeton-BF;-eterat, CuS0,4.5H,0, natriperoxit... Phan ting thuy phan
lién k€t C=N bing phén tng cong ban ddu vdi nudce vi tach nito:

®oH, OH OH 0
H,0 l r T
€~ —— L > - — O T -
N-Z NZ NHZ

Phdn tng tuin theo quy tic chung, song trugng hop dic biét c6 sy thay déi céc giai
doan phu thugc vio axit, bazo hay diéu kién khéc. Giai doan quyét dinh t6c do ciing phu
thudc vao tinh axit va bin chét ciia Z va clia nhém lién két véi cacbonyl.

Ion imin chju thuy phan nhanh vi ¢6 dang cong hudng c6 dién tich duong & cacbon
nhu trén, ching phan g vdi nuée & nhiét 46 phong.

Phan ting thuy phan c4c enamin Xiic téc axit déu qua chuyén hod t6i ion imin:

H H OH ? . H
o o A RAH A _i_(';_ —
A L O R O = E
R, NR, HNR, OH

Co ch€ thuy phan enamin tvong ty nhu thuy phan vinyl ete.
73- Phdn g céng HCN
HCN cong hop vé6i imin, bazo Schiff, hydrazon, oxim va hop chat tuong t:

CN
|
—ﬁ— + HCN — —(IZ— Z=H, R, Ar, OH, NHAr...
N-Z H-N-Z
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Ton CN™ ciing cong hop véi ion imin:
ICN
ot - -
R—N—R' : R—E““" R’
Phin dng cong tdi imin ciing cé tinh chat chen lgc d6i quang. Khi cong KCN vio

triisopropylbenzensunfonyl hydrazon 13 phuong phdp gidn tiép chuyén hod hop chit xeton
thanh nitrin (RCOR* —» RR’CHCN):

CH,OH
RR'C=NNHSO,Ar + KON —— RR’CHCN  Ar = 2,4,6-(is0-C3H;)3CsHs

C4c hydrazon clia andehit loai béo va xeton ¢é chuyén hod tuong ty.
74- Phdn iing cua hop chdt co kim

Hop chat Grignard céng hgp vdi cdc andimin cho amin bac hat:

R” R”
I thuy phéan I
R—l(lf—H + R"MgX — R—!C—H —_— R-(;—H
N-R’
PN N
XMg R’ H R

Céc xetimin cho phan ting khu thay cho phin itng cdng. Riéng cidc hop chit co liti
cong hop duge véi ¢d hai andimin va xetimin. Cic hgp chét co kim khdc ké ¢d RCu-BF;,
allyl boran, allyl stanan céng duge véi andimin theo phan dng trén.

Nhiéu hop chiat cé6 C=N (phenylhydrazon, oxim ete..) cho phan Ung cdng binh
thudng khi tdc dung v6i tdc nhan Grignard, con nhiing hop chit khdc cho phan iing khir hay
phan iing Miscellaneous.

Oxim c¢é thé chuyén téi hydroxylamin khi tic dung véi 2 mol anky! liti réi tic dung
tiép vdi metanol:

R R

RLi RLi l CH,OH |

- — - — - — —C-

i 5 (S !
N-GH N-O N-O NH-OH

Céc bazo lién hop cha hgp chit nitro (khi tdc dung butyl liti véi hgp chdt nitro) phan
ting v&i Grignard khi ¢6 CICH=N'(CH,),Ct™ cho oxim:

RCH=N(O)OLi + R’'MgX —— RR'C=NOH.

Muén tac dung hop chdt Grignard véi imin cho amin bac nhit thi ding imin véi
R’ trong RCH=NR’ 12 H, cdn chuyén hod imin c¢6 R’= aryl khi diing (ArCH=N);)SO, (tir
sunfamit (NH,),80, vdi RCHO) vdi R”MgX hay R"Li cho hop chat ArCHR”NH, sau khi d
thuy phén.
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Céc 1on imin phan tng véi R*MgX tryc ti€p cho amin bac ba do ¢6ng R vao C=N:

R
|
~C- 4+ RMgX — -C-
@l i
NR’, NR’,

75- Phdn déng voi hgp chdt cé hydro linh déng
Imin hay ion imin cling c6 kha nang két hop véi hydro linh dong, ching han véi
B-dicacbonyl, song phin tng khong ditng lai & giai doan cong ma tich amin dé thu dugce axit
a, B-khong no 6n dinh.
Chéng han khi dun néng benzanmetylamin v6i axit malonic trong rugu tao mét lugng
axit xinnamic va axit B-metylamino-B-phenylpropionic:
C¢Hs-CH=NCH, + HOOC-CH,-COOH ==

//O CﬁHi PI/‘(EIC_I-)S\H
= R CH; * CH/C\OH o] — 3 =0 -
CgHs — CH=== N—CHj OH Lo
H C/ H_;C/Ti

— C6H5-CH—CH—COOH + CH3-NH, + CO,

Trong phan img, imin cong hgp proton dé chuyén thanh dang ion hod ion imin c6 kha
nang phn g cao hon, twong tic vdi axit & dang enol va phin ung két thiic bing phan ting
decacboxyl hod cho axit khéng no.

Ton imoni 14 tiéu phan rat hoat dong c6 thé cong hop vdi cac enolat trong phan ing
Mannich. Khi tron mét hén hop gbm amin bac hai véi mot andehit (thwromg fomandehit) va
mot xeton & dang enol hod, andehit ngung tu véi amin tao thanh mudi imoni. Xeton trong
moi trudng kiém hinh thanh dang enolat. Enolat clia xeton cong hop véi chét trung gian
imoni tao thanh hgp chat goi la bazo Mannich:

R-CHO + HNR, = R-CH=N'R}

bzo

— CHI-E — CH=§—
e I R
H N+R' —C—CH- CH NR',
N B
ié O bazo Mannich

Chéng han phin ng:

CsHs—CO-CH; + CH,y0 + HN(GHs); — CoHs-CO-CH,CH,N(C,H),

Phan tng ciing x4y ra véi diandehit, ching han:
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~CHO 7o 'CHi\
CH . _ H,0O

| 2 + HlNCH3 + C=0 0. + 2H20
CH2 R / 25°C

\CHO: """""" CH3 tropinon

Bazo Mannich ciing dé thuy phan tach amin dé tao thanh xeton khong no nén day la
phirong phép (6t dé téng hgp xeton khong no:

CﬁHS_CO"_CHZCHZ_N(CZHS)z - C6H5—CO“‘CH=CH2 + NH(CH})Z

76- Phdn vng cia lién két C=N trong vong thom

Phan ng xay ra tuong tu c¢d ché€ th€ nucleophin vao nhan thom nhu véi pyridin:

OﬁNHg - (\\J{TZ - O +Na+H

Phan tng khong cé higu tng déng vi nén khong xay ra qua aryn di vong ma tich H .
Phan tng vn tién & vi tri 2 va mot it & vi trf 6. Phan img v6i RLi ciing tuong wr:

N > ()
@rﬁ{u —_— |§i R —— ;N/\R + Li"H
H

L®

Khi trong vdng ¢6 2 nitd, nhém C=N dugc hoat hod hon vi ¢6 —f clia N khdc, do d6
tang kha nang phan tng:

H OH "
N " N—H — N—H
3 mo = CL ©?‘
N) N)

I
H

77- Phdn iing céng voi xeten
Xeten cong hop vGi imin cho B-lactam:

Tt T vY
R-N C R-N-C
o o
Phan ng néi chung 12 tdc dung loai R,C=C=0, cobn RCH=C=0 chi dung in situ vi c6
phan ung phu. Cic thioxeten R,C=C=S cho thiolactam.
Phan img ¢6 thé xay ra theo co ché cong vong, thudng 12 co ché diion. B-Lactam cling

tong hop duge bing phan tng coéng enamin vdi isoxyanat:
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F P ¥

—C —C R—-C—C=0
Il + | — L

-‘C —-I|~1 —C—N—Ar
NR) Ar NR;

Céc hop chét closunfony! isoxyanat tic dung duge v6i anken khong quang hoat ngay
c& v6i olefin lién hop va xyclopropen.
78- Phdn itng véi LiAlH,

Cac imin, hydrazon, bazo Schiff va hop chit ¢6 C=N khic tdc dung véi LiAlH,,
NaBH4, Na“C2H50H:
LiAlH,

I [
N- NH-

Mud6i imoni ciing bi khir b&i LiAlH, nhung khong céng vao nito:

TN i
!ll\l LiAIH, _ —CIL;H—
® I
Céc oxim bi khir bing cong hydro thanh hydroxylamin véi boran hay xyanbohydrua:

_E: BH;THF  p__ (LH_ R
OH HOH

11.9. PHAN UNG CONG VAO LIEN KET C=N

So v61 nhém cacbonyl, nhém nitrin phan cwc hon va ciing dé phan cuc hoa hon, khi
tham gia phan éng it 4n ngit khong gian hon do chi ¢6 mét géc hydrocacbon nhung thue &
nitrin it ¢6 kha nang két hop véi nhimg tac nhan nucleophin nhu H,O, ROH, amin. S& di nhu
vay la vi nhém nitrin 1a nhém mém, c6 kha nang phan tng véi tic nhan mém, do dé nitrin
phan ting véi H,S dé hon 1A nude d€ tzo thioamit, dé tao phic v6i cde kim loai mém nhu
Ag", Cu”, khong c6 kha nang tao phiic véi kim loai ciing.

Nitrin c6 tinh bazo kém hon xeton va andehit, pK,q cua CH;CN B -10,8, cia
CICH,CN la -12,8. Nitrin ¢6 nhitng phan ting dic trung duéi day.

79- Phdn immg véi HX

Khi tdc dung véi axit, nitrin tao phitc khong dan dién réi chuyén thanh mu6i din dién:
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—_
R-C===N-H X —»

35 ,
RiL R-C==N-H HX? i—n;— R-E:N 2 X

nhanh chdm

Tat nhién, axit ciing 1a axit mém, nhu HBr, HI tao mudi véi nitrin.
80- Phdn ung cong HCN

HCN ciing céng hop v&i nitrin cho iminonitrin hay a-aminomalononitrin:

CN
HCN HCN '
=N ——— R-(= — . R-C-
R-C=N N R(IZNH N R(FNHZ
CN CN
81- Phdn ung thuy phdn nitrin
Nitrin bj thuy phan cho amit vi axit:
H' hay HO™
R-C=N + H,0 —————— R-C-NH,
[}
O
H" hay HO™

R-C=N + H,0 R-C-OH hay R-C-O
li 1l
0 o)

Amit 12 san phdm ban d4u roi thuy phan tiép khi c6 axit va bazo cho axit cacboxylic 1a
san phim cudi ciing. Phan ting thuy phén cdn xiic tic axit hay bazo.

Nitrin thuy phan trong moi trudng axit:
RCoZ N T H—X R-C=N-H —> R-C=NH *R'E'NHz
H3 Ny o X° o

o) day nudc twong tic voi ion nitrin clorua ¢ giai doan xdc dinh t6c d6 cla phan ng
sau d6 chuyén hod thanh amit:

CH,CH,CH,CN + H,0 — CH,CH,CH,CONH,
Amit chiu thuy phén ti€p cho axit nhir phdn (ing thuy phan amit & trén.

Nitrin thuy phén trong moi trudng Kiém:

R-c=N 19 R-C=NH == R-C-NH,
OH o

Hai qua trinh dién ra lién ti€p tir nitrin cho amit 6t axit, song ciing ¢é nhiéu phuong
phdp dimg & giai doan amit nhu ding axit dac H,50,, HCI, HBr, HCOOH, axit axetic va
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BF;, H,0, va HO , H,0, 30% trong (CH,),S0, natri pecacbonat, HCI khé vi nudc tiép theo,
cling c¢6 thé dung nu6c va ion kim loai hay phic nhu MnO, trong metylen clorua hay trén
silicagel, peborat natri trong metanol, Hg(CH;COO), trong CH;COOH... Ching han, phan
ting ding H,0, va NaOH Ia ding kiém yéu hon HOO™ dén 10* 14n thi dimg lai & giai doan

tao thanh amit:
CN H,Q,, NaOH CONH,
@[ +H,0 ——»
CH, CH, (92%)

82- Phdn itng véi ancol

Khi cho HCI khan vao hén hgp nitrin va ancol ¢6 nuéc tao nén mudi hydroclorua cia
imino este (imino este cling goi }a imidat va imino ete) goi 1a phan ting Pinner:
Rfm/NT\H—X —m» R-C=N-H “HE R-(;=NH2* - R—c-——l_.o

O\H ® <© OrR' X OR’

R
Mué6i chuyén thanh este khi tdc dung v6i bazo y&u hay bicacbonat natri hay nuéc cé
xiic tic axit.

e} day cén chi ¥ ring, ancol cong hgp véi nitrin khi ¢6 axit manh 14 phan img Ritter
theo co ché cla ancol, tao thanh cacbocation cong hgp vao nitrin réi k€t hop véi nude cho
chét trung gian tautome hod thanh N-ankyl amit:

R-C=N + R'OH . R-C-N-R’
OH
Co ché nhu sau:

@ ® , H0 .
R'OH — R’ +R-C=N — R-C=N-R’ —» R—(|3=N—R - R—E—Il\l—R
OH OH

Nhitng ancol cho cacbocation bén méi ¢6 phan ting nay nhu ancol bac ba hay hai, céc
olefin c6 khi ning tao cacbocation ciing cho phian (ng ndy. Day ciing 12 phuong phép
chuyén ancol thanh amin.

Céc olefin dang RCH=CHR" va RR’C=CH, cdng véi nitrin khi ¢6 nitrin thuy ngan réi
tac dung véi NaBH,:

Hg(NO,), RR’C-CH,.HgNO, NaOH RR’C-CH;
RR'C=CH; + R"CN W
N=CR"-ONO, 4 NHCOR”

Phin @ng c6 thé ding xiic tdc kim loai, dnh sdng; véi ancol b4c ba thi ding liti
ankoxit hay n-butyl liti.
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83- Phdn iing véi RMgX
Téac nhan Grignard téc dung v6i nitrin cho xeton:

thuy phan

R-C=N + R'MgX —> R-C-R’ R-C-R’
NMgX o)

Phan tng cong Grignard vdi nitrin thuc t€ chim hon e¢dng vdi nhém C=O nén cic
andehit chita nhém CN thi nhém CN Kkhong 1am anh hudng dén phin ing cdng vao C=0.
Nhiéu xeton di thu duge bing phuong phdp nay nhung xeton c6 hai R la ankyl thi hi¢u sudt
khong cao. Thuéng tang hiéu sudt bing ding thém mudi Cu (I) hay benzen v6i mot duong
luong ete. Cdc xetimin khong phan Gng véi Grignard vi cho nhiéu san pham phu ngay khi
thuy phan muéi cling c6 tao thanh xetimin R-CR=NH, dac biét khi R va R’ 1a aryl. C6 thé
ding trietyl nhém phan tng véi nitrin (ty 1& 2 : 1) r6i thuy phan cho etyl xeton.

Cd ché phan ting v6i tdc nhan Grignard nhu sau:

P\/\ H,0
R-C=N + RMgX); =& T\ilg——R . R“(li'“R —» R-C-R +RMgOH
R\ X LIMgX i

-

]‘lvlg +RMgX
X

Chang han, benzonitrin vdi metyl Grignard (dang CH;MgX va (CH;);Mg) cho phan
\tng qua trang thai chuyén vong v6i CH;MgBr hay (CH,),Mg cho san phim cong réi thuy
phan cho xeton:

C¢H;—C Eiﬁ CeHs —Eig_lj
@Mg —Br CH,~~Mg —CHj;

C6H5—(I:=NMgBr == Cels— C=NMgCH,
CH,4 Hs

Phén tng thudng c6 p 4m nén ching 16 phin iing c6 ban chat cacbanion I6n, ching
han benzonitrin v&i ArMgBr ¢6 p = -2.85.

Phin ting ndy cling kém theo phan tng khir hod tuong tu nhu hgp chét cacbonyl, do ¢
sv chuyén nhém CN t6i g6c R ciia RMgX, chéang ban:
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CsHs\(ljﬁH(sj H
CeH S s
CéHr/C_CEN"' CeHs-CH,-MgCl —» C hﬁ o
Cotls Tml\ H— CgHs
T\ilg
C6H5\C6H(§J Hy + "0 ClC Hs - CH, -
C/ 6515 NEC“/H_C(,Hs —= (C¢Hs-CH;-CN
H Me
Cl

Bé6i v6i nhém nitrin mach hé cé Hy linh dong khi tac dung v6i RMgX ciing kém theo
phan itng enol hod tuong tu nhu xeton:
R-CH,;-C=N + RMgX - R-CH=C=N-MgX
goi 1a phan ng xetimin hod. Phan tng dé dang néu hydro cang linh dong va c4u tao nitrin
cang it khé khin khong gian.

84- Phdn ing chuyén axit thanh nitrin

Muséi cua axit cacboxylic chuyén thanh nitrin khi tic dung véi BrCN. Phan ting khéng
phdi phan g the, khi diing axit c6 '*C thi “C ¢6 trong mitrin v géc R bao toan cfu hinh,
do dé dé nghi co ché€ sau:

N== C— Br N— —/l;r

N—-
—_

RA@\:—Oe Rj) — RTL
N 11\17__[? T R—E L0

O_

85- Phdn tng voi LiAlH,
Nitrin bi khir téi amin b4c nhat:
R-C=N + LiAlH, — R-CH, NH,
Ngoai LiAlH, dé khi nitrin dén amin bac nhét c6 thé ding BH;—(CHa),S, NaOC,Hs,
hydro trén xtic tdc.
Mu6n khir nitrin d&€n amin bac hai ding NaBH, theo phan ing sau:
R’,0'BF,

NaBH,
RCN ———— R-C=N-R’ —— R-CH,-NH-R’
Biglym
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Néu diing tdc nhan khir 1a SnCl, véi HCI thi ¢6 thé chuyén nitrin thanh andehit, goi 12
sy khir Stephen:
1- HC, 8nCl,

(=N ——Mm R_(H=
R-C=N 2- thuy phan R-CH=0

Phan @ng khir bang SnCl, khan t61 RCH=NH cho két tia phitc véi SnCl, r8i thuy phan.
Phén @ng cho hiéu sudt t6t nhat véi nitrin thom song cfing ding cho nitrin béo.

Phuong phdp dung ArCONHCzH, vdi PCls dé€ cho mu6i RCCI=NH,*Cl™ goi la phuong
phip Sonn-Muller.

86- Phdn ung Thorpe
Phan ting Thorpe la phan ting ngung tu ciia hat hop chat nitrin:

| |
_CH-C=N + —CH-C=N RO | —G-C=N

-CH-C=NH
Cacbon o cla nitrin ndy cong hgp vao cacbon clta CN ciia phan tir khdc. Lién két
C-NH trong san phdm c6 thé thuy phan cho B-xeto nitrin. Phén ing quan trong 13 vong hod,
goi 1a phan \ing Thorpe-Ziegler, véi hi¢u suft cao cho vong 5 dén 8 canh, khong tao vong 9
dén 13 canh nhung cho vdng 14 canh va 1&n hon néu dung k¥ thuat pha lodng cao:

?HF’ baza CN H;O o
NC-C-(CH;),CN —»

! NH2 NH,

CH,

San phdm trong phan tng Thorpe-Ziegler nay khong phai imin nhung cé thé 1a
tautome cuia enamin néu thily phan va decacboxy! hod cho a-xyano xeton.

87- Phdn ung coéng vai amoniac va amin:

Amoniac céng véi nitrin cho amidin khong thé:

R-C=N + NH‘; _— R—(E=NH3+CI_

NH,
Nhiéu amidin téng hop theo phuong phép nay.
Binitrin ¢6 mach dai tao thanh imidin:
/CN
CH, NH, H
i
CHZ NH
NeN H

Amin bic nhét va béc hai ciing diang thay cho amoniac cho amidin th€ nhung chi diing
véi vai nitrin ¢d nhém thé hit electron nhu CCL;CN, amin thudng khéng cho phan tng nay
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song amin thudng c6é thé chuyén 6i amidin khi tdc dung v6i ankyl clo nhém amit
CH;ANCINR, (R = H, CH,).

88- Phdn iing trime hod nitrin
Nitrin ¢6 thé trime ho4 khi ¢6 xUc téc axit hay bazo cho triazin:

R

)\N
3RCN —= N |
. R/IQN/LR

Thudng ding axit HCl vA phan ting tuong tv nbu trime hod clia andehit, song céc
nitrin ¢6 H, khong cho phan timg nay.

11.10. PHAN UNG CONG CUA ISOXYANUA

Phin ting cong cha isoxyanua khong phai theo nguyen tic cong cla tidu phan cé cap
electron t6i mét nguyén tir cha tiéu phan khdc va tiéu phan khong c6 cap electron céng vao
phan tir khic ma la dang khdc ciia phan iing cong. Trong phan tng nay, electrophin va
nucleophin déu cong vao mot nguyen tir cacbon, khong c6 ti€u phan céng vao nito mi dién
tich duong & niter duge bio hoa bing cap electron ciia lién két ba:

E
RN — RN=¢—E

+Y Y

San phdm cong nay phan l’rhg ti€p cho sian phim cubi ciing 13 R-NH-C—.
89- Phdn ing thuy phdn

Isoxyanua bi thuy phan khi cé xiic tdc axit cho fomamit:

® o H*
R-N=C + H,0 — R—NH—E—H
]
Co ché nhu sau:
® O ® H,0 tautome
R~-N=C + H* — R-N=C-H T R—N=(I3—H R—NH—("Z=H
OH O

Phin iing ciing dugc xiic tic bing kiém nhu véi HO™ trong dioxan. Co ché ciing 1a t4n
cong cia HO™ vio cacbon.

90- Phdn img voi LiAlH,,

Isoxyanua bi khir boi LiAlH, hay v6i tic nhan khir khic cho N-metylamin:
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& Q
R-N=C + LiAlH; — R-NH-CH;4
91- Phdn ting Passerini va Ugi

Isoxyanua tic dung vGi axit cacboxylic va andehit hay xeton cho ankoxy amit:

® o |
R-N=C + -C- + R'COOH —> R-NH-C-C-O-C-R’

O

Phén ting nay goi 1a phan iing Passerini theo co ché sau:
H

! .
R C/&—H‘ = _ R— C/O % chuyén vi axyl

I tautome hod
—————

san phdm

Néu diing amoniac hay amin cdng hop v6i hén hop trén, goi la phémI ttng Ugi, cho san
phdm twong ing 12 bisamit: véi amonlac NH; cho san phdm R’~CO-NH- ? —CO-NH-R con
véi amin R’NH, cho R'~-CO-NR’- ﬁ: —~CO-NH-R. Phan {#ng xay ra do phan tdng cua axit
cacboxylic, isoxyanua va imin hinh thanh tlr andehit hay xeton vdi amoniac hay amin bac
nh4t. Ngudi ta ciing ddng phan tng nay trong 16ng hgp peptit khi ding amino axit hay peptit
da bio v& nhém nito va isoxyanua chifa nhém cacboxyl di bao v& cacbon nhém cacboxyl.

92- Phdn itng céng vot O- va N-halogenua

Ankyl hypoclorua tic dung véi isoxyanua cho san phidm cong réi thuy phan cho
cacbamat:

® © H,0
R-N=C + tert-C;H,OCl —> R—N=(‘3—0—rert-C4H9 e
Cl
— R—NH—ﬁ?—O—n«.’rt-C,;I-I9
O
con N-axyl ure phan ting véi isoxyanua cho N-axyl ure:
® 0 H,O
R-N=C + CH,CONHBr —» R-N=C-NHCOCH; — s
|
Br

—> R-NH-C-NHCOCH;
O
93. Phdn ung cong voi RLi

Ci4c isoxyanua khéng chita Hg phan ting véi ankyl liti twong tu Grignard cho andimin liti:
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® O
R-N=C + R'Li — R—N=(I}~R’

Li
Cédc andimin kim loai nay la mot nucleophin rat t6t va phin ¢ng vdi nhiéu tdc nhan
khdc nhau:
R— (|3H— R"

", Rl.-CHO
R"CHO H,0O
on X el

R~ ReN=C~R' 7o
R‘_@— R" / LFI CH 2-]-[k*\ R""Ef COOH
3
Y

—C— CH,~CH— CH,
H

Né6i chung, phin ting 1a phuong phap chuyén hos hgp chét co kim R'M thanh R’CHO,
a-xetoaxit, Xeton R’COR, a-hydroxy xeton, B-hydroxy xeton. Trong moi trwong hop, lién
két C=N déu thuy phan thanh C=0,

Cdc isoxyanua ciing chuyén hod thanh andimin thom khi dung phitc sit réi bitc xa
trong dung dich benzen: RNC + C¢Hy; - C,H;CH=NR.

11.11. PHAN UNG CUA ISOXYANAT

Hop chét isoxyanat ¢6 nhém -N=C=0 v6i hai lién k&t d6i C=N va (=0, thudng 12 hgp
chat khéng bén, trir cdc isoxyanat thom, nén thuong déng vai trd hop chat frung gian trong
nhiéu phan tng song rat nhay vdi céc tdc nhan hod hoc.

94- Phdn ing thuy phan
Hop chdt isoxyanat c6 lién két d6i C=N d& hop nuéc ngay trong diéu kién thudng tich
CO,:
R-N=C=0 + H,0 — R-NH, + €O,
Phan (tng cong cho hop chét trung gian 13 axit cacbamic N- thé:
R-N=C=0 + H,0 — R-N-C=0
H OH
Phan ting ciing dugc xic tién khi ¢6 xic tic axit hay bazo. Cic isothioyanat phdn ting
cham hon va cdn diéu kién marh hon (tich COS v amin).
95- Phdn ting véi ancol
Ancol cong hop vao nhém isoxyanat cho cacbamat cho hiéu sudt cao:
R-N=C=0 + R’-OH — R—NH—(|3=O
OR’
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Phan tng bét ngudn tir phan ing cla axit isoxyanic tic dung véi ancol cho cacbamat
r6i tdc dung ti€p cho allophanat:

H-N=C=0 + ROH —» H;N-C=0 HNCO, H,N-C-NH-C=0
Il |

OR 0 OR
allophanat
Isothioxyanat phan \ing chim hon isoxyanat.
Polyuretan tao thanh khi tdc dung diisoxyanat véi diol theo co ché€ triing hop doi
chuyén hay phan bic chita nhém cacbamat hay uretan —-O-CO-NH:

n0O=C=N-R-N=C=0 + nHO-R’-CH — A[O—R’—O—(”}NH—R-—NH—(!%*]»

O O
Co ch€ cua phan ng nay nghién citu chua chi ti€t nhung chic chin ring oxy cha

n

ancol s& tdn céng vao cacbon cda isoxyanat, hydro vao nito:
R—N==Cc=0
H}JO_ R
96- Phdn ing céng véi amin
Amin bac nhét vi hai ¢6 hydro linh dong c6 thé cong hgp véi isoxyanat cho ure thé:
R-N=C=0 + R’'NH, — R—NH—(|3=O
NHR"®
Isothioxyanat ciing phan tng véi amin tuong tu cho thioure th& nhung cham hon.

Phan tng nhu la cong nucleophin cila nito amin vao cacbon theo Ay hay di qua co ché
bén trung tdm tuong tu nhy véi ancol nhung phan vng nhanh hon:

\ H "'I;IH—R'
Phan 1ing thudmg ding tdng‘ hop polyme polycacbamit hay polyure theo co ché trung
hop phan bac hay phan ing doi chuyén hydro linh dong tir amin t6i nhém isoxyanat:
nO=C=N-R-N=C=0 + nH,N-R’-NH, —» TNH—R’—NH-E—NH—R—NH—%]\»
O Ol,
97- Phan ting véi tdc nhan Grignard
Hop chat RMgX cong hop vao isoxyanat cho san phdm cong réi thuy phan thu duoc

amit thé:

thuy phan
R-N=C=0 + R’MgX — R—NzF—OMgX _— R—Il\l—(lf=0

R’ H R’
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Phan ng viet & trén nhw 12 phan iing cong vio C=0 nhung ion & trang thdi lai hod
cong huong nén phin wng cling tim thdy phan ng cong dung & lien k&t C=N. San phdm
cong thuy phan cho amit.

Phan ting c6 thé dung véi hop chit co liti. Isothioxyanat cho thicamit N- thé.
98- Phan ung voi photphoran
Cac ylit photpho céng hop véi isoxyanat trong tu nhy véi hop chat cacbonyl:

@ —_—e——
R-N=C=0 + (CgHs);P— (?— R— R~ NTEEY R
RF
99- Phdn itng dime hod isoxyanat

Khi téc dung isoxyanat véi 3-metyl-1-etyl-3-photpholen-1-oxit c6 phin iing dime hod
isoxyanat thanh cacbodiimit:

Day 1a phan g 16t dé téng hop cdc cacbodiimit DCC v6i hiéu suat t6t. Phan tng thue
t€ 12 cong phan tir isoxyanat ndy vao phan tir isoxyanat khéc, Poéng hoc 1a bac nhét d&i voi
isoxyanat vd bac nhat d6i véi xic tic. Co ché clia phan ing khi c6 oxit photpho nhur sau:

Y ol BN Saaiil B e
RsE— r,p-L0 R, R;P .
. N R
PRy RN L L
R-N=C=<0  R-N=C RN=C O

Theo co ché trén thi moét phan tir isoxyanat ndy cong t6i nhém C=0 va phan tir khic
cong vao nhém C=N. Bing phuong phép dinh diu ddéng vi cho thay phén tir CO, tao thanh
tr mOt nguyen tr oxy clia isoxyanat va moét oxy tir xtc tac oxit di chitng minh cho ¢o ché trén.

11.12. PHAN UNG CONG NUCLEOPHIN CUA 10N PIAZONI
Ion diazoni ¢6 kha nang cong hyp véi nucleophin:
Nu: + :N=N"X —— Nu-N=N-X

Chéng han, mét s6 phan Gng sau:
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QNEN Cl" —

L

%P_ O Na* —» ®—N=N—5020' Na*
o)

COOCsz

L CO0OC,H,
— +Ci — @—N=N CH
COOC2H5 COOCZHS

AO0C,H;
tautome hod Q NH—T\T—_C\
COOC,H;4

— + HyNCH,CHy —= @-N=N_- NH-C,H;
riazen

tautome hod QNH_ N=1N— Csz

CHCOOH  CH;CH,0-CO-CH; +CgHsNH N,

Céc hop chit diazo cé nhém xeton nhir a-diazoxeton, ciing nhu hop chét axit ciing

cong hop vdi nucleophin dudi cac dang céng hudong khic nhau:

et
CgHs—C—CH-N =N
-CGHS—N';]@\ %

CoHs—N=N"=1

C(JHS j—CHF =Nl

C6H5 E_ CH=-N - NQ f@(C6H5)3
+ :P(CgHs)—> o
C He~C=CH—N= N—F{(CHy)s

o0~ _ ©®
CgHeN=N=N=P (C4Hs),

+ :P(C6H5)3 ——

- Y.
CeHe—N=N-NEP (C(Hy),

)
CeHmN—FICeHs);
CeHs—N=P(C¢Hs);

- Ny +

11.13. PHAN UNG CONG NUCLEOPHIN VAO NHOM N=0 VA NO,

Nhém nitrozo ¢6 nhiéu tinh chit giong nhém cacbonyl nhung loai ~-CH~N=0 ¢6 tinh
axit clia C~H va N-H, cbn tinh bazo cha oxy manh hon nén thudng t6n tai & dang wu tién 1
oxim —C=N-QOH. C4c hgp chit arylnitrozo ciing c6 thé ngung tu véi hop chét amin cho phan

(mg tuong tu andol:
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o® OH
Oryo ~ \Qﬁﬂ{_@ — O
' X
X
- H +
Y v = k[ArNO]-{ArNH,] \/@_hw@
X

Khi ¢6 xiic tic hoat hod nhém nitrozo do proton hod oxy thi:
U = k[ArNO][AINH,][H"]

Cdc nhém the hit electron hop chit nitrozo xiic tién phan ting nén cé gid trj p duong,
cdc nhém thé€ cho electron & amin lam tang phan tng nén p am.

Hop chit nitrozo ciing ¢6 phén ng ngung tu véi cdc hop chat ¢6 lien két C-H linh
dong.

Hop chdt nitrozo ciling tic dung véi photphoran tuong ty nhy vdi xeton cho imin:
(S
R-N=0 + Gl f-THR + R-N=C—g
R" R"
Hop chét nitrozo thom cling té hop v6i amin cho hop chat azo:

CH,COOH
ArNH, + ArN=Q —3

Ar-N=N-Ar’
Va khi tic dung v6i hydroxylamin cho hop chit azoxy:
@
R-N=0O + R’-NH-OH — R-N=N-R’
(’)e

Ca hai g6c R va R’ 1a ankyl hay aryl nhung khi hai g&c khic nhau thi cho hén hop san
phim (ArNONAr, ARNONAT’, AR'NONAr’) nhung san phim khong déi xing hinh thanh
vdi mot lvgng nhd hon.

Phan tng thutmg c4n xdc tdc bazo va co ché clia phan ing nay thyc t& I3 co ché anion g6c:

Oe 06
. . HO !
Ar-N=0O + Ar-NH-QH — 2Ar~II\I — Ar—l’l\T—N—Ar T Ar—-N=N-Ar
&) ) 2

O O

Khéc v6i nhém nitrozo, nhém nitro khong c6 kha ndng phan tng nhu nitrozo ma chi
yé€u phan dng clia C-H nhu 13 ciu i metylen trong cdc phin itng ngung tu véi hop chét
cacbonyl do nhém nitro ¢é cdu tnic dien tich duong tuong ty nha nhém cacbonyl.
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Tuy nhién ciing ¢6 mot s6 phan tng dugc xem nhu 1 phin dng ngung tu andol. Chang

@ CHy—Rr  HOLCHOH O R
o™

O
7 O,N HO", ROH
& *
QHC

Hop chat nitro béo bac nhét va hai ¢6 thé bi thuy phan cho andehit hay xeton tuong

han:

ting khi tic dung véi bazo lién hop manh cua axit sunfuric:

. 1,50 '
RCH-R —— R-ﬁ—R‘ — R—E‘R
® | ®
S
60/1\0 O No

Phan g trén goi 12 phan iing Nef,

Hop chét nitro bac ba khéng cho phan ting nay vi khong cé thé chuyén thanh bazo lién
hop v6i axit sunfuric. Ban chit ciia phan dng la thuy phan lién két C=N.

Co ché nhu sau:

” — R’ R-C— R’ R—C—'R'
—-—h-
eo’\o T ey L\o 1 T\OH
dang axi
(I)H CI)H
R- (l:— R M0 R—(lj— R —= R— (ljl— R' +N,0 + H,0
N 0
7/
HO \OH N\O
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Khi hgp chat nitro bac nhat tic dung vdi axit sunfuric cho axit cacboxylic qua chat
trung gian 13 axit hydroxamic. Phan iing Nef va qud trinh axit hydroxamic déu phan tng &
dang axi con syt khdc nhau v€ san phdm 1a do tinh axit cao, nghia 13 khdc nhau vé néng do
axit sunfuric tir 2M dé€n 15,5M lam thay déi tr sin phdm andehit 16i axit hydroxamic. Co
¢h€ cua qud trinh axit hydroxamic chua that ré nhung vi axit cao nén ¢6 thé axit proton hoi
ti€p dang axi cua hop chét nitro da proton hoa.
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Chramg 12

PHAN UNG CUA GOC TUDO

Goc tu do 1a tidu phan electrophin c6 electron tv do trén obitan, ¢6 kha nang phan iing
r4t cao nhu da néi & chuong truGe, c6 kha nang tham gia phan dng thé hay cong vao hop
chét khong no khi €6 tdc dung clia chat kich thich hay nhiét.

Co ch€ chung cia phin ng géc tu do gom hai giai doan. Giai doan ddu 13 sy hinh
thanh géc tu do, thudng bing sy phan cit dong ly lién ket:

X-Y — X' +Y
goi I gial doan kich thich. Qud wrinh phan ly clia nhitng chat cé lien két y&€u nhu céc
hydropeoxit, ankyl , axyl , diankyl peoxit, cdc peaxit, hop chat azo ¢6 thé wr xay ra hay khi
c6 nhiét, hay mot s6 chat sinh g6¢ khi c6 dnh sing nhu clo, brom, mot s6 xeton hodc bang
cich chuyén mot electron Me” + ¢ — Me’ thudng tir kim loai hoac bing con dudng dién
hod.

Giai doan thi hai 1a sy chuyén hod gdc tr do, 1a qué trinh t& hgp clia cdc goc ty do
giong nhau hay khdc nhau cho san phim:

X+Y — X-Y

Qua trinh ndy goi 1a qud trinh tat mach. Qué trinh nay thudng kKhong truc ti€p giita hai
goc vi goc 1a tiéu phan rat hoat dong, luong gdc sinh ra con rat thip nén goc cé thé va cham
vdi cac phan tir khic sinh ra mot tiéu phan cd s electron 1€ tdi tao ra mot g6c mdi. Chéng
han nhu:

X'+C=C — X'-C-C
X +R-H — XH+R’

Qué trinh sinh ra mot phan t va mot gdc méi nhu mot gc mdi tdi tao goi Ia giai
doan chuyén mach. G6c mdi nay lai ti€p tuc tuong tic v6i cdc phan tit d€ sinh ra géc mdi
cho dén khi it mach nhu trén goi 1a qud trinh chudi, gém hang trim hay hang ngan qua
trinh chuyén mach cho téi khi két thic. Ngoai ra ¢6 thé ¢6 qué trinh chuyén mach bing
phan cét géc tr do hay phan tlr phan ting hodc biing chuyén vi.

D6i véi cac goc hoat dong manh nhu géc ankyl thi cé qud trinh chuyén mach dai, c6
g6c kém hoat déng nhu géc axyl thi qua trinh chuyén mach ngén hay khong phai 1a qud
trinh chudi. Thuc t&, qud trinh chudi xay ra rdt rong, cho nhiéu san phim va khé nghién citu
dong hoc nhung ¢6 thé c6 nhiing d4c tinh sau:

1- Phan tng thudng tim thdy trong pha hoi hay long vi sy solvat hod gfc ty do trong
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dung dich gay ra nhiéu sy khic nhau.

2- C6 nhiéu phiic tap khi ¢6 axit, bazg hay dung moi phéan cuc cao, trir khi dung mai
khong phan cyc canh tranh duge véi phan @ng ion.

3- €6 sy kich thich hay xiic tién bang cdc ngudn géc tr do nhu cdc peoxit hay khi cé
dnh sdng. Qua trinh ditng d4nh sdng cdn chii ¥ hiéu suét luong to, thudng hon 1000 néu méi
lugng tf sinh ra mach chudi dai hay ngén hay khéng phai chuéi.

4- Téc do giam hay ding khi c¢6 chat c¢é khd nang tuong tdc véi goe tr do nhu oxit
nito, oxy phén tir hay benzoquinon, thudng goi Ia chat irc ché€ hay chét mach.

3 chuong nay chi néi vé phan ing the Sp va cong Ar chia cdc loai hop chit hitu co
khdc nhau,cdn 6 nhiéu phan dng di néi & chuong chuyén vi, oxy hod-khir (chuong 13, 14, 15).

12.1. PHAN UNG THE GOC S

Co ché chung ciia phin tng 1a:

R-X — R-Y ()
Phan ing c6 thé xdy ra bang su phan cét chat ban diu:
R-X — R +X (2)

bing cdch tr xay ra hay khi ¢6 4nh sing hay nhiér, nhung qud trinh ndy it thyc €, nén
thudng gdy ra bang tic dung cia mot goc tr do dua thém vao phén iing goi 13 chét kich
thich hay khoi mao sinh ra géc tu do clia chat ban ddu R

R-X+W -— R+ X-W (3)
Géc nay sinh ra c6 thé thye hién phan ing tach:
R'+Y-W —> R-Y + W (4)
hay t6 hop:
R'+Y ~— R-Y 5)

Qud trinh gdc trong moét mach dai thudng cho nhidu sin phdm bdi cdc qud trinh tich
hay t8 hop. Qué trinh phan cét (2) bang cdch tyr xdy ra hay khi c¢6 4nh sdng va nhiét duge coi
nhur 1a qud trinh Syl (H c6 nghia 1a déng ly - homolytic). Qud trinh tdch hay téng hop duge
goi la qué trinh Sy2. Do d6, phin tng ¢6 thé phan loai trén co sé Syl hay Sy2 tuy thuée vao
qud trinh chuyén RX bdi qud trinh (2) hay (3). Nhicu qu4 trinh lap di lap lai ca qud trinh
(3) va (4), néi chung hai qua trinh nay thuan Igi vé niing lugng.

Qud trinh phan 1ing géc ciing di qua c4c trang thdi chuyén ¢6 tinh phan cue vi thudmng
g6c tdn cong ¢6 do am dién cao hon, tuy khong hoan toan ion nhu Sy7, nén thudng phan iing
€6 p nho (thudng p = -1.4) c6 nghia 12 anh hudng cha hi¢u tmg nhém the ct: g nhd. Khi goc
R" 14 chiral, dai da 6 phan (ng ¢6 thé raxemic hoa nhung ciing c¢6 phan 1ing nghich dao hay
bao toan cau hinh phu thudc vio ban chit chit ban diu va gdc ‘v do.
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12.1.1. Phan ng thé goc chia hydrocacbon aliphatic

Phén 1tng quan trong 1 phan tng thé hydro ctta hydrocacboen no:
R-H + X-Y — R-X+H-Y
XY = Hal,, SO,Cl,, CCl;Br, CF;l, R1COCI, CH;ICl,, [R,NHCI]*
Phan iing duoc xidc ti€n khi c¢6 dnh sdng hay nhiét hay vdi chét sinh gdc tu do kich
thich phan tng.
Phan tng thé hydro bing nhém thé X trong phan (ing g&c khong thé Xy ra sy phan
cét tryc ti€p lién k&t C-H thanh C" va H vi B, = 104 keal/mol.

Phan ting c6 thé xay ra theo sy tdn cong déng bo ludng phan tr tuong tr Sy2 tir phia
sau clia C (got 1a Sg20).

X'+ CR4R® — [ X ... CRy... R’ ] —» XCR4 +R’

Co ch€ nay rat hiém. Trudng hop chat mach hd chi ¢6 mét théng bdo vé co ché nay
gira trimetylmetan vé6i g&c triflometyl tao thainh CH,CF; déng thoi véi sén phdm khéc.

Co ch€ ludng phan tir x4y ra v6i hydrocacbon mach vong no véi su phd huy vdng cho
san phidm th& va ¢é sy quay cdu hinh, 1a su thé tryc ti€p vao cacbon theo Si2:

H ,D

CClLX

Khi clo hod hay brom hod déng phan trans cia xyclopropan th€ tao thanh 96% déng
phan erythro, con déng phan cis cho 92% déng phan threo.

Khi m& vong tao goc c6 tinh dac thi 1ap thé, nhung giai doan sau khong c6 tinh dic
thi t4p thé, ching han brom hod 1,2,3-trimetylxyclopropan:

CH; CH
H C 3
Bf H@i ?—I— 3 7_L_QH
+ - -
~ . HBr CH3

+ Br2 ++ Br2
Br
Hj CH3 CH; s 1 -. H
Br Br Br H 3

133



Con tit ¢4 hé con lai 1a phan Gng thé theo nhidu giai doan, dac biét 1a cac hydrocacbon
no, bing su chuyén hydro hay halogen dé€ tao thanh gdc ty do ankyl va g6c nay tuong tdc
vdi tdc nhan:

R-H + Y —= R' + HY
R+ XY — R-X+ Y
Tuong tic chuyén hydro duge thuc hién bang qud trinh déng bé:
R-H+Y — [R.H.Y]" — R +HY

Tit trang thii chuyén trén, tdc nhin tin cong vao H tir phia sau cia gdc R tuong ty
nhu phan ing déng bd ludng phan tir Sy2 da duge chitng minh bang 1y thuyét t6c do
tuyét d6i ciing nhu hién tng d6ng vi nén goi 1a phan tng Sg2H.

DPinh luat cta Sg nay 1a tuan theo dinh ledt chung cta co ché chudi, qua cdc giai doan:

Kich thich: A-A — 2A°

Giai doan hinh thanh g6c trung gian phin ing A" 14 giai doan kich thich.

Su tao goc tu do bing chat kich thich nhiét hay quang hod hodc bing phan dng oxy
héa khir:

Lén mach: A"+B-C — A-B+C

C+A-A— CA+A
A"+B-C —™ A-B+C
C'+A-A — A-C+A

Giai doan nay cé niang lugng hoat hod nhd, méi géc tao thinh trong phan ng kich
thich gay ra sy chuyén hod nhiéu phan tir, do dé 8¢ do kich thich ¢ thé nhé nhung tdc do
16n mach rit 16n. Phan tng chudi dac trung bing chiéu dai mach tuong dng vdi s6 giai doan
16n mach lap lai nhiéu 14n cho moét giai doan kich thich. Téc do giai doan nay xdc dinh t6¢
d6 chung ctia phdn iing ciing nhu tinh chon loc clia phéan tng thé.

TAat mach: 2A° — A-B+(C

2C = C-C
A'+C — A-C

Phén ng tit mach 1am mat trung tam g&c cén thiét cho su 16n mach nén giai doan tét
mach cang 16n thi chiéu dai mach cang nho.

Phan tng tdt mach ¢6 thé thyc hién bang tuong tdc cha hai géc twr do goi 1a t6 hop
hodc bang chuyén hydro giifa hai g6c dé tao thanh hgp chét no vi khéng no, goi 1a tit mach
chuyén khong can d6i hay tt mach chuyén hydro.

Noi chung, dé ird thanh phén tir trung hoa cén hai géc e do. Thudng phan ng té hop
¢6 toc do 16n (k = 107 = 10° i/ (mol.s), thoi gian s6ng cita cdc goc trong dung dich nhd hon
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1 s. D& phan tng chuyén mach c6 thé kip canh tranh v6i phan dng tat mach, giai doan co
ban cfia qud trinh phai c6 nang lugng hoat hod nhd, nhé hon 9.6 + 14.5 kcal/mol.

Téc 6 chung cha qué trinh duge xdc dinh bing t¥ 1¢ t6c d cla phan tng kich thich,
16n mach hay phat trién mach va tat mach.

Déng hoc cha phan Gng chudi duoc xdc dinh & trang thdi dimg, & d6 néng d6 gbc mat
di va tao thanh bang nhau, t6¢ do tit mach va kich thich bing nhau, nén:

d[A")/dr =d{C)/dt =0
Phén ting trén c6 dang tong quat: A—A + B-C = A-B+ A-C
v = d[AB)/dt = d[ACY/dr = —-d[AA]/dt = —d[BCl/dt.
Dy = Uy N8N ki [AA] = ki [C'), rit ra: [C'] = (ki 2k ) PIAATY?
T6c d6 phin g v = kyn[CNAA] = ki (k2K P [AATY
(tm = tit mach, Im = 16n mach, kt = Kich thich).

D€ dénh gid dugc kha nang ciia phin ng géc, c6 thé dya vao hiéu tng nhiet cha phin
tng va hiéu tng nhiét ctta céc giai doan rieng dugc tinh theo nang lugng phén ly lién két
C-H va nang lugng tao thanh.

D61 v6i cdc qud trinh thu nhidt, nang lugng hoat hod khéng thé nhé hon hiéu ting
nhiét ca phan ng, qué trinh chudi khong bao gi¥ gém qua trinh thu nhiét manh.

Ching han phan dng: RH+X — R'+HX (a)
Re+X, — RX+X' (b)
X R
CH,4 C.H; {CH.),CH {CH;}.C CgHsCH,
F as= =311 -36,8 -40,9 -459 ~-47.8
b= -72,0 -679 -641 -58,0 -55,0
Cl as= +2,1 -4,0 8.1 -129 -16,9
b= -16 -14,1 -10,0 -50 -1,0
Br as= +17.9 +11.9 +7,9 +3,1 -1,0
b= -239 -229 ~18,8 -14,1 -10,0
I a= +33.9 +27.9 +239 +189 +15,0
b= -20,0 -16,9 =129 -78 -4,0

Tir céc s6 liéu trén cho thdy, phan dng cla F hay Cl xay ra voi chiéu dai mach rat 16,
con d6i v6i Br thi chiéu dai mach 16n khi chuyén t8i hop chit ankylbenzen. Phan ing iot hod
xhong thuc hién dugc, qua trinh ngugce wu tien hon do su khir g&c chudi:

RI"‘I._“'R.'PI?_
R'+HI — RH+VT

135



Nhu vay, dua vao hiéu tng nhiét cla cdc giai doan riéng cé thé xét dodn duge kha
nang phan ing, song ciing c6 trudng hop quan hé nhiét dong hoc thuan lgi nhung nang
luong hoat hod giai doan chuyén H hay X 16n thi thue t€ ciing khong xay ra.

Co ch€ phan tng cfing chiu anh hudng clia nhém ké. Trong phan ing quang halogen
hod (phaning 1) thu dugc mot hdn hgp sin phim, trong d6 phan itng brom hod & mach
cacbon chifa brom ¢6 tinh chon loc vi trf cao. Brom ho4 ankyl bromua cho 84 dén 94% san
phdm th€ & cacbon bén canh cacbon chifa brom ma thue € vi tri ndy bj dong hod boi hieu
ung cam Gng hit electron ctia brom. Tinh chon loc vi tri bat thudng nay duge giai thich bing
¢ ch€ clia nhém ké clia brom & giai doan téch tao géc ciu, ching han nhu:

R PR B{ Br R Br
«f -HBr KC/ -\ Br. R—(I}-— (IZH
Br + R—(f —CH, — R_C—CHz — R— B CH,—> I 2

Br

f

Br

Trong co ché thudng, Br' phan cdt 14y H trong RH tao R’ nhung ¢6 brom & vj trf ben
canh tao nén chét trung gian vong goi 1a goc cdu (1). Giai doan sau 1a phan tich goc ciu.

Theo cg ché€ nay thi cau hinh chia cacbon bj thé ddnh diu sao duge bdo toan cfu hinh.
Nhu trwong hgp 1-brom-2-metylbutan quang hoat cho 1,2-dibrom-2-metylbutan bio toan
cdu hinh. Néu ti€n hanh phan dng trong DBr, thi tir 1-brom-2-metylbutan tim thdy san phim
deutri hod & vj tri 2 va bio toan c4u hinh. Diéu dé do chat trung gian (1) phan cit lay D tir
DBr. B6i v6i Cl, ciing c6 thé hinh thanh g&c ciu nhung theo phd ESR thi cdu khéng d6i
xing. Trang thdi géc cdu di ¢ nhiéu chimg minh bing higu ting déng vi va bing CIDNP
chitng minh ring proton metylen trong B-brometyl khong tuong dwong nhau, gdc & dang cap
ion {CsHsCOO' "CH,CH,Br] trong léng dung moi va tao géc cau khong doi xitng. Cdc nhém
SR, SiR ciing 12 nhém ké tao g6c cdu.

12.1.2. Nhimg nhén t6 dnh hudng cilia phan img Sg

Khédc v6i phan ing ion, trong phan iing g6c, trung tim phan tng 12 H. Trong trang
thii chuyén nguyén tir H ding mot AQO tham gia lién két véi gdc tdn céng Y " va nhém di ra
R' bing 3 electron: [ Y ... H... R ]". Dé thdy duoc énh hudng clia cdc nhan 15, c6 thé hinh
dung trang thdi chuyén cé tinh déng hinh gin nhu géc allyl:

990 000
0008 040
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Su phan cit H xdy ra cang d& néu ning lugng phan ly lién két cang nho, gbc di ra
cang bén, do d6 ciing chiu dnh huéng clia nhém thé & trung tdm phan dng va & géc ankyl di
ra. Nhitng nhan t6 anh hudng t6i qué trinh chuyén 13 tinh bén cta lién két phéan cét va tao
thanh, hiéu tng 14p thé€, hiéu ¥ng phin cuc va dnh hudng cla dung moi.

Trong phan 1ing chudi, giai doan hinh thinh ra san phim la giai doan phan cét béi géc
tr do. Gé&c tu do luén phan cit 18y nguyen tir don hod tri nhu hydro va halogen, réi dén hai
hod tri, khéng bao gi& phan cit nguyén il ba hay bén hod tri.

Chang han, phan dng ciia clo véi etan:

H-Cl + CH;CH,’ AH = -3 kcalfmol = 1,3 kJ/mol
CH,CH; + CI'

CH;CH,-Cl + H’ AH = +18 kcal/mol = +76 kJ/mol

Nhan t6 quyét dinh 14 13p thé. Cdc nguyén 1 don hod tri & bén ngoai dé cho gdc ti€p
can hon 1a cdc nguyén tir hod tri cao. Mat khdc, phan ing thudn loi khi phan 1tng phat nhiét
hon 12 thu nhiét tinh 1t ndng lugng lién k&t phan cat va tao thanh. Trong trudng hop su khic
nhau vé nang lugng khong 16n thi nhan 16 1ap thé quan trong hon vA trong hai kha ning thi
nguyeén tit don hoé tri dugc chon hon.

Nhidu nghién ciu vé hoat tinh ciia hgp chat aliphatic thi hydro 14 nhém di ra va
nguyén tr clo 1a tiéu phan tdn cong, bat k¥ nguyén ur hydro nio ciing c¢6 kha ning di ra, vi
thé thudng tim thiy hén hgp sén phim, tuy nhién cdc géc khong phai hoan toan khéng chon
loc ma d& phan itng & mot vai vi tri trong phén tir dé mat hydro hon cdc vi trf khéc.

1- Anh hudng ciia chdt ban ddu

Khi xét kha niang phan dng g6c ty do clia hgp chit, ngudi ta dung cdc gid tri hing s6
t6c 46 twong ddi thu duge khi thue hién phan éng canh tranh cha hai chdt ban ddu véi cing
mot goc:

k

RH+ X — R +HX v, =k, [RH][X]
k

RH+X — R™+HX v, =k [R'HIX]

v, _ Kk [RXJ[RH] . .. k, v [RH]
DL B SRR e k= L = D
v, &, [RXJIR'X] k,  u,[RH]
Ciing c6 thé xdc dinh t8c 40 bing sy hinh thanh san phim:
k_] _ [RX}[R'H]
ky (RX]IR'X]

v&i didu kien 12 t4t ca cdc g6c¢ dédu chuyén thanh sin phdm. Phuong phdp nay thudmg ding dé
xéc dinh 16¢ do twong déi clia cic lién két C—H khac nhau:
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— CH;-CH - CH - CHCl
CH3-CH-EH-CH3 + Cl, CH; CH;
H, CH, . CH3-(]?H-?H- (CH3),
(2Hbac 3) , (12H bac 1) CH; Cl
T6c 40 tuong d6i kg Kuge s / Koge 1 = 6 —2)2 HCHCUCH ), |

Nhu vay, trong phan iing g&c cin chi ¥ t&i tinh chon loc thé cha H. P6 linh dong cla
H phu thuéc vao anh hudng cha g6c ankyl, chdng han sy thay déi t6¢c d6 twong d6i trong céc
hop chdt sau:

kg kig
CH,-H 7,107 C¢HsCH,-H 6,4.10*
CH,CH,-H 1 (C¢Hs),CH-H 0,2.10°
(CH;),CH-H 220 (CgHs),C-H 1,14.10°
(CH;),C-H 1,9.10*

Hi¢u ung nhiét phu thuéc vao nang lugng phin ly ciia lién két C—H. Phin ting cing
phét nhiét n€u nang lugng phan ly cia C-H ciang nhé. Kha nang phan ing cha lién két tang
khi giam nang lugng phan ly:

C —Hpge 3 > C-Hyy 2 > C-Hyye
nghia 14 sy tdn cong vao H lién két vdi cacbon cé mat do electron cao hon. C6 thé dinh gid
theo phan \ing sau:

CH; +RH — CH, +R’

RH Dy ¢ 4 keal/mol E* keal/mol
CH;-H 104 14,1
C,Hs-H 90 11,5
(CH;),CH-H 94,5 10,3
(CH;);C~-H 91 8,2

Kha nang phan img cing cao néu nang lugng phan ly cia H-X tao thanh cang lén.
Ning lugng phan ly cia H-X tao thanh giam thi nang lugng hoat hod ting, 1Am gidm phan
ing nhung déng thdi ciing tang tinh chon loc cla qud trinh giita bac 1, 2, 3.

Khi gidm nang lwgng H-X tao thanh, phan wng trg thinh kém phat nhiét hon, trang
thai chuyén chuyén gin vé phia sn phdm hon, lién két C-H trong trang thdi chuyén bi kéo
dai hon va electron khong cap doéi dinh ché trén cacbon trong trang thdi chuyén cang lén, sy
khic nhau vé tinh 6n dinh clia g6c tao thanh cang lén, do d6 1am tang tinh chon loc cha qud
trink. Ching han phan tng:
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X' + GHs-H — GHs + HX

Dy kcal/mol E*, kcal/mol

F 120,6 0,3
Ccl 103,0 1,0
Br' 87.0 1,3

D6 bén clia gbc ciing bidu hién & trang thai chuyén va higu \ing déng vi. Su thay ddi
trang thii chuyén hay su phan cét lien két C—H bac khdc nhau nhu & gian d6 hinh 12.1.

E

REH-!-Br'

Toa dd phan tng

Hinh 12.1. Trang thii chuyén cia Hbac 1,2, 3

Do bén cia gdc ty do tang, phan Ung tré thanh phét nhiét hon. Tuong ing vdi tién dé
Hammond, trang thii chuyén & gdn v6i cfu tric chat ban dau, lién ké&t C-H trong trang thai
chuyén bj kéo dan hon dua 16i giam hi¢u ing ddng vi dong hoc bac nhit. Chéng han phan tmg:

CgH;CHRR” + Br' — C¢HsC'RR’ + HBr
R=R'=H R =H,R’=CH, R=R’=CH,
kylkp= 4.8 ' 2.7 1,8

N6i chung, trong tit ca cdc trudng hop, kha nang phan Ung tang khi chuyén tir bac
nhdt t6i bac hai r6i bac ba. Sy tang nay trong hé béo nhiéu hon trong hé thom béo vi nhan
phenyl 1am én dinh g6c hon, phan tng phan cit hydro phét nhiét hon, lien k&t C—H it bi kéo
dai hon, sy khdc nhau vé tinh 6n dinh cla géc lien quan t6i nang lugng phic hoat hoa nho
hon, nén tinh chon loc ciia hydro thom béo nhd hon.

Ching han, hing s& t6c do twong d6i clia CI' v6i hydrocacbon no va ankylbenzen:

C-H ankan kg C-H ankylbenzen kg
Bac 1 | Bac | 1
Bac 2 4,3 Bic 2 2,5
Bac3 6,0 Bac 3 5,5
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a) Ankan.

Phdn tng wu tién thé cta H bac 3 > 2 > 1, do d6 nhan t§ 1ap thé ¢6 vai trd dac biet
quan trong va phan 1ing phu thuéc tinh chon loc va nhiét d6. G nhiét dé cao, tinh chon loc
giam. Tfnh chon loc phy thuoc vao gdc tdc nhan, ching han vdi flo tinh chon loc bac nhat va
bala 1 : 1,4;v6i brom kém chon loc hom 13 1 : 1600.

Bang 12.1. Hoat tinh clia CI & vi tri cacbon bac khic nhau & 100 vi 600°C

Nhiét 46, °C Bac 1 Béc 2 Bac 3
100 1 4,5
600 1 21 2,6

Trong phan ting quang clo hod isopentan trong axit H,S0, véi N-clo-di-tert-butylamin
va N-clo-tert-butyl-rert-pentylamin thi hydro bac nh4t phan (tng nhanh hon hydro bic ba
dén 1,7 14n. Trong trudng hop ndy, gbc tan cong R,NH' ¢6 thé tich 16n gay khé khan Hap thé
1én nén trd thanh nhén t6 quyét dinh.

b} Anken:

Phan ung th€ H dé hon ankan, dac biét d& thé & cacbon allylic d€ tao thanh goc allyl
giai tod:
I ! L
_l@ IC"F—H — —IC'—‘F—(lj' e IC—' C=(I:—
nghia 12 phéan dng c6 vi tri vu tién rdt rd rang so vdi cdc hydro khéc.
¢) Mach nhdnh cua ankylbenzen:

Dé th€ & cacbon benzyl, twong ty allyl do ¢6 ciu tric géc gidi tod nhung ciing ¢6
trudng hop bat thudng. Ca hai géc hoat dong nhu clo va phenyl va nhiéu géc chon loc hon
nhu brom tdn cong nhanh vao cacbon bac mot nhung dsi véi cdc géc benzyl hoat dong lai
cham hon vi tri bac ba clia chét c6 hai hay ba g&c phenyl hoat dong hon do cong huong.
Tinh ch4t nay bi€u thj & ty 1& sau va ciing cho thay vi tri allyl khong phéi lic nao ciing 12
thuan lgi nhat:

CHa-H | CHyCHy-H | (CH3),CH-H | (CHa)sC~H | CeHsCHpH | {CqHs},CH-H | (CoHs)sC—H
Br’ | 0,0007 1 220 19,400 64,0 1,1.10° 6,4.10
Ci' | 0,004 1 43 6,0 1,3 2,6 9.5

2- Anh hudng hiéu iing electron
Khi brom ho4 toluen, kha nang tich 14y hydro ctia nhém metyl bing brom, brom c¢6
tinh &m dién hon cacbon thi trang thdi chuyén phai phan chia dién tich vé6i dién tich &m &
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brom, dién tich duong & cacbon la hgp 1y:
CeHs— 61‘CHE ...H .. B

nghia la cé xuat hién tinh phén cyc trong trang thai chuyén. Néu ¢6 nhém thé€ hit electron &
vi tri para cia toluen lam mat én dinh dién tich duong thi t6c dé tach 14y H bing Br bi
giam, con nhém thé cho electron thi ting. Tuy nhién, cd4c nhém th& cé hiéu ting nhod véi
p = ~1,4 khong nhu phan ting c6 chét trung gian ion ddy dd tuong tu Syl. Song khi nang
tach hydro nay ciing phu thu¢c vao ban chat g6c. Chang han néu goc 1a CH; hay C¢Hs thi
khong c6 anh hudng nay, véi goc the hiit hay cho electron trong toluen déu nhr nhau. Cic
gdc, chang han nhu Br' ¢6 khuynh huéng tich 14y nguyén tlr hydro & nguyen tir giau
electron thuong gei la géc electrophin.

Khi halogen hoa hop chit ¢6 nhém thé hit electron loai Z—CH,—CH; véi Z = COOH,
COCl, COOR, S0Q,C1, CX; thuong lam mat hoat tinh & cacbon bén canh. Cic hgp chdt loai
nay uu tién tdn coéng vao vj tri . Mot vai hop chét nhu axit axetic va axetyl clorua khéng c6
kha nang t4n cong tat ca. Hoat tinh & cacbon a nay thay déi phu thudc vao ban chit cha géc
tén cong. V&i cdc géec cb tinh electrophin nhu géc halogen thi wu tién tdch 14y hydro &
cacbon giau electron nén tdn cdng vao vi tri (3, véi gdc cé tinh nucleophin nhu tert-butyl,
benzyl, xyclopropyl thi tich l1ay hydro & cacbon ngheo electron hon, & vi tri «, géc phenyl
xudt hi¢n tinh nucleophin rdt nho it chiu anh hudng ciia nhom thé, g8c metyl thuc t€ khong
phan cyc va cling khong dbi hoi vi tri thich hgp do anh huéng nhém thé€ hit electron. Chéing
han, t6¢ 44 tuong d6i thé & vi tri o va P cla axit propionic:

CH, — CH, — COOH
CHy 1 7.8
Ccr 1 0,03

Anh hudng cha hiéu tng trudng hay cam ing ¢ vi tri xa hon giam dén it chju anh
hudng nhu & vi tri o va si tich hydro o & cacbon dinh vé6i vong toluen thé tuong quan vdi
phuong trinh Hammett.

3- Anh hudng cia goc tdn cong

Hoat tinh clla cdc g&c tu do khdc nhau véi tinh chon loc khdc nhau, ching han géc
brom chon loc chi hydro bac ba, con neopentyl hay rerr-butylbenzen rat cham hay khéng
hoat dong, brom hod isobutan cho rers-butyl bromua chon loc cao.

Nang luong phan ly lién két C-H c6 vai trd quan trong doi véi gc kém hoat tinh hon
la cdc g6c ¢6 hoat tinh cao vi lién két bi phan cit 16n trong trang thdi chuyén. Brom cé
khuynh hudng tdn cong vao vi tri  déi v6i nhém hiit electron hon 12 clo vi nang luong ciia
C-H ¢ day thdp hon & cac vi trf khdc trong phén tir. Mot s6 géc nhw triphenyl hoat tinh rat
kém, rat khé tich 14y hydro.
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Bang 12.2. Thit ty hoat tinh ciia g6c theo nang lugng hoat ho4
X + (‘QHé — X-H + CQHS'

E E
Gdc kcal/mol kJimol Gdc kealimol kJ/mol
F* 0,3 1,3 H 9.0 38
¢’ 1,0 4,2 CHy 11,8 48,4
CH, 0~ 7.1 30 Br 13,2 55,2
CFy 7.5 K}

Kha nang phén vng khong chi phu thudc vdo nang lugng phan by lién két C-H ma con
phu thuéc vao tic nhan gée. Ching han phan ing halogen hod clia 1-clobutan;

I 2 3 4

CICH, - CH, ~ CH, - CH,
Kha nang clo hod, 75°C 08 2,1 37 I
Khi ning brom ho4, 150°C 34 32 82 |

Pé giai thich hién wrgng nay, ddng 18 khi nang phan tng & C; cao hon do Cl lam 8n
dinh g6c hon, & day lai giam va tang kha nang thé & C—H bac hai & xa hon d&i v6i nhém thé
am dien. Ngudi ta dé nghi ring, trang thai chuyén c6 sy phan chia dién tich [R>... H... Xa_]
(c6 tai lieu cho 1a su tdi lai hod cha cacbon).

Néu X ¢6 do am dién cao hon C, cacbon mang mot phdn dién tich duong dinh chd
trong trang thdi chuyén. Cic nhém thé€ hit electron ngin cén su giai toa dién tich duong
nay, lam tang ning lugng phiic hoat hod, do dé lam gidm t6c do phan iing clia ankylbenzen,
chéng han khi th& g6c cla toluen bing cdc g6c khic nhau:

+
Gsc CI' Bf CCl; (CH),CO < :N H ¢ Hy (CHy)C
p 0,70 -1,38 -0,69 -0,35 -1,36 +0,50 +0,90

Sy tuong quan v6i hdng s6 Hammett xdc nhan sy hinh thanh dién tich & trang théi
chuyén va ciing ching 16 ring, cdc gdc ¢6 do 4m dién cao c6 dién tich duong dinh ché &
C cho thong s6 phan ting 4m, con néu géc ¢6 do 4m dién nho, trang thii chuyén cé dang
[Ar-CH,""... H... R® ], thong s6 phan ting duong, phan iing duoc xic ti€n bdi nhém the hit
electron:

Ar-CH,-Br + X-C¢H,” — Ar-CH," + X-C.H,-Br
X= H p-NO,
p= 4013  -022
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DPua nhém thé€ hiit electron vao tic nhan géc, lam tang d¢ am dién cha né, cling lam
tang tinh electrophin.

Trong cdc phan vng trén, cdon thdy gid tri tuyét déi cia p khi brom hod cao hon khi
clo hod, mac dit clo 4m dién hon. Diéu nay phu thudc vao vi tri trang thai chuyén trén truc
toa do clia sy phan chia dien tich. Khi clo hod, trang thdi chuyén sém hon, tuong tic clia géc
v6i C~H nho, sy phan chia dién tich khéng 1én (phit hop véi o* va 6), trang thdi chuyén & vé
phia chat ban ddu. Khi brom ho4, ting tinh thu nhiét, trang thai chuyén chuyén vé phia san
phdm va tang su phan chia dién tich (phit hop véi c*).

Tinh chon loc clia géc khdc nhau phu thudc vao loai lién k&t C-H, ching han t6c do
tuong déi thay d6i trong cdc phan ving & bang 12.3.

Bang 12.3. Kha nang phan itng tuong doi &y

CHy CeHs p-ONCH, | tert-CH 0" cr Br
Xyclohexan - 1 14 15 2 0,004
Toluen 1 1 1 1 1 1
(ch4t chudn]
Etylbenzen 4 48 4.8 3.2 2,5 17,2
Cumen 13 9,7 20 6,9 5,5 37

Nhu vay tinh chon loc cla phan Gng thé gdc tu do duge xdc dinh bing nang lugng
phan ly lién két v bing hiéu wng electron. Chang han, nguyén ti clo nhay véi higu ing
nang lugng cta qua trinh nho hon, nhung hi¢u ing phén cuc electron lai quyét dinh hon. Do
d6, khi clo hod axit propionic uu tién clo hod & Cg & xa nhém th€ am dién hon. Cing nhu
toluen bi brom hod nhanh hon xyclohexan, ¢on bi clo hod chdm hon xyclohexan, cho thdy
nhém phenyl mot mat tang t6c d¢ phan ing do 6n dinh gdéc, mit khdc 1am gidm 16¢ do do
hiéu g hit electron. Di v4i clo, hieu tng phan cuc quyét dinh hon, con brom hiéu tng 8n
dinh gbc quyét dinh hon.

Hiéu ttng phan circ duge gidi thich 15 khi so snh phan tmg cia RH véi géc "CH, va
CF;'.

RH+X — R'+HX

kg E*, keal/mol
X" = CH;,' CFy CHy" CFy
R = CH, 0,03 0,04 14,56 11,00
C;Hs 10 1,0 11,70 7.51
(CH,),C 10,0 7.0 10,10 5,50
(CH,),C 64 22,0 8,11 4,68
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Phan ing ctia hai g6c xdy ra v6i hiéu (ing nhiét nhy nhau nhung khdc nhau vé téc d6
phan tng va tinh chon loc. V& t6c 46, goc triflometyl phan tng véi tS¢ d6 1én hon géc metyl
do goc ¢ do am dién cao hon. Toc dé cita gdc metyl véi hydro khde nhau s& khdc nhan
nhiéu so véi goc triflometyl, ¢6 nghia 1a géc triftometyl c6 tinh chon loc thp hon goc
metyl. Do tinh phan cuc manh cia gdc triflometyl, cau tric ca phire hoat hod chuyén vé
phia chat ban ddu hom, trong khi d6 cau triic phiic clia gc metyl gan véi cdu tric géc trung
gian hon, chiing té g6c triflometyl kém chon loc hon.

R..H..CH

Toa d6 phan (mg

Hinh 12.2. Sy thay doi thé nang cita Sy v6i CH, va CF,

4- Anh hudng ciia dung méi

Khéc v6i phan ing ion, phan ttng g6c it nhay vdi tinh phan cuc clia dung moi. Chéng han,
khi chuyén tir dung méi hydrocacbon (¢ = 2) téi dung méi nitrometan (£ = 39) t6c dd cha phan
ting gbc chi tang 10 14n, (trong phan ing ion tang 10° + 10 14n). Mat khic, phan iing géc ciing
it nhay véi luc ion. Diéu dé gay ra boi sy phan chia dién tich nho trong phan tng géc so véi ion.

Géc ty do 1a ti€u phan khong chifa dién tich nén tinh phan cuc khong solvat cic tac
nhan, khong 1am thay déi t6c d6. Song trong nhiéu phan ting tao thanh trang théi chuyén cé
sur phan chia dién tich, nghia 12 trang thdi chuyén phan cuc hon chét ban ddu nén dung moi
cang cao thi trang thdi chuyén cang duoc én dinh hon, 1am ting t6¢c d6 phan tng, déng thyi
ciing anh hudng dén tinh chon loc clia phin ting.

Tinh chon loc clia phan ting 16n khi diing dung méi c¢6 khé nang tao phitc 1 véi gde tu
do, nhdt 14 tinh chon lgc tang khi ding dung moi thom.

Chang han, clo ho4 2,3-dimetylbutan trong cdc dung moi khdc nhau:
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o
CH;CHGHCH, +Cl' i CH,CHCHCH; —= CH;GHCHCHCI

H,C CH; H;C CH; H;C CH,

kngea l cr
0}1301{(%‘(3143 — CH;EHgmcm

H,C CH;j CH,

Koac 3/ kg s koge 3/ kg 1

Tetraclorua cacbon 3.5 Nitrobenzen 4,9
Tricloetylen 3,6 Clobenzen 17,1
Propionitrin 4,0 Flobenzen 10,3
Sunfuz cacheon 33,0 Toluen 154
Benzen 14,6 Anizol 18,4

Sy tang tinh chon loc khi tang dung moi thom do gdc duge solvat hod bdi phan tit

dung moi tao phiic m:
'Cl + © —_— C[‘<—©

Kha nang solvat tang khi phan tir dung moi thom ¢6 nhém th€ cho electron, nghia la
tinh bén caa phitc fang khi ting tinh bazd cia dung méi nén shém thé hit electron cho hiéu
dng nzuoc lai. Mot s& dung moi tao phitc bén bang cdch tao phiic & véi gdc, ching han nhu
disunfua cacbon hay iotbenzen cho phan ung cé tinh chon loc cac:

". + §=C=§ =—— Cl-§- C 5

O = O

Tinh chon loc do anh hudng cla dung moi thom & trén ¢6 the gidi thich duge dva vao
su thay d6i trang thai chuyén khi géc di duge solvat hod.

Khi ¢6 dung moi phin cyc, sy solvat chat ban diu tang, gidm tinh phdt nhiét cla giaz
doan phan cit H, trang thdi chuyén chuyén vé phia hinh thanh san phdm trén tryc toa d¢
(tien dé Hammond) tang mifc do kéo din cla lién k&t C-H. Do d6 sy khic nhau vé sy phan
ly lien két C-H bac nhat va bac ba ¢6 dnh hudng 16n dén t6c do phdn iing lam tang tinh
chon loc. -

Trong phan tng clo hod 2,3-dimetylbutan trong dung moi hydrocachon mach hé cho
&0% (CH;),CHCH(CH;)CH,CI va 40% (CH;)ZCHCC](CH;)Z. con trung dung moi thom cho
¢ 1é 46 12 10 : 90 ma két qui dé quy cho su tao thanh phitc v6i dung moi & trén.

D¢ nhay cia phan ting hiu nhu khong d6i khi thay d6i dung moi vi tinh phan cyc tang
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khi tang d6 kéo dan ciia lien két C-H, nén lam tang d6 nhay ciia phin (tng nhung sy solvat
clia dung moi véi géc lai lam gidm tinh electrophin ciia téc nhan géc, lam giam d¢ nhay cla

phan ung. Hai hi¢u ng nay bu trit cho nhau nén d6 nhay qui trinh do anh hudng phan cuc
khong thay déi.

O+ RH — Cl-H-R
)
|
|

G-ct+ RH —~ GFCi-H-R

]
i
|
1
|
I
!
|
{
|
|
|

I
|
|
1
¢
1
|
{
1
I
I
1
)

i

Tea J5 phan ‘/""j
Hinh 12.3. Sy thay déi thé nang do 4nh hudng cha dung moi

5- Hod hoc lgp thé

Phédn dng th€ gdc cha H it chiu anh hudng khéng gian cha nhém thé, ngay véi H bac
ba, phan Ung cling xdy ra véi t6c do I6n. Anh hudng lap thé chi ¢é & nhitng uudng hop
riéng, chdng han nhu clo ho4 vio cdc vi tri khic nhau clia hydrocacbon:

(CH;),C-CH,-CH,—-CH,-CH, G, C, C, Cs
l 2 3 4 5 kg= 2.9 3,7 53 1

Khi clo hoa H bac ba trong 2,4-dimetylpentan hay 2,2.4-trimetylpentan, téc do thé
gidm do khé khin 1ap thé va t6c do thé cang gidm Khi ding tic nhan goc cé thé tich 1dn,
thudmg thé tich gdc 16n thi thit ty the thay déi:

C ~Hypye 3 < C-Hypge 1 < C-Hypye
Chéng han nhu phan ng:

R= (CH).C  CH,

R,N*H + (CHa),CHCH,CH, kg = C-Hyye | 1.7 0.32
C—Hyge 2 6.0 0,93
C—Hige 5 1,0 1,0

Ho4 hoc 14p thé clia phan ing géc phu thude vio cdu triic chét ban déu.

Déi v6i diy ankan, phan ting raxemic hod hoin toan vi tao géc trung gian dé& nghich do:
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R R / R
AN X* N\ :
R\“‘jc —H R\\\\“CG — O%’I/ R
Rll

{

R" R"

Tdc do nghich dao nhanh hon phén ng ti€p theo. Ching han phan dng:

C2H2 H3C i C2H5 el (I:H3
cr + Cc—H THO . —% CHs;—C—Cl <+ Cr
H,c?/ E '
ks H,Cl CH,CI
¢ 2 raxemic
quang hoat
- C2H§ . C2H§ . -CO H3 ;CzHS
H, Y H H3c’/ CH2(CH;),
(CH3)2CH (CHS)ZCH C-H
quang hoat RCHO 27 .
CH3—(|}—-H + RC=0
CH(CHy),
raxemic

Ciing ¢6 vai trudmg hgp bao toan cfu hinh. D6 1a truong hop c6 hi¢u ding anchime
trong goc tao thanh do ¢é nguyén tir hay nhém nguyén t & vi tri o ¢6 cép electron n:

H R Br Br

| Bf o CH Br, L l __ CH-Br
Czﬁs_‘f t_CH,Br —» Csz_?' 2 — (CH Cf 2

CH, CH, CH;

Phan tng duge xic ti€n khi ¢6 nhdm ké gy ra tinh chen loc vi tri, nhu phén ing trén
cho 90% sin phdm thé & cacbon bén canh cacbon ¢6 brom. O day brom di mat hoat tinh do
hiéu ing cam ng ma tao nén gdc ty do cdu nhu 1a chét trung gian vong dé giai doan sau 12
phan cit md vong.

Trong trudng hop cd hiéu Ung nhém ké, cdu hinh cla cacbon duge bao toan nhu brom
hod 1-brom-2-metylbutan quang hoat cho 1,2-dibrom-2-metylbutan bao toan cdu hinh va
néu téc dung v6i DBr thi thu duge san phim chia D & vi tri 2.

Sy hinh thanh géc ty do cdu ciing ¢6 trong cdc nhém SR, SiRj, SnR, va chi ¢ rang,
cdu khong nhat thi€t 12 phai déi xing.

Khi g6c tu do tzo thanh khong ¢6 kha nang nghich dao, dic biét 1a trong cdc hop chét
vong:
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X 9.4
Ox e O%_5~ OF
«(Cl,),C0 : )
r\g—o—o—C(CH?,h ¥ -0
RH O .
—_—
My

V@i X = F, san phadm bdo toan ciu hinh hoin toan.
X = (I, c6 nghich ddo mot phdn vi c&u dang phéng dugc 6n djnh bing obitan d ciia Cl
lam dé& dang cho su nghich dao.

Phan ing the géc tao thanh g6c o, phin 16n céc phan tng déu bio toin c&u hinh:

H 40 Hsce HsC
Hs 5Cf\ 7 CQ RH AN
Cﬁ\ =S C“l‘ 0OC(CHy), ™ rC= < o © > g C(‘

(A) ﬂ o -
- —
1 C=C P H’C =Ly > et @ BT OH

(B)  OOC(CH3),

T A cho 70% san phdm (2) va 24% san phdm (1), ¢bn tr B cho 72% san phim (1) va
27% san phdm (2).

Trong phan ng gdc, sy chuyén vi cia géc tu do xiy ra hi€m hon cacbocation vi
electron ty do clia g6c khong thé & tren obitan da ¢6 mot cap electron dé tao trang thi
chuyén cdu nhu & cacbocation. Song ciing x4y ra mot s trudng hop, electron ty do clia goc
ton tai & trén nhirng obitan bén hon, ching han trong trutng hop chia g6c benzyl:

®>C_<"“ )Qc: ]

Xdc sudt chuyén vi clia géc tang khi ¢6 khé khan khong gian 16n. Chang han:

R R R R’ % chuyén vi
| Na CH.C.4. CH H 39
(CHs—C—CHCO0), = LTCHCHs  wy  j 63
_([;, ' CeHs  CeHs 100

Sy chuyén vi ddi hoi nang luong kheng i6n, thudng xay ra & nhiet d6 cao hon. Ching
han mét s6 phan itng:

ROOR
CeH5C(CH,),CH,CHO

(C}‘Ig)2CHCI‘12C5H5 + C(,H5C( CH3)3
35% 35%
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<:><C6Hs — CeHs _p <:>—CH2C6H5
CH,CHO CH;
5% 42%
Mt khéc trong qud trinh gdc ciing c6 sy phan cét mach nhu tich CO,, CO... d¢ hinh
thanh gdc khdc. C4c phan Gng nay xay ra dé dang nhu phan Ung:
R-COOC(CH,), — R-CO — R® + CO,
1 ‘CI)
Ciing ¢6 phan Ung xay ra cham nhu:
Rz(.IOR’ — R,CO + R”
RC (OR"), — RCOR’ — RO’
Chéng han, phan itng cha andehit isobutyric v8i CCl, khi ¢ peoxit:
(CH;),CHCHO + RQ" — (CH;),CHC'O — (CH;),CHCOCI + "CCl;
| co
(CH,),CH" — (CH,),CHC] + "CCl,

V& hiéu ting 1ap thé electron, phan ving tdch cla hydro dinh & cacbon ¢6 lién k&t C-O
vd C-N x4y ra d& khi lién két C~H ¢6 g6c nhi dién nhé (30%) d6i v6i obitan khong lien két cia
O hay N hon Ia géc 16n (= 90%). Chang han hydro 3 A bj tich ra dé hon hydro & B dén 8 lan:

CH;
o G
(A) (B)

Kha nang bi phan c¢ét cia halogen it duge nghién cu nhung ciing di dua ra duge hoat
tinh thay déi: RI > RBr > RCI > RF.

Nhiéu phan wng g6c tr do cling quan st dugc & cacbon ddu cdu chitng minh géc
do khong phing, ching han khi tdc dung norbornan v&i sunfuryl clorua va peoxit benzoyl
cho 2-clonorbornan: ¢é vi trf ddu cdu 1a bac ba. Nhu vay phan tng thé ddu cdu 12 ¢6 thé
nhung khong phai dé vi sttc cang 16n:

COOAg 5 ;] i Br
rz
L& 87%

12.1.3. Mot s6 phan itng thé gdc
1- Phdn ing thé hydro ankan bdng halogen:

R-H + Cl, ¥, R-Cl
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Ankan thudmg clo hod hay brom hod béng clo hay brom khi ¢é 4nh sdng kha ki&n hay
UV. Phan ting cho nhiéu déng phan vé vj tri, dong phan mono-, di- vi polyhalogen nén néu
ding dé tdng hop mot hgp chat tinh khi€t thi rdt han ché. Phan (ng thuémg ding cho loai
hydrocacbon chi ¢6 moét loai hydro nhu etan, xyclohexan, neopentan.

Clo hod c6 thé diung tdc nhan khdc nhu SO,Cl,, CLO, PCls, photgen, tert-butyl
hypoclorua, N-halogenamit va axit sunfuric.

Chéng han clo hod bing N-halogen amit va axit sunfuric ¢6 tinh chon loc cao:

CH;-CH,-CH,-CH,~CH,-CH,~CH,

1 56 29 14
CH;~-CH,~CH,-CH,-CH;-CH,~CH,~CH,-OH

I 92 3 1 i 2 0 0
CH3-CH,~CH,-CH,~CH,-CH,-COOCH,

3 32 20 4 1 0

Cdc dan xuat di- va poly- rat it. Khi clo hod axit dicacboxylic thudng th& & cacbon gifta
mach, adamantan va bixyclol2.2.2]octan thé & ddu cdu. Ly do cho hiéu suit o cao that chua 16.

Brom c6 tinh chon loc hon, ding chi yéu cho din xudt bac ba va loai benzyl, tinh
chon loc vi tri rdt cao khi ¢6 nhém ké. C6 thé ding tac nhan Br, v6i HgO hoat déng hon,
Br,O, BaCCly, rert-butyl bromua, N-bromsuxinimic.

Flo it ding vi hoat tinh cao, thudng phan cit mach, cho nhidu san phim phu, thuong
diing CIF; & -75°C. Ching han, flo hod xyclohexan cho 41% floxyclohexan va metylxyclo-
hexan cho 47% 1-flo-1-metylxyclohexan, diing CF,OF dé flo ho4 cic hep chat ¢6 cacbon
bac ba c6 tinh chon loc cao, nhu flo adamantan cho 75%. 1-floadamantan. F, & —70°C pha
lodng trong N, va brom triflooxit & 25°C ¢6 tinh chon loc cao & cacbon bac ba nhung 1a co
ché€ electrophin, khong phai co ché goc.

Iot ¢6 thé diing khi c6 dnh sang c6 chiéu dai séng 184,9 nm nhung iot hod ciing cham
vi HI hinh thanh khir RIL.

Co ché€ halogen hoa theo co ché géc:

Kich thich: X, —2X

Lén mach: RH+ X — R'+HX
R'+X;, &> RX+X

Tét mach: R'+X — RX

Giat doan quyét dinh t6c d6 124 RH+ X' — R+ HX

Néu diing tdc nhan khéc ciling c¢6 sy phan cdt tuong ty xde 1dc 4nh sdng va Ién mach
1i€p theo nhimg khong cédn tach hydro bing halogen.

Vi tert- butoxyclorua (fert-C,;HyOCl):
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RH + tert-C4HO' — R’ + rert-C,H,OH
R + tert-C4qHyOCl —= RCl + tert-CgHyO'

V&i N-cloamin:

R,NCl1 M R, NHCI -fe—zl R,NH ' + Fe*(l
R,NH" +RH — R,N'H, + R’
R’ + R,N'HCl— RCl + R,NH'”

Co ch€ sau tuong ty phian ing Hofmann-Loffler.

Chii ¥ 12 co ché viét trén chi cho thdy hai giai doan 1én mach tao ra hai sin phdm
nhung ¢é thé c6 cdc phuong trinh 16n mach khdc, ciing nhu khong chi mot giai doan téit
mach nhung cdn cé nhiéu kha nang 18 hgp Khac.

Chéng han, d6i v6i metan, giai doan quyét dinh t&c dé 1a:

CH, +Cl" — CH; + HCl
v6i hieu img déng vi 1a 12,1 & 0°C. Khi clo hod ankan mach r4t dai, phan tng chuyén mach
dat 10* dén 10° 14n trudc khi tit mach.

Hoat tinh ctia halogen dugc so sdnh bang nang lwgng AH & hai giai doan 1dn mach
nhu d6i véi metan.

kJ/imol kJ/mol
F, Cl, Br, I, F, Cly Br; I,
CH, + X* — R+ HX -31 +2 +12  +34 ~132  +6 +72  +140
CHy + X, — RX + X' =70 26 -4 -2 -293 113 -100 -87

Céc gia tri tinh tir nang luong phan ly lién két D, d6i v6i F, khong cin xic tdc dnh sdng
hay bt ky chdt kich thich ndo (AH = -101 kcal/mol = ~425 kl/mol}, Br, va I, thuc t& khong
phan img v&i metan, tuy giai doan hai 1a phit nhiét nhung giai doan déu khong thich hop cho
Br, va I,. Hoat tinh tang tir bac 2 t6i bac ba phi hop vdi sy gidm gid tri D cia R—H tir bac nhat
hodic hai > bac ba (D clia CH;-H 14 105 keal/mol (438 kJ/mol)). Nhan t6 gay ra hoat tinh F; >
Cl, > Br, > I, va do bén clia lién két HX tang theo thit ty HF > HCI > HBr > HI. Hoat tinh
tang tir bac 1 téi bac ba va phd hop v6i gia tri D cla R~H theo thit ty bac nhét > bac hai > ba.

Bang 12.4. Mot 56 gia tri D cta din xudt halogen

. D o D

Lign ket keal/mol kJimol Lién ket kealimol xJimol
H-F 136 570 F_F 38 159
H-Cl 103 432 cl-Cl 59 243
H-Br 88 366 Br-Br 48 193
H-1 71 298 I-1 35 154

CH,—F 108 452 CH,-Br 70 293

CHyCl 85 356 CH,-1 57 238
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Ngoai ra, clo hod va brom hod cling ¢6 cg ché electrophin khi diing xic tac AgSbF,
ciing nhu diing benzenseleninyl clorua CsHSe(O)Cl vai AlCI; hay AlBrs.

2- Phdn vng thé hydro allyl
Thutmg ding NBS (N- bromsuxinimit);

O ,
febabe G e el
r

Col,
O

Phin tng goi 12 phén ting Whol-Ziegler, ding dung m6i khong phan cue, thudng diing
CCl, rdt nhay véi co ché g6c ty do va dé bi kim ham khi ¢6 chat kim ham. Tic nhan clo hoi
1a N-closuxinimit, N-clo-N-xyclohexylbenzensunfonamit hay ftert-butylhypoclorua. B4t k¥
tdc nhan nlo ciing cdn chét kich thich 4nh sdng UV hay peoxit.

Phan tng x4y ra nhanh & vi trf allyl voi hiu sudt t6t, nhung néu géc allyl tao thanh
khéng d6i xing thi ¢6 phan tng chuyén vi ailyl cho hén hop hai san phdm:

CH;— CH;~CH=ClI; + NBS —» CH3—(FZH— CH=CH2+CH3—CH=CH—CIH2
Br Br

Néu anken c¢6 hai vi tri ally] khac nhau CH;CH=CHCH,CH; thi th€ ¢4 hai phia nhung
th€ & vi tri bac hai nhanh hon & vi trf bac mot. Vi ban chit hit electron cla brom nén thé
brom thit hai & phia khic clia néi d6i so voi 14n thé diu.

NBS cling ¢6 tinh chon loc véi cdc ddn xudt nhu a-cacbonyl, din xudt c6 ndi ba
nhung né€u vira c6 ndi déi va ba thi vu tign vi ui o d6i vdi néi ba.

Cd ch€ brom hod allyl dugc Dauben va McCoy dua ra theo co ché goc tu do. Phan tng
tach hydro tir chdt ban diu bing nguyén tir brom. Phin ing duge kich thich chi bing mot
lrgng nhd Br'. Phan img }én mach chinh 13:

RH + Br' — R+ [DBr
R" + Br, — RBr+ Br
Br, tao thanh do phan ting ion gita NBS va HBr sinh ra & giai doan ddu:

20 20
Q;J—Br + HBr —» N—H + Br

O O

Chtc nang cia NBS la nguén Br; & néng do thdp do HBr giai phéng ra & giai doan
ddu. Phan tng clia NBS vdi Br; ¢6 tinh chon loc, ngay véi cic N-bromamit cling vay.

Vidn dé dat ra & day ) khong ¢é phan ing cong vao noi doi theo co ché g6c hay ion:
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|_ (I:— Br"-(lj—
| _ .| |
Br + —_— C— —C—Br
| +Bry | + Br
[ Br-C— Br—C—

Né&u ¢6 phian tng céng, mot nguyén tif cita mot phéan t brom tédn céng tao nén
electrophin hay géc va nguyén tir brom ciia phan tir khic t4n cong ti€p. Néu néng 46 di thdp
thi x4c suit nay cling thdp va chdt trung gian hinh thanh ra ¢6 thé quay trd vé chit ban ddu
dé thyc hién phin ung (hé. Phan (ng brom hod allyl khéng c6é phan ting cong duge chimg
minh & phan tng khéng c¢6 NBS va ndng do brom rat thép. _

Khi ding NBS dé brom hod nhing hgp chat khong phii 1A olefin nhu ankan,
xycloankan thi qud trinh tdch 18y hydro bing goc suxinimidyl:

Q/O
O
va phan {ng xic ti€n khi dung dung méi CH,Cl,, CHCl,, hay CH,CN.
3- Phdn iing halogen hod andehit cho axyl halogenua

RCHO + Cl, — RCOCI

Andehit chuyén thanh clorua axit khi tdc dung véi clo nhung phan tng chi c6 khi
andehit khong ¢6 hydro « nén it ding. Néu ¢6 hydro o thi chi ¢é phan ting th€ hydro .
Ngudn clo ¢6 thé dung téc nhan SO,Cl,, tert-C,H,0CL.

Phin ¥ng theo co ché€ gbc tur do. Néu ding NBS v6i NCC(CH;),N=NC(CH,),CN
(AIBN) xiic tdc cho axyl bromua.
4- Phdn itng tao thanh hydropeoxit
RH + O, — R-0-0O-H
Phan tng oxy hod cham trong khong khi goi la tu oxy hod. Phan \ing nay gip nhiéu
trong ty nhién nhw qué trinh tr oxy hod cha cao su, son, ddu béng, thue phdm... déu 1 phan
itng theo co ché gic.

Ban than oxy 14 g6c kép khong ty hoat dong phan cét 14y hydro, nhumg khi ¢6 mot
lugng nho géc kich thich R™ phan tmg v6i oxy cho R-0-0" 1a loai géc tich 14y hydro cha
mach:

R-0-0" + RH — ROOH + R’

R+ O, — R-0-0" ..
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Mot 56 hydro & vi trf linh dong ciing d& cho phin ng nay nhu hydro andehit, hydro
ete, hydro allyl, hay benzyl:

|
Ro_q'_H Oy RO—([j—OOH

C6H5 C{!HS
i 0, I‘
C6H5_?H — C(:HS_%_ OOH
Ly CeHs
6515
OOH

SON
QIS

Déi vi hydro allyl ¢6 phan ting chuyén vj allyl va néu trong moi trudng kiém thi R’
18y hydro tao thanh cacbanion rdi phan dng véi oxy tao géc allyl:
H

—c'r‘-—CH=CH;g e *%—CH-':CHz o, > ‘(|3‘—CH=CH2 + [o-01

OOH

va ciing c6 co ché khic: RH + bazo — R + O, — R-00"

Khi anken téc dung v6i oxy c¢é chit cAm quang thi cé phan éng th€ hydro allyl bang
nhém OOH.

Phén ing oxy hod bang oxy c6 chit cim quang khong phai do trang thdi co ban cia
oxy 1a triplet ma la & trang thai kich thich singlet va chifc nang cia chat cam quang 1 kich
thich chuyén oxy t6i trang thdi singlet nay.

Co ch€ chung cba phan wng véi oxy singlet Ia co ch& déng bo perixyclic, tuong ty
nhv téng hop en:

H
/\I._IA' \(?

hay ca ché tao peepoxit (A) réi chuyén hydro néi phan tir:

LY A
— e;?)\eﬁ\ [I—I —- (i)
C —il"' CG—C—C C—C=C

(A)
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va cling c6 dé nghi co ché khdc 1a géc kép hay chat trung gian ludng cyc.

Oxy singlet ciing tao thanh bang con dudng khong quang hod nhw khi diing H,O, véi
NaOCI hay natri molipdat hodc gifta ozon va triphenylphotphat. Oxy singlet tao thanh bing
con dudng nao cling tham gia vio phan ing véi olefin cliing mot cdch va cé nhiéu chiing
minh 12 oxy singlet 12 ti€u phan phén dng trong phan ing quang hod. Phin dng 100%
chuyén vi allyl 1uén ludn ¢6 & co ché gdc ur do.

Phan (ing cha oxy singlet biéu hién trong phan 1tng cia limonen quang hoat (B) v&i
oxy singlet. N&u phan 1tng tu oxy hod theo co ché goc tu do thi thu duge hydropeoxit (C) v6i
hén hop raxemic clia 4 déng phan 1ap thé v4i hai cap enantiome. Né€u bing oxy singlet di
qua chat trung gian goc allyl giai toa (D) thi khong cho san phdm quang hoat vi ¢6 mit
phing d6i xing:

(B) ©) (D)

Mait khéc, oxy singlet phan iing véi olefin nhiéu 1an thé€ nhanh hon olefin it 1dn the
(b&n 14n the > ba l14n thé > hai I4n th&) va nhém thé hit electron trong otefin giam hoat tinh.
Trong phdn tng ciia anken ba [4n thé, hydro bi cdt ra tit phia lién hgp cao nhét cia olefin,
trong cis-anken hydro bi ¢it ra & nhém thé 16n hon, néu olefin ¢é nhém chitc & vi tri allyl thi
hydro cét ra & phia ndy d& hon phia khdc goi 1a su chon loc song sinh (geminal selectivity), nhu
anken th€ ankyl thi hydro cit ra Ia hydro clia nhém thé 16n hon & lien két dét.

5- Phdn ving téng hop peoxit

RH + R'00H =L ROOR’

Nhém peoxit ROO ¢6é thé dua vao phan tir hitu co khi c6 xic tdc CuCl hay mudi coban
hay mangan cho hi¢u sudt rat cao. Phan tmg thé€ H cita RH ciing ttrong &y nhy tic dung véi
N-bromsuxinimit theo co ch& gdc ty do ¢6 sy hinh thanh ROO’ tir ROOH khi ¢6 ion kim
loai.

6- Phan iing axyloxy hod ankan

RH + (CHp)sCO-0-CO-R' SU/C¥" R_o_co-R’

Phan dng thé€ hydro cha ankan truc ti€p bang rerr-butyl peeste clia axit axetic hay
benzoic (R’ = CH; hay C4Hs). Phan tng cén xic tdc cua ion Cu* va vét ion Cu®*. Vi tri
thuan lgi cho phan tng Ia vi tri bac ba, allyl, benzyl, vi ri « cla este va sunfua.

Ankan phén ving khi ¢6 tetraaxetat chi tuy cham nhung & vi trf bac hai thich h¢p hon
vi tri bac nhat hoac dung axetat paladi.
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Olefin cudi mach cho phan ing & vi tri 3 va mot ltgng nhoé chuyén vi allyl, can olefin
trong mach cho mot lugng 16n san phdm chuyén vi allyl.
Co ché:
R’CO-0-0-C(CH;); + Cu" — R’CO-0-Cu'(ll) + (CH;);CO"
RH + (CH;);CO" — R+ (CH,);COH
R + R’CO-0-Cu™(I) — RO-CO-R’ + Cu*
Co ché tao g8c R" nén c6 chuyén vj allyl. Néu ding rert-butyl peeste ¢6 chira '*O &
oxy cacbonyl thu dugc este chita 50% oxy ddnh ddu phit hop véi giai doan té hop cuét &
trén.

Néu diing andehit cho anhydrit:

RCHO + (CH;);COOCOR’ ——-EU—+» RCO-0O~-COR’
Xeton ciing axyloxy hod gidn ti€p v6i axetat kim [oai & dang enol.
Phan \ing cling dung cho hgp chat thom vdi tdc nhan axetat déng, peoxit benozyl-iot,
phitc bac (II), trilfoaxetat coban,

7- Phdn iing closunfo hod

RH + SO, = Cl, /¥, RSO,CI
Phén tmg ding oxy va clo goi la phan ting Reed, la co ché g&c hai giai doan:
R' + SO, — RSO,
R-SO,” + Cl; — R-SO,CI + CI'
Closunfen hod khi ding SCI, va dnh sdng: RH + SCl, — RSCI.

8- Phdn ting hydroxyl hod mach cacbon

Phan ting oxy hod ankan bic ba thanh ancol:

O,

R;CH m& R,COH

Phan iing khong dung cho ankan bac hai hay bac nhét vi ancol tao thanh ¢6 thé bi oxy
hod ti€p. Phuong phdp t6t nhat 12 cho ozon va chat ban ddu hdp phu trén silicagel cho hiéu
sudt 90%. C6 thé ding téc nhan khdc nhu axit cromic, pemanganat, KHSOs, axit peaxit...

Phan ting xay ra theo co ché gde, khi dung axit cromic thi tidu phan Cr®* cit 14y hydro
cho R;C" véi su bio toan can hinh.

Khi diing anken loai allyl tdc dung véi dioxit sefen s& dua nhém OH vao vi i allyl
nhung khong phai 1a co ché€ géc ma 1a co ché perixyclic hai giai doan:
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e M. o

| TN
L -H,0 —-
HO’/ P“?ﬁﬁ _*Ho/bi\) - H()’éw

H
Hos ) 2o 0) + Se(OH),
Yy 7

Néu ding rert-butoxit va SeQ, goi 12 phan {ing Sharpless thi SeO, 12 tdc nhan thuc con
peoxit oxy hoa thanh Se(OH);.

Cidc xeton, este, amit, din xudl emamin cua xeton, ciing chuyén thanh a-hydroxyl &
dang enclat v6i tdc nhan m-clopebenzoic axit khi cé trimetylsilyl triflometyl sunfonat,

thudng diing 2-sunfonyloxaziridin nhung khong phai 12 qud trinh gdc tu do ma theo co ché
sau:

R—C—CHR'
R— C—tHR' /O ,
ﬁ: +C6H5CH - IS_SOZCGHS él) &CH[N_SO‘)CﬁHs
0 ésHs

—> CGH;SON=CHCgH; + R=C— CHR e, R~ G CH= CHR

|
=]

o O O OH
9- Phdn g tao ete vong

Cac ancol ¢ thé vong hod vai hydro 8 thanh ete vong khi ¢é tetraaxetat chi:

Lo L__ PHOCOCH;),
§offon TR

Phan tng x4y ra & 80°C hay & nhiét d¢ phong khi ¢é UV thu duge tetrahydrofuran véi
mot lugng nhod vong 4 va 6 canh. Co ché phan Ung nhu sau:
PHOCOCHY; 7 3 & —
E { mocod o ¢ E{ ‘E —- ¢ (FH
OH H  OPbOCOCH), . 0O
Pb(OCOCH;)_; Pb{OCOCH,)3

/ N\ ® c/‘ N . = + Pb(OCOCH3); + CH;COOH
¢ (?)H g kﬁ)‘H ot
(CH;COO) P S PhOCOCHS),

Véi ancol vong 7 canh va lén hon cho san phdm qua nhan:

OH PR(CCOCH
O == &
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va ete B-hydroxy cho axetal vong:

OCH,CH,0H °’>
ST Ok

Iert-C4H9 rerr_C4H9

10- Phdn ting Kolbe

_ dién phan
2RCOO ——— R R

Dién phan ion cacboxylat xiy ra sy decacboxyl hod va té hop goc ankyl goi 13 phan
img Kolbe, diing diéu ché RR ddi xing véi ankan mach dai hay mach nhénh, trir mach ¢é
nhém thé ankyl & o.

Co ché€ goc tr do:

dién phan
oxy hoa

RCOO™ RCOO" — R'— R-R

Ching minh cho phan ing goc 1a ¢6 sin phdm phu RH, anken va khi dién phan ion
axetat 6 styren cho mot lugng polystyren va cling c6 san phdm phy khédc 1a ROH, RCOOR
do R’ oxy hod cho R™.

Néu cé 1,3-dien cho san phdm dime hod:
2 RCOO™ + CH,=CH-CH=CH, — RCH2CH=CHCH2CH2CH=CHCH2R
do tao g6c RCH,CH=CHCHj’ réi t8 Fop.

M@t s6 phan ing dime hod theo co ché g6c khéng bang phuong phép dién ly nhi tdc
dung 4nh sdng len este thiohydroxamic trong khi quyén argon & —-64°C:

— kv
J2R-CO-0N p —= RR

hay tdc dung arylaxetic v6i natri pesunfat véi mot luong nhé xic tic AgNQ;:
2ArCR,COOH — ArCR,CR,Ar
hay céc aryl axyl clorua tdc dung véi disilan R;SiSiR; ¢6 xiic tdc Pd déu 1a té hop hai goc:
2ArCOCI — Ar-Ar
11- Phdn ung Hunsdiecker
Phan ing clia mu6i bac voi brom goi 12 phan tng Hunsdiecker:
RCOOAg + Bry —» RBr + CO, + AgBr
Co ché:
RCOOAg + X, — R-CO-0O-X + AgX
R-CO-0-X — RCOO +X'
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RCOO" — R+ CO,
R"+ RCOOX —» RX + RCOO’

Giai doan ddu khong phai 14 co ch& gdc, co ché thuc chva 16 nhung RCOOX la chat
trung gian va t6 hop 12 qud trinh gdc vi thuc nghiém choe thdy néu R 1 neopentyl thi khong
c6 chuyén vi, R 1a quang hoat ciing mat quang hoat.

Phan ing diing cho din xuit R tir 2 dén 18 cacbon, ¢ thé ¢ mach nhdnh vdi R 13
bac nh4t, hai hay ba, c6 thé ¢6 nhém chitc nhung khéng ¢é & vi tri a, R ¢6 thé 12 aryl. Néu
R ¢d chita nhém chua no thi cho hiéu suét t16t. Halogen thudng dung 1a brom, ciing ding clo
va iot. Néu ding iot 1am tdc nhan thi ty 18 giira cdc tdc nhan rat quan trong, néu ty 1& muodi
va iot 12 1:1 thi cho san phim ankyl halogenua, néu ty 1& 2:1 cho este. Phin dng sau goi la
phéan tmg Simonini, déi khi diing dé€ téng hop este. Co ché€ clia phan iing Simonini cling gidng
co ché€ Hunsdiecker nhung ankyl halogenua tao thanh tic dung véi du RCOOAg cho este.

12- Phdn itng decacbonyl hod andehit va axyl halogenua

Cic andehit mach hd khi ¢6 chi€u sdng hay c6 peoxit trong dung dich chida chat cho
hydro nhu thiol xay ra decacbonyl hod cho hydrocacbon theo ¢ ch€ g&c nhu sau:

RCHO = RE* —— K + CO
* 0 L]
R+ RSH —- RH + R'S
RCHO + R'S* —---Rﬁ' + R'SH -
0

Phan iing cling xay ra vdi RCOCI khi dun néng vé&i (CH;CH,CH,),SiH ¢6 rert-butyl
peoxit, véi R 1a bac nhat hay hai cho hiéu suit tot, con bac ba hay benzyl cho hi¢u suit kém.
Phan ing khong xay ra khi R = aryl.

Phan ng decacbonyl hod xay ra khi dun ndéng véi xic tic Wilkinson clotris (triphenyl-
photphin) rodi RhCI[(CqHs)+Pls.

Phan ting di qua phitc clia andehit véi xiic tdc va bao toan cfu hinh clia R:

H CcO
| /P(C6H5)3 r. | H ?O
R—C- Rh\ —_— 7 R 3 RH +(CgHs)sP - I}h - P(C4Hs)s
E a  PCeHs)s  (CgHq) P (!31 P(C¢Hs)s Cl

Phan tGng khong hinh thanh g&c ma la co ché electrophin. Xic tic Wilkinson
decacbonyl hod cdc axyl clorua thom & 180"C, cé thé ding bromua, ¢lorua hay iodua.

Phan Ung cling xay ra voi andehit béo khong ¢6 hydro o, néu ¢6 hydro a thi xay ra
phan trng tich. N&u tir RCOD cho RD.
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13- Phdn img nitro hod ankan
Phan \ing nitro hod ankan thuc hién & trang théi khi & 400°C irong pha léng:
RH + HNO; — R-NO,

Phan ving theo co ché gdc, thye 1€ it ap dung do khé thu duoe san pham unh khiét, trir
metan vi khong nhitg cho san pham & vi tri khdc nhau ma con cho mono-, di-, polynitro va
¢6 phan ing phan cét mach. Co ché 1a géc tu do.

Hop chat hoat dong 1 loai Z-CH,~Z", nitro hod bang axit nitric khéi trong axit
axetic, bing axetyl nitrat va xiic tdc axit hay ankyl nitrat trong m6i truimg kiém. Phan tng
sau khong phdi g6c tu do ma 1a thé electrophin do trong moéi trudng kiém tao cacbanion:

10 ! LB
_(I: + CH3ON02 - "(_I."-NOZ +(,H3O

Cac hydro o clia andehit, xeton, nitrin, sunfon hay N,N-diankyl amit ciing d& th& bing
ankyl nitrat trong bazo ciing theo cu ché thé electrophin.

14- Phdan iing dime hod ciia ankan

Ankan c6 thé dime hod bang phuong php cim quang thuy ngén trong pha hoi:
IRH ;1:;* RR + H,

Phan itng dime hod t6t nhat i+ +i trf bac ba nhung mot s& khong ¢6 hydro bac ba ciing
cho phan tng t6t nhu loai xyclohexan. Pime hoi ca n-ankan bac hai cho t6 hgp bac hai-bac
hai theo phan b6 théng ke, con bic nhét hdu nhu khong hiéu dung.

Co ch€ cia phan wng [a nguyén tr Hg & trang théi kich thich phan cét 1dy hydro &
ankan tao goc anky! réi t6 hop lai cho diankyl.

Céc ancol hay ete ciing dime hod & vi trf « ddi v6i oxy cho hop chat chita OXY!

hv
Hg

2CH,CH,OH CH,CHOHCHOHCH,

Phan dng c6 thé dime hod chéo hay déng dime hod gifra ankan va ancol theo tinh
théng ke:

CH,OH
+ CH,OH - T O_O + gH"—?HZ
He H OH

Nguoi ta cling dung phdn dng nay dé chuyén hod ankan thanh andehit bing tuong téc
ankan véi trioxan réi thuy phan cho andehit:

hv 0 H*
-~ —
O+ = O~ O

Céc andehit, xeton, axit este ciling dime hod & vi tri o khi c6 Hy, & day dudi diéu kién

CHO
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phan tng, nguyén tir Hg kich thich phéan cit 1dy H' tir H, vd H sinh ra phan cét 14y hydro
cua chat ban ddu.

Phuong phap cii 12 tdc dung RH vdi peoxit phan huy cho g6c tw do phan cit 1dy hydro
cia RH tao thanh g6c rdi dime hod. Thudng dung ankyl hay axyl peoxit nhung t6t nhit 1a
tic nhan Fenton (hén hgp peoxit va sunfat sit).

15- Phdn ing dime hod ankyn

Cdc ankyn c¢é n6i ba cudi mach khi dun néng vdi mot duong lugng muéi dong trong
pyridin hay bazo sé& thu dugc san phdm diyn v&i hiéu suét cao:
CuX,
2 R-C=CH W R-C=C-C=C-R
Phan tmg xdc tdc mudi dong va pyridin goi 1a phan \ing Eglinton, con xic tdc mudi
ddng vA amoniac hay clorua amoni goi 13 phan ing Glaser déu cho san phdm diyn d6i xing.

Co ché€ phan {@ng cta phan tng Eglinton va Glaser bat ddu bing qua trinh mit proton

bdi trong moéi trudng bazo, ankyn 12 axit s€ mat proton cho anion:
R-C=C-H —> R-C=C"
Anion bi oxy hod bdi ion déng cho géc ankynyl réi t6 hop hai gdc cho diyn:
R-C=C — R-C=C
2R-C=C" —> R-C=C-C=C-R

Theo phuong phdp nay, c¢6 thé téng hop cdc annulen bing hydro hod cdc trime,

tetrame, pentame, cic pelyyn vong cho cdc annulen vong rong cla Sondheimer:

— — CH,CCOCu II 1-ter-C 110K )
3HC == CCH,CH,C== CH "TE%L Vi S ,
S

—_—

Mudn téng hop cic diyn khong déi xing thi dung phuong phdp 16 hop cia Cadior-
Chodkiewicz tir 1-ankyn va halogenankyn:

+

R—C=C-H + R—C=C-Br ——» R-C=C-C=C-R’ + HBr
hay ding halogenankyn R ~C=CX vé6i axetylenua déng RC=CCu néu R’ = H thi ditng nhém
bao vé Si(C,Hs), nhu Br—C=C-Si(C,Hs),. Phuong phdp bao vé nay ciing ding trong phan
ng Eglinton va Glaser.

12.2. PHAN UNG THE GOC VAO NHAN THOM

11.2.1. Coché
Phan ting thé gbc vio nhan thom khong thé xay ra theo sy phan cit chat ban ddu hay
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tich 14y hydro bang g6c tr do kich thich nhu & hgp chdt mach hé ma qué trinh chi ¢6 thé 1a:
Ar’ + ATH — Ar-Ar + H (1)
con trong dung dich khong ¢6 thé giai thich don gidn nhy trudng hop trén. Phan tng di qua

giai doan cOng vao nhan benzen tuong tu nhu thé electrophin hay nucleophin ctia nhan thom:

Ar H Ar H Ar H Ar
Q=TT |- e
. ]

Giai doan ddu la géc tdn cong vao vong cho géc trung gian bén do gidi toa cong
huéng va phan ting két thiic bang t6 hgp clia hai gée:

H Ar H Ay Tl
'y —
(2)

hay chuyén khéng can d6i clia hai gdc:

H Ar Ar T H
5~ -0
H
(3)
hay bang phan ting tich hydro bing g6c R' ¢6 trong phan tng:

Ar
H Ar
- @

Hop chat trung gian (2) la tetraphenyl hydro hod mot phan thudng khéng t6 hop & vi
tri ortho ma c6 thé hinh thanh déng phan khic, sén phim (3) 12 dihydrobipheny! dé bi oxy
hod cho biphenyl.

Phan tng duge ching minh bang CIDNP phat hién ra tiéu phan (1) va khong ¢6 doéng
vi. Giai doan quyé€t dinh t6¢c d6 1a giai doan (1) trong dé c6 su phan cét lién két Ar—-H. Néu
xay ra theo giai doan quyét dinh t6c d¢ (2) thi khong c6 m4t hydro.

Giai doan quyét dinh t6c dd 1a sy udn cong clia géc chita cic g6c khdc cling phan \ing
cda nhan thom vdi cdc géc twong tw nhe R, HO',

Co ch€ ciing tuong tr nhu the vinylic hay axetylenic:

R . -X"
|
R
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Nhu vay, phan tng the gbc vao nhan thom xdy ra phdn 16n khong phai la phan ing
chuéi, thudng gém hai giai doan: sif tAn cong X' vao hé thom va tich H' bing géc Y™

H
O~ OXX = Orx
Co ché& nay ¢6 xdc sudt 1dn hon 13 phan tng the tryc ti€p hodc la chuyén hydro bing
dung moi.

Hiéu tng electron cla nhém thé it anh hudng dén tée do va sy dinh hudng cia phén
ting, tuy cdc nhém OCH;, NO,, CH; halogen thudng hudng nhém the vao vi tri ortho nhu
phén ting axyl hod, ankyl hod, hydroxyl hod. Chang han, khi metyl hod nitrobenzen, thu
duoc 60% ortho, 278% para va 6% meta, khi metyl hod anizol cho 74% ortho, 1}% para va
15% mneta.

Phan Gng thé géc vio nhan thom dugc nghién cifu k¥ nhit 1a phan Ung aryl hod nhén
thom. Phan tng x4y ra theo cd ch€ cong g6c vao nhan thom 16i tdch hydro bing chuyén
khéng can d61 hay loai hydro:

Ar X

H Ar
o=@ Qer—Qre

Nhu vy phan ung di qua chdt trung gian géc thom 13 giai doan quyét dinh 16c do
khong c6 sy phan cét lien két C-H 0 giai doan n2y nén khong c6 hi¢u Ung déng vi dong
hoc. N&u phin ting xay ra theo ca ché& the tryc tiép:

C6H5. + XC6H5 e CﬁHs“C6H4X + H.

thi phan itng nay 1 thu nhiét manh nén it xdc sudt vé mat nhiét dong hoc va khong tim thiy
phan tng khir H".

Néu phan (g c6 sy tham gia cla dung moi phan cat 18y H dé t6 hop cdc gdc ty do
CHs + XCH; — CeHg + XCoH,'
XCeH, + CHs —> XCeHs—CgHs
song khong tim thay san phdm XCgH~CeH,X va CgHs—CgHs cling voi phan ing trén.
Vi co ché cong tach trén duge nghién ctu k¥ san phim tao thanh cla phan \ing phan

tich benzoyl trong benzen:

{CcHsCOO), E—H'l:' CO, + C¢HsCOOH + CgHs-CgHs + HSC@<H +

H5Cs
CoHsCOOCHs* H5C@@<C6H“ KA

CsHs
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ma hinh tharh do phan #ng 6 hop chuyén khong can dsi, loai hay nhan hydro tlf san phim
trung gian cna phan Gng céng géc:

O
—— C&HS—CﬁHj + H
H Ar H5C6 H C6H5
oy = XK

| R C4Hs-CeHs + RH

Dac tinh clia phin ing nay ciing 1a hiéu tng electron ciia nhém thé it anh hudng i
téc do phan ung va sy dinh hudrg ciia nhém the. Sy dinh huéng vao vi tri ortho va para
khong phu thuge vao ban chat nhém thé cho hay hiit electron, trir tert-butyl.

Chét ban dau CeHs | CoHsCCHy)s | CoHeCI CeHsBr | CeHsOCH; | CoHsNO,
ke 1,0 1,03 2,00 1,82 2,71 2,94
ko™ 1,0 0,73 3,65 2,95 5,60 5,50
k™ 1,0 1,53 1,55 1,64 1,23 0,86
P 1,0 1,63 1,98 1,78 3,31 4,90

Céc nhom the ortho va para déu lam tang t6¢ do phan tng do cdc nhém thé nay c6

kha nang dn dinh géc tao thanh bing gidi toa electron tw do:

CH3O—<:>< Ar T GOSN A

Cac nhém the & vi tri meta khong c6 n dinh goc bang lién hop va kha nang phan g

phu thu¢c vao ban chat clia nhém the,

T6c d6 phin clia benzen ¢6 nhém thé khdc nhau véj g6c phenyl cho thay:

7 Nhan {6 tdc d6 phan

o m n
H 1 1 1
NO, 5.5 0,80 4,90
CH, 470 1,24 3,55
C(CH;), 0,70 11,64 1,81
Cl 3,90 1,65 2,12
Br 3,05 1,70 1,92
CH,0 5.6 1,23 2,31

Phan iing g6c ciing phu thudc vao bin chat cia g6c tdn cong, r.ghia la cing phuy thude
vao ban chit nhém the trong géc aryl. Cic nhém the hit electron trong goc aryl 1am tang

tinh electrophin 1am tang 16¢ d¢ phan ting, biéu hién & hing s6 phén dng:
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Nhém th€ para NQ, Cl H CH, OCH,,
p = -0,81 -027 -0,05 0,03 0,09

Anh hudng chia hiéu vng electron khong chi phy thudc vao ban chdt nhém thé trong
géc ma cdn phu thude vao loat gbe: gée o hay n.

Céc goc ankyl 1a géc n hay p, sy ting ban chdt p cha obitan khong lién ket cla géc
lam gidm thé ion hod, nghia 12 1am ting ning lugng obitan, vi thé obitan p uu tién tuong tic
v6i obitan phan lién két cia nhan thom va g6c cé tinh nucleophin, con gbc ¢ ¢ tinh
electrophin. Diéu nay ciing thé hién & hing s6 p nhu hing s& p clia xyclohexyl hod (gc p)
1a +1,10, con phenyletynyl hod (géc o) la 1,36.

Chd ¢ rang, giai doan cong g6c vao nhan thom da phd huy tinh thom nén lam tang
nang luong hoat hod clia giai doan cong. Do d6 nang lugng hoat hod nay trong cdc hop chat
da vong thap hon vi khong phéd huy hoan toan hé thom.

Nhu vay, phan ting th€ géc & cacbon thom bdi co ché tich hydro cho gée aryl va hoat
tinh phu thude vio vi tri tdn cong dé cho chét trung gian:

H Ar
Z
Nhimg nghién ctu cho thong bdo vé& anh hudng cda nhém Z va phan tich san phim &
cdc v tri ortho, meta, para, ciing nhu & phéan ing the electrophin, nhung trong phan tng the
gdc kém chinh xdc hon do cé nhién sin phdm phu. Trong nhiéu truong hop phan tich ba san
phdm khong cho mot so d6 ding vdi su tén céng & ba vi tri. Tuy nhién ciing ¢6 thé rdt ra vai
két lugn sau:

1- T4t ca cdc nhém th& 1am ting hoat tinh & vi tri ortho va para hon & vdong benzen va
c6 su khdc nhau khong 16n gilra nhém thé€ hit va cho electron.

2- Hoat tinh & vi tri meta tuong tu nhu trong benzen, ¢6 khi cao hon hay thap hon. Tat
ca ciac nhém thé 12 heat déng va dinh huéng ortho va para, khong cé bi dong hod va dinh
huéng meta.

3- Hoat tinh & vi tri ortho thudng 16n hon vi tri pare trit khi nhém 16n 1am giam hoat
tinh vi 1§ do 1ap thé.

4- Trong phan dng canh tranh, nhém hit electron ¢é anh hudng 16n hon nhém cho
electron. Khi aryl hod hgp chit hai lin th€ para-XCqH,Y cho thay phan iing th€ orthoe d6i
véi nhém X tang l&n khi ban ch4t hit electron cla X ting. Tinh chdt tang nay tuong quan
véi gid tri o, Hammett cia X.

5- C4c nhém thé€ c¢é hiéu Gng nhd hon trong phan ng thé electrophin v nucleophin
nén nhan té t6¢c do phin ciing khong lén.
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6- Khi hydro 1a nhém di ra trong nhiéu phin Gng thé¢ gdc tu do clia nhan thom ciing
tim thay vai trudmg hop c6 su tdn cong ipso vi th€ ipse (cic nhém di ra nhu Br, NO,,
CH,CO...).

12.2.2. Cac phan itng thé géc nhan thom

16- Phdn itng hydroxyl hod cacbon thom

Céc hop chit thom duge hydroxyl hod bing hén hop tic nhan hydropeoxit va sunfat
st goi 1a tdc nhan Fenton:

ArH + H,O, + FeSO, — ArOH

Phan ung thudng cho hiéu sudt khong cao va ¢é san phdm phuy biaryl. Ngudi ta con
diing cdc tic nhan khic nhu: H,0, va ion titan, O, va Cu (I) hay Fe (II), hén hop ion fero,
OXY, axil ascorbic va etylentetramin tetraaxetic goi la tdc nhan Udenfriend, a-azopeoxit
ArN=NCH(C¢H;)O0H, O, va KOH trong NH, 1ong, peaxit nhu peaxit nitro va trifloaxetic
axit.

Co ché€ dugce nghién citu k¥ voi tdc nhan Fenton cho thdy co ché phan dng 12 g6c tir do
do géc HO™ td4n cong vao nhan nhu co ché chung & trén, khong ¢6 chat trung gian:

Fe’* + H,0, — Fe** + OH' + HO™

Gial doan quyét dinh t6c d6 1a sy hinh thanh géc HO' ma khong phdi 1a phan Gng vai
hop chit thom.

17- Phdn ing aryl hod hop chat thom

Trong dung dich axit, mugi diazoni 12 mot bazo nén goc aryl tir diazoni c6 thé wrong
tic v6i nhan thom khéc:

ArH + ACN'X™ “QH, Arar

Phin ting goi 12 phan ing Gomberg hay Gomberg-Bachmann. Phén ing cho hiéu sust
khong cao, cho nhiéu sin phidm phu, song cé thé thu dugc higu suit cao vdi diéu kién
chuyén pha. Co ch€ phan wng 1a co ché gdc véi tic nhan goc la goc phenyl do hop chat

diazoni trong moi trudng trung tinh hay bazo chuyén thanh hgp chat cong hod tri va phan
cit cho géc aryl:

Ar-N=N-Z — A" + N, + 27
Con trong moi trudng axit, mudi diazoni 13 ion, phin ttng la phan cuc nén phan cit
cho cation aryl. Sy tao thanh géc aryl trong moi trudng hgp déu tir hop chat azo cong hoa tri.

G6c aryl tin cong vao nhan qua géc trung gian theo co ché chung 6 trén r6i phan cit
hydro cho san phim.

Phén tng Gomberg-Bachmann 12 di tir anhydrit:
Ar-N=N-O-N=N-Ar — Ar" + N, + Ar-N=N-O'
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Vi hop chét N- nitrozo amit chuyén vi thanh hop chét N-axyloxy phin tich cho gdc
aryl:

2
2 Ar-ﬁlﬁ_ R —= 2Ar—-N=N—O-COR —>
O Ar.-i- Ar“‘N=N"" 0. +N2 + (RCO)20
Phan tng tlr hop chdt diazoni cia diaryl loal Ar-Z-Ar-N," bdi dung dich kiém hay

jon déng c6 sy vong hod, goi 1a phin ¥ng déng vdng Pschorr, cho hiéu sudt cao védi Z =
CH=CH, CH,—CH,, NH, C=0, CH,...

Z“‘--.. Z*--..\
C,O — OO
N,
Thudng diazo hod amin béng isopropyl nitrit khi ¢6 iodua natri cho san phdm déng
vong mot giai doan. Chi ¥ 14 phin ng déng vong Pschor xdy ra theo co ché gOc tuong tu

nhu Gomberg-Bachmann do t4n cong ciia géc aryl hay theo co ché ion do tin cong cua
cation ary! tuong tu Syd.

18- Phdn itng aryl hod Merwein
Phan tng di tir mudi diazoni va olefin ¢6 nhém th€ hit electron vdi xic tic clorua

déng:

1 L
Z-C=¢C G Z-C=C—Ar
r AN, *CI

Z = CO, C=C, halogen, Ar, CN...

Phan ung do tic dung olefin véi mudi diazoni véi clorua déng goi 1d aryl hod
Merwein cé san phdm phu cla phan Ung céng.

Co ché 1a gde ty do véi gdc tdn cong Ar':

.
Ar—-—(E—C—Cl
vy e l
Af +C=C —= Ar—C—(C <qg
= = it b
(A} Ap—-—ﬁ‘:C + CuCl
1

G6c A phan tng véi clorua déng bang phan dng cong hay the, san phim thé c6 khi ¢6
phan ing tich HCIL.

Mot phuong phap aryl hod khdc 1a tdc dung ArH véi tricacboxylat cho hi¢u suat 85%,
nhét 12 khi hop chat thom chifa nhém ankyl, nhung theo co ch€ electrophin:

ArH + Ar'CgHs(OCOCH;); — ArAr
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19- Phdn itng aryl quang hod hop chdt thom

Khi quang phan aryl iodua trong dung méi thom thu dvgc san phdm aryl hoa:

hv

ArH + Ar'l — ArAr
Aryl iodua c6 thé chita nhém OH hay COOH.
Co ché€ gdc hinh thanh géc Ar’;
Arl — Ar'+ T
C6 thé tdc dung ArH véi Ar'TKOCOCF3); cho ArAr’ do lién két C~TI phan cét ra
goc aryl:

2 hv '
Ar TI(OCOCFq)q m’- ArAr

20- Phdn ting ankyl hod hop chdt thom
ArH + R-CO-0-0-CO-R — Ar-R

Phan Gng bi giéi han bdi cdc hop chat thom ¢6 vdng benzen chia hai hay ba nhém
nitro hay hé vong ngung tu. 1,4-Quinon ankyl hod bang diaxyl peoxit khi c6 tetraaxetat chi.

Co ché theo co ché g6c ma duge phét hién biang CINDP do hinh thanh géc theo phan
Ung sau:

R-CO-0-0-CO-R — 2R-CO0O" —> R’ + 2C0,

Thudng g6c tu do khéng bén nén ¢é san phdm phu do dime hod hay chuyén khong
can doi.

Néu diing tdc nhan v6i R = aryl thu duge san phdm aryl hod.

21- Phdn ting axyl hod hop chdt di vong chita nito

Cic hop chat thom chifa nite 6 thé ankyl hoé bing axit khi ¢6 nitrat bac, axit
sunfuric va peoxydisunfat amoni:

R
1-AgNO;-H, S0, H,O S =
@ + RCOOH MOS0 (TN T
N/ : 2-(NH,),5,04 N N R

Téc nhan t4n cong 1a g8c R
248" + S,0,77 —= 2Ag" + 250,%°
RCOOH + Ag’*—= RCOO" + H' + Ag*
RCOG® — R" + CO,.
Tdc nhan ankyl hod cé thé dung 1a hydropeoxit va FeSQ,, RI va H,0,-Fe(1), axit
cacboxylic va tetraaxetat chi, quang hod axit cacboxylic va iotbenzen diaxetat.

Mot s8 trudng hop ¢6 thé ding andehit khj ¢6 rere-butyl peoxit, axit sunfuric va sunfat
SAL:
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N
@: j + RCHO ‘rt-CeHs00H CH,00H @ j\
RSO, 7
N “CO-R

C6 thé dua nhém COOR vio hop chit di vong chita nitd, goi 12 phan (ng cacbankoxyl
hod khi tdc dung este clia o-xeto axit va tdc nhan Fenton:

COOR

H,0,-FeS0O = =
m + RCO-COOR ————> (]j + m
% H,S0,-0-5°C

N N N" "COOR

vGi tic nhan tdn cong 12 'COOR do phan ng:
OH (I)H
I +
R—C—COOR + Hy0, —» R—C—COOR B\ R—C—COOR
OOH o
—» R'COOH + COOR
Néu ding fomamit hay dimetylfomamit trong H,SO,, H,0, vad FeSO, s€ tao goc
cacbamoyl H,NCO™ hay (CH;),NCO' thay cho g6c¢ "COOR & phén ting trén.
22- Phdn itng thé nhém diazoni bang hydro

Phén fing ¢6 su phan céit mudi diazoni thanh goc aryl:
AI'N2+ + H3P02 — ArH

12 phan ing khit nhém diazoni hay 12 phan ting dediazoni hod, thuomg ding axit HyPO,, con
dung etanol, HMPA, thiophenol, natri stannit, trong d6 etanol la dé khit nhdt va cho hi¢u
Suat 6t tuy c6 san phim phu ete, cdn H5PO, cdn 5 dén 10 mol tde nhan cho 1 mol diazoni.
C6 thé loai tryc tiép amin bing cho amin thom tic dung v6i ankyl nitrit trong DMF hay
THF s6i (qua chat trung gian diazoni).

Phan img muéi diazoni cho ete 1a phan dng ion con cho ArH la gdc tu do, ciing nhu
bang H.PO, 1a gc tu do, con nhu khir bing NaBH, bing BH, tén c6ng vio nito B cho chit
trung gian aryldiazen réi phan huy cho géc Ar hay anion Ar” chua rd.

Co ché& phan img di qua g6c tu do Ar’, nhat 1a khi c6 ion Cu™
Ar' + H3P02 — Ar-H + HQP.Oz
[Ar-N=NT* + H,P'0; + H,0 — Ar’ + N, + H;PO; + H'

Phan ting deamin ho4 ciing 4p dung phuong phdp nay nhdt la amin ¢4 nhiéu nhém thé
ortho vi para a& thu duge din xust benzen ma khé thu dugc bing phin ing thé, ching han
nhut phan dng sau:
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NH,

$n-HCI 3Br Br HONOD
CoH 32 CgHsNO, — CgHsNH, —= —
280,

NS o
BI’\?,BI’ H,PO, BK?IBF
——
r r

Muéi diazoni tdc dung v6i clorua hay bromua déng cho aryl clorua hay bromua:
AN, + CuCl — ArCl

23- Phdn ing Sandmeyer

Phan ing goi 12 phin ting Sandmeyer. C6 thé diing déng véi HCl hay HBr got 1a phan
ing Gatterman. Phan {ing Sandmeyer khéng diing didu ché din xust flo va jot.
Phan ¢ng theo co ché géc tr do:
AN;'X™ + CuX — Ar' + N; + CuX,
Ar' + CuX, — ArX + CuX

Giat doan ddu 1a khir ion diazoni bing ion d6éng (I) cho goc aryl va giai doan hai [x
goc aryl nhan X tir CuX; t4i tao CuX.

Qué trinh hinh thanh géc Ar’ nhu sau:

[Ar-N=N]" + Cu* — Ar-N=N"+ Cu?*
Ar-N=N" — Ar"+N,

Céc aryl clorua hay bromua c6 thé diéu ché truc ti€p tir amin thom bac nhit qua mét
giai doan bang rerr-butyl nitrit va CuCl, hay CuBr;, khan & 60°C hay véi rert-butyl thionitrin
hodc ferr-butyl thionitrat va CuBr, hay CuCl, & nhiét do phong.

24- Phdn vng thé nhom diazoni bing NO,

Muéi diazoni tdc dung v4i nitrit natri cho hop chét nitro khi ¢é ion déng:

+
AIN,* + NaNO, —2» ANO,

Phin 1ing cho hiéu sut t6t, thuc hién trong moi trudng trung tinh hay kiém, néu chit
ban ddu c6 nhém hit electron thi khéng cdn xic tdc. Co ché gifng phdn tng thé § trén
nhung Khong gei 12 phan itng Sandmeyer.

25- Phdn ting thé nhém diazoni bing nhém sunfonyl clorua

Mudi diazoni téc dung v6i dioxit lwu huynh cé mat ion déng cho sunfonyl clorua:

AN, + 50, &L Arso,a

Néu ding dong kim loai va FeSO, cho axit sunfinic ArSO,;H.
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26- Phdn iing thé nhém diazoni bdng nhém xyanua
AIN," + CuCN — ArCN

Phén tng ciing goi la Sandmeyer, giéng nhu phan img véi CuCl trén vé cof ché.

Phan tng thudng ditng moi trudng trung tinh d€ trinh giai phéng ra HCN.

27 -Phdn ung aryl dime hod

Muéi diazoni tac dung véi ion déng cho san phdm dime hod goi 1a phuong phap
Gattermann:

2AIN," Cu Ar-Ar + 2N, hay Ar-N=N-Ar + N,

Tic dung mudi diazoni v6i ion ddng hay ddéng véi axit cho hai san phdm: Né&u vdng
chita nhém thé hit electron cho san phim chinh I biaryl, nhém th€ cho electron cho san
phdm chinh 1a hop chét azo. Phan tng theo co ché goe tu do, khéc véi phan itng Gomberg la
& day hai nhém aryl déu sinh ra tit mu6i diazoni va hydro khong phdi 12 nhém di ra.

28- Phdn ing ghép doi ciia boran

Ankyl boran tdc dung v6i AgNO; va kiém cho san phdm dime hod:
AgNO:;

R-B= + R=B- o RR

Aryl boran cho biaryl. Phan #ng c6 thé cho dime d8i xing (R = R’) hay khong dé
xiing nhung hi¢u suft thap hon.

Co ché& phan ng ghép la co ch€ gbc tu do.

Mu6n téng hop 1,3-dien thi di tir divinylcloboran v6i metyl déng theo so dé sau:

Rl
7
BH,CI R, R 3CH,Cu C=C H
Ro=CR' "% | “o=c{_|BCl =™ W o
H’ 2 RI/C \R
E E-1,3-dien

cdn diyn RC=C—C=CR thi di tir liti diankyldiankynylboran Li*[R’,B(C=CR),] vdi iot.

12.3. PHAN UNG CONG GOC Ay
12.3.1. Co ché

Phin tng cong géc vao lien k&t C=C tudn theo quy tic chung cla phan ing goc tu do.

Géc tao thanh bing sy phan ly chit ban ddu khi c6 dnh sdng hay nhiét:

hy . .
X-Y fay wphanty X *+ Y

hoac bing ngudn gdc bén ngoai:
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R+ XY— RX + Y’
Sau dé6 Ia giai doan 16n mach hay chuyén mach gém hai giai doan ¢6 tinh chét chuéi:

I L
a- Y + ‘;E'\—'/C»a —= Y _S: B <
| -
b Y+ XY —m X-§-Cov + ¥
Giai doan a 1a sy tin cong cha géc vao lien k&t d6i d€ hinh thanh g6c cacbon trung

gian quyét dinh t8c do phan tng. Trong dai da s6 phan iing, giai doan nay cé tinh thuin
nghich gdy ra hién tuong déng phan hod cis-rrans cla lien két doi:

R " R
R" Ye I p R ' Rm v R Rm
R\/C = C: m_"“‘—.—— Y_q —C _— Y_C_..C/. —_— :C: C: y
Rl R R' \Rm quay i:{' \ R" R! R.

Hi¢n twgng nay dd duge nghién ciru khi ding tdc nhan déng vi hay anken chita déng
vi, chdng han nhu céc phan ng:

* Br

» -—-—B. Br\C_'(H

Br ~— Br—— ]?;::C - (5/ B Bi BH/ H
L W H (B Bseo¢

- H

. K D K oR o cmonst .« e

Cstn +  C=C, p Sy T Sy 5
(C4Hg)38n

Do D __
CH;S ™~ + H/C=C<H = D

CH,S8
Tinh thuan nghich xay ra vdi cdc tdc nhan gdc nhu brom, mecaptan, triankylstan
ciing nhu g6c bac ba RyC" dii 8n dinh va ¢6 nang lugng hoat hoé thap.

Khi tién hanh phan (ng cla triclometyl véi clorua vinyl lai khong quan sit thdy tinh
thuan nghich:

CCly" + CH,=CHCI +5= CCL,CH,CHCI g CCRCHCHCL + Q1

nhu vay d6i v6i da s6 g6e ankyl va halogenankyl thi phan ting céng khong thuan nghich.

Giai doan b 12 phan ting cha géc trung gian c6 thé tuong téc véi XY dé cho sin phdm
cong 1:1 nhu trén hay v8i anken d€ cho san phim telome hod hay polyme hod (véi phan ti
mach ngin goi 12 telome, mach 16n goi 1a polyme) hodc vé6i cdc tic nhan c6 kha nang
chuyén mach:
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c Ll
R

Phan \ing triing hop s& canh tranh diege v6i san phdm coéng 1:1 khi ty 1 anken / tdc
nhan 16n, song chit y&u 1a phu thudc vao ty 1¢ t6¢ do cha hai qud trinh.

Sén phim 1:1

K [CXY]

Sin pham telome

k,[C'][anken]

(

XY]

XY [anken]

C =k, / k, goi 1a hing s6 chuyén mach. Néu &, 16n, khé trung hap, XY 14 chét chuyén
mach 16t, san phdm 1:1 wu tién nhu c4c tdc nhan halogen, bromua hydro, co thi€c, thicaxit...
Néu k, lén, sdn phim telome uu tién, tdc nhan 1a ch&t chuyén mach kém nhu cdc

polyhalogen, metan, CCl,.

Ty 1& phu thudc vao ban chit anken va ca téc nhan:

R-CH=CH, + CX, — RCHX-CH,-CX; — Telome

90%

78
96

(CH3)2C=CH2
(CH3)2C=C(CH3)2

R = C¢H; CBr,
CCly
CHCl,
CBrCl,
R=CH,  CBr,
cal,
CHCI,
CBrCl,
Tdc do tuong d6i cha CH,' va CFy” véi olefin:
CH, CFy
CH,=CH, 1 1,0
CH,=CHCH, 0,87 125
CH,=CHC,H; 0,42 152
CF,=CF, 11,4 0,12

cis-CH,CH=CHCH,
trans-CH;CH=CHCH,

90%
10

CH, CF,
1,03 3,80
024 3,47
008 7,08
018 3,54
028 2724

K&t qua cho thdy tinh on dinh cia g6¢ tao thanh {t dnh hudng dén t6c do cong ma Ia

higu ing phan cuc va hidéu ng 1ap thé,

Khi ting g6c ankyl ciia olefin, tdc d6 tang khi dung géc CF,' va gidm khi diing géc
CH;" ma tinh bén clia g6c thuc 1& khong d6i. Khi dua nguyén o F vao olefin, t6c d6 cho két

qua nguge lai.

Khi xét vé nang lugng hoat hod:
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£ IgA
CH,' CF, CH, CF,
CH,=CH, 33,2 10,1 8,03 8,30
CH,=CHCH, 31,1 8,4 8,52 8,20
¢is-CH;CH=CHCH, 31,5 5,5 8,52 7.62
trans-CH,;CH=CHCH, 34,0 54 8,46 7.62
(CH,),C=CH, 29,0 5,2 6,46 8,20

Su thay d6i t6c do phan tng véi CF;" lién quan chi yéu 16i ning lugng hoat hoa, con
véi CH;z' chit yéu do sy thay déi IgA biéu hien vé anh huong 1ap thé va trong trudmg hop nay
hi¢u \ing phan cyc clia nhém the trong olefin rit quan trong, dnh hudng phan ciyc tuong ing
vOi th€ ion hod cia  olefin, dgi véi CH,' t&c d6 tang véi sy tang th€ ion hod, con CF;" tang
khi gidm th ion hod. Phan tng cong géc 1a phan ting phdt nhi¢t, trang thdi chuyén xay ra
s6m, su dinh ché cilia electron khong cap déi & chat ban ddu khéng l6n va tinh én dinh cia
gdc tao thanh it anh hudng dén t6c do. Trong hai gdc trén, gbc metyl ¢6 tinh nucleophin,
triflometyl ¢ tinh electrophin hon. Quan niém nay phi hop véi cde gid trj hing s6 phan ing
trong phwong trinh tuong quan.

Theo thuyét MO kich thich, khi trong téc g6e ankyl vao néi doi, obitan khong lien
ket clia goc ¢4 thé tuong tdc v6i obitan lién két cling nhu obitan phan lién két cha lién két .

Khi dra nhém the hit electron vio gdc, ning luong obitan khong lién két cé electron
tu do cia gdc giam, vi thé tuong tic quan trong la tuong tdc obitan cha g&c véi obitan lién
ket cha lién két m va g6c xuat hién tinh chét electrophin nhu trudng hop goc triflometyl.
Trudng hgp gdc ¢é tinh nucleophin hon thi twong téc chi y&u véi obitan phin lién két n"

Khi dwa nhém the hiit electron vio olefin gizm ning lugng = vA n° nén c6 anh huéng
nguge lai dén téc do phan ting.

Tir cdc dir kién tren, co ché phan (ing céng Ag di qua trang thédi chuyén;

Trong céc tdc nhan polyhalogenmetan, kha nang phan ing cita dn x4t I > Br> H > Cl.,

Kha nang thyc hi¢n duoc phan ting chudi gée tu do duge xde dinh bing hiéu tng nhiet
ctia cdc giai doan riéng:
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X-Y X'+ >c=c{ x-r'ls-t'ls' + XY
Cl-H -92 18
Br-H 42 42
I-H 25 ~113
CI-Cl ~92 -96
Br-Br -42 —96
Cl,C-Cl 71 ~54
Cl,C-Br -71 -79
HS-H 67 -33

N6i chung, phan tng cong dugc thyc hién cang dé dang néu ndng luong lien két C-Y
16n hon tdng nang luong cla lien k&t XY va nang lugng 6n dinh cong hudng Eg, ciing nhu
ning luong lien két C-X 16n hon nang lugng lien ket x C=C. Do d6, Cl, Br, dé dang cong
vao olefin Khi c6 dnh sang (lién k&€t C-Cl, C-Br bén hon C1-Cl, Br-Br,). Trong trudng hop
c4c tdc nhan HX cong vao olefin chi xdy ra khi nang lvong lién két C-H 16n hon nang luong
lién két H-X va Eg, vi thé HCI, HI, ROH khong cong vio olefin theo Ag {H-Cl, H-OR, bén
hon C-H), song HBr céng goc vdi olefin vi hai giai doan déu phdt nhiét, nghia 12 nang
\ugng hoat hod thap. Néi chung, nhiéu tic nhan dé tham gia cong géc v6i olefin song chi
khi cé t6e do 16n hay chiéu dai mach déng hoc Idn, Ching han nhu Cl,, ¢6 thé canh tranh
vi phan ing coOng ion ngay trong (81 va khong cdn cht kich thich.

Phan ng cong gdc cling phy thuoc vao ning lugng lien keét x, lien két C=C y&u hon
C=X (X di t6) nén C=C dé tham gia phin ng Ap hon C=X.

Khi géc tu do két hgp vao 1,5- hay 1,5-dien, géc hinh thanh cé thé cong ndi phan tr
cho san phdm vong:

oS S [ o

12.3.2. Huéng cong cita Ag

Hudng cong clia tic nhan bat d6i xdng vao olefin phu thudc vao do bén cha gbc trung
gian hinh thanh. Tinh én dinh ciia géc tang khi ¢6 nhém th€ cho electron. Mait khdc, phan
ling xay ra & vi trf it khé khan vé Khong gian va tin céng vdo cacbon c6 mat do electron Ion
hon vi tdc nhéin ¢6 tinh electrophin.

T4t ci cdc chit ban diu CH,=CHX déu wu tién t4n cong cia géc vao nhom CH,.
Hudng cong Ag duge nghién cifu k¥ trén co s& phan itng cong HBr ¢6 peoxit vao olefin theo
hudng trii quy tic Markovnikov, nghia 12 vdo cacbon it ankyl hod nhat. Qud trinh xac dinh
anh hudng cita mdi nhan 8 riéng dén hudng clia phan tng Ag rat khé vi dai da s phan dng
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1a thuan nghich nhing phan ting phu thudc vao giai doan sau.

Khi nghién cifu nhitng nhan t§ 4nh huong cla téc nhan ankyl va triflometyl cong hop
vao olefin 1a phan iing khong thuan nghich ma giai doan quyét dinh 16¢ dé 1a su hinh thanh
phitc &, khong phdi phic =, ¢6 nghia la dinh hudng cong chia gée duge quyét dinh & giai
doan nay biéu hién & kha nang cong & hai cacbon néi doi khdc nhau tuong ung véi nang
luong hoat hod & hai cacbon n6i doi:

Olefin: CH,=CHF CHF=CF, CF;~CF,
Ef kecal/mol 64 84 92 102 7.7 114

Toa d6 phan ing

Hinh 12.4. Gidn dé nang lugng cong Ay

z* a*

x 7‘—H—
a) b}

Hinh 12.5. So d6 twong tdc obitan clia goc
electrophin (a) va nucleophin (b)

Trong trudng hop phan iing c6 giai doan d4u can bing:

. k] - k
R—CH=CH, + X —~ R-CH-CH,X —» R—CHY—CH,X
Bl
Gid try t6c do phu thugc hing s6 can bing K ciing nhu hang s6 t6¢ do chuyén nguyén
(r & giai doan sau k,. Tinh én dinh cla goc tang s& anh hudng dén vi trf can bang K hon 1a

t6c d6 chuyén nguyen it &, vi trang thii chuyén gin vdi goc ban dau hon, do d6 tang tinh 6n
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dinh cha gdéc tao thanh, lam tang t6c do6 cong, con hiéu wng phan cuc cta nhém thé khong
lién quan téi vi tri cdn bing nhung anh hudng tdi t6¢c do chuyén nguyen tir.

Hiéu @ng 1ap thé idnh hudng dén ca hai qud trinh. Chang han, cdng HBr téi propen trdi
Markovnikov vi mdt mit K cho giai doan ¢6ng Br® vio nhém CH, 16n hon, mat khdc hiéu
1ing phin cuc 1am ting téc 4o giai doan chuyén nguyeén tir hydro:

HBCC\>CH5""' H---- BY
BrH;

Su thay ddi ban chdt phan cuc clia géc lién quan t6i giai doan sau, chang han trudng
hgp phan fing:
CF,=CF-CF; + RSH — CF,H-CFSR-CF; + CF,SR-CHF-CF,
() (2)
R= CH, CF.CF, CF,
Tyle (1)/ (2) = 0,1 0,43 1,24

Ty 1& (1)/(2) tang do trang thdi chuyén (2) kém thuan lgi hon trang thai chuyén (1) khi
tang tinh electrophin ciia g&c tn cong:

+ R * 8
RS - CF;),-...,,‘_ CaF 5 S>']:‘ _ Cap _____ H----- SR
oL Hi-==-SR CF it
CF; (2} 3 ey

Trong phéin (ng g&c vong hod noi phan tir, cic goéc b lién k&t doéi & vi trf 5, 6, vong
hod cho ca véng nam canh va sau canh nhung trong nhi€u truéng hop phan ing vong hod
nam canh uu tién hon vé mit dong hoc va déng vong nam canh thich hop cho géc bac nhat,
con vong hod sdu canh thich hop cho géc bac hai:

U~ xm O

Néu gdc chwa no 5, 6 ¢ gdc ankyl & vi tri 5 thi vu tién vong hod sdu canh.

Hién tuong nay gy ra do nhan 1§ entropi va nhan t§ 14p thé electron thich hgp cho
vong nam canh hon.

P61 v6i cdc gdc 6 vi tri khde tir 3, 4 t6i 7, 8, trong mdi trudng hop cdc vong nho hon
(cong exo-Trig) thich hop hon vong i6n hon (cong endo-Trig) (xem chwong 4, quy tac
Baldwin).

Phan \ng cong g6c vao allen thudng tin cdng vao cacbon cudi mach, tuy ciing ¢6 tdn
cong vao cacbon § giita. N&u ¢6 géc ankyl thi ting ham lugng tdn cong cla goc vao cacbon
gita.
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12.3.3. Ho4 hoc lap thé

Phin ung cong gbc vao hop chdt mach hd khong c6 dac thi 1ap thé vi goc tao thanh
¢6 cdu triic hinh thap dé nghich dao cho nhau. Thyc t€ khi céng HBr vao 2-brom-2-buten
cho hén hop déng nhit déng phan tir hai olefin 14p thé:

CH eIt
. 3 H\ "' H
H,C _CHa. & q eaH HBr C—

= — B H;C- B
~ B B 3 4 r
B~ H,C } r Br
a 1 .CH, i
Br.._ -CH; Se—cei B Te—cZ
Se=c_ ° —H,C; B Bri{ Br
H,C H;C

nhung khi ding du HBr va nhi¢t do thap —78°C thi thu dugc san phdm céng rrans.

Hod hoc 1ap thé phu thugc vao ty 1¢ t6c d6 nghich dio va phan cdt hydro & nhiét d6
thdp, t6c 46 nghich ddo giam; tdc d¢ phan cit hydro ting khi tang néng do tic nhan nén &
nong d¢ cao t¥c dé phan cit hydro xay ra nhanh hon 1a nghich dao géc. Phan ting c6 dac thi
1ap thé.

O néng do nhd, tinh dic thi 1ap thé mat di.

Co ché€ cong goc tu do 1a phan iing cong khong diac thi 1ap thé vi thdi gian song cla
goc ty do rdt thdp, nhung cé thé chon loc vi tri nhumg cling khong phai 13 t4t ca. Ching han
khi cong HBr vao [-bromxyclohexen chi cho cis-1,2-dibromxyclohexan ma khong cho déng
phan srans (cOng anti) va cong vao propyn & —78 t6i —60°C chi cho cis-1-brompropen (cong
anti). Tinh dac thii 12p thé chi tim thdy & mot vai trudng hop. Phén ting dién hinh 13 cong
HBr vao 2-brom-2-buten trong diéu kién géc ty do & —80"C thi déng phan cis cho 92% san
phdm meso, déng phan trans cho cap d,l. Tinh déng phan lap thé nay mat di & nhiét do
phong, & nhiét do nay, ca hai déng phan déu cho mét hén hgp san phim gém 78% d,/ va
22% meso, nghia 13 phan tng c6 chon lgc vi tri nhimg kém dac thii 1ap thé.

Tinh dac thu 1ap thé gy ra bdi tinh én dinh clia g6c trung gian qua sy hinh thanh géc
cdu v&i brom tuong ty nhu jon oxoni khi brom ho4 ion ciia olefin:

Br
H Br
/.\ \ /
- _.‘H . ., "H N C_C :
R-. C=C + Br' — C—-C e R \ ,\"a

va sin phdm cong géc cling 1 cong anti. Su tén tai gdc cdu dA tim thdy khi cong Br’ vao
olefin & 77K ma phd ESR di tim th4y su tén tai cha nd.

Pac thi lap thé ciing phu thudce vao hiéu itng anchime cla nhém the, ching han nhu
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khi ¢6 nhém thé Br hay SR, cdu dang ctia g&c tao thanh trd nén c6 dinh hon:

,,-?r fSR
R—CH—CH—R'  R— CH—CH—R

Phan tng cong gdc vao cdc hop chdt vong nhu xyclohexen cling theo hudng axial dé
c¢é san pham diaxial, 1a dac thh cong trans- diaxial:
Br

hv H
(CH3)3CM + HBr JSUC' (CH3)3C Cl
|

Vai trd co ban la twong tic ludng cuc lien k&t C—Br véi ludng cyc cla tdc nhan & giai
doan chuyén nguyén tu.

Trong trudng hop goc khong d6i xiing, ching han géc A & dudi cong vao lién két doi
thi wu tén & vi tri anti d6i v6i nhém OH dé tao thanh san phim diaxial:

( axial 73%

L]
W equatorial 27%

(CH3)3C OH

(A)

Ho4 hoc 1ap thé cha cdc hop chdt vong phu thudc vao hiéu ¢ng cdu dang. Chang han,
cdc phan ting:

ﬂ + BICCl CCl3 CCly
35% 45%

w + BrCCl, LA %P

Phan tng cong BrCCl; vao xyclohexen cho hdén hgp san phdm 14 do su canh tranh giita
sy nghich déo véi qud trinh cit nguyen tir Br tir BrCCl;, con vdi trans-decalin chi cho san
phdm trans-diaxial do khong cé d¢ linh dong céu dang:

CCl,
+ BrCCly —
Br
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Cling nhu trudng hop norbornen & trén, phan ting ciing la cdng anti. Hod hoc lap thé
khong cho phép cong syn vi cdu dang 1a che khuat.

11.3.3. Cac phan ing cong Ap
29- Phdn iing halogen hod anken:

R-CH=CH, + Br, -®¥» R-CHBr-CH,Br

Cédc halogen nhu clo va brom céng vao lién két = khi ¢6 4nh sdng theo co ché goc
chubi:

Kich thich: X, 22X
|
Lén mach: X v =€ — x-<|:wc’(

x-(::~c< + X, — x-q:-f;—x + X
T4t mach: 2X — X,
X + x-¢-c‘< — X~é—(::—x
2x—<::—C'< — x-c-c-<|:~(::-x
Phan 1iing cdng géc nay di qua géc trung gian bén bac 3> 2> | duoc 6n dinh bing +/
hay H do d6 anken cé nhiéu nhém thé€ phan iing nhanh hon {t nhém the. Phan ing Xay ra

nhanh ngay & nhi¢t d6 thudng. Phan ing ciing c6 thé xay ra & nhiét dé cao song ¢6 canh
tranh v6i phan ting th&, nhat a loai allyl wu tién hon va phan ting tritng hop géc.

Diéu kién cho phan iing cong gbc cia halogen vao anken 1a khi c¢6 4nh sing hay chét
sinh g6c kich thich phan tng véi cdc hop chit chita néi doi, ngay vai vong benzen cho mot
hén hop déng phan 14p thé clia hexabrom- hay hexacloxyclohexan, ciing cho phin tng cong
1,2 va 1,4 vao he dien lién hop.

30- Phan g Kharash:

R-CH=CH, + HBr YOO, R CH,~CH,Br

Phan itng xdy ra khi c6 chdt kich thich peoxit cho san phdm trai Markovnikov goi la
hi¢u ting peoxit hay hiéu #ng Kharash. Téc nhan géc t#n cong 1a X' & giai doan quyét dinh
t6c d6 phan tmg. Phan Gng ciing ¢6 tinh chat chudi:

ROOR —* 2RO’ AH = +35 kcai/mol
RO’ + HBr — ROH + Br’
Br + )C=(X— Br—(:f—C°< 16n mach
Br~¢—C‘< + HBr — Br—#—(:}H + Br' ..

sau d6 la giai doan tit mach.

180



Giai doan ddu 1a phan tich peoxit cho géc ty do kich thich phan dng phéan cit 1dy H
cia HBr cho Br' (c6 AH = -23 kcal/mol, phan cdt Br cho AH = +39 kcal/mol). Giai doan 1dn
mach quyét dinh tdc d6 phan tng 12 sy tdn cong cia Br’ vio anken theo hudng tao gdc bén
nén cho san phdm trdi Markovnikov va di qua trang thdi chuyén mang ban chat moét phan
gdc va mot phin electrophin:

5
)
R— CH=CH, + Bf —= R— (=== CHy — R—CH— ‘i“z
b o

D61 véi céc tdc nhan HX, chi ¢6 HBr c6 hiéu ing peoxit, cdn HCI va HI déu cé mot
giai doan AH duong nén khong tham gia phan tng nay:
AH: Br a1
X"+ C=C - X-C-C -9 =22 45
X-C-C +X,— XC-CX + X -7 +8 -24
Khdc vdi phan ting cong ion, phan ing céng gbc khong thuln tiy cdng frans nén cd
san phdm raxemic hod do kha nang taoc g6c vodng 3 electron rdt khong bén.
CH,CH=CH(CHy), —» CHiCHCH(CH), (55%)
Br
CH, = CHCOOC,H; 5 BrCH,CH,COOC,H; ©1%)

3i- Phan itng cong voi N,O,
Olefin tic dung véi N,O, trong dung moi ete, este hay ankan cho san phim vic-
dinitro va (3-nitro ankyl nitrit:

ON NO; ON ONO
I I
—C=C— + NyO; ~—» —$—q— —q—ﬁ:—

Co ché phan ting 1a phan ing géc ty do véi su tdn cong ban ddu cha NO, cho gbc
—'C-C-NO, lam chit trung gian cho hai san phdm. Trong san phdm nitro-nitrit thi nhém
nitro tim thiy & cacbon ¢6 nhiéu hydro hon.

Trong hai san phim thi hgp chit dinitro bén hon nhumg este lai hoat dong hon nén khi
cé nuéc hay ancol bi thuy phan cho B-nitro ancol, n€u c¢6 oxy thi d& bj oxy hod cho
B-nitro anky! nitrat hay (3-nitro andehit hay xeton:

OZN OH
O,N ONO of _?_C_
_Gde 0N ONO, 0N

H
[ g\~ _ﬁ:_cl_ hay
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Mot s6 tdc nhan khic ciing cong goc khi ¢6 dnh sdng hay peoxit:

CH;CH,~CH=CH, + H,S Y+ CH,CH,~CH,CH,SH + (CH,CH,CH,CH,),S

68% 12%
(CH3),C=CH, + CH;CH,SH — (CH,),CHCH,SCH,CH,
94%
CH,;CH,CH,~CH=CH, + cCl, 2%, CH,CH,CH,-CHCI-CH,CCl,
75%
CCl, CCl,
+C Cl, > + l
73% ~Cl 1%
CHi(CH,),CH=CH, + CBr, 2.  CH,(CH,),CHBr-CH,CBry
2
CHyCH=CH, + CBrCl; F5€9%  cH,cHBr-cH,-cCl

CH;CH=CH, + (C4Hs);SiH —RC . CH,CH,CH,-Si(CHs)s

CH,CH=CH, + cocl, &%

32- Phdn immg céng cua cachen

CH,CHCICH,COCI

Cacben 1a gdc kép c6 thdi gian séng 10 + 107 s trong cdc phan ttng hod hoc nén
nghién ciu c4u tric bing phuong phép vat Iy nhv IR, UV, quang phé khéi.
Cacben tao thanh bing mot s6 phén éng phan tich nhiét hay quang hod hoac tach cia
mot s8 hop chit hitu co hay co kim:
CH;N, —= N, + : CH,
RCCl; — CCl; —:CCL + CI°
CIF,C~-COONa —* CO, + NaCl + : CF,
Céu tric cia cacben phu thugc vao su phan b electron trén cdc obitan khong lién két.

Néu hai electron phan b& trén cling mot obitan, thudng 14 ¢ véi spin nguge ddu nhau

gol la trang thdi singlet:
O L H H_ } AO khong lién ket

QBH\DH _N_ _ﬂ_ MO lien ket

Néu hai electron phan bé trén hai obitan khdc nhau, néu cé spin ngugc d4u nhau I
trang thai singlet, ciing d4u 12 trang th4i triplet:

H _1_ _f_ AO khong lien ket

o

@é\H 'N" % MO lién ket
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D61 voi metylen :CH,, metylen tén tai & trang théi co ban 13 triplet. Khi méi tao thanh
metylen tén tai & dang singlet réi nhanh chuyén thanh dang triplet bén vitag hon. Nhitng
cacben thé hydro bing goc ankyl hay aryl, nhv diphenylcacben, triclometylcacben déu ¢
dang triplet bén hon, con dihalogen cacben c6 trang thai singlet bén hon triplet.

Bic tinh cia mot s8 cacben nhur sau:

Trang thdi electron  Goéc hod tri, () AH?, keal/mol

: CH, triplet 136 92,1
: CF, singlet 105 —43,0
: CBr, singlet 100 64,5
: CCL, singlet 108 36,9
: CHCgH; triplet 140 =+ 150

: C(CgHs)a triplet 145 + 140

. C(C=CH,), triplet 180

Cacben tham gia vao nhiing phan t@ng c6 tinh chat goc vdi tu cach 1a chit trung gian.
Cacben c6 ddm may electron ngodi 1a 6 electron, trong dé ¢6 4 electron hod tri o: R,C: va
hai obitan khong lién k&t fa obitan p va o.

a- Phdn ing cong goc vao lién két C-H

Cacben tham gia vao cdc phin (ing hod hoc cha g6c tu do, qud trinh thudng phic tap
va co ch& c¢é khi khong thi€t lap ducc,

Cacben c6 kha nang dime hod. Theo tinh todn cua co hoc lugng t, cacben & trang
thdi singlet ¢6 khé nang dime hod do urong tac cha obitan tréng cua tiéu phén nay vdi obitan
n cha tiéu phan khdc, song phan (ing nay it xdc suit vi nang luong hoat hod rit nho, chang
han, vdi triclocacben 1 1,19 kcal/mol, con véi metylen thi bang 0, mat khdc cacben thudng
thu duoc trong nhing trudng hop ma ndng d6 cia cacben thip.

Cacben c6 thé cit 14y proton tit hgp chét no dé tao thanh goc ty do mot electron:

R,C: + RRH — R,CH + 'R’

Phan (ng g6c cua cacben cé thé 12 phan tmg céng mach vao lien két C-H hay cong
gdc vao ndi doi khi cacben & trang théi triplet.

Trang thdi triplet ¢é khuynh hudng chon loc hon, ching han véi prapan cho g6c
n-propyl, isopropyl:

CH,CH,CH; + :CH; — CH;CH,CH," + CH3C'CH; + CHy

Sau d6 ¢6 su té hop cdc gdc thanh phan tir trung hoa.

Khi cét 14y hydro thi ty 1& giita cdc lién két 1:2:3 1a 1:14:150, con khi ¢ong mach vao
lien két dé 1a 1:2:7.
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Su khédc nhau vé tinh chon loc cong mach vao C-H gidi thich bing sy tao thanh trang
thdi chuyén 1i€p vong & trén (phan ing cong electrophin). Trang thdi chyén ti€p nay duoc
tao thanh véi su tham gia cha obitan bit k¥ cia C-H Ia bing nhau. Trong trudmng hop nay,
¢ ch€ déng bo thit nhat bi cAm vi dinh luat bio toin spin.

Trang théi triplet ctia cacben véi C-H la phan Gng géc hai giai doan. Cacben tich 14y
H tir phan t1r phin ifng tao ra géc déng thoi chuyén cacben thanh goc, con giai doan thit hai
la sy k€t hop cia hai goc:

=C-H + CXp ->C + 'CHX, —= —C-CHX,

Chéang han phan tng:

hv CeHsCH, .
(CGHS)ZCN2 —— (C6H5)2C: - [(C6H§)2CH CHZCﬁHs] —— (C(,Hj)zCH—CHzCﬁHS

cap goc cacben

Phan 1ing cong mach vao lién két Gc—p tr triplet xay ra nhanh hon véi C-H béc ba
hon bac hai va bac nhét nhung khéc nhau rat nho.

Co ché géc tr do do cacben trye ti€p nhan hydro tao thanh cdp gdc tu do:

RH + CH, - R'+ CH;'
R" + 'CH; —™ RCH,

Khi tdc dyng propan v6i cacben do quang phan diazometan va xeten, thu duge butan,
isobutan va ca propen va etan:

CH;CH,;CH; + CH, —~ CH;CH,CH," + "CH,
2CH;CH,CH; — CH,CH=CH, + CH;CH,CH;
2CH;" — CH;CH;

Sy chuyén khong can d&i va dime hod luon ludn Ia qué trinh g6c tr do. Cén thay ring,
san phim tir phan tlr v cacben luon ¢6 nang lvong du. Chat ban d4u va cacben c6 thé phan
ing theo co ché cong mach tryc ti€p va véi nang luong wr do c6 thé gy ra sy phan cit lien
két cho géc tu do, nhung né€u nhu vay thi qud trinh hinh thanh goc tu do phai xdy ra sau
phan ing cong mach. Thuc t€, cacben singlet tham gia phan ng cong mach, con cacben
triplet tham gia co ché géc tu do da quan sdt dugc tin hi¢u CIDNP tir phin ving hinh thinh
etylbenzen tir toluen véi CH; triplet ma khéng tir CHj; singlet.

b- Phdn iing cong géc cia cachen vao lién két n

Cacben cé kha ning cong vao ndi doi dé dang nhung c6 tinh 14p thé khdc nhau phu
thudce vao trang thai cla cacben.

Cacben singlet phan ting véi lien két n ¢6 tinh dac thi lap thé, tir cis-olefin cho cis-
1,2-xyclopropan thé, con trans cho trans-1 2-xyclopropan thé:
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Cacben singlet 12 tic nhin electrophin, tuong tic vdi lien két doi tir phia AO tréng

Tuong tdc cacben vdi lién két tao phic nt 6n dinh bing phdi tri nguge cia cap electron trén
AO clia cacben véi MO = tréng phan lién két ciia olefin:

>C=C: + X2C# — "/C C; — ;qu’\
X x

L

Cudi ching ¢6 th€ quan niém nhu [ hinh thanh trang théi chuyén vong c6 sy bao toan
spin dua t6i phan ing céng mach ¢6 tinh dac thd 1ap thé.

Cacben triplet cong hgp vao néi doi theo co ch& gdc kép:

| .

i =
\C'
: \
N /
Phin tng nay khong c6 dic thi 14p thé.

Cacben triplet 12 g6c¢ kép, phan @ng véi olefin khong ¢6 tinh dac thd 1ap thé vi cacben

triplet két hgp vao mot cacbon ciia ndi d6i thanh géc kép c6 spin song song. Sy quay cla

spin 12 giai doan trung gian, trong d6 xdy ra sy quay xung quanh lién két o 1am thay déi vi
tri nhém thé:

R._ .-R I Rh'C—-— ~R
r/(i (\\H w Y

H
+.CX2 'CX2
R
H R Heog ~R R)C\ P
”C_ - \ H H
R/ \C)g\H 4 + +CX2 CX,
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Thure t€ khi quang phan diazometan trong pha hoi véi cis hay trans-2-buten tao thanh
etylen triplet dva tdi hén hop cis va trans-dimetylxyclopropan. Trong pha hoi, cacben
singlet tao thinh s& m4t nang lugng khi va cham dé chuyén thanh triplet cacben. Sy chuyén
hod xay ra phanh trudc khi cong vio anken. Cdn néu thuc hién phan img trén trong pha
long, singlet tao thanh nhanh két hop véi anken cho sin phdm dac thit lap thé cis cho cis,
trans cho trans-xyclopropan.

Cic cacben khdc ciing ¢6 phan éng twong ty, ching han diclopropan cacben kém kha
nang phin ting hon vi sy chuyén electron tir clo sang obitan tréng clia cacben:

-t 'Y + e .
[ {Cl-C-Cl:  =m CI=C-CI ]
Do d6 singlet diclocacben 6n dinh hon triplet cacben.

12.4. PHAN UNG CUA ION GOC
12.4.1. Ciu triic

Céc phén ing hitu co ¢6 su chuyén electron tir trang thii HOMO sang LUMO qua
trang thdi kich thich véi cuc tidu nang lugng 4 eV. Song ciing c6 nhimg phan tng ¢é su
chuyén electron dé tao thanh ion g6c bén & trang thdi chuyén ti€p c6 thé x4c dinh bing
EMR va UV. Nang lugng chuyén electron thanh ion géc thudng nhd hon hon, Khoang chi
1 eV, nghia la ning lugng kich thich clia ion g6c cdn nho6 hon d6i vdi phan tir trung hoi.

Né&u chuyén mét electron tir phan tir trung hoa bing cich mat di mot electron s& tao
thanh cation g6c CR, con nhan thém mot electron thi trd thanh anion géc:

A

LUMO  ~— ~+ :
HOMO —H— 4 _T+ 4
phén trang thii kich thich AR CR

trung hod  singlet thdp nhat

Nhu vay tinh chat hod hoc cia ion g&c cin phai gidng phan ¢ & trang thdi co ban
cting nhu kich thich.

Anion géc AR tao thanh khi tic dung kim loai kiém hay Kiém thé 13 nhitng chat cho
electron véi cdc chat ¢ khd nidng nhan electron nhu hydrocacbon thom, di vdng, arylankyl,
diarylxeton, hop chit nitrozo, imin ... Chang han khit naphtalen trong dioxan bing Na:

+
— N
. ~® Na’

hay benzen:
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hoac tao thanh bang khir dién hoa:
CﬁHsCECC(,H5 + e —* C(,H5C“=C. CﬁHs

Anion géc¢ quan trong nhit 12 semiquinon va xetyl:

—?—Ar
0° *
Ch4t cho etectron ciing c6 thé 12 cacbocation, anion ¢o kim, I :
RLi + ArH — R’ + Li*ArH™
217 + 2(NC),C=C(CN), —= I, + 2[(CN);C=C(CN),]"
Chit cho c6 thé 1a phan tr trung hod nhu aren, olefin, amin v6i chdt nhan la
cacbocation, géc 6n dinh, chat nittro:

(C6H5)2C=®=C(C6HS)2 + (C6H5)2C+Oc+(C6HS)2 —
2(C6H5)2C.O C+(C6H5)2

Kha ning phdn img cia AR phy thuoc vio ban chét AR va phuong phdp tao ra né,
ciing nhu didu kién phan tng, c6 thé cong electrophin dé hinh thanh dianion, cong hgp véi
proton hay chét ban d4u, khit dime hod. Chang han:

___*4. RR'C-CH=CR"O
RR'C=CH-.C Rn_o- _.L-H:_. RRIC=CHCR"(0H) hay RR'CHZCHQCOR"
» RR'C-CH,COR"

RR'C-CH,COR"

Anion-gdc ciing tdc dung véi phan tir trung hoa:
ArH + Ar'H- == ArHAr'H

Cation géc CR tao thanh khi tic dung chiim electron 1én phan ur:

M+e — M+ 2
hoac khi quang hod hop chédt khong no va hydrocacbon thom, xeton, ancol:
(CH),C=0 %> (CH,),C=0*
CD,0H ¥, CD,0H' + ¢
CR dugc tao thanh do mat mot electron cia lién két n hay cia cap electron # trong khi

d6 AR tao thinh bing cich thém electron vio MO n” clia hgp chat nhan.
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CR c6 kha nang phén img véi hop chat trung hoa, olefin hodc chiu sy phan hay:
ArH + ArH' == ArH* + ArH

C3H5+ + C';H’; + H2
C3H;—,+ 4E+C3Hs C3Hy" + C3Hy
C3Hg+ +.CH3
ACCH,R" — AICH,* + R
Néi chung, phan ing loai nay goi 1a phin wng ion-phan tir, thudng dvoc diing trong
quang phd khei.
Céc ion gbc thudng 1a cdc hop chat trung gian trong cic phan ung hitu co, va thurong
gap trong co che SET (xem phan ing Sy, Spad).
12.4.2. Cac phan ting cta ion géc
33- Phdn ing amin hod bdc ba vao ArH:
ArH + RzNH+CI — AFNR2

Khi tac dung N-clodiankylamin vao hop chdt thom cé xic tdc ion kim loai nhu Fe?*,
Cu*, Cr**, Ti™*, khi c6 mat axit sunfuric s& tao thanh amin b4c ba.

Phin tmg xdy ra v6i su hinh thanh cation géc cita N-clodiankylamin;
R,N'HCI + Me* — R,N*H" + Me?* + CT'

Cation g6¢ nay tdn cong vio nhan thom nhv 13 tidu phan electrophin vio nhan cho san
phdm the nén tuan theo su dinh huéng cia phan ting th€ electrophin nhu phenol va axetanilit
cho san phdm the ortho- para, thudng para. Néu khi hop chét thom cé g6c ankyl, phan tng
lai th& vao cacbon benzylic theo co ché g6c canh tranh véi phin iing thé.

Tir N-halogendiankylamin chuyén thinh ankyl clorua khi ¢é xic téc Fe?* cling cé qud
trinh hinh thanh cation géc:

R,NCl i RngClHﬁ; R,;NH'™" + i@eCl
R,NH 4+ RH —> sz?IHz + R
R* + RﬁHCl —» RCl + R,NH""
34~ Phdn iing hinh thanh hop chdt co kim:
RX + M — RM
Ching han nhu sy hinh thanh hop chat Grignard:
RX + Mg— RMgX

c6 thé xy ra theo co ché gdc nhung ciing c6 quan niém [a phan ¥ng di qua cation gdc:
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R-X + Mg — R-X" + Mg’
R-X — R + X
X + Mg: —_— XMg:
R + XMg, — RMgX

Phén iing tuan theo co ché SET va tiéu phan R-X" VA Mg,” 1a ion géc ndm trén bé mit
clia Mg (nén thé, ky hiéu “s™ & duéi).

35- Phdn ting chuyén hod hop chdt nitrozo thanh azo:

®
RNO + RNHOH ——= R—Ne=N—R'

Phan ung thudmg xay ra khi c6é bazo. Ca hai tdc nhan chuyén thanh anion géc réi t8
hop lai véi nhau:

0°
- ] - *
ARNO + AINHOH —> 2Ar-N| — Ar—N- N—Ar %‘;lgAr—N= —Ar
o
09

Cic anion g&c nay di duge xdc nhan bing ESR va néu diing 0 va N thi ca hai N
va O tuong duong nhau. Hop chdt azoxy khong d6i xing ciing t6ng hgp duoc bing 8 hop
hop chdt nitrozo véi N,N-dibromamin. Hop chit azo d6i xing va khéng d6i xing tao thanh
khi hop chit nitro thom phan Gng vdi tdc nhan aryliminodimagie ArN(MgBr),.

36- Phdn itng hydro hod nhdn thom

Hydrocacbon thom bi khir thanh xyclohexadien va xyclohexan bing hydro trén xiic
tic di thé. Phan tng c6ng 1 mol hydro cho xyclohexadien sau d6 phin tng khir dé hon giai
doan déu nen khé dimg lai, chi khi khir phenantren thi dirng lai sau 1 mol hydro:

H,
—_— -
Xic tdc
H,
—_—-
NH;-ROH

Khi khir bang Li trong NH; long khi ¢6 ancol goi 1 phin ting Birch cho 1,4-xyclo-
hexadien. Khi hop chit thom bj thé, cdc nhém cho electron nhir ankyl hay ankoxy 1am giam
tdc do phan (ng va tim thdy nhém th€ & vi tri khong bi khir trong san phdm nhu anizol cho
1-metoxy-1,4-xyclohexadien ma khong cho 3-metoxy-1,4-xyclohexdien, nhém hiit electron
nhw COOH, CONH,; lam ting t6c d¢ phan ing va tim thdy nhém thé& trén vi tri khir cfia san
phdm.
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Co ch€ phan ting 12 co ché electron solvat hod chuyén tir kim loai 16i dung moi réi téi
vong tao nén ion gdc:

H H H H H

H

Natri bj oxy hod thanh Na" va tao ion g6c dd x4c dinh dugce bing phé ESR. lon goc
nhén proton tir ancol cho g&c réi bi khir d&n anion bai Na khéc réi nhan proton khéc.
Anion ¢6 thé t6n tai & dang cong hudng:

@ - - )

nén cho san phdm cong 1,4 va 1,3-xyclohexadien:

H H /102
1
= ]
3 2@1
3 N

1—3 1=

D¢ giai thich su hinh thanh 1,4 v 1,3-xyclohexadien, ngudi ta diing quy tic chuyén
dong nhd hon hay thay déi {t hon. N6i dung cla quy téc 1a phan (ing co ban thich hop cho
nhiing phan éng cé sy thay déi it nhit vé vi tri nguyén tir va c4u hinh electron. Nhu hinh
trén, 1,4-xyclohexadien cé sy thay déi 1/3 +1/3 +1/3 +1/3,con 1,3-xyclohexadien 12 1/3 +
2/3 + 2/3 +1/3, nhu vay sdn phdm wu tién hon 12 I,4-xyclohexadien. Mat khéc bing phd
BCNMR ciing cho thay vi tri 6 ¢6 mat dé electron 16n hon nén hiit nhiéu hon véi proton.

37- Phdn ting halogen hod RH bdng R,NCI
Ankan tic dung véi R,NCI tao thanh RCI khi c6 chat kich thich Fe?*:

+ 2+ .
RNCI —H RoNHCl B rona 't By

. ® .

RzNH+ + RH —» RzNHz + R
L ® [ ]
R + R,NHCl —» RCl + R,NH*

Co ché di qua tic nh4n & dang cation gdc va phan Ung mang tinh chét chuéi.
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chwomg 1.3

PHAN UNG NHIET VA QUANG HOA

13.1. PHAN UNG QUANG HOA

Cac phan iing hoa hoc néi chung déu tham gia vao phan @ing & trang thdi electron co
ban, con trong phan dng quang hod hoc, cic phan tlf tham gia phan tng dwgc kich thich
bing h4p thu nang luong tit 4nh sdng d€ di t6i mot trang thdi goi 1a trang thdi kich thich
electron.

Phan tng & trang thdi kich thich cé thé m4t di nang lugng bén ngoai bing mot phuong
phap ndo d6, khong thé git dugce trang théi kich thich trong thai gian lau, trong khi d6 céc
phan ving hod hoc thudng bing phuong phip ¢6 thé giit dugc nang lugng bén ngoai. Trong
phén nay c6é thé tim hiéu quai trinh vat 1y va hod hoc cha phan tir kich thich trong c4c phén
ltng quang hod.

13.1.1. Trang thai co ban va kich thich

Electron ¢é thé€ chuyén tir mitc nang lugng co ban sang mitc ning lugng cao hon,
nghia 12 t§i obitan khong bi chi€ém ning luong cao hon khi ¢é ning lugng bén ngoai. Trong
quang hod hoc, nang lugng ndy & dang 4nh séng. Chiéu dai séng b4t k¥ cua dnh sing hép
thu vGi gid tri nang lugng dé cho theo E = hv, v6i v 12 tdn s6 4nh sdng (v = ¢/A) vh 1 1a hang
s& Planck; A 1a bu6c séng 4nh sdng. Cdc mic nang lugng cla phan tir déu duge lugng tr hod.
Luong nang lwgng ma electron trong phén tit cdn dé chuyén tlt mifc ning luong nay téi mitc
nang luong cao hon 1a mdt s& lugng tir xdc dinh. Chi 4nh sdng c6 ding t4n s6 Gng véi lugng
nang lugng nay méi gy ra sy chuyén electron tdi mitc nang lugng cao hon. N&u dnh sdng cé
tdn s§ khéc, cao hon hay thip hon c6 di qua miu nhung phan tir khéng hdp thu dugc. Néu
anh sdng ¢4 ding tdn s6 dé di qua, ning lugng phan tir duge diing cho sy kich thich electron
v 4nh sdng gidm cudng do. Quang phé k& 1a cong cu ghi 14y 4nh séng cia tdn s6 di cho di
qua méu va ghi 14y lugng 4nh sdng di qua ma khong phéai hip thu. Quang phd k& so sdnh
ning lugng cha dnh sdng di qua véi dnh sdng ban ddu. Cac cong cu ty dong ghi lién tuc thay
ddi tan s va tr dong vé so dé hdp thu theo tdn s§ hay chiéu dai séng.

UV xa Anhsingtim Khékién IR gin Héngngoai IR xa
[ 1 1

[
T T 1 I

I 1 1
150 nm 200 400 800 1000
0,8 cm’! | 2,5 15 250
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Ning lugng cla sy chuyén electron tuong ting véi tdn s6 dnh sdng trong viing UV, kha
kién hay UV xa.

Vi tri hap thu dugc do bang don vi chiéu dai séng, thudng diung nm. Né&u chat hédp thu
trong viing kha kien thi chat c6 mau, 1a mau phy ciia mau bj hap thy. Miu c@ia hop chit hap
thy & ving tim 12 vang. Viing UV xa it dugc nghién citu trong hod hitu co hon viing kha kién
va UV thudng vi oxy v nito cling hip thu trong viing nay.

Tir d6 cho thdy, phd electron bao gém mét hay vai pic twong ing véi su chuyén
electron tir mifc electron ndy sang muc khac. O didu kién binh thudng, cdc pic 1a nhon. Didu
do6 cdn thi€t dé cdc phan tir ¢6 dao dong va quay khong d6i va cac chuyén dong ndy ciing
duoe lugng tir hod. G thoi diém nao dé, cic phan tir khéng chi & trang thai electron di cho
ma con c6 trang thdi dao dgng va quay. Sur khéc nhau gilfta mic nang lugng ctia hai dao dong
lién nhau 12 nhé hon su khéc nhau gifta mic ndng lugng c@a electron va sy khic nhau giita
miic ndng lwvong quay ciing nho.

Khi electron chuyén dong tir mic electron ndy téi mc ning lugng khéc, né chuyén
dong tir thang nang lugng dao dong va quay t6i mot vai mite nang lugng dao déng va quay khic.

Mot méu ding chita mét s& 16n phan tir v néu chiing cling & mot trang théi co ban,
chiing ciing duge phéin b6 theo trang thdi dao dong va quay, khong chi mot chiéu dai séng bj
h4p thu ma mot s6 16n nén ¢6 thé cho pic manh hon. Nhung néu phan ti ch¢a nhiéu nguyen
tit ¢6 nhiéu trang thai chuyén thi thyc 1€ quan sit duge dai rong hon. Do cao cla pic phu
thugc vao sd phan tir c6 trang thdi chuyén va 1y [& v6i lge v6i e 12 hé 6 i,

He 56 tat c6 thé bidu thi bing & = E/c.l v6i ¢ 1a néng do mol/lit, ! 1a chiéu dai binh do
(cuvet) bang cm va E = log Iy/f v&i I 1a cudmg do dnh sdng t6i va [ 1a cuong do anh sang di
qua. Chi€u dai séng thudng dung 1a &, & dinh pic. Su dao dong thudn tuy nhu giita V,, va
V, cla E; c6 mic nang lugng thip hon nhidu trong ving IR vi 13 co s& clia phé IR. Su
chuyén thudn tuy quay tim thdy trong IR xa va vi séng.

Pic hap thu UV va kha ki€n gdy ra su kich thich electron clia mot electron & mot
obitan ndy (thudng ¢ trang thdi co ban) tdi obitan cao hon. Binh thudng, lugng niang luong
cin cho su chuyén nay phu thugc nhiéu vao bin chit hai obitan va thip hon cdc obitan con
lai cha phan ¢,

Mot nhém chie don gian nhu C=C luén gay ra su h4p thu trong ciing mot viing chung.
Nhém gay ra su hap thu goi 12 chromopho.

13.1.2. Trang thai singlet va triplet- trang thai chuyén bi cam

Trong nhiéu phén tir hiru co, tit ca cdc electron déu & trang thdi co ban 1a cap doi va
mdi electron clia c3p ¢6 spin ngugc ddu nhau theo quy tdc Pauli. Khi mot trong cap electron
bi kich thich téi obitan cé niang litgng cao hon, hai electron theo nguyén tac c6 thé clng spin
nhu khi né hinh thanh hay ngugc spin nhau.
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Phan tir ¢6 hai electron khéng cap doi goi 1a fripler, con tat ca spin la cap doi goi 12
singlet. V& nguyén tac, bat ky mot trang thdi kich thich singlet cling cé trang thai triplet
tuong Ung. Trong nhiu trudng hop, trang thii tripler ¢6 ndng lugng thip hon trang théi
singlet tuong Ung theo quy tic Hund. Ning luong khédc nhau va ciing 1a chiéu dai séng khic
nhau dé€ kich thich electron tir trang thdi co ban sang trang thdi singlet, kich thich Ién hon
sang trang thai triplet tiong (ing.

Sy kich thich moét electron trong phan tir t&1 trang théi kich thich singlet hay triplet
phu thuéc vao nang luong dimg. Tuy nhién day khong phai 14 trudng hop ma trang thdi
chuyén gilta cic mitc ning lugng bi chi phdi bdi quy tAc chia trang théi bi cdm. C& céc loai
trang thdi chuyén bi c&m nhung ¢4 hai trong dé 1a quan trong hon.

1- Trang thdi cdm spin: Céc trang thdi ma spin cla electron thay d6i khong duge phép
vi sy thay d6i tir spin ndy t&i spin nguge ddu lam thay déi momen géc ciing nhu vi pham luat
bio toin momen géc. O day trang thai chuyén singlet-singlet va rriplet-iriplet bi cdm, con
singlet-triplet hay triplet-singlet dugc phép.

2- Trang thai chuyén doi ximg bi cdm: Trang théi chuyén thuoc loai nay & trong céc
phén tr cé tinh d6i xitng. Trong nhiéu trudng hop trang thdi chuyén g — g vd u — u bi cam,
con g = u hay u — g durge phép (cic obitan thudng cé ky hiéu bing tinh d6i xiing). Obitan
6 cla hydro thudng viét 1a W, (g la gerade — obitan ma spin trén obitan khong thay déi khi
trung tam b4t d6i thay déi va obitan s la W, (u = ungerade — obitan 1am thay déi spin khi
thay ddi trung tam dé&i ximg, n6i 1a cAm nhung thyc € 1a trang thdi ndy khong chic chén).

13.1.3. Cac loai kich thich

Khi electron trong phan tir bi kich thich, thudng mot electron trong phan tir ndo dé di
tdi obitan tréng nang lugng thdp nhit mac di s kich thich t6i obitan nang lugng cao cling
¢6 thé. D6i v4i phan tir hitu o, thudng ¢6 4 loai kich thich:

1) 6 > o Ankan, khong c6 electron n hay % chi ¢6 thé kich thich bing con dudng

nay.

2) n > o: Ancol, amin, ete, ¢é thé kich thich bing cdch nay.

Vnon: Thudng 1a anken hay andehit, este cacboxylic.

4) n = 7" : Andehit, xeton, este cacboxylic.

Bén loai kich thich nay & trén theo thit ty gidam ning luong.

Anh sing c6 nang lugng cao (UV xa) cin cho kich thich 6 —» ¢, conn —> " g4y ra
bing dnh sing thudng, tuy nhien kha nang trén c6 thé thay déi trong vai dung mot.

Trong 1,3-butadien (ciing nhu hé lien hop khic, ¢6 hai obitan © va 1'), sir khdc nhau
vé nang lugng giita hai « cao hon (y,) va n nang lugng thap (y3) nho hon sy khidc nhau giita
obitan 7 v T trong etylen. 1,3-Butadien ¢é nang luong thdp hon etylen va dnh sing cé
chiéu dai séng cao hon kich thich electron. D6 12 quy luat chung hay co ban cho su lien hop
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1om trong phan tir, sy hip thu & chiéu dai séng cao hon. Khi nhém chromopho hip thu &
chi¢u dai séng nao d6 va sy thé mot nhém nay bing nhém khic gay ra sy hip thu & séng dai
hon, su chuyén dich tim thy 14 bathochrom, nguoc lai goi 12 hypsochrom.

Trong boén trang théi trén thi sy chuyén n — mvanon la quan trong nhat. Céc hgp
chat C=0 ciing cd cdc trang thdi kich thich ¢6 hai pic 8 UV,

Bang 13.1. Su hdp thu UV ciia vai anken lién hop CH3~(CH=CH)_~CH,

nm
263
352
413

w (R | |o

Céac chromopho gy ra su hip thu dnh sing nhu trong viing kha kién va UV 1a C=0,
N=N, CqHs, NO,, moét vai chromopho 6 ving UV xa nhu C=C, C=C, Cl, OH... Cic
auxochrom 1a nhém hé trg thém, thudng lam tang sy hdp thy cia chromopho ¢6 trong phan
tr nhu cic nhém Ci, OH, NH,; thudng duge xem 1a auxochrom va su chuyén dich ciia chiing
thudng la bathochrom trong UV va kha kién nhu CgH;s hay C=0. Mot vai auxochrom ciing
1a chromopho nén cé khi khé xac dinh 06 12 auxochrom hay chromopho.

Bang13.2. Cic pic UV cia benzen thé trong nudc hay nudc cé vét metanol

Dat 1 Dai 2

Amax, NN € mas Apmax, M Enax
CgHs—H 203,5 7,400 254 204
CgHs—C! 208,5 7,400 263,5 180
CgHs—CH 210,5 6,200 270 1,450
C¢Hs—OCH, 2170 6,400 269 1,480
CgHs—CN 224 13,000 271 1,000
CeHs—COOH 230 8,600 280 1,430
CeHs-—-NH, 230 9,400 287 2,600
CsHs—OCOCH, 2455 9,800
CeHs—CHO 2495 11,400
CeH:—NO; 268,5 7,800

194



13.1.4. Tinh chat cua trang thai kich thich

Trang thdi kich thich trong phéan tr duge xem nhu 12 tiéu phan hoa hoc dac biét, khic
nhau vé& trang thdi ¢o ban cha cling phan tir va trang thii kich thich khiac. C6 nhiéu phuong
phdp ky hiéu cho trang thai nhu theo phé, quang hoc hay thuyét obitan phan tir. Mot céch
don gian 1a chi diing cdc obitan co bian va obitan bi chiém mdi vdi chi s& 1a singlet hay
triplet. Ching han tir trang thdi co ban cha etylen gay ra chuyén mic m— nt ¢6 trang thai
() hay trang thdi n, n singlet.

M¢t phuong phdp khdc cling thudng diung trong trudmg hop obitan dua vao 13 khong
chic chin. Nang lugng kich thich th4p nhét 1a §, va ti€p theo 1a S,... vi trang théi triplet 1A
T,.T7,,T,... vatrang thdi co ban 1a §,. Cling cdn c6 hé khdc, nhung hay dung hai hé trén.

Tinh chat cla trang thdi kich thich khong dé do dugc vi néi chung thdi gian s6ng ngin
va néng d¢ thap, nhung thudng thay chiing khdc véi trang thdi co ban vé tinh hinh hoc,
momen ludng cuc va tinh axit bazo.

Chéng han, axetylen, trang thii co ban 13 tuyé€n tinh cé tinh hinh hoc frans véi trang
thdi lai hod gdn sp? & trang thai '(n, n'). Tuong tr nhu trang thai '(x, n°) va *(n, ©°) cla
etylen cé tinh hinh hoc vuéng gée va khong phing va trang thai cia '(n, ) vA *(n, ) clia
fomandehit 12 hinh thdp. Tiéu phan triplet ¢6 Khuynh huéng ty 6n dinh bdi su bién dang do
mét di twong tdc giita electron khong cap doi. Néu ifnh hinh heoc khdc nhau, momen ludng
cyc ciing khdc nhau vi sy thay déi tinh hinh hoc va su phéan b6 electron thudng do su thay
d8i tinh axit baze. Ching han, trang thai S, cta 2-naphtol 13 axit manh hon (pK = 3,1) hon
trang thdi co ban (S,) clia cing phan tir (pK =9,5).

13.1.5. Su phan cit quang phan

Cic phén tir hdp thu lugng tir 4nh sdng duge kich thich 1én trang thai kich thich. Vi
nang tugng dnh sdng kha ki€n va UV la cing bién do v4i lién két céng hod tri nén ¢ kha
ning 1a phan tir ¢d thé phan cét ra hai phdn goi 1a qud trinh quang phan.

Bing 13.3. Nang lugng quang phan ciia mot sd lién két

Lién két E, keal/mol £, kdimol A, nm
C-H 95 397 300
Cc-0 88 368 325
c-C 83 347 345
CI-Cl 58 243 485
0-0 35 146 820

Su phan cit quang phan ¢6 thé cét phan tr thanh hai phén (it nh6 hon hay (6i hai géc
te do. Sy phan cdt cho hai ion [a rit hi€m. G6c tr do sinh ra bdng quang phan ciing gidng
nhu cdc goc sinh ra tir cdc phuong phdp khde, trir khi chiing ¢6 thé & trang thdi kich thich, v
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diéu d6 c6 thé gay ra nhing sv khic nhau.

13.1.6. Pac tinh cta phan tir kich thich

1- Qua trinh vdt ly

Cac phan tr kich thich quang hod hoc t6i trang thai kich thich khong tén tai lau.
Nhié€u sy kich thich tir trang théi S, t6i S) con su kich thich tir S, t6i triplet 1a bi c&m. Su kich
thich t6i S, hay cao hon la dugc phép nhung trong chét 16ng va rén, trang thdi cao hon
thudng bi gidm di rdt nhanh t6i trang thdi S, (thuong 10" t6i 10™"") cho mot s6 gia nho 16i
moi trudng xung quanh bdi va cham véi cdc phan tir khéc.

Trong céch tuong tu, su kich thich ban ddu va su phan huy tir trang théi singlet cao
hon mic dao dong ciia S| nhung bac nay giam t6i mic dao dong thdp nhét cia S,. Trong
nhiéu trudng hop, mitc dao dong thap nhat cia trang thdi S, chi 1a trang thdi singlet kich
thich quan trong. Trang théi nay c6 thé chiu thay déi bdi qud trinh vat ly hay hoa hoc.
Ching han phuong phédp vat 1y cho phén tir & trang théi S, va trang théi kich thich triplet nhu
gian d6 cta Jablonski (hinh 13.1) va bang 13.4.

Hinh 13.1. Gian d6 Jablonski: dudng lién 1a bic xa, dudng ziczac 1a khong bitc xa,
IC -chuyén hod noi, ISC- chuyén ho4 chéo noi, VC- bac dao dong,
hvi- huynh quang, hv,- lan quang

1) Phan tir & trang thdi S, c6 thé d8 xuéng qua mifc dao dong cla trang thdi S, va quay
trd vé trang thdi co ban cho nang luong ciia minh cho moi trudng xung quanh nhung néi
chung rat cham vi lugng nang luong 1a 16n. Qud trinh nay goi 12 su chuyén ho4 noi (internal
conversion — IC), vi 1a cham nén nhiéu phan tir nhan con dudng khéc.
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2) Phan tir & trang thdi S, ¢6 thé roi xu6ng vai mic dao dong thip cha trang thai Sy
cho hét nang lugng dudi dang dnh sdng. Qud trinh nay trong khodng 1077 sec, goi 14 qud
trinh huynh quang (fluorescence). Céch nay khong ¢6 tinh chét chung vi twong ddi chim trir
cdc phan t&r nho hay cling (nhan thom). D61 vdi nhiéu hop chdt khdc su huynh quang rdt yé€u
hay khong phat hién dugc. D6i voi cdc phan tir huynh quang, phé biic xa huynh quang
thuong 1 anh guong cha phé hip thuy, diéu dé 1a vi cdc phan tir huynh quang di lén tr mie
dao dong thdp nhit cha S, t6i mic khic cla S, chi c6 pic chung 1a pic (pic 0-0) do sy
chuyén giita mitc dao dong thdp nhét cta hai trang thdi. Trong dung dich pic 0-0 ¢6 thé
khong tring hop v6i nhau vi hai trang thdi bi solvat khac nhau. Sy huynh quang luén ludn
gay ra tir sy chuyén mitc S| — Sy, trir azulen va cdc dan xudt don gian bitc xa huynh quang
chuyén mife tir S, t6i S,

Vi c6 su huynh quang nén nhidu phan tng hod hoc ctia trang thdi S, c6 thé ¢6 rit
nhanh hoac sy huynh quang tim thdy trude khi xay ra.

3) Nhiéu phan tir (khong phai tdt cd) & trang thdi S| c6thé bi giao thoa trong h¢
(intersystem crossing — ISC) t6i trang thdi triplet thdp nhat 7. Ching han benzophenon ¢6
100% phan tir kich thich t6i trang thdi S; giao thoa sang trang thdi T,. Sy giao thoa trong h¢
tir singlet 16 triplet 1a con dudng cdm do van dé moémen goc. Sy giao thoa trong hé khong
mat di nang lugng.

Bang 13.4. Qu4d trinh vat 1¢ cha phéan tir kich thich

Sy+hv—> 8§/ sy kich thich

Sy --i— 8, + phiét sy héi phuc dag déng

8; = §, * nhiét su huynh quang

S, -+fi— Sy + nhiét su chuyén hoa trong hé

S -ti=> T sy giao thoa trong hé

T,¥ — T, + nhiét sy hdl phuc dao déng

T,— 8o+ hv sy i&n quang

T, --ll— §, + nhiét sut giao thoa trong hé

Sy + Agp — Sot Ay sir chuyén singlet-singlet
{su cam quang)

T+ Ay = So + Ay st chuyén triplet-triplet
{s\f cAm quang)

4) Cic phan tir & trang thdi 7, c6 thé quay trd vé trang thdi S tich ra nhiét (giao thoa
trong hé) hay 4anh sdng, goi 1a sy 1an quang, & ddy momen géc khé 16n tai nén ca hai giao
thoa trong hé va lan quang rat cham (107 t6i 10! sec). Didu d6 dwa t6i trang thai T tén tai
1au hon S,. O trong cling mot phan ti, sy lan quang tim thdy & tdn sd thdp hon huynh quang,
su khdc nhau 16n vé ning lugng giita S| va S, hon la gilta Ty va S, va séng law hon (vi thoi
gian sOng 1au hon cta trang thai 7).
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kich thich huynh quang

Hinh 13.2. Sy kich thich va huynh quang gifta trang thai §; va S,

5) Phan tr & trang thai kich thich (S| hay T'() c¢6 thé chuyén nang luong du téi phan ul
khdc trong méi trudng xung quanh goi la qud trinh cdm quang. Cic phan tir kich thich (con
goi 1a chdt cho D) chuyén 16i S, dé phan tl khdc (A chat nhan) trd thanh kich thich:

D'’+A—>A"+D

C6 hai cdch d€ phan tir dat dén trang théi kich thich - do h4p thu luong tit dnh séng
hay dugc chuyén tir phan tir kich thich. Chat cho D goi la chit cAm quang. Nang lugng
chuyén nay 1a d6i twgng cla quy tic bao toan spin Wigner ma thc t& 1 truong hop dic biét
cta dinh luat bao todn momen.

Theo quy tic Wigner, t6ng spin electron khong thay d6i sau khi chuyén ning lugng,
Chang han, tiéu phan triplet tuong tic vai singlet ¢é cdc kha nang sau:
D’ A D A’
(H)' + N — N + (H). singlet va triplet

—- +H + + doublet va doublet (hai goc)
— f* + + + + triplet va hai doublet
- Nv + + + + singlet va hai doublet

Trong tdt cd cdc trudng hop, sin phdm ¢é ba spin electron huéng lén trén va spin thi

tu huéng xuéng dudi (nhu phan ti ban ddu). Tuy nhién su hinh thanh hai triplet (7T + |
hay hai singlet (7] + T]) & trang thdi co ban hay kich thich déu vi pham quy téc.

Trong hai leai quan trong clia cam quang, ca hai déu phd hop véi quy téc Wigner,
trang thai triplet tao nén trang théi triplet khdc va singlet tao ra singlet khdc:
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Dy, + As, — Ay + Ds, chuyén triplet - triplet

DS + ASU — AS + D

| | s, chuyén singlet-singlet

Su chuyén singlet-singlet c¢6 thé c¢6 & khoang cich xa hon, nghia ia 40 A, con chuyén
triplet thudng c6 sy va cham gifra cdc phan tlr. Ca hai loai ¢6 thé diing d¢ tao trang thai kich
thich khi khé dat dugc bing bitc xa tryc ti€p. Su cam quang la phuong phép quan trong cho
phan tng quang hod hoc khi phan tir khong thé chuyén thanh trang théi kich thich khi hdp
thy truc tiép 4nh sing. Su chuyén triplet - triplet dic bigt quan trong vi trang thdi triplet
thudng rat khé didu ché biing biic xa tryc ti€p hon 12 trang thdi singlet (thudng khong thé) va
vi trang théi triplet ¢6 ddi séng dai hon dé chuyén nang lugng bang cam quang hon singlet.
Sy cam quang ciing ¢6 thé thyc hién bing su chuyén electron.

Chit cam quang dugc chon nhu 1a hop chat hdp thy trong cing mot viing véi chat
nhén vi chat nhan canh tranh v6i dnh sdng hon. Chang han nhu diing chdt cdm quang dé thuce
hién phan ing dime hod olefin va quang oxy hod dien (xem chuong phan tng cong vao lién
két C=C).

2- Qud trinh héa hoc

Ca hai tiéu phan singlet va friplet déu tham gia vao nhi¢u phan dng hod hoc, tuy
triplet ¢6 tinh chat chung hon vi don gidn 12 ddi séng lau hon. Céc tifu phan singler kich
thich trong nhiéu trudng hgp cd thdi gian séng kém hon 107!V sec va thudng chiu mot qud
trinh chuyén hod vat 1y trudc khi c¢6 co hoi phin ing hod hoc. Cho nén quang hod hoc 14 hod
hoc chil yéu clia trang thai triplet. C6 nhiéu con dudng hod hoc ¢6 thé ¢é cho phan 1 kich
thich.

Bang 13.5. Phan tng quang hod hoc clia phan tit A-B-C

1- {A-B-C} — A-B" + C Phan cét dan gidn thanh hai gdc
2- (A-B-C) —™ E + F Phan buy thanh phan tr

3- (A-B-C) — A-C-B Chuyén vi ndi phan tlr

4- {A-B-C} — A-B-C béng phan quang hoa

5- (a-8-C) BH, A-B-C-H + R Tach 14y nguyén tir hydro

6- (A-B-C) — (ABC), dime hoa quang hoa

7- (A-B-C) -A» ABC + A Cam quang

Bon phan tmg trén (1-4) 12 don phin tif, con lai 1a ludng phan tir.

Trong trudong hop phan tng ludng phan tir, hai phan ti kich thich phan tng véi mot
phan tir khac 12 rat hiém vi néng do ciia phén tir kich thich & thai diém do 1a rat thdp, con lai
12 phan tng giita phén tir kich thich va phan tl khong kich thich cling loai hay khic loai.
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Trong bing trén, phan tng la qua trinh d4u, qud wrinh thd hai ti€p theo, tuy nhién san
phdm ddu thudng 1a géc hay cacben néu ching la nhing phan tir thudng, chiing thutmg nim
trén mic dao dong va c6 nang lugng dv. Trong t&t ca cic trudng hop, san phadm diu cia
phan {ng quang hod 12 & trang thdi co ban trir vai ngoai 1¢.

1- Phdn ing loai 1

Su phan cit don gian dua téi g6c ty do nhu cde andehit hay xeton hip thu ning lugng
viing 230 t6i 330 nm do sw chuyén mifc n > singlet-singlet, cic andehit hay xeton &
trang thai kich thich bi phan cit:

R'—E—R vy R'—g- + R

Khi ding xeton, phan (ng goi 1a phan ting Norrish loai 1 hay ding hon 12 sy phan cét
loai 1. Trong qua trinh thd hai g&c axyl R’ ~CO’ mdt CO cho goc R*".

Céc lién ket khdc nhu phan cit Cl, thanh 2CI°, phan cét lién k&t O-O clia hop chat
peoxit va lién k&€t C-N cilla hop chit azo R-N=N-R cho géc va tich N,,

2- Phdn vng loai 2

Su phéan huy tao thanh phan tit, nhu cdc andehit ¢6 sy phan cit CO cho phan tir ankan
(néi chung xeton khong cé):

R—ﬁ-—H . R~H + CO

Phin ing 1a phan ting tich doan mach (extrusion) nhu phin img tich hydro y cia
andehit va xeton hay cach khéc 1 tich B:

R,CH—CR,— ﬁ—R' % R,C=CR, + R2CH—ﬁ—R'
0

goi la phan \ing phan cit Norrish loai 2 1a phéan ng tdch noi phan tir cha hydro ¥ tiép theo su
phan cét cia géc kép tao thanh (phan Gng thir hai) cho enol 16i tautome hod cho san phidm
andehit hay xeton:

H i (< ¥ HO R OH
) L] »! R !
RzC/\—'/C_RI —hvh- ch\_}:—_R' — R2C s —R' — - R
sinplet hay triplet goc kép A R

R R
'

R,C=CR; + HO——R' = O=C—R
R, CHR,

Ca hai trang thai chuyén n, " singlet va triplet déu cho phan ung. Géc kép trung gian
cé thé 1a vong hod cho xyclobutanol nhung thudmg la san phdm phu. Céc este cacboxylic,
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anhydrit va hgp chdt cacbonyl khic ciing cho phan Ung nay. Quang phén xeten cling thudc
loai phdn iing ndy. Ca hai singlet va triplet CHj, tao ra theo hai cach:

CH=C=0 — CH/=C=0(S,) — CH, +CO

CH,=Cc=0(T,) —> *CH, + CO
3- Phdn dmng loai 3

Chuyén vi néi phan ti: Phan tng chuyén vi khi ¢6 chi€u sdng nhu hai phan ung
chuyén vi clia (1) trimesityl cho ancol ete va (2) o-nitrobenzandehit cho axit o-nitrobenzoic:

_CH,
Ar—CH—C—Ar - Ar—CH=C-R Ar=CH3Q

Ar O OAr CH;

1)

( CHO COOH
€50 = X

NO, NO
2)

4- Phdn tng loai 4
Déng phan hoa quang hoc (photoisomerisation): Phan #ng chung clia loai nay 12 déng
phan héa cla cis-, frans-anken, ching han cis-stylben chuyén thanh rrans-stylben:

/CﬁHs b H5C6\. C=C /H

H;Cex
==(C L. N
o \n H CeHs

Su déng phan hod xdy ra & trang thdi kich thich, ca hai S, vd T cla nhiéu olefin c6
tinh hinh hoc phing va thdng géc nén déng phan hod cis-trans bi€n mit nhanh sy kich thich.
Céic déng phan cis-xycloocien chuyén hod quang hod tdi déng phan trans kém bén hon,
déng phan trans azo chuyén tdi déng phan cis khi c6 dnh sdng. Trong trudmg hop nay, dong

phan cis 1a axit manh hon trans:
Cl CH,
e
d N
/ V/
c YO N
OH
Mot s6 phan ting chuyén hod bing 4nh sdng trong hod hoc theo cdch 4 1a:

hy
P, o, 2

hay ¢im quang
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CgHy7 CgH,5

5- Phdn ding logi 5

Két hop v6i nguyén tir hydro, nhr benzophenon khi c¢é chidu sing trong ancol
isopropyl, trang thdi S, hinh thanh ban d4u giao thoa thanh T, nh4n 14y proton tir dung moi
cho g6c tr do va g6c nay nhan hydro khac cho benhydrol hay dime hod cho benzpinacol:

Cots _@ ~Cells CoHs —CH —CyH;
OH
hv
¢ SC is0-C;H,0H 1“5°‘C3H70H HS(F(‘ (fGHS
CeHs —E—cém = Gy —CeHs—%" CgH; —C—CgH; —m CoHs =G —C—CH;
_E EH dime hod HO H
) T,

6- Phdn iing loai 6

Phan ing dime quang hod, chéng han nhu dime ho4 cia xyclopentanon:
0 0 ﬁ

@"ﬂw

13.1.7. Phuong phép xdc dinh co ché quang hoa hoc

Cdc phuong phdp diing d€ xdc dinh co ché quang hod cling rong nhu khi xdc dinh mot
co che trong hod hitu co nhu xdc dinh san phdm, hiéu dng déng vi, phit hién hay tich chat
trung gian va déng hoc.

Tuy nhién c¢6 vai nhan t6 mdi:

1- n6i chung ¢é nhiéu san phdm trong phan ting quang hod hoc, ¢6 thé tir 10 dén 15;

2- dong hoc duge do v6i nhiéu bién s¢ hon nhir nghién citu hiéu L‘rhg toc do cita cuding
dd hay chidu dai séng dnh sdng;

3- phdt hién chat trung gian bang phé c6 thé duing k¥ thuat quang phan tia chép (flash
photolysis) d€ c6 thé phat hién cht trung gian t6n tai ngén.

Thudng ding cdc k¥ thuat sau:

1- Diing sy phdt xa (huynh quang hay 14n quang) ciing nhu phd h4p thu. Tir cic phé
nay, c6 thé tinh dugc ning lwgng va thdi gian s6ng cia trang théi singlet va triplet.
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2- Nghién ctru hiéu sudt lugng tlr: Hiéu sudt lugng tir 12 phdn dnh séng hdp thu dé sinh
ra cdc tiéu phan. C6 cdc loai: hiéu sudt lugng tir bac nhit cho nhimg qud trinh dic biét 1a qué
trinh ma phédn phan tir hap thu 4nh sdng chiu cdc qud trinh dac biét. Ching han néu ¢6 10%
phan tlr duge kich thich tdi trang thdi S, giao thoa tdi trang thdi T, thi hiéu sudt bic nhét 12
0,10. Tuy nhién, hiéu sudt lugng tlr bac nhdt thudng rat khé do. Hiéu suat lugng 1l san phim
(thwong ky hiéu 12 ¢) cho san phdm P hinh thanh trong phén tng quang hod ctia phén tir kich
thich A cé thé biéu thi bing phuong trinh:

s0 phan tit P hinh thanh
56 lugng tir hdp thu boi A

Hiéu sudt lugng ti san phdm dé do hon. S6 lugng tir bi hap thu ¢6 thé do bang dung cu
goi 12 actinometer, trong dé thuc t€ hé quang hoa chudn da bi€t hiéu suit lugng tir.

Tir hiéu sudt lugng tir ¢é thé cho thong bdo, n€u hiéu suit lugng i cla sin phim la
hitn han vi khong bién déi véi su thay d8i diéu kién thuc nghiém thi c6 thé thay ring san
phdm hinh thanh trong qua trinh xdc dinh tdc d¢ 12 bac nhat. N&u trong phan ¢ng, hidu suit
san phdm tim thdy cao hon 1 (cao nhu d&€n 1000) thi chi ra ring phan dng 1a phan ting chudi.

13.2. PHAN UNG VONG HOA NHIET VA QUANG HOA

Nhiing phin (ng d3 ndi & cdc chuong trén déu xay ra qua cic hop chal trung gian nhu
cacbocation, cacbanion hay g6c theo cdc co ché thé, tach hay cong khdc nhau.

Chang han nhu phén img sau:
A b a—p® a—b
! + ’ | (= ’ | l
/ b-;ds c—d
(1)

{ _

a==h 4 ¢ ==d (2) (3)

b
5 ||
d C—d
) )

Qui trinh tao trang thdi chuyén (1) va hop chét trung gian (2) réi thanh san phim (3)
nhu biéu dién trén gidn dé (13.3) 12 qué wrinh di qua mot trang thai chuyén ion va mot hop
chit trung gian ion, cdn phan \tng sau, qud trinh chi di qua mot trang thdi chuyén tiép (4) 16t
cho sin phdm (5), khong tao thanh ion trung gian ma chi do su phan bé lai cic obitan clia
vai lien két, goi 1a phan ng déng bd hay phin iing khéng co ch&. Loai phén ting nay dua
trén 1y thuyét bao toan tinh d6i xing obitan cia Woodward-Hoffmann.

Cdc phan ting déng bo xay ra bing su tham gia cla cdc obitan, dic biét 13 cdc obitan
gidi han. Sy xen phit ctia hai obitan cho hai obitan lién két va phan lién két. Cdc phan ting
déng bo xdy ra khi ¢6 syt xen phi cla hai obitan déng ddu s€ ¢é nang lugng thip nhat. Cac
phdn @ng ¢6 ning lugng hoat hod thap nhat 12 nhitng phan tng duge phép vé tinh d6i ximg.
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E4 a-b
c-d
azb a-p azh a-b
e=d t-d c=d c-d
Tea d& phan tng Toa dé phén tng
(1 (2)

Hinh 13.3. Gian d6 nang lugng ctia phan ing ion vi déng bo

Céc phan éng ndy x4y ra khi dun néng hay khi ¢6 4nh sdng, g6m ba loai phan ing
sau: phin Ung vong hod va md vong (electroxyclic), phan Uing cong vdng va phin tng
chuyén vi sigma, goi chung la cdc phan ting perixyclic.

13.2.1. Phan iing electroxyclic vong hod va mé& vong

Phan ving xdy ra bing sy tao thanh lién k&t « tir hai ddu clia mot polyen lién hop c6
khd nang phan iing cao d€ tao thanh sin phdm vong va ngugc lai cic vong c6 thé mé vong
cho polyen tuong dng.

Chang han phan ing electroxyclic clia xyclobuten va din xuat:
R

nhil —
T———
dnh séng =
R

Xyclobuten va 1,3-dien chuyén hod cho nhau khi ¢6 tic dung ciia nhiét hay dnh sang.
Phdn ng nhiét néi chung Ia mot chiéu, trlr vai truomg hop, nhu xyclobuten chuyén thanh
1,3-dien khi dun néng & 100 va 200°C,

Phan ing quang hod, vé€ nguyén tic c6 thé xay ra theo hai huéng chuyén hod cho
nhau, 12 phdn dng can bing nhung thudng 1,3-dien chuyén téi xyclobuten d& hon 1a nguoc
lai vi dien hdp thy manh 4dnh sdng & chiéu dii séng d3 ding.

Phan ng ciing xay ra twong wr véi 1,3-xyclohexadien va 1,3,5-trien:

R R
dnh sdng R
g nhiét | S
R

O phén ting nay, qu4 trinh déng vong noéi chung thich hop bing nhiét hon va qud trink
md vong bang dnh sdng hon, tuy nhién cling ¢6 trudng hop theo ca hai huéng.
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Néu xem mét s6 phan ting khdc:

dohséng ED
400-500°C

—+[<:o] -0

con d6i voi norcaradien chuyén hod thanh xycloheptatrien rdt dé dang:

>~ 0O

Céc phan (ng trén ddu goi 12 phan Ung electroxyclic. Phin iing ¢6 dac thd 1ap thé ma
huéng tao thanh phu thuéc vao tdc dung cia nhiét hay 4nh sdng. Chéng han, phéan ting nhiét

cuia cis-dimetylxyclobuten chi cho san phdm cis-trans-2,4-hexadien:

H;
~CH
3 duge phép vé tinh 461 ximg H
- nhiet . ( CH3
CH
3 H
¢is-2 4-dimetylxyclobuten (2E 4Z)-2 A-hexadien

va trans-dimetylxyclobuten chi cho sin phdm trans-frans-hexadien:

_~CH; A
duoc phép vé tinh d8i xing H
nhiét H
CH,
CH,
frans-2 4-dimetylxyclobuten (2E AE)-2,4-hexadien

con nhv tao ra (2E, 47)-2,4-hexadien 14 bi cAm vé tinh d6i xing:

CH,
CH,
| bi cdm vé til i Xt i‘\ H
i inh d&i ximg
I CH hiat '"""r CH;
3
H

trans-2,4-dimetylxyclobuten (2£,42)-2,4-hexadi
y -2, 4-nexadien
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Sy khac nhau dé gay ra bdi trang thdi chuyén khdc nhau va kha nang quay khac nhau
cta lien két C4-C,.

Néu sy quay cla ca hai chuyén dong 12 theo chiéu kim déng hé hay ciing nguge Kim
dong hé, nghia 1a cung chiéu, goi 1a conrorator thi déng phan cis s& cho sin phdm cis-trans-
dien:

Néu theo hai huéng khdc nhau, mét theo kim déng hé con mot nguge kim déng ho
goi la quay nguge chiéu hay disrotator thi d6ng phan cis cho san phdm trans-trans-dien hay
cis-cis-dien

Né&u phan ing khong phai 12 co ché vdng ma tao g6c kép thi thu duge san phdm khac,
¢ day 6 hai qud trinh quay cing chiéu va nguge lat 1A quay nguoc chidu 1a phu thuoc vao
tdc dung cua nhiét hay dnh sdng. Qué trinh chuyén hod dimetylxyclobuten t6i 2,4-hexadien
1a qua trinh nhiét 1a qué trinh quay nguge chiéu disrotator, cdn qué trinh quang hod 1a quay
cung chiéu conrotator.

Woodward Hoffmann dé nghi ring, hod hoc lap thé c@a cdc phin tng déng bo dugc
xdc dinh bing tinh d6i ximg clta cdc obitan bi chiém c6 nang luong cao (HOMO) cia chat
mach ho. Trong qud trinh cé su phan bd lai mat do electron trén obitan bi chi€m cé nang
luong cao nhat HOMO.

Nhu vay, két qua clia phin Gng 1a bdo todn tinh d6i xting obitan.
Kha nang quay cﬁa cdc obitan cé lién quan tdi tinh déi xiing obitan:

-
-

‘- . i
N \' I
!
Y
é-@(ﬁb-& —; ..“.. — *
!
1
quay cing chabu (conrotator} quay nguoc chibu {dlsrotator ‘
¢6 doi xdng tryc co dg| xung m#t phing )
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Dé giai thich, cé thé 4p dung hai phuong phdp gin ding sau:

1- Plucong phdp obitan gidi han

Trong trudmg hop chia xyclobutan, phuong phip obitan gidi han c6 thé giai thich rd
rang. Lién k&t 6 md ra theo con dudng ndo dé dé cho obitan p ¢6 tinh d6i xiing trong obitan

bi chi€m cao nhét ciia lién két n trong san phdm. Trong trudng hop clia xyclobutan, HOMO
clia san phdm trong phan dng nhiét 13 obitan y, theo so d6 sau:

56 niit 1My Cy

$5858 0

W, 8_8__878 2 S A S = déi xiing
A= bit d6i ximg

%8 g :: :i | A S HOMO

Trong qud trinh nhiét, xyclobuten m& vong nhu thé nao dé thuy duong cla obitan p
nim & mot phia, con thuy duong cia obitan p khdc nim & phfa khdc. Mudn vay nhém thé
cén phai quay conrotafor cling chiéu:

Pa&i v6i qua trinh quang hod, HOMO bay gid 1a y,, dé duge hai obitan p cé thuy
duong & cling phia clia mat phdng thi dé dam bao tinh d6t xdmg nay cdn phai quay nguoc
chiéu disrotator:

Néu tir hudng nguoc lai Ia phdn wng déng vong, tir 1,3-butadien chuyén thanh
xyclobuten viin theo hudng la cdc thuy clia obitan xen phil phai cing d4u.

Khi ¢é nhiét, HOMO clia 1,3-butadien Id y, nén chi khi cé sy quay cung chiéu
conrotator thi hai obitan méi ¢é kha nang xen phit duong dé tao lién két o
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b€ tao thanh lién két o gitta hai cacbon cudi mach clia hé¢ =, phan duong cla obitan &
C; phai xen phii véi ddu duong cla obitan & C, (hay ddun am véi ddu am). Su xen phl nay chi
¢6 thé dat duge khi quay cling chiéu hai lién két ciia hai obitan cuéi.

Sy quay clng chiéu nay trong phéan tng vong hod hay md& vong doi héi tinh bao toan
déi xing véi truc C,:

P
A
/i . _E\f
LY £ G,
xyclobuten I,3-butadien

Dé c6 thé thdy 15 tinh d6i xdng, ngudi ta thudmg so sdnh tinh d6i xiing cha cic obitan
v6i nhau d€ thanh 1ap mot gidn d6 twong quan cho phép vé tinh bao toan ddi X{mg obitan:

>
S Ad

Nhu vdy phan tdng trén 1a dugc phép vé tinh d6i xtng vi obitan lien két ciia
Xyclobutan trong quan véi cdc obitan cha butadien va nguoc lai.

Nhu vay butadien thugc loai 4n electron, chi ¢6 thé vong hod bing nhiét khi quay
cing chi€u cac obitan cudi mach cia polyen.

Néu xudt phit tir din xu4t dimetyl-1,3-butadien thi phan tng c6 tinh dac thu lap thé
cao va phan ting chi dugc phép vé tinh di xing quay cliing chiéu khi ¢6 nhiét:
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4§H 8\ — Hﬁ>£ffj¥ﬁH3
H;C H

(2E,47)-2 4-hexadien cis-dimetylxyclobuten
Ao o, LA
c’QH H, H CH
(2E,4F)-2 4-hexadien trans-dimetylxyclobuten

Khi phan tich nhiét cia hé 1,3,5-hexatrien, phan mg vong hod vA md vong theo so dé
obitan phan tir nhu sau:

We

b
LX)
[T 9 LX)
% e
1903
2

A (HOMO)

£
(TCF)

D) (D D & ¢
0 XD €D o ¢&D
b
€ 5]

RS £
LX) (O
1 <) BN U <€) N > 4
L () BT €21
<D I > A N O aD K 1
«3
o w
(¥ 23

A 0 0 S A

Trong trudng hep nay, khi phédn tich nhiét, HOMO ciia 1,3,5-hexatrien 14 y; ¢6 tinh
d61 xiing m, va bat d6i xing véi Cy. Mudn tao thanh Lién két o trong vong xyclohexadien thi
hai obitan cuéi mach phai quay ngwoc chiéu nhau (disrotator). Qud trinh ndy duge phép vé

l.bﬂ
<
(X3

tinh déi xiing va cé ning lugng hoat hod thdp hon cia trang thdi chuyén, ngugc lai 13 bi
cdm:

™ A quay ngugc chiéu
—_—

1,3,5-hexatrien xyclohexadien

Néu di tir dimetyl clia hexatrien thi c6 tinh 14p thé déng vong cla hai déng phan:
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E

Q -
H,C” H It

(2E,4Z,6F)-2.4,6-octatrien c:s-5,6-d1mety]-l,3-xyclohcxadicn

O —
CH,

(2E,47,62)-2 4,6-octatrien rrans-S‘ﬁ-dimctyi- 1.3-xyclohexadien

3

Nhu vay khi ¢é kich thich nhiét, d3i véi hé polyen 12 4n thi khi déng vong phai quay
cung chiéu, con hé 4n + 2 thi phai quay nguge chiéu.

Khi dugc kich thich bing quang ho4, phan ting déng vong vA m& vong khic vdi kich
thich nhiét & wrén. Khi phan tir hap thu duge ning lugng cha 4nh sdng, phan tt butadien ¢6
su chuyén electron tir y, sang y; ctia butadien vi th€ trang thdi kich thich bing 4nh sing,
obitan HOMO khong phai 14 y, ma 13 y;. D€ tao dugc obitan lién két, obitan p & hai cacbon
cin phai quay nguge chiéu:

W5 {1,3-butadien)

Trong trudng hop nay, butadien va xyclobuten ¢é tinh déi xing mat phang in,:

P

xyclobuten 1,3-butadien

Néu diing hexatrien khi kich thich bang 4nh sdng, phdn @ng cling vong hod khi quay
obitan cing chiéu vi HOMO Ia y, c6 tinh d6i xing C, dé ddp ng tinh d6i ximg C, cla
xyclohexatrien.

Nhu vay, khi dung kich thich sanh sang, su vong hod dugc phép vé tinh ddi xing déi
véi heé 4n 1a sy quay nguge chiéu, con he 4n + 2 1a quay cling chiéu.
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Su quay ciing duge xdc dinh bang tinh dac tha lap thé khi déng vdng cla din xuat the

cha 1,3-butadien, ching han:

G CH;
H

cis-3,4-dimetlxyclobuten
(2E.42)-2,4-hexadien -

Tuwong tu, phan Gng md vdng xyclobuten va din xudt cidg bat ddu bang sy quay lién
két & & vi tri 1,4 theo huéng cling chiéu ¢6 d6i xing truc va ngége chiéu c6 ddi xing mat

phéng:

$O @ e X \/:

quay cbng chiéu-conrotator, quay nguge chiéu-disrotator

Chang han phan 1tng m& vong cis- va trans-1,4-dimetylxyclobutan:

R
cung chidu nguge chidu R
———— + R
cis-1,4-dimetylxyclobuten R
e |
cung chidu | l l Mu —
| R
‘R

trans-1,4-dimetylxyclobuten

2- Phuong phdap Mobius- Hiickel

Phuong phép nay dua trén cfiu triic clia trang théi chuyén va su nghich dao diu &
trang thdi d6 ciling ¢6 nghia l1a dua vao tinh chét thom va phan thom.

» Chéng han, trén co 50 chuyén hod clia 1,3-butadien:
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yuay nguoe chidu
——erremii.

{1}

quay ¢bng chidu
(2)

Trang thdi chuyén déng vong (1) bing quay nguge chiéu do su xen phit ¢hi cé cac
thuy duong qua trang thdi chuyén khéng cé niit hay ¢6 s6 nit bang 0. V3&i cic trang thai
chuyén bang 0 hay s& chdn, trang thdi chuyén quay nguoc chiéu 12 hé Hiickel. He nay c6 s6
electron 4x, qud trinh quay nguge chiéu 1a khéng duge phép vé nhiét qua trang thdi chuyén
Hiickel.

Trang thii chuyén vong (2) bing quay ciing chiéu ¢6 mot xen phi thuy duong va am.
Trang thdi ¢é mot niit nén 1a thuoc hé Mobius. He 14 4» electron nén trang thdi Mobius dugc
phép bing nhiét. Nhu vay, d6t véi hé 4n electron, phan ung vé nhiét chi duge phép quay
cing chiéu qua trang thdi Mobius.

Béi v6i phan ing quang hod, hé 4n duoge phép quay nguoc chiéu qua trang thai chuyén
Hiickel.

Ciing c6 thé néi, d&i v6i he 4n, trang thai chuyén c6 tinh thom cita hé Mobius, va
phan thom ciia he Hiickel.

D61 véi he 4n + 2, sy chuyén hod hexatrien — xyclohexadien ¢6 hai trang thédi chuyén
vong:

cing chidu h¢ Mobius

212



He chuyén do quay cing chiéu 13 hé Mobius ¢é mot nit trong trang thii chuyén va
quay nguoc chiéu 1a h¢ Hiickel khong ¢6 nut. D8i véi he 4n + 2 thi trang thdi chuyén Hiickel
12 thom va hé Mobius 1a phan thom. Do dé d6i vé6i he 4n + 2, sy quay nguge chidu cho trang
thdi chuyén én dinh hon quay cling chiéu he Mobius.

Vé& phan tng vong hod hé 4n + 2, phan ing nhiet la theo h¢ Hiickel, con quang ho4
thi theo hé Mobius.

bai véi hé quang hod, tat ca cdc huéng nay 1a thuin nghich vi déu 1a obitan bi chiém
cao vdi tinh d6i xiing nguge nhau.

Ca hai phwong phdp obitan gidi han va Hiickel-Mobius dp dung cho hé 4n va ci he
41 + 2 trong phan Gng md& vdng:

X

Trong nhiéu trudng hop, thue t& ¢6 bén kha nang hinh thanh sin phdm tir xyclobuten
hay xyclohexadien — hai theo cich quay cling chiéu va hai do cdch quay nguge chiéu. Ching
han phan ing mé& vong sau:

7\
e A
b

c

=7 o
C
N ey I
a B/\AC\D +P/\3[{\C
d e

Trong phén ing trén, tir a m& vong ciing chién cho b hay ¢, nguge chiéu cho d hay e.
Quy tic doi xiing obitan & phan ting trén chi dya vao cich quay cling chiéu hay nguge chiéu
nhung chua cho biét hai cich quay d6 xay ra nhu thé nao vi cdn phai chi y 16i hiéu img lap
thé. Chéng han tir a md vdng theo huéng quay nguge chiéu, sin phim d ting 1én néu A va C
chuyén dong tdi gdn hon véi nhau (theo kim déng hé déi véi C, hay nguge kim déng hé véi
C3), hay san phdm e hinh thanh khi nhém B va D chuyén déng vao va A va C chuyén dong
ra (theo kim déng hé & Cs, nguge kim déng hé & C,). Néu khi A v C16n hon B va D thi san
phdm uu tién e hon d.

Mat khéc, hi¢u ing electron ciling cé vai trd 16n ma ¢6 thé con 16n hon. Cac nhém cho
electron 1am &n dinh trang thdi chuyén khi quay ra ngoai vi trong téc duge véi LUMO, néu
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né quay vao trong thi tuong tdc duge véi HOMO lam m4t én dinh trang thai chuyén. Chéing
han hop chét 1,3-fomylxyclobuten ¢6 nhdm CHO (hiit electron) quay ra ngoai vi hiéu dng
1ap thé, con quay vae trong vi hiéu tng electron. Thire nghieém xdc dinh dugce 13 quay vao
trong.

Khi chuyén hod 1,3-dien — xyclobuten, ching han phan #ng:

G(CHz)s
CH C(CHY
A echy,
v ‘ | ciing chiéu (CH3)3C\/
nhiet T < C(CH;)
(CHy);  (CH3KC b ¢
a

cho thdy, chit a chuyén i b 1a khong c6 thé bang nhiét hay quang hod. Quy tic ddi xiing
obitan cdm chuyén hod nhiét ciia a t6i b theo co ché perixyclic vi chuyén hod nhiét cua
xyclobuten t&i 1,3-dien cdn quay cing chiu, va phan {mg quay cling chiéu clla a téi c a
1,3,5-xyclohexatrien chifa mot lién két déi srans gay ra sic cang, con a chuyén tét b bing
quang hod ciing khong ¢6 thé do tdn s§ dnh sdng kich thich di t6i b khéng duoc hép thu bdi
a. Nhiét phan a cho b theo co ché gdc kép.

Trong trudng hop sau benzen Dewar thuc t€ bén hon benzen, :

C(CH,); e, SOOCH,
(C H3)3C COOCH3 ( 3)3 /COOC H3
nhiey | |
(CH31C COOCH; (CHs)s ECHLY (CH3);
C(CH3)3 b
a

a chuyén tdi b dat 96%. Trong trudng hop nhiét phan ciia benzen cho benzen Dewar (dé hon
nguoc lai) vi sitc cang cita bén nhém thé rers-butyl trong vong.

Phan iing electroxyclic trén ciling 4p dung cho nhiing polyen 16n hon hay nhitng vong
16n hon hay vong kép. Ching han, 1,3,5,7-octatetraen va din xu#t chiu chuyén hod nhanh
thanh xyclooctatrien bang cich quay cling chiu theo quy tac 4a, réi Xyclooctatrien nay lai
chiu chuyén hod tiép thanh vong kép bixyclo[4.2.0]-octadien bing cich quay nguoc chiéu
theo quy téc 4n + 2:

~A
a 4 F =
N & s 3 b,c=H a,d=CH;
¢ : .—.:-—C)}é’ = | ® ad=H bc=CH,
\ W %, N7, ac=H bd=CH,
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hé¢ xyclooctaletraen

Nhu vay, phan Gng perixyclic ciing xdy ra v6i heé khdc nhu hé 1,3,5,7-octatetraen
thanh xyclooctatrien bang nhiét:

H,C CH,
/~\.-CH, N
y CH, ciing chiéu
H

Quy tic Woodward-Hoffmann cling 4p dung cho nhitng tiéu phan chta dién tich,
ching han qué trinh m& vdng cia cation xyclopropyl. Phan itng nay cling 1a electroxyclic va
tuan theo quy tic doi xing obitan. Trong trudng hop nay, lién két  md ra theo con dudng
nao dé cho obitan p ¢é tinh déi xing cha obitan bi chi€m ning lwgng cao nh4t clia san phim,
d6 13 cation allyl. Chiing ta biét rang, he allyl c6 ba obitan phan tir nhung d6i véi cation 6 hai
electron thi obitan bi chi€ém nang luong cao nhat 1a obitan nang lugng thdp nhat nhu & dudi:

Qud trinh ¢6 hai electron, phii hop véi quy tic 4n + 2 v6i n = O nén cdn phai quay
nguge chidu dé ddp wing dugc quy tic d6i ximng:

B A
A /A nguye chidu
4 °B
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Trong qué trinh c6 thé ¢c6 sy tham gia anchime ti phia sau nén c¢é ianh hudng dén
huéng md& vong. Quy'téc déi xitng obitan cho biét phan tng m& vong nguge chiéu nhung c6
hai huéng quay nguoc chiéu di tir phia sau, hai nhom thé 1a trens d6i v6i nhém di ra c6 thé
chuyén dong di ra nhung khong di vao. '

Con duong nguge chiéu xay ra theo B ma khong ¢é trong C vi & day electron cia lien
két 6 ndm & phia d6i dién v&i nhém di ra:

>B< C

D6i v6i 2,3-dimetylxyclopropyl cho hai huéng quay nguoc chiéu dua t6i hai cau dang
khdc nhau caa cation allyl:

HyG—2\ ' 9

Hg‘t 2 @ H — @
’ - H3C“-~«/ 3;@ $

Loai quay cho céu dang ¢4 hai nhém metyl & cdch nhau 13 wu tién vé nhan (3 khong
gian. Diéu nay dugc chimg minh bang phin ing axeton phén endo-(D) va exo-bixyclo[3.
F.0Jhexyl-6-tosylat (E):

H
H
H H ATOH
- e —ﬂ—-»-
TSO) H OAr 0 Ty
(E)

(D)

— H

Dy

Hop chat (D) cho hop chdt cé hai hydro di ra phia ngoai clia vdng sdu canh, con (E)
c6 sic cang cla hai hydro & phia trong, vi thé cho nén ty 1& t6c 46 dung moi phan cia D/E
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tim thay 1én hon 2,5.10% va & 150°C thi khong dung méi phan. Khong giéng nhu chuyén hod
xyclobuten-1,3-butadien va xyclohexadien-1,3,5-trien, san phdm truc ti€p & day la cation,
tuy khong bén nhung phan tng v6i nucleophin va mat di mot it tinh 1ap thé.

Quié trinh déng bo ciing 4p dung cho cac tiéu phan anion, nhu anion allyl cling quay
cing chiéu v&i obitan bi chiém cao nhdt nhung ¢é tihh déi xing nguge véi caton allyl,
anion pentadieny] 12 h¢ 6 electron &, su vong hod nhiét thanh anion xyclopentyl ciing 1a qua
trinh quay ngugce chiéu.

Ngay anion xyclooctadienyl cé sic cang manh ciing dé chuyén hod thanh bixyclo:

£~ B

Nhir vay, khi tién hanh phan (ng vdng hod hay m& vong theo co ch€ déng bo, cdn chii
¥ t6i ba thong s6 bién déi: phuong phdp ti€n hanh phan ing (kich thich nhiét hay anh séng);
sa electron tham gia vao qud trinh va hudng déng vong hay mé& vong.

Cic diéu kién cho phan ing déng bd nhu sau:

o Huéng quay theo s6 electron nt
Piéu kién kich thich
4dn 4n + 2
Nhiét, dun néng cuing chiéu {conrotator) nguge chiéu disrotator)
Anh sing nguroce chidu (disrotator) cling chiéu (conrotator)

Quy tic Woodward-Hoffmann thuc t€ 1A quy tic chung, cho thdy phén ing quang hod
nguge v&i phan iing nhiét: phan ing quang hod duoc phép thi phan Ung nhiét lai bi cam.

Mot phan tng electroxyclic quan trong la phan ing chuyén vi stylben thanh
phenantren.

Stylben c6 thé chuyén 161 phenantren khi c6 bic xa UV v6i tic nhan oxy hod nhu
oxy, FeCl,, Pd-C hay iot. Phan ting 12 quang ho4 vi quay ciing chiéu ciia 1,3,5-hexatrien téi
xyclohexen k&m theo su phéan céit hai hydro bdi chat oxy hoé:

Oy =gy ~5

Chét trung gian dihydrophenantren dd dugc tich ra. N&u chét ban dau chira di t6 thu
duoc hop chat di vong. Tiéu phan thyc tham gia phan tng la cis-stylben, nhung ciing ¢é thé
dung frans-stylben do ¢é sir déng phin hod ¢ didu kién phan Ung.
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Phan Gng diing dé t6ng hgp cdc hop chit thom:

S
Jever

13.3. PHAN UNG CONG VONG

Phan tng vong hod giita hai olefin goi 1 phan ting cong vong thuéc loai perixyclic.
Cé thé phan loai dua vao s8 electron chia hé hai olefin 1a 4n hay 4n + 2.

Phin ing dime hod olefin x4y ra gitta hai phan tir olefin gidng nhau hay kh4c nhau,
ching han giita hai phan tit etylen:

0%

hoac phan iing céng vong loai Diels Alder:

C-1=0

Phan ng nay xay ra giifa hat phan tir chifa lién k& déi tao nén hop chat vong, & day
¢6 sy hinh thanh hai lién két o tit hai iién két n.

D¢ gii thich phdn Gng nay, ¢6 thé ding phuong phap obitan giéi han, phuong phép
Mobius- Hiickel va gian dé déi xiing obitan, nhung thudng diing hai phuong phdp trén hon.

1- Phuong phdp obitan giéi han

Phan wng cOng vong xay ra hay dugc phép khi tat ca cdc xen phi gifta obitan phdn tir
¢6 nang lugng cao nhat (HOMO) clia mot tdic nhan nay vdi obitan phan t&r khéng bi chiém
(hay phan lién két) cé ning lugng thap nhat (LUMO) ciia tdc nhan khdc, trong dé thuy
duong nay chi xen phil v6i thuy duong khéc va thuy &m nay chi xen phil v6i thuy 4m khéc:

%8 LUMO %8 HOMO

Olefin ¢6 hai obitan phan tlr w, dien li¢én hop c6 4 obitan phan tir w:

phén lien ket
tién k&t

phan lién ket
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Phan ng cong vong (2 + 2) béng nhiét khong dugc phép vi c6 xen phu cia thuy
duong va thuy am, nhung phan tng (4 + 2) lai dugc phép.

Phén ttng duoc kich thich bing dnh sdng c6 mot electron dwgc kich thich chuyén qua
obitan tréng trudc khi tham gia phéan ing nén phan ing cong (2 + 2) lai duoc phép, con phan
ting (4 + 2) lai bi cam.

2- Phuong phdp Hiickel-Mobius

Theo quy téc nay, tinh d6i xing lién quan t6i tinh thom Hiickel. Quy tac Hiickel 12 hé
vong thom khi c6 s6 electron 4n + 2 ctia phan tit & trang théi co ban. Song 4p dung tinh doi
ximg obitan lai khong lién quan téi trang thdi co ban ma lién quan t6i trang thdi chuyén.
Trong phuong phdp nay, khong cin chi ¥ t6i obitan phan tlr ma chi ¥ téi obitan p xen phi
trong obitan phan tir, khung obitan p goi la khung co bin ching han hai khung co ban cla
lién két doi va cta hé lién hop:

Khi xét kha nang phan tng déng bo, hdy dit céc khung co ban dé vao ding vi tri
trong trang thdi chuyén nhu phén ting déng vong 2 + 2 va 2 + 4

trang thdi chuyén 2+2 trang thdi chuyén 2+4
hée Hiickel hé Hickel

va trang thdi cong 2 + 2 va 2 + 4 trén khung khac:

trang thdi chuyén 2+2 vi 244 khéc
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Trong trang thdi chuyén nay, h¢ ¢6 s6 nghich dao ddu béng 0 hay chin 13 he Hiickel
con hé c6 s6 nghich déo ddu 18 ciing v& trong ty goi 1a hé Mobius ma thudmg biéu thi todn
hoc bing vdong xoédn.

Quy tic chung la: Phin ting perixyclic nhiét clia he Hiickel 1a duoc phép khi tong sé
electron cua hé 1a 4» + 2. Phan tng perixyclic nhiét clia hé Mobius chj dugc phép Khi tdng
s6 electron 1a 4n. D6i v6i phan ting quang hod thi ngugce lai. C4 hai phan ng cong vong 2 +
4 va 2 + 2 1a he Hiickel, con h¢ Mobius thi phan ting 2 + 4 duge phép vé nhiét nhung phan
ing 2 + 2 thi khong, cdn phan ttng 2 + 2 duoc phép vé quang hod cdn 2 + 4 thi bi cim

Hai phwong phédp obitan gidi han va Hiickel-Mobius (cting nhw gian dé tuong quan)
déu dua t6i mot két ludn: phan fing cong vong nhiét 2 + 4 vi cong vong quang hod 2 + 2 (va
nguoc lai 1a mé& vong) 1a duge phép, con déng vong quang hod 2 + 4 va déng vdng nhiét
2 + 2 (va m& vong) 1a bi cim. Ap dung phuong phdp nay cho phdn ting déng vong khic thi
déng vong va m& vong 4 + 4 va 2 + 6 quang hod 1a thuc hién dugce, con he 4 + 6 va 2 + 8 laj
dugc phép vé nhi¢t. N6i chung, phéan ting cong vong dugc phép vé nhiét v&i 4n + 2 electron
va quang hod vdi 4n electron.

Co ch€ cong vong theo co ché vong chi xay ra khi hai lién k&t o hinh thanh (hay phan
cit) xay ra ciing mot liic, khong 4p dung cho phén ting c6 mot lién két hinh thanh (hay phan
cit) trudc mot cdi khdc. Phan ¢ng nhiet Diels Alder duogc phép vé tinh déi xiing nhung
khong phai bat ky phan ting Diels Alder ndo cho phép vé co ché ciing xay ra theo con dudng
nay, ching han ciing tim thay phan ting cong vong quang hod 2 + 4 nhung khéng 6 dac thi
13p thé thi khong phai co ché déng bo ma 13 co ché hai giai doan goc kép, hodc cong 2 + 2
dugc phép vé nhiét, nhung cdc phan tlt ma tinh hinh hoc bé mat khong cho phép thi phéan ting
xdy ra theo co ch& vdng déng bo nay ddi hoi nang luong hoat hod cao thi theo co ché khic.

1- Phdn iing céng vong 2 + 2:

Phan @ng cong vong 2 + 2 dién hinh [a phin iing dime ho4 etylen:

II_A,

Phan tng xay ra khong déi hoi nang lugng 16n cla sy kich thich va thudng xay ra khi

¢6 nhiét va 4nh sdng. Trudong hop don gidn nhit 12 cong hai phan tir etylen tao thanh
xyclobutan:
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Phan ng gitta hai phan tlr olefin cho din xuft cha xyclobutan déu 1 phan ing cong
[2 + 2] trong d6 olefin c6 thé gi6ng nhau hay khdc nhau nhung néi chung khong xay ra
trong mot ofefin.

Phan 1ing dime hod ciing tim thdy & cdc hgp chat loai F,C=CX, (X = F, Cl) va vai
anken flo hod (trir F,C=CH,), allen cho hop chit (1) va benzyn cho biphenylen (2):

hu (o

) 2)

va cac olefin hoat dong (nhu styren, acrylonitrin, butadien va metylenxyclopropan). Cic
xeten the dime hod cho ddn xuat xyclobuten (3):

R 0O R O
RCH=C=0 / /
—- ...._—"“'
O=C=CHR Y
O/ R O/ R
(3)

Phan ng té hop cda céc loai olefin nhu sau:

1- F,C=CX, (X = F hay Cl), dic biét F,C=CF, dé 16 hop véi nhiéu olefin khic. Cic
hop chat loai ndy phan img véi dien lién hgp cho vong boén canh d& hon phan ing Diels
Alder binh thudng.

2- Allen va xeten phan ung véi olefin hoat dong va ankyn. Xeten cho phan ing cong
1,2 ngay v6i dien lién hop. Xeten cling cdng vdi olefin hoat dong néu ti€n hanh trong thoi
gian lau.

3- Enamin tao vdong bon canh véi olefin loai Michael va xeten. Trong ci hai trudng
hgp chi enamin tir andehit cho vdng bén canh bén:

0
A S
I-( \NR il
2 0
4- Olefin c6 nhém thé hiit electron tao thanh xyclobutan véi olefin ¢6 nhém th€ cho
electron.

Phéan ing cong khong cdn dung moi ma thudmg 1i€n hanh & 100 t6i 225°C.
Co ché phan tng ¢6 thé xay ra theo ba co ché€ khic nhau:
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Co ch€ a;

Fd —

Coché b:

b~ L —

Coch&c;

® ©
Fd — L] —
Céc co ché trén thay d6i rat nhay véi tinh phan cuc clia dung moi, diéu kién cha phan
ting va ciu'trikc coa tdc nhan ban ddu. Co ché b 12 gbc kép, cd ché ¢ 1a ion déu 12 nhing phin
ing khéng c6 dac thii 1ap thé. Co ch€ a 1a déng bg, c6 tinh dac thil 1ap thé cao thuée loai
phan img perixyclic tuan theo quy tic d6i xing obitan, goi 12 co ch€ cong vong déng bd
[2,2] v&i bdn electron thudc loai 4n electron.

Phan ing ndy xay ra giifa hai phan tir chia lién két doi tao nén hop chit vong, & day
¢6 su hinh thanh lién ké&t o tir hai lién ké&t x.

Phin tng cong [2,2] ciling dugc giai thich bing phuong phip obitan giéi han va
Hiickel-Mobius,

Phén tng cong [2,2] xay ra bang sy ti€p can cha thity duong cha HOMO ciia phan tfr
nay vdi thuy duong cita LUMO cia phan tir khéc.

Khi cé nhiét, phan déng xay ra gitta HOMO clla phan tir etylen nay véi LUMO cla
phan tlr thit hai. Nguyén nhén la electron trén HOMO chi ¢6 thé chuyén sang LUMO cila
phan tir thi hai. HOMO ¢6 tinh d6i xing my. LUMO c6 tinh d6i xding €, ¢6 d4u ham s6
séng ngugc nhau, phan Gng khéng tao lieén két va qué trinh ¢6 nang hrgng hoat hod cao s& bi
cdm vé tinh d6i xing:

bi cim vé tinh d6i xdng

Khi ¢é kich thich bing 4nh sing, phin Wng cling xay ra giita HOMO ctia phan tir nay
v6i LUMO cia phén tir khic. Song khi ¢6 4nh sing, trang thdi HOMO la trang théi kich
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thich 4nh siang ¢é sy chuyén electron sang obitan cao hon nén dé la trang thai T tuong tu
LUMO tré thanh HOMO khi kich thich dnh séng.

Hai obitan cé cling véu 1§ d6i ing C,, su tuong tdc dua t&i lien k€t va phan dng déng
b¢ dugc phép vé tinh d6i xitng:

duge phép

HOMO kich thich n* LUMO =*

Qu4 trinh cong quang hod nay c6 su tuong tdc cing phia ciia hai phan tir etylen, goi Ia
qué trinh supra ma chic chén 13 hop 1y va luon ludn xay ra. Né&u qud trinh tao thanh lién két
& hai phia khdc nhau cia phan tlr 12 qud trinh antara. Thuat ngi nay phan 4nh hoa hoc lap
thé ciia qué trinh chit khong phai clia san phim:

supra y
* an ara;:‘ P

o \Q———éci/m
supra

Nhiéu phan ting cho th&y tt ca ba co ché déu c6 thé xdy ra phu thudc vao cdu tric clia
tic nhén.

Dai da s6 phan ting cong nhiét 12 co ché cong (22, + 22,]. Co ché nhiet [52, + z2,] cha
nhiéu chat ban diu khong dap Ung quy tic d&i xing obitan nhung trong mét s6 trudmg hop,
co ché [z2, + z2,] dugc phép nhu xeten hay mot s6 phan tir khic tiép can cyc tiéu do khé
khan lap thé nén theo co ché nay.

Trong phan tng cong [x2, + 2,] phan tlr ¢6 thé 1i€p can dé cho thuy duong céa HOMO
chia phan tir nay xen phit véi thuy duong ciia LUMO cta phan rr khic tuy cdc thuy nay & hai
phia d6i véi mat phing mit clia phan tir sau. Nhing phén ting loai (1) thuémg theo co ché nay.

Phén ting loai (2) 1a dac thu lap thé v6i déng phan hinh thanh ¢é kho khin lap thé hon.
Chéng han nhut metyl xeten phan {ng véi xyclopentadien cdn cho san phdm endo (4) khi A = H,
R = CHs, con haloankyl xeten RXC=C-0 véi xyclopentadien thi ty 18 endo-exo cla san
phdm (4, 5, R = halogen) trén thyc t€ ting khi R wr CHj; 16i isopropyl t6i tert-butyl.

Sir cong vong [x2, + 2, khi cdc phan tir ti€p cn di¢n - dién cho wu tién sin phdm exo
S, con qué trinh [2, + 52,] dua t6i san phdm endo vi phan tIr xeten c6 thé bj xoé4n lai do 1y
do lap thé. Két qua thuc nghiém cho thdy déng phan endo tang khi 1i€p can nguagc lai do ¢6
khé khan 1ap thé.
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0

O

A R
AN o ,
R R A

endo (4) exe (3)
A = H hay halogen

L
0
LUMO = 0;8——8{%—
I ; / N
———

HOMO

Suf xen phil obitan phan img cla xeten véi xyclopentadien (L = idn, N = nhd)

Cdc phéan g loai (3) dugc xic ti€n khi ¢6 dung moi phan cuc. Phin tng loai (4) thi
tdc d0 phan (ing khong nhay vé6i su hién dién cla nhém thé cho va hir electron, ddi véi loai
allen thi thudng 12 dac thi lap thé nén c6 chd cho phén tng co ché (2, + 12,] nhung thudng
theo co ché g6c kép.

Co ch€ gbc kép b uu tién trong cdc phan ing cia anken flo ho4, Phan (ng nay ndéi
chung 12 khong dic th 1ap thé va nhay véi hiéu dng dung méi nhu phan ing cta F,C=CFCl
cho san phdm (6) ma Khong cho san phdm (7). Mot phén to mat di ciap electron trudce phan tir
khdc, ddu duong cda phan tir ndy t4n c6ng vao d4u Am clia phan tir khéc.

F F F F
F._F FR__F
F a ., I . I F F
F F Fa F o a cl ci
Cl F F F
€y (6)

Co ch€ dion ciing c6 trong mot vai phin iing loai (3) va (4) ma dac trung bing phan
ting dime hod xeten. Chdng han phan \mg giita 1,2-bis(triflometyl)-1,2-dixyaneten va etyl
vinyl ete chiu dnh hudng manh cia tinh phan cye ciia dung moi. Mot s6 phan itng khong dac
thil 13p thé nhung mot s6 khdc lai dac thit 1ap thé. Trudng hop sau 1a do diion trung gian
twong tac trude khi quay. Sy déng vong nhanh ciia diion 18n hon 1 géc kép do luc hiit giita
cdc dién tich khdc d&u. Trong trudng hop ndy phéan tng phu thudc 16n vio nhém cho va hiit
electron v ¢6 thé ndm bt dugc diion trung gian. Chéng han, nhém phenyl va vinyl & vi tri
o cla co ché gbe kép va diion 1am 6n dinh g6c kép, trong khi d6 cdc nhém cho electron nhu
oXy va nito thich hop cho diion (bing dn dinh dién tich duong cu6i).
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Su phan cat nhiét cia xyclobutan cho olefin (nguge véi cong [2 + 2}) dua trén co ché
gdc kép va khong tim thay loai [42, + 52,] (chi s6 & chi ring lién két ¢ tham gia phan img).

Trong mot s& trudng hop, 1ién két doi codng hop vao lién két ba cho xyclobuten cling
mot t6¢ 46 nhu ndi doi:

F,C=CF, + HC=C-CH=CH, = [ F + F F

Phan 1ing céng néi ba vao ndi ba cho xyclobutadien khong quan sat duge trir khi cé
chuyén vi trudc khi tdch ra hay ¢6 hop chat phéi tri va xyclobutadien sinh ra & dang phitc.

Phan 1ing cong (2 + 2) it gip hon (4 + 2). Phan ing xay ra kKhi ¢é mét c4u tir phan iing
antara, chang han phan Ung giita etylen va xeton. Phin \ing cong antara v6i su ngan can
khong gian cyc tiéu, tuong tic gilta HOMO caa olefin cia thinh phén etylen cia xeten:

R

H H E
H, H H. H N
>+ GHOCH=C=0 —> o hay
H H CH:0 CH0 R H/ \\0
H GHsO

Phan tng 12 déng b, tr cis va trans-2-buten thu duge san phdm ddng phan. Cic olefin
halogen hod, dac biét tetrafloetylen c¢é khuynh huéng phan tng voi olefin khic tao xyclobutan

va tetrafloetylen ciing phan ing véi dien theo phan Ung cong (2 + 2) ma khong phai
4+ 2):

125°C F A
CF2=CF2 + CH2=CH“CH=CH2 — +
F

F

Nguyén nhin coa tinh bat thudng nay 1A phan Ung cng antara v6i qud trinh phéin bac
ma khong phai déng bo xay ra qua hgp chat trung gian géc kép.

Phan iing cong {2 + 2] thyc t& bi han ché€ nhu trén nén cdc hyp chit lién két doi cé
phén ting khi c6 kich thich quang hod hoc (truc ti€p hay cé chit cam quang). Cic anken don
gian hdp thy & UV xa gay khé khan cho thuc nghiém nhung cé thé dung chit cam quang.
Phéan ing ding cho anken don gian cé sttc cang nhu xyclopropen va xyclobuten ma thuong
la cdc hgp chat dien lien hop, xeton o, B khong no, axit hay din xudt axit hay quinon hép
thu & séng dai hon do lién hop.

Hai phan ting dime hod va c9ng hdn hop 12 nhu nhau:
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San phdm Diels-Alder

O O 0
hv O
trang thdi ran
0 O 0
(@]

0 CH,
+ | _hv +
I
HO CeHs HO HO
ty 1é = 9:1
OCH G 0 3
¢/ 3 hyv C6H5
CoHs
CsHs O

Phén ting cong [2 + 2] quang hod ciing c6 tinh chdt néi phan tir néu phéan tir ¢6 hai lien

két d6i. Ching han:

quadrixyclan

oy

carvon carvoncampho

R

226



a Cl
C OCH, —hv , C OCH;
Cl Cl
OCH, OCH,
Cl Cl

dl Cl

Phin @ng quang hod ciing ¢6 cd ch€ [,2, + »2,] (tulin theo quy tAc d6i xing obitan)
néu chiing & trang théi kich thich singlet (§;) va phan tlr Khdc & trang thii co ban. Phan tng
dime hod khéng cam quang cla cis- va trans-2-buten 12 dic thit 1ap thé theo co ché (2, + 22,1,
trong trudng hop nay tuong tdc cla trang théi Kich thich triplet véi phan tr & trang thdi ban
dau 12 ca ché gbe kép (c6 trudng hop 12 diion). Trong trudng hop phin dng ndi phan 1r ¢6
thé nhan bat 1dy gdc kép trung gian. Phin ing cong vong cam quang [z2, + z2,] luén luon &
trang thdi triplet va co ché€ gdc kép (hay diion).

Co ché gdc kép quang hod khong giéng co ch€ gbc kép nhigt. Trong co ché nhiét, géc
kép hinh thanh ban ddu c6 thé 13 singlet, cdn trong qud trinh quang hod la trang thdi kich
thich triplet cong véi trang thdi co ban. Theo luat bao toan spin, géc kép ban ddu co thé Ia
triplet, nghia 1 hai electron c6 cling spin. Do d6 giai doan thi hai hay déng vong cla co ché
khong c6 chd vi lien két méi khong thé 8 hop hai electron ¢6 ciing spin. G6c kép cé thé tén
tai lau trudc khi két hop vé6i phan tir xung quanh dé nghich dao spin va géc kép vong hod.
Do d6 phan ng khong cé chon lgc 1ap thé.

Mot s6 phan ting cong vong [2 + 2] khong xay ra bang nhiét thi cé thé diing xuc tic
ma khong cdn kich thich quang hod, thudng diing hop chét cha kim loai chuyén ti€p. Chang

han:
f/ . ” Ti(CH,CHs),
V4

i § zeolit m

Thutmg diing xic tdc 12 axit Lewis va phitc photphin-niken. Khd nang cta xdc tdc la

1am cho phén Gng bj c&m trd thanh cho phép do phéi tri clia xic téc v6i lién két n hay © cua
chdt ban ddu. Trong mot s phan tng tim thay la qud trinh dong b6 (2, + 2.}, song ciing ¢é
nhiéu chitng minh phan iing 1a co ch& khong ddng bo do chét trung gian lién két o kim loai -
cacbon. Chéng han da tich ra duoc chdt trung gian trong phan ting dime hod cta norbornadien
xiic tac bang phic iridi.

Phan tng coOng vdong nhiét tao thanh vdng bdén canh ciing xay ra gifta vong xyclo-
propan va anken hay ankyn cé nhém th¢ hiit electron. Phan tng 1a [z2 + 52]. Xyclopropan
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binh thuémg khéng phan ting ma phai la h¢ cé sifc cang nhu loai bixyclo[1.1.0]butan va
bixyclo[2.1.0]pentan. Chéng han, bixyclo[2.1.0]pentan phin tng v6i maleonitrin (hay
fumaronitrin) cho ba déng phan ctia 2,3-dixyanonorbornan:

Ni CN
: C\C=°< — *me*“
I-{ H CN CN
CN .

Phdn tng 1a co ché g6c kép do khong c6 dac thu lap thé va hieu ing dung méi rat nho.
Chiing ta c6 thé diing quy téc bio toan d6i xing obitan 8¢ gidi thich tai sao mét s& phan ing
xay ra nhanh va chat khdc lai khong. Quy tic ddi xting obitan cfing ¢6 thé dung giai thich taj
sa0 mot s6 phan tir lai bén tuy cé suc ciang 16n. Chang han quadrixyclan va hexametyl-
prisman 1a nhimg hop chédt kém bén nhiét dong hoc (do sic cang Ién) hon cdc dong phan
dien twong ing, norbornadien va hexametylbixyclo[2.2.0]hexadien (benzen Dewar). Hai
dang hop chit c6 thé 6n tai & nhiét do phong, néu khéng c6 quan niém vé tinh dgi ximg
obitan thi khong dé gi hi€u dugc tai sao cic electron khong chuyén déi dé thu dugc déng

phén dien bén hon:

CN

. nhiét d phong )
quadrixyclan norbornadien
nhiét d¢ phong
hexametylprisman benzen Dewar

Ly do cba hai phdn ting ndy 1 syt chuyén hod cla vong xyclobutan t&i cip lien két doi
(qud trinh [52 + 52] 12 qu4 trinh nhigt loai nay bi cdm bdi quy tdic Wooward-Hoffmann. Qui
trinh quang hod lai dugc phép va nhu vay khong thidy ngac nhién 13 hai quadrixyclan va
hexametylprisman 1a chuyén hod bing quang hod thanh dien bén hon & nhiét 4o phong hay
cao hon,

Diéu nay cling c6 thé chap nhan nhe I su chuyén vi lién két don gian dé hexametyl-
prisman chuyén thanh hexametylbenzen hay benzen Dewar la hop chat bén hon hexametyl-
prisman rit nhiéu:

— A

nhiét do phong
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Ngudi ta tinh duge hexametylbenzen bén hon hexametylprisman dén 90 kcal/mol (380
kJ/mol).

Bixyclo[2.2.0] va prisman 13 déng phan hod tri cia benzen. Prisman ¢é cong thic
Ladenhurg va bixyclo[2.2.0]hexadien ¢6 cong thic Dewar vi bixyclo[2.2.0]hexadien thubng
goi 1a benzen Dewar ma ¢d khi coi 1a dang c6ng hudng cia benzen nhung cic hgp chét nay
khac nhau trong dé vi tri hat nhan 1a khdc véi benzen.

2- Phdn ting cong vong {2 + 4] (Diels Alder)

Phan ting céng vong 2 + 4 nhu giita butadien va etylen va din xuat:

(O

Phan ting goi la phéri iing Diels Alder hay cong vong 2 + 4 tac nén vong 6 canh, trong
dé hop chit n6i doi goi 1a dienophin. Phan tng xay ra nhanh va dé dang. Etylen va olefin
don gian 1a dienophin kém hoat dong, nhiéu olefin loai C=C-Z hay 2-C=C-Z vé1 Z = CHO,
COR, COOH, COOR, COCl, COAr, CN, NO,, Ar, CH,OH, CH,Cl, CH,NH,, CH,CN,

CH,CQOOH, halogen, C=C la dienophin hoat déng hon. Trong trudng hgp Z 1a C=C, dienophin _

14 ban than dien:

(- -o

Néu hai dien khdc nhau nhu butadien vi isopren thi cho dén 9 sin phdm cong c6 thé
¢6. Dienophin thudng ding nhat 1a anhydrit maleic va quinon.

Ankyn ¢6 n6i ba (-C=C-Z hay Z-C=Z) ciing 12 dienophin:

7
-0

con ngay allen ciing 14 dienophin nhung nhém hoat hod 14 dienophin rét kém, nén khong
tham gia phan tng Diels Alder, benzyn khéng tich ra dugc nhung ciing 1a dienophin véi

QDO

Lien két boi lién két véi cde nhém N=C, -N=C-, -N=N-, O=N-, —-C=0 va ngay ca
oxy. Dien ¢6 thé mach hd, trong vong hay ngoai vong, vong loai diphenyl, vong c6 ndi doi
trong va ngoai, mién la ching ¢6 thé tao duoc trang théi chuyén.
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OO O
Cdc hop chdt thom ciing ta dienophin. Benzen 13 dienophin rat kém, chi mot vai
dienophin cho phan ting Diels Alder v§i né, naphtalen va phenantren ciing r4t bén, naphtalen

cho phan ing Diels Alder & 4p suit cao, antraxen ¢6 ba vong benzen thdng hang cho phan
ing Diels Alder nén mot s trypxen t6ng hop tir antraxen va benzyn:

soolle —-—

Mot s6 vong di vong thom cling 1a dien trong phan éng Diels Alder nhung di vong cho
phan ting 12 cé h¢ -C=C-C=0, O=C-C=0 vad N=C-C=N. Trong mét s¢ truomg hop dien la
enyn, dien ¢6 thé khong lien hgp néu tinh hinh hoc clia phan tit cho phép nhw phan img sau
goi 1a homo-Diels-Alder:

+
61_—(2

D61 véi dien va dienophin khong ddi xing, ¢6 thé ¢6 hai san phdm:

-0,
L= 0C-Q,

Thuong tim duge hén hop trong d6 ¢6 mot vu tién. Tinh chon loc vi trf véi san phim
ortho va para thuln loi hon vi tri meta, giai thich bing obitan phan tir. Khi X = NO, tinh
chon loc vi ul ortho rat cao ngay & nhiét d¢ phong. Tinh hod hoc 14p thé cha phan \ng Diels
Alder ¢6 thé téng hgp lai nhu sau:

1- D6i véi dienophin, phin ting cong chon loc 14p thé syn, trir vai ngoai 1&, Cic nhém
cis trong olefin thi cling cis & trong vong xyclohexen: °
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A B
t==C —
o D

5. DGi v6i dien hai 14n thé 1,4, phan dng cling chon loc 1ap thé va syn. Ching han,
trans-trans-1,4-diphenylbutadien cho din xudt cis-1,4-diphenylxyclohexen.
13- Pien cdn ¢6 cAu hinh cis, c&u dang trans khong cho phin ¥ng nhu hop chét sau:

0

né&u dien c6 kha nang chuyén thanh cfu dang cis thi vin tham gia phan iing dugc.
4- Dien vong. ¢6 hai khi nang cong néu dienophin khong d6i xing thi cho hai san

phim endo va exo:

—'> [ :
: — [E Z — COOH
P4 ~H f H

HOOC— COOH
cong endo COOH  cong exo
wu tién 1a endo trir vai trudng hop thu duge hén hop endo va exo.
5- Trong mét vai trudng hop, phan dng Diels Alder ¢6 thé chon loc ddi quang, da
nghién citu vdi dienophin quang han vi khong quang hoat khi ¢6 xic tdc axit Lewis nhu
f

phan g sau:

Trong mot s§ trudng hop, phan Ung cong cha dien 61 hai mat clia chat ban déu 1a khic
nhau nén hinh thanh ham luong khic nhau.

Cic nhém the cho electron trong dien 1Am tang phan tng, cdc nhém the hit electron
lam cham phan ¥mg, cdn d6i v6i dienophin thi agugce lai. Céc dien vong cé c8u dang cisoit
phan ting nhanh hon hop chat mach hé tuong ing ma thu duoc bing céch quay.

Co ché phan Ung cong vong nhu sau:

Co cheé a:
-0
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Ca ché b:

Gi~-U -0

Co ché a 1a déng bg, ¢6 mét giai doan khong c6 hgp chat trung gian m3 qua trang
thdi chuyén vdng 6 canh khong phai chat trung gian.

Co ch€ b 1a gdc kép la chét trung gian va goc kép hinh thanh & trang thii singlet,
nghia 1a ¢6 hai electron ¢é spin nguge dau nhau. Ciing ¢6 thé ¢6 co ché thit ba tao diien
nhung thudng gip co ché b. Phan ting Diels Alder thuée ca ch& a, mot s6 co ché b, con co
ch¢ diion chi cé vai trudng hop dic biét.

Cd ch€ a ¢é mdy thudc tinh:

1- Phdn tng 13 dac thi 1ap thé trong ca hai dien va dienophin, con néu 1a géc kép hay
diion thi chdt trung gian khong bao toan c4u hinh.

2- Toc do phan tng Diels Alder phuy thudc rdt it vio ban chat dung moi, con co ché
diion tang khi ting tinh phan cye clia dung moi vi trang thdi chuyén cé dién tich.

3- Hi¢u ¢ng déng vi 1a bac hai, c6 nghia 13 hai lien két phan cit déng thdi va cling
hinh thanh déng thoi.

Theo anh hudng ciia nhém thé nhu trén, dien la nucleophin c¢bdn dienophin 1a
electrophin.

Phan 1ing Diels Alder 1a phan trng déng bo kich thich nhiét v6i s§ electron 4n + 2, dac
thi 1ap thé gay ra do qud trinh déng bo. Yeu 16 dai xifng cta phan ting 1A d6i ximg mat

IS Ly
LAY /%

Céc tdc nhan nam trén mot mat phing chung, c6 mét mat phing d6i Xitng chung cit
gilta hai phan phan tir tuong ty nhu sy dinh huéng chia xyclohexen.

[

E‘

Phin ting vong hod [2, + 4,] bing nhiét 1a bj c4m, cong [2, + 4,] va [2, + 2,] vdng ho4
nhi¢t lai duge phép con quang hod thi nguoc lai. Phin ing ti€p can antara trong cong vong
[2, + 4,] khong duge phép nhung c6 thé ¢6 trong cic vong lén ciing nhu vdng hod [2, + 2]
nhiét bi cdm trong mot s6 trudng haop. Do dé, phin ing cong vong duge phép hay bi ¢4m
phu thudc vao tinh hinh hoc ciia hai phan tir ti€p can, ching han phan ing cong [2, + 4,]
Diels Alder c6 kha nang cong supra [2, + 4, 1 hoac antara [2, + 4,]:
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4 | ¥
{ Y
p 4 L4
[25‘451 [25+4a]
(binh thuomg) ~ (X0dn)

Cac dang phan tir hinh thanh hai lién két ¢ mdi la ciing phia ciia hé & goi 14 cong vong
supra (suprafacial) ¢6 trong phan tng Diels-alder k¥ hiu 1a cong vong [;2, + 2] (chi s6 n
chi electrron = tham gia cong vong, s 14 cling phia supra). Con ¢6 kha nang cong vong khdc
phia cha hé = goi la cOng vdng khic phia antara (antarafacial Ky hiéu 12 {32, + ;2,]. Diéu
dé cho thdy, phuong phdp obitan gidi han 12 bi c8m khi ¢6 nhiét vi duge phép khi ¢é anh
sang.

Phan \ing cong dienophin va dien 1 qud trinh c6ng supra, hod hoc 1ap thé clta nhém
the vdi lién két d6i cua dienophin duge bao todn trong san phim cong. Quy tic niy goi Ix
cong cis.

==
Lel D
— a/},," AN C
b( d

Khi dienophin chta nhém chua no nhu CN, CO, nhv phan tng giifa anhydrit maleic
vdi xyclopentadien c6 thé cho hai san phdm, trong d6 wu tién 1a nhém khong no hudng cing
phia v4i lién k€t doi tao thanh. Quy tic ndy goi 1a quy téc Alder hay quy tic tich lu$ tinh
khong no.

San phdm wu tién 12 san phdm tlf trang thdi chuyén ma cdc thanh phin khéng no & gdn
v6i nhau. Vay san phdm wu tién 12 san phdm khéng ch& dong hoc va 12 san phim céng endo,
tuy san phdm endo kém bén hon 14 san phdm exo. Chéng han:

Jra R S

N

/ Hua + 0O \\i — =0
\O l ' \/ O/ ' ‘ H —0
= 0 0) :/ H endo O/
EXO 0 (1) (2)
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Trang thai chuyén (1), twong t4c hé electron n cia nhém cacbonyl va dien manh hon
la trang thdi (2). Sy thay ddi ty Ie d6ng phin endo vd exe phu thudce vio nhan 16 electron,
khong gian, ludng cwe va luc London.

Béng phuong phdp MO gi6i han, tuong téc gifta dien va dienophin 13 tudng tic cia
HOMO cta dien v6i LUMO clia dienophin. Phan g c6 sy chuyén electron tir HOMO cia
dien sang LUMO ciia etylen. Phan itng tao lién két c6 ning fugng hoat hod nhéd duge phép
vé tinh ddi xiing. Nhu vay céc nhém thé cho electron trong dien ciing nhu nhém thé hiit
electron trong dienophin déu lam ting t6c d6 phan ing.

HOMO &,
cha dien

LUMO i S
clia dienophin

Nhing tuong tic gita HOMO cia dienophin vd LUMO ciia dien ciing dugc phép vé
tinh d&i xing. Trong trudng hop nay, cdc nhém thé cho electron trong dienophin v nhém
hit electron trong dien 1am tang t6c d6 phan tng:

LUMOQ ¢
cita dien

.o .
HOMO W
clia dienophin

Khi nghién cttu tinh chat nhiét dong hoc ciia phan tng Diels Alder cho thdy phan fing
¢6 nang lugng hoat hod thdp (8,9 + 17,0 kcal/fmol) va gi4 trj entropi 4m. Anh huéng cha
dung moi thudng khong Ién. Khi chuyén dung moi it phén cyc t6i phan cyc, hing s6 téc do
chi tang 3 dén 8 l4n, ching t4 trang thii chuyén phan cuc hon chat ban d4u khong nhiéu.

Dua vao phan tich tinh d6i xiing cla cdc obitan trong chat ban diu vi sin phim,
nguoi ta dua ra phuong trinh twong quan:
d4—A A-o’y

$-2(E) —A >< S-a",
$; -8 A-n"
b >-< o

¢, (Ey-S A-o

¢ -8 S-o
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Sw twong tdc gitta HOMO cia dien va LUMO clia dienophin hay nguoc lai dén dugc
phép theo tinh d6i ximg. Song c6 thé ¢é cdc trudng hop chinh sau day:

- Su khdc nhau vé& nang lugng giita HOMO ciia dien va LUMO ciia dienophin nho hon
su khéc nhau giita nang lugng ciia HOMO cla dienophin va LUMO cta dien, thi dien déng
vai trd chét cho electron, dienophin 13 chit nhan electron. Cic nhém th€ hiit electron trong
dienophin 1am gizm nang lwgng cia HOMO va LUMO clia n6 nén sy khdc nhau gifta nang
lugng LUMO cla dienophin va HOMO clia dien gidm, do d6 tang nang lugng kich thich
ting tGc d6 phan tng.

Pua nhém thé cho electron vio dien lam tang nang lwgng HOMO nén tang t6¢ d§
phan ng. Phan tng t6ng hop dien ndy goi 1a tdng hop dien binh thudng.

- Néu su khac nhau gitta HOMO clia dienophin va LUMO clia dien rat gan vdi sy khic
nhau gitta HOMO cfa dien va LUMO ciia dienophin, phin (ing cén dugc xic ti€n khi dua
nhém the cho electron vao dienophin v nhém thé hiit electron vao dien. Trudng hgp nay goi
1a t8ng hop dien ngugc.

- Trudmg hop obitan giéi han cia dien va dienophin nim d6i xing vdi truc & mitc nang
lugng O, tuong tdc hai cip obitan nay cé déng gép nhu nhau vao ning lugng kich thich
chung cda hé. Trong trudng hgp ndy cd 4nh hudng clia nhém thé trong dien va dienophin
phitc tap hon. Néu dwa nhém the cho electron vao dienophin, nang lugng HOMO va LUMO
cla dienophin tang, trong tic HOMO cia dienophin v6i LUMO cia dien tang. Phin ung
nhu loai thi hai & trén, dienophin 1a chit cho, dwa nhém thé cho electron vao dienophin t8c
d6 tang. Néu dua nhém thé hit electron vao dienophin thi giam ndng lugng obitan gidi han,
twong tic LUMO ciia dienophin vdi HOMO cua dien uu tién, dienophin ddng vai trd chat
nh4n, dwa nhém thé hiit electron. lam tang t6¢ do.

dien  dienophin dien  dienophin dien  dienophin

Su phu thuéc t6¢ d6 phan tng vao hing s6 ¢ ctia nhém th€ trong dienophin ¢ dang
hinh chir U.

Cén chd ¥ ring, nang lugng kich thich phu thudc vao nidng lugng tuong tdc obitan va
ca vao gid tri hé s& nguyén tU cna obitan gidi han ma ¢6 thé tinh bing co hoc lugng tit. Nang
lugng kich thich s& cyc dai khi tuong tdc gira phan tir dien va dienophin duge thuc hién &
nhitng nguyén tir ¢6 hé s6 nguyen tir clia obitan phan i giéi han i6n nhét. Nhw vay thi tuong
tac cha dien véi nhém th€ cho electron va dienophin véi nhém the hit electron a thuan lgi
hon khi tuong tdc gitta cac obitan giéi han.
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Thuyét MO ciing diing dé giai thich sy hinh thanh sin phim endo wu tién hon exo,
cling nhu giai thich phan ing duoc xic ti€n khi c6 xiic tdc proton hay axit Lewis:

, ,’/// o 5
e 1V 43219 /
H g ( = “
H, .CN / TCN
/// k\\‘ ( — H
\H H

san phdm cong endo

Tinh hinh hoc dugc giai thich trong phan tng cong vong [2 + 4] cha hai butadien c6
thé c6 hai ti€p can endo hay exo:

endo endo
Su xen phi HOMO ctia dien Su xen pht LUMO cla dien
va LUMO ctia olefin va HOMO ca olefin

exo exo
Su xen pht HOMO clia dien Su xen phl LUMO cla dien
va LUMO ctia olefin va HOMO cila olefin

236



Khi hai dien tuong tdc v6i nhau thi mot s& déng vai trd clia mét dienophin. Ching han:

Phan itng Diels Alder citng thuc hién duge giita dien va dienophin c6 néi ba:

HX C.H
H Fﬁ 6415
HSC = o + HSCG /C6H4X C6H4X
=0 I I
e,
HsC¢ <Hs H;C¢ COOCH; HsCq (:oocH3

OOCH, .

CeHs Cets  p=0,3
COOC;Hs
( COOC,Hs
i - o
COOC,Hs
COOC2H5 dietyl-4,5-dimetylphtalat

hoic gitta dienophin véi dien 13 hop chat thom:

NG (100%)
CH; H pie ' e = 230°C
cocol T
CH, NC. CN
=
" C:H -.O (94%)
.= 208°C

hoac véi dienophin c6 lién két N=N:

COOCH,
O N T‘/ N~ COOCH;
/

N\ coocH, N coocH,

Phén ting cong vong 4n + 2 khong chi xdy ra vai nhitng c4u tir trung hoa ma cdn ca
vi cdc ion. Ching han nhu cation altyl nhw 12 he 2 tuong tic voi xyclopentadien:
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” CH,CL,/CO, TH3 @ b\ ——
CH;COONa . CH3
IH,C~ ~CH, “EH™
lb — h
CH; CH

Ciing ¢6 phan Ung cong 4n + 2 nhu la gifta ludng cuc véi dien, ching han nhu cong
dimetylxyclopropanon v&i boran cho san phim coOng vong 4n + 2;

0
I v ﬁ [/ \) — ﬁj‘cm
/\ /“\ CH3>ZA ’ 0 =0
i CH4

Quy tic Woodward-Hoffmann dugc phdt trién rong, ngudi ta 43 thue hien dugc phan
ing cong dong b theo kidu 4n + 2 cho hé (6 + 4) electron, ching han gitta 2,5-dimetyl-3 4-
diphenylxyclopentadien v6i tropon cho san phdm cong cis:

HSCG =
H5C6 H;5Cg CH3

Tir hai loai phan éng trén, Woodward-Hoffmann dwa ra quy tic chung sau:

I- Hé & trang thdi co bin gém 4n+2 electron n (n = 0, 1, 2, 3...) dugc phép vé tinh
d6i xing khi quay disrotator khi ¢6 nhiét vi quay conrotator khi ¢6 4nh sang,

2- He¢ ¢6 4n electron n & trang thdi co ban dugc phép vé tinh déi xtng kht quay
conrotator khi ¢6 nhiét va quay disrotaror khi cé anh sdng.

3- Khi tuong téc cha hé c¢é m electron véi he ¢6 k electron = dugc phép khi ¢6 nhiét
n€u m + k = 4n + 2 va dugc phép khi cé anh sing n&u m + k = 4n.

4- Phan tng perixyclic ¢6 thé thyc hién dugc bing nhiét néu sd electron (4q + 2)
tham gia vao qud trinh supra va s electron 4r tham gia vio qué trinh antara. D6 1a quy tic
chon lgc.

Bang13.6. Quy tic chon lwa d6i v6i hé (m + n) electron

m+n supra/supra supra/ antara antara/ antara
4n bi cdm dugc phép bi cam
An+ 2 dugc phép bi cdm duac phép
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3- Phdn tng céng vong 2 + 3
Trong trudng hgp phan ing tao thanh xyclopenten tir tic nhan ludng cuc hinh thanh
in situ tit hgp chdt chita lién két doi, chdng han phan ting :
o .
Z  phicPd
+ [r —_—
CH,COO  Si(CH,),

M <

Phan #ng nay goi la phan ing cong vdong 2 + 3.

Chat ban ddu ¢6 thé hinh thanh sin phdm trung gian ludng cuc (2) :

CH, CH,

BN e L.

- @
CH, H,C” ™CH,
(2)

H,C

16i tac dung véi olefin.

Chéang han tir 2-[(trimetylsilyl)metyl]-2-propyl-1-en axetat (1) & trén va xiic tic paladi
hay kim loai chuyén ti€p khéc tao ra ch4t trung gian (2) tdc dung véi lién két déi cho
xyclopentan c6 lien két déi exo.

Cic hop chat loai azo (3) hay metylenxyclopropan (4) ciing phan 1ng vao lién két déi

qua chat trung gian (2).
Rl
} A
3) 4)

Tuong tu, hop chit (5) twong tdc v6i a-dixeton khi ¢é SiF; hinh thanh diol vong 5
canh khong no:

SiF,
—
[ R R'
X Si(CHy, © 0 HO OH
(5)
Phuong phdp cong cacbon 2 + 3 ¢6 thé dung anion allylic nhu céng vong 1,3-anion,
chdng han a-metylstyren cong vao stylben khi ¢ bazo manh liti diisopropylamit:
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Cehs [t

N o= cn S en 1-CoH;CH=CHCH;
/ 2 A 2 2-HA

CH; G

<]
A e _HA A\O
JA\ A
@
e

Phuong phdp thit ba la xyclopropen xetan tdc dung v6i olefin ¢é hai nhém thé& hiit
electron cho xyclopenten:

o o’ Q
Coﬂ + g\z — <:o 7

4- Cac phdn itng cong vong khdc
a- Phdn ting trime hod va tetrame hod ankyn

Khi axetylen tic dung v&i xyanua niken hay hop chét cia Ni (II) hay Ni (0) hoac xiic
tic tuong tu cho benzen vi xyclotetraen:

=0 O
CH=(CH ——=» +

Axetylen th€ cho benzen thé. Diisopropylaxetylen trime hod khi <6 Co,(CO)4 hay
Hg[Co(CO)4], cho hexaisopropylbenzen. S4u nhém isopropyl khong quay tv do ma nim
thing géc v6i mat phdng vong benzen. Phin dng trime hod tic thoi (khong xic téc) 1a rert-
butyl C=CF cho 1,2,3-tri-rert-butyl-4,5,6-triflobenzen (7) trong dé ba nhém tert-butyl nim
k¢ nhau trong vong benzen:

F F F F
F F F F F F
I+ — " —
R R
R R R R R R
R = tert-butyl (6) (7

Thyc t€ (6) 1a benzen Dewar c6 thé tédch ra duge. Nguge véi phan tng tic thoi & trén,
qud trinh xiic tdc lai cho sin phidm benzen ba 14n the 1,2,3- ur axetylen RC=CH. San phim
chinh thudng 1a déng phan 1,2,4 nhung ham lugng nhé hon déng phan 1,3,5, nhung déu nhod
hon déng phan 1,2,3. Co ch& phan tng xic tic dé hinh thianh benzen di qua tiéu phan trung
gian (8) do hai phan tir ankyn phéi tri v&i kim loai va tiéu phén khdc 1a di vong nam canh
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(9). Ti€u phan trung gian (khi M = Rh, Ir, Ni ...) dugc tach ra va phan dng ti€p v6i ankyn
cho benzen:

R'--.C R
J<C g R I N 2
RC=CR + M — M —
C\éc/R e R' R
(%) (9 (10

Chii ¥ 12 cdch may cho uu tién déng phan 1,2,4. Hai giai doan sau la phan iing Diels
Alder m& vong va ti€p theo la cdng mach kim loai:

M R
n R R R R
R _M
| — M
R' ]
R’ R" R R b R
(10)
R! R R! R
—> ~ / — R'Q/I —» (10)
R R R
R Rl Rl

Trong pha khi, khi benzen h&p phu trén bé mat cha rodi-nhém 10% thi c6 phan Ung
nguoc lai 1a hinh thanh axetylen.

R
M + I
R R
%
R
R
M + ||
R' R .
© R

b- Phdn wng vong hoa dien

Céc dien lién hop cd thé dien hod hay trime hod & vj tri 1,4 khi tdc dung v61 mot vai
phifc hay kim loai chuyén tiép (vé hinh thic Jacong vong 4 +4vad +4 +4):

hiic Ni
H,C= CH— CH=CH, ———» O " &

Phén ing cla butadien cho 1,5-xyclooctadien va 1,5,9-xyclododecatrien. Ham lrong
sin phim duge khéng ché bing ban chdt xiic téc. Chang han, Ni:P(OC¢H;-0-CgHs); cho san
phdm u tién trime hod Ni(xyclooctadien),. San phdm tang lén khong do tdn cong 1,4 t6i 1,4
nhung 12 co ché€ xodn cia phic kim loai-olefin.

Nhu & trén di néi, quy tic Woodward Hoffmann la phan ting cong vdng bang cich
cong suprafacial khi c6 nhiét 12 dugc phép véi s electron 1a 4n + 2 va quang hod véi s6
electrron [a 4n. Tuy nhién, cdc phan dng bi cdm trd thanh duge phép néu mot phan tor phan
\tng antara. Phan Gng niy thdy trong cac téng hop cdc vong 16n, Khi mot vong méi hinh
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thanh ¢6 tdm canh hay l6n hon theo co ch€ déng bo, tuy duge phép theo quy tic doi xiing
obitan d6i v&i truong hop binh thudng nhung tr& thanh khé khan do nhan t6 entropi (hai ddu
chia hé n&y phai két hop tic thdi v6i hai ddu cha phan tir khic) hay mét hay ca hai cau tir [a
vong, hodc trong trudng hop phan t&r ¢ nhiéu cdu dang. C6 nhiéu cong trinh vé téng hop
vong tdm canh va I6n hon, cé thé nhiét hay quang hod nhung nhiéu chiing minh cho thay
phan ¥ng la qua trinh déng bo hay nhidu giai doan.

Mot 58 vi du:

s o) Ko
NH,

Phan tng cfng nhiét cha cation allylic (cong vong 3 + 4) dugc phép theo quy tic
Woodward-Hoffmann. Phan ting cong ¢6 thé do tic dung véi halogenua allyl khi c¢6 mudi bac:

CHy= (I:_ CHI ©Q,000Na cH, i":@ N @ . / } .
0—11 N
' CH, CH;

Phan g nay cé thé dung benzen 1am c4u tir dien.
Benzen c6 thé cong vong quang hod véi olefin. Sin phdm chinh thudng 1a san phim
cong 1,3 (11) (cling ¢6 thé hinh thanh vong 5 canh) va mgot it san phdm cong 1,3 (12):

(12)

(13)
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Sin phdm (13) ¢6 thé 13 sin phim chinh khi olefin c6 nhém thé hit electron va vong
thom c6 nhém cho electron hay ngugc lai. San phim c6ng 1,4 hinh thanh rat hi€m. Phan ing
ciing ding v6i benzen ¢4 nhém th€ ankyl, halogen, OR, CN, vi nhém khdc va olefin mach
hé va vong.

13.4. PHAN UNG CONG LUONG CUC 1,3
Khi cho olefin tdc dung vdi phenyl azit thu dugc phan ing sau:
\

—p=g—- CoHs R—N=N" —»

Phén tng xay ra bing céng mot tic nhan ludng cyc ¢ ba electron vao lién keét doi hai
electron goi la phan ting cong vong 2+3. Loai phan iing nay ciing giong phéan ting Diels
Alder 13 phan tng cong vong giita hgp chat ludng cuc 1,3 vdi he licn két boi goi la
dipolarophin (twong ty dienophin) tao thanh hgp chat vong.

Phan ting cling 12 déng b, cong loai 4n + 2 gilta ludng cyc 1,3 (a-b—c) goi la phan {ig
ludng cuc 1,3 vé6i (d = e) goi 1a dipolarophin hay (d=e):

Tic nhan ludng cuc ¢ 3 nguyén tir a-b—c trong d6 cé nguyeént tlr a c6 6 electron &
bén ngoai vi nguyén tir ¢ ¢d cdu trific bét tlr véi it nhat mot cap electron khong cip doi.

Mot s6 hop chdt ludng cuc 1,3:

Loai 1:
Azit R-N"-N=N* == R-N-N’=N
Diazoankan R,C -N=N* <= R,C-N'=N
Oxit nitro O -N=N" = (O -N'=N
Imin nitrit R-N"-N=C*R’ < R-N -N"=CR’
Imin ylit RZC_—N=C+R’ <« R,C -N*=CR’
Nitryl oxit 0 -N=C'R «—> (O-N'=CR
Loai 2:
Azometin imin R,C -N-N*R’ =— R,C -N"=NR’
Hop chdt azoxy 0_—I?I—N+R’ - O_—II\T+=NR’
R R”
Azometin ylit RZC_-ITI-C"RZ - R2C_—1|\I+=CR’2
R” R
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Nitron 0_—¥\I*C+R2 -— 0_—}\I+=CR2

R, R,
Cacbonyl oxit O -0-C'R; =<— 0O -0'=CR,
Ozon 0-0-0" <> 0 -0'=0

Cic hgp chdt c6 6 electron ngodi ciing trén nguyén tir thudng khong bén, hé a—b-c
thudng & dang cong hudng lai hod ma it nhat c6 thé bidu dién bing mot dang nao d6. Hop
chat ludmg cyc 1,3 c6 thé chia ra 1am hai loai;

1- Dang ludng cuc cong hudng giéi han cé lién két déi rén nguyén tir 6 electron vi
dang khac cé lién két ba trén nguyen tir:

a -b=ct = a-b'=c
néu gidi han bdi c4u tric electron trong bang heé théng tudn hoan thi b chi ¢6 thé 1a N, c ¢é
th€ 1a C hay N va ¢6 thé C, O hay N nén c6 6 loai.

2- Dang cong hudng gidi han cé lien két don trén nguyén tir 6 electron va dang khic
cd lén két doi:

a -b—ct o a b =c-
be6thé lANhayOviacéthé A C, N hay O nhung chi c¢6 12 loai, chdng han N-N- C Ia
dang khac clia C-N-N.

Trong 18 loai, ¢é nhimg loai khéng bén nén néi chung 12 & dang in sintu, phan tng cé
thé ding vai 15 loai nhung khéng phai tat ci déu phan tng véi lien két doi cacbon-cacbon
cia olefin. Phan tng x4y ra t6t véi cac dienophin cha Diels Alder.

Phan ting dac thi lap thé, cong syn va co ché mdt giai doan déng b¢. Co ché ndy dac
trung bing 16c d6 khong thay déi nhidu véi dung méi, khong cé quy tac don gian vé su dinh
hudng clia cong ludng cuc 1,3. Tinh chon loc vi tri ¢ling duge gidi thich bing quy tic obitan
phan tr. Céc hop chit 1,3 1a thiocacbonyl yiit (R,C=8"-CH,") khong ¢6 phén ing dac thi
lap thé vi co ch€ khong déng bo thue € 1a co ché dion.

Phan img d6ng bo xay ra do tuong tic gém HOMO cha nguyén tir (¢) twong tdc véi
LUMO ctia nguyén tir (e) c6 mat d6 electron nhd nhét: con LUMO ciia (a) tuong tic véi
HOMO cita nguyeén tir (d) ¢c6 mat d6 electron nhd nht.

Su tén cong electrophin va nucleophin nay xay ra thing géc véi mat phing lién k&t boi.

Két qua 12 hinh thanh sy chuyén dich electron vdng va déng vong:

Phan (g cfing c6 thé xdy ra theo co ché g6 kép hai giai doan:
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d— e* d—e
Khi nghién citu dong hoc cia phan ung coéng ludng cyc 1,3 gilfa anken va
diphenylnitrin amin trong benzen soi:

'

e CeHs

® O
>c=c< + C4Hs-C==N—NCHs —> )
CsHs

cho thay phan tng phu thuéc vao ban chat dipolarophin, dung mai ciing nhu nhiing yéu 16
nhiét dong hoc:

Olefin K Qlefin ki
1-Hepten 0,146 Bimetylfumarat 283,0
Inden 0,187 Etylacrylat 482
Styren 1,60 Bimetyimaleat 7,94
Etylcrotonat 1.0 Metyl-4-pentenoat ¢,197
trans-Stylben 0,274 cis-Stylben 0,011

Tir két qua trén cho thdy, phan (ng xdy ra mét giai doan nhiéu trung tAm. Hiéu ting
lién hop anh hudng nhidu dén t6c do, tang nhém the lién hop véi lién két boi lam tang 16c Ao
phan tng. Ching han, t6c do phan tng cla etylcrotonat lién hop gdp 5 14n cla metyl-4-
pentenoat khong lién hgp, dua nhém th€ metyl vao vi tri B cha etylacrylat giam t6¢ d¢ dén
49 l4n. Téc do phan tng clia d8ng phan trans cao hon doéng phan cis nhu fumarat > maleat,
trans-stylben > cis-stylben do su lién hop cia nhém thé cacbonyl hay phenyl bi gidnm do
lue van der Walls 16n ép cdc nhom thé cis, d6ng thdi lam tang sy che khuit khong gian khi
chuyén tir trang thai spz sang sp3 lam tang nang lugng hoat hoa:

&
109. 23” °'>
i20" /
» '\

H/ 0,134nm \’I <54nm

Hiéu ting lap thé anh hudng 16n dén phan tng, phan dng 1A cong cis va 6 dic thi 1ap
thé. Ching han phan tng céng dic thii chia diazometan vdi olefin cho pyrazolin:
Q
H,C ~CH; CH:N, ( N
H3C”Jn. — (\\\\\CH3

-~
CH;00C COOCH;
; CH3OOC/ COOCH,;
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CH;00 ACHs o, ( .
H 'Cc>(:=(l\ CH3OOC IR (‘\\\\CH_;
3 COOCH,; oo,

H;C
Phan 1ing theo co ch€ vong ddi hoi sy dinh huéng chat ché cla cdc cdu tlr trong trang

thdi chuyén nén phén ing cin ¢6 gid tri entropi hoat hod 4m 16n va gid tri entanpi hoat ho4
nho. Chéng han phan tng clia diphenylazometan véi olefin:

Olefin AH® kcalimol ~ AS*. d.v.e
Etvlacrylat 8,0 - 42
Dimetylfumarat 8,4 =30

Entropi hoat hod am quan sdt thdy trong moi phan tng céng ludng cyc 1,3 va hod hoc
14p thé cita dipolarophin dugc bao toan trong vong tac thanh.

Phén tng it thay d6i boi dung méi, Khi tang tinh phan cyc cla dung méi, t6c do phan
iing khéng tang, ching td co ch€ cdng vong mot giai doan nhiéu trung tam.:

ROOC—N >] q‘I—CcsHs ROOG—N"" > N— CgHs

ROOC—N ROOC—N._ /A &
Dung moi:  Xyclohexan £=20 k. 10%. mol/(l. s) = 2,75
Picxan 2,2 2,10

Etanol 24,3 1,67

Benzen 2,3 1,90

Axetonitrin 36,7 1,50

Céc hop chdt tdng hop dugc theo phuong phdp nay thudng 13 vdng 5 canh:

® © 3
CHN-N=N 4 H '\
phenylazit norboren N

H
CgHs
@ © N *N
CH;—N==N + CH,=CH-COOC,H; —
diazometan etylacrylat OOCZHS

N
Li+ N =N =N + C6H5-NE N Cl ———i- —- N\\ gq
N—N CgHs N—N— CgH;

phenylpentazol
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Su dinh hudng ctia phan ng cong tir dipolarophin khong d&i xing duge xac dinh theo
tinh phan cuc cita lién k&t va dién tich trong phan tir ludng cue 1,3:

NOH (CH;i:N CeHs-CHO
e .

CoH R - S

Cl uxit benzoniirin

Cl,
CGHS—E:NHOH — = CHe—

B~ O CgH: N
cﬁHs—O—g—? — \(’ he
-~
O—_( H 'C6H5 O_'CI‘I_CGHs

Lién két ba cacbon-cachon cling tham gia cong 1,3 ching han véi azit cho triazol:

Ry S
—C=C— + RN, —»
’ et

tdc nhan cong 1,3 trong nhiéu trudng hop 12 in situ cia nhitng hop chét vong ba canh khong
bén m& vong, ching han:

H
%Hs HC6H5 CH{ 5 o foHs Hﬁ-C}) OO AL
B HC-C
—_—l
J:GHS i:61-15 CGHS 1|\I C6H5

CeHs  94%

13.5. PHAN UNG CHUYEN VI SIGMA

Phén tng chuyén vi sigma (sigmatrope) ciing 12 qud trinh chuyén hod vong theo co
ché& déng bo xdc dinh bang tinh déi xing obitan.

Phan tng chuyén vi lién k&t o lién két véi mot hay vai lién két doi tir vi tri cii 161 vi tri
m6i tudn theo dinh luat d6i xing obitan va tinh dac thd 14p thé cia phan tng ndy. Phin ting
kém theo su thay déi lién két doi trong phan i,

Phan \ing thudng xdy ra véi sy chuyén vi hydro va géc ankyl hay aryl tir vi tr{ chuyén
vi (1,3), (1,5) va (3,3) (s6 trong ddu ngoac: s6 ddu chi vi tri cll cia nguyén tr hay nhom
nguyeén tir chuyén vi, s6 sau chi vi tr{ ma nguyén tir hay nhém nguyeén tir chuyén dén):
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e két o chuyén i __L' ——\ T 3\ =— lienkétomd  chuyén vi (1.3)
154 P
2 3
4
/ 4 2 = .
2 | —_— I chuyén vi (1,5)
5 1 5
R. / I_II | \ len Két o mdi
lién két ¢ chuyén vi
2\3 R 2 chuyén vi (3,3)
[ | N R
lien kél & chuyén vj — -~ lién k& g mdi
2 5 3

Thudng thit ty chuyén vi biéu thi bing hai sé (i, j). S§ dugc tinh bdi nguyén tir & mbi
ddu cia lién K€t ¢ chuyén vi. Ddu ban ddu ddnh s6 1a s6 1. Trong vi du 3 trén, méi ddu cla
lién két ¢ doi chuyén tir C, 16i C; nén ¢6 s6 thit ty {3,3], cdn vi du 2 thi ddu cacbon chuyén
tir C, dén Cs, con ddu hydro khong chuyén déng nén thi ty 1a [1,5].

13.5.1. Phan émg chuyén vi hydro

Phéan dng chuyén vi hydro [i, j] thuc t€ ¢é chuyén vj [1,3] va [1,5].

Trong chuyén vi [1,3] cha H thyc hién v6i hé mot ndi déi & dang allyl ¢6 thé xay ra
theo hai huéng hinh hoc khdc nhau: néu nhém doi chuyén H & cling phia ddi v6i ndi doi goi
14 chuyén vi supra hoidc khédc phia véi n6i d6i goi 12 chuyén vi antara. Ching han chuyén vj
hydro [1,3] ¢6 thé ¢6 hai hudng:

e

~
&

Ho N L N N H\./\I/ a\/\\

VR S e

siupra-1.3 d aniara-1,3

Tuy <6 hat con dudng nhung mét thi dugc phép con mét bi cdm theo quy tdc d6i xing
obitan. Theo phuong phdp obitan gidi han xem phén {ing chuyén vi H-[1,3] 12 su chuyén cla
HOMO cuia H va HOMO cia gdc allyl, tuong tng véi tuong téc obitan is cia H va w1, clia
allyl: G6c allyl ¢é ba obitan 7 nhung chi mot phit hgp véi HOMO & day 1a sy chuyén vi

dugce phép vé nhiét:
é C\@C
HOMO cia g6ic allyl  W»

Electron clia hydro chi 12 1s nghia 1a chi ¢6 mét thuy. Quy tic doi chyén hydro 1a H
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c6 thé chuyén tir thuy duong t6i thuy duong ciia nguyén tit khdc hay tir thuy am i thuy am
ciia obitan phan tir bi chi€m nang lugng cao nhat HOMO ma khong thé chuyén tdi thuy khéc
dfu. Khi doi chuyén, nhém ddfi chuyén phai tuong tdc déng thoi véi hai ddu cia h¢ allyl.

Néu proton doi chuyén thi né phai tuong tic véi hai phin cia obitan khdc nhau.

Né&u hydro chuyén theo huéng antara, hydro trong tic v6i hai phdn obitan cung ddu
nén dugc phép vé tinh d6i ximg:

@ : @ qua trinh anfara cha chuyén vi H-1,3
/ ' dugc phép vé tinh d6i xiing

Néu hydro chuyén theo hudng supra, hydro c6 thé twong tdc khic ddu v6i hai ddu
obitan nén bi c&m vé tinh déi xdng:

@/ qué trinh supra cia chuyén vi H-1,3
bi c&m vé tinh déi xiing

8

Nhu vy, su chuyén vi sigma cfia hydro (1,3) dugc phép vé tinh d6i xing khi chuyén
vi antara, cdn supra bi cim. Song su chuyén vi ndy tuy duge phép vé tinh doi xiing obitan
nhung su chuyén vi ddi hoi nang lugng hoat hod cao do tinh hinh hoc, nén qua trinh chuyén
ddng bd trong didu kién hoat hod nhiét it xdc sust, thuc 1€ chua quan sat duge chuyén vi
hydro (1,3).

Né&u néi vé& he Mobius thi chuyén vi H-1,3 véi 4 electron v§i obitan =, thi phdn tng
perixyclic nhiét lai dugc phép.

Néu trong qua trinh quang hod, HOMO la w5

9
@/5\
Q Q

HOMO ciia gbc allyl W3
khi kich thich dnh sdng
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thi con dudng supra lai duoc phép va con dudng antara bi cim.

‘@ qud trinh supra ciia chuyén vi H-1,3

@ / m quang hod dugc phép vé tinh d6i xting

:ﬁ

\
-
I3

qud trinh supra cla chuyén vi H-1,3
@ quang hod bj com v& tinh d6i ximg

Iy JEpEpE——]

@/

g

Phan ing chuyén vi H-1,3 quang ho supra duge phép dd c6 mot vai phan ing:
R R

J

hv
e

CH,CO CH,CO

H H

Mot s6 hop chat khong bén ciing d& chuyén vi thanh hop chét bén hon, ching han hop

chdt sau chuyén vj 1,3 bing nhiét cho toluen:

o=

Phan tng chyén vi H-1,5 thyc hién duoc véi he c6 hai nsi d6i lien hop. HOMO cia
goc allyl chida hai n6i d6i lien hop c6 hai nit va cé hai obitan & hai ddu cung d4u vé mot

phia mat phing cia he:

Y,
5\@/@

nut

do d6 cho phép hydro twong tdc dugc v6i hai ddu he = vi the sy chuyén supra cia H-1,5
duoc phép vé tinh d6i xitng, nguoc lai chuyén vi antara lai bi cAm vé tinh déi xing obitan:
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chuyén vi supra 1.5

chuyén vi antara 1,5

Phén g chuyén vi nhiét hay quang hod ciia hydro 1a sy d&i chuyén hydro tir ddu nay
161 ddu kia clia he 7, theo co ch& perixyclic thi trong trang thdi chuyén hydro phai tiép xic
ddng thdi v6i ci hai ddu mach. Cdc chuyén vi [1,5] va xa hon, phan tir phi c¢6 céu dang
cisoit, song c6 hai con dudng hinh hoc dé chuyén vi sigma la supra hay antara, nhu hgp
chdt sau cé thé cho b6n san phdm:

H
A — A/@ chuyén vi supra
D
D déng phan R.Z
s H
A > S==
L = BXAQ chuyén vi supra

H =

¢ C
déng phan S.E

Vi

chuyén vi antara

>

A
D

-2
D
déng phan S,.Z2
—_— _
B chuyén vi antara

déng phan R.E

Tir chét ban ddu, hydro chuyén tir ddu tdi cusi mach cing phia l1a supra cho déng phan

S, Z hay quay 180° dé chuyén déng ciing phia cho déng phan S, E, con chuyén vi antara cho
hai dong phéan tuong tu.

Su chuyén vi 1,5 trong phéan tng nhiét 14 supra va quang hod 1a antara. Trong trudng
hop chung, s6 18 j, sir chuyén vi supra duge phép vé nhiét khi j c6 dang 4n + ! va quang hod
khi j ¢6 dang 4n — 1, cdon nguoc lai cho chuyén vi antara. Ciing c6 thé giai thich theo
phuong phdp Mobius- Hiickel.
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Tu b6 khung co ban cha obitan, su chuyén vi [1,3] ¢6 bén electron, phan img nhiét
perixyclic duge phép trong hé Mobius véi mét hay s6 1& nghich dao va chi ¢6 thé 13 anrara,

con h¢ [1,5] cé 6 electron duge phép vé nhiet 1a h¢ Hiickel v6i s& nghich dao bing 0 hay
chan va chi ¢6 thé 1a supra.

Chang han phan ing sau cé sy tham gia cla obitan Is ciia H v6i obitan v, cla g6c
pentadienyl thanh 1,3-pentadien:

CH,-CH=CH-CH=CD, —» CH,=CH-CH=CH-CHD,
Co thé giai thich hudng trong tic nay bing trang thii chuyén thom va phan thom:

twong téc supra-1,3 véi
4 electron theo Huckel
12 phan thom bi c&m

twong tac supra-1,5 véi
6 electron theo Huckel
12 thom duge phép

tuong tic antara 1,7 v6i
8 electron theo Mobius
la thom duge phép

Phan ting chuyén vi H-1,5 nhu khi chuyén vi nhiét bing supra nhu phan ng sau, cdn
chuyén vi quang hod rat hi€m:

3C/ C,H; Csz H,

Phan tng trén c6 dac thi lap thé c6 hai déng phan.
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Con phan tmg:

ol A
— -
¢6 thé c6 ddng phan chuyén vi trong vdng cho céc déng phan khdc, ¢6 thé tam goi 1a chuyén

vi ndi vdng hay chuyén vi circumambulator.

Ngoai chuyén vi [1,5] con c¢6 chuyén vi xa hon, ching han nhu chuyén vi [1,7] cla
hydro, cfing 12 phan dng nhiét vd chuyén vi antara, con chuyén vi [1,7) quang hod ciing cé
tim thay 14 chuyén vi supra nhu phan tng sau:

H;
—
\l H #
H

Chuyén vi sigma & hgp chat vong xyclopropan thay th€ bing lién két dai:

oy —
& [CH, — <_/
C

13.5.2. Phan @ng chuyén vi cacbon

Phan ttng chuyén vi cacbon 13 chuyén vi géc ankyl hay aryl ciing ¢6 nhitng dac tinh
chung cla chuyén vi hydro nhung phitc tap hon do cé nhan 18 1ap thé clia nhém chuyén vi.
Phan ing chung 12 chuyén vi cacbon [i, j], thudng 12 chuyén vi [1,3] va [1,5]:

R ==
\f\f*ﬂ—(\g X )~

R

Chéang han chuyén vi géc ankyl-1,3:

CH, H
L @<c143

Chuyén vi g6c phenyl [1,5]:

HG OH Hs e
B H}—
H HsC
6515 H -6
s CeHs HsCo Hs; 5
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Phan tng chuyén vi ankyl-1,3 R d&i chuyén supra bing AO-p d€ lien két v6i hai dau
cha h¢ allyl, con hudng antara khong duge phép vi tinh hinh hoc. Néu R 1a nhém quang

hoat thi ¢é sit quay c4u hinh:

8- -

-~
-
-
-
ol

b c
F 4 a
\ é/ 113) N
_——
| quay ciu hinh J:H
CHy— == CH, CH;— CI — WHy
§ H

Khong gidng chuyén vi hydro v6i hydro chi c6 mot thuy, chuyén vi cacbon 1,3 véi
g6c cacbon ¢6 mot electron trén obitan p ¢6 hai thuy nguge ddu nhau, cacbon chuyén vi 1,3
cdn quay thuy nao d€ cacbon ban dfu c6 thé lién két v6i ddu méi d€ hinh thanh lién két C-C
mdi, do d6 céu hinh clia nhém doi chuyén phai nghich ddo. Nhu vay chuyén vi 1,3 dugc
phép v€ nhiét, 12 qud trinh supra, nhung ¢6 qud trinh nghich dao c&u hinh.

Phan ng chuyén hod vinylxyclopropan thinh xyclopenten ciing 14 qu4 trinh chuyén vi

sigma 1,3 cla cacbon:

& bi phan cit 3 o mdi tao thanh
N\ N
I 3 —_—

Phan ting c6 thé xem nhy 13 cong vong ndi phan tir [2 4 2], ciing nhur cdc hop chat the
& vong va néi doi vinyl:

A A,
N

CeHs

HsC |
s-6 N . H4Cy CeHs
—
hay Av

HsCq CeHs
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Cdc di vong ciing ¢6 chuyén vi nay:

CeHi— ﬁ —NQ —L C6H5—<Oj
N

Céc vong 4 canh ciling chuyén vi m& vong:

T

Khi nhiét phan endo-bixyclo[3.2.0]hept-2-en-6-yl axetat deutri hod cho exo-deutri-
exo-norbornyl axetat c6 quay cdu hinh & C; va ciing ¢6 mot phdn 11% - 29% béo toin cau
hinh. Ngudi ta diing co ché g6c kép dé giai thich trudng hgp nay ngoai co ché déng bo:

200°C - ?ICOCHg,
HT-A H. .--H D

D bl P
CH,cog ¢ H { \OCOCH3

Phan fing chuyén vi supra-1,3 quang hod cila cacbon ciing tim thay v6i su bio toan
¢du hinh.

Su chuyén vi cacbon 1,5 ciing 1a qud trinh supra xdy ra véi su bio toan csu hinh. Qud
trinh nhiét supra ndy xdy ra véi tinh d6i xing chi khi cacbon chuyén vi sao cho thuy &
cacbon ddu lién két duge vai ddu hé n:

[1.5]
—
bio toan
¢fu hinh
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Su chuyén vi 1,5 bing nhiét ¢6 sy bao toan c4u hinh:
~H
i N

>
@j 230-280°C
—b

“, H ”,/H
H3(,I H ’

Chuyén vi 1,7 dugc phép néu 12 chuyén vi antara, cdn supra 12 bi cAm:

OCOCH;
H — P
OCOCH; H
chuyén vi -1,5- antara OCOCH;

chuyén vi antara-1,7 duoc
phép vé tinh dai ximg

¢6 D & vi trf trans véi nhém axetyl trong chdt ban d4u, cdn trong sin phdm thi & vi trf ¢s,
chitng to ¢6 sr quay ciu hinh C; twong tng v6i quy tic Woodward-Hoffmann,

Can chi ¥ ring khi chuyén vi sigma, cdc nhém thé & cacbon ddi chuyén c6 sy nghich
dao véi trang thdi chuyén c6 nang luong thip hon.
H~__. COOCH,

H~_-COOCH,

H—C

trang théi chuyén -
(D,OCOCH;-trans ‘ ngghi oh déoy (D,OCOCH-cis

Phan tng chuyén vi Cope ciing ¢6 chuyén vi 1,5, chdng han ti meso-3,4-dimetyl-1,5-
hexadien xy ra qua ba dang trang thai chuyén dua téi ba san phdm khic nhau:

H CH==CH CH CHN
S 2 ~
BN o H3C>c/ CH, H\/ i,
HC H

3 ’ \ S ch l + | + H‘%C l

~ CH CH

/C ™ CH==CH HSC\C::‘“CH 2 >C““‘ e’ H\C"-c.— CH /e
H,C - T HiC ch/

(1) (2) (3)
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San phdm (1) va (2) ¢6 trang thai chuyén gin & dang thuyén c¢é su che khudt cla
cacbon, san phdm (3) ¢6 trang thdi chuyén gin v&i dang gh€. Do d6 trang thdi chuyén (3)
bén hon va san phdm (3) wu tién hon.

Ciing nhu phan dng chuyén vi 1,5 clia Claisen nhu phin ng:

F H
—C

A
JR—.

R R N\ A\ .

13.5.3. Phan tng chuyén vi [3,3]
Phén wing chuyén vi [3,3] x4y ra hiém hon:
-0
e Sy,
C6 thé xem trang thdi chuyén ctia qué trinh nhu 1a hai twong tdc clia hai thanh phin

allyl vi th€ né 13 thom va dwgc phép vé nhiét. Dién hinh 13 phéan ttng chuyén vi Cope v
Claisen:

C
P Xe
C \?CH?

Claisen

trang théi chuyén allyl

1- Chuyén vi Cope
Khi dun néng 1,5-dien sé dong phan hod goi la chuyén vi Cope. Khi dien 12 d6i xing
d6i véi lien ket 3,4 ching ta ¢é san phdm giéng nhv chat ban ddu:

Z -3

Neén chuyén vj Cope chi phan biét duge khi dien ¢6 nhém thé€ hay khéng d8i xdng véi

lien két 3.4:
‘ R Z e
165 - 185°C
T = 7 4l reo.
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Phan ing chuyén hod phdt nhiét, vi tinh bén ca sin ph4m cao hon chét ban ddu do
trong san phdm ¢6 lién hop cha lién két n d6i véi nhém thé CN hay cacbetoxy.

Chuyén vi Cope 12 chuyén vj 3,3 tu_dng ty nhu chuyén vi dien 1,5, phin tng 1a su
chuyén vi dien 1,5 ndy sang dien 1,5 khic.

Phan ting Cope cla hé dien 1,5-hexadien c¢6 déng vi xay ra v6t nang lugng hoat hod
33,6 kcal/mol, entropi hoat hoa 13,5 d.v.e.

HO“C 3 CN
D’S P
C00C2H5 H;C COOC,H;

Tuong tu he dien di t§ cua ete ankylvinyl thanh 1-penten-4-al ¢ nang lugng hoat hod
30,6 kcal/mol va entropi hoat hod 1a 8 d.v.e,

H,C=CHCH,OCH=CH,—» Ui | —» H,C=CHCH,CH,CH=0
¢, | CH,

Phan iing chuyén vi Cope chi ¢6 thé tdch ra dugc khi dien khong d6i xtmg, ching
han, 3-metyl-1,5-hexadien dun néng d&n 300°C cho 1,5-heptadien. Phan ing x4y ra dé khi
c6 nhom thé & cacbon 3 hay 4 v&i lién két d6i mdi lién hop. Phan ing 12 thuin nghich va
hinh thanh mét hén hgp can bang cla hai 1,5-dien, trong d6 gidu san phdm nio bén vé nhiét
déng hoc hon. Phan 1ing ¢é thé khéng thuan nghich trong trudng hop cha 3-hydroxy-1,5-
dien vi san ph4m tautome 1a mot andehit hay xeton:

-l
T =0 =7
H H

Phan iing nay thudng goi 13 phan tng chuyén vi oxy-Cope, ¢6 ttng dung 16n trong téng
hop. Phan tng dugc xic ti€n manh khi diing ankoxit cho sdn phidm truc ti€p 12 ion enolat

thuy phan cho xeton:
H,0
D - "2_"/@
oy~ SV 4

P6i voi dien vong hay mot phin clia hé allenic chuyén vi vdng hod, nhu:

.

nhung khéng phan iing néu mot lién két doi 1a mot phdn clla hé thom nhu 1-phenyl-1-buten.
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Khi hai lién k&t d6i 12 nhém vinylic dinh & canh nhau trén vdng s& ¢6 md rong vong nhu loai
divinylxyclopropan va xyclobutan:

Phin ing xay ra nhanh nén néi chung khong thé tich ra & nhiét d¢ phong trir mot s6
truéng hop dac biét.

Cic 1,5-diyn ciing chuyén hod thanh 3,4-dimetylenxyclobuten vdi giai doan dau la
chuyén vi Cope quyét dinh t6c do, sau d6 1a phan @ng electroxyclic:

A —
e

—m

I |

1,3,5-Trien va xyclohexadien ciing ¢6 chuyén vi Cope tuong tu.

Phan Gng chuyén vi Cope clia 1,5-dien don gian ciing dugc xtc tdc boi hgp chit kim
loai chuyén tiép, chang han ding PCly(C4HsCN), thi phdn iing xay ra 0 nhiét d6 phong.

Co ché cia phan ting Cope khéng xic téc la trang thdi chuyén vong 6 canh va da

nghién ctru duoc trang thii chuyén vong d6 & dang gh& hay thuyén. Chéng han, 3,4-dimetyl-
1,5-hexadien ¢é trang thdi chuyén dang ghé:

, He oH CHs Hy
o
T CH,
H CH,

c6é dic thi 1ap thé, v6i déng phan meso cho san phdm cis-cis, con hgp chét () cho dien

trans-trans. Néu trang thdi chuyén c6 mot nhom metyl 1a axial v mét 12 equatorial thi san
phdm 14 olefin ¢is-trans.

Ciing c6 hai trang thai chuyén dang thuyén cila d6ng phan meso, mot cho olefin rrans-
trans, con mot cho olefin cis-cis:

cdn dong phan () nguge lai.
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Né€u c6 trang thdi chuyén thuyén thi phdi ¢6 olefin cis-trans, con ddéng phin ghé&
(diaxial-metyl) cho cis-cis, diequatorial metyl cho trans-trans nén ching t6 rang trang thdi
chuyén phai cé cdu dang gh& ma khong c6 cdu dang thuyén. Ciing chd v 13, d6i voi 3,4-
dimetyl-1,5-hexadien c6 thé tu do & dang thuyén hay ghé, con nhu d6i véi 1,2-divinyl-
xyclopropan thi chi ¢6 phan ing & dang thuyén. Do ban chit clia trang thdi chuyén trong co
ch€ perixyclic, chat ban ddu quang hoat & C; hay C, thi chuyén tinh quang hoat 4y sang san
phim 1am cho t6ng hop c6 tinh chon loc enantiome.

Khong phai tat cdc chuyén vi Cope theo co ch€ perixyclic vong 6 canh, ching han
cis-1,2-divinylxyclobutan chuyén vi cho 1,5-xyclooctadien thich hop véi tinh hinh hoc, con
déng phan trans cling cho sin phdm d6 nhung san phdm 12 4-vinylxyclohexen:

— —

) N

o —

I N
Phan ng theo co ch€ g&c kép va mot phdn san phim xyclooctadien sinh ra do epime
hod cia trans thanh cis-divinylxyclobutan ti€p theo bdi chuyén vi Cope.

Con mot vai phan iing theo co ché géc kép hai giai doan:

-0~

& day, lien két 1,6 hinh thanh trude khi lién ket 3,4 bi phan cét.

Chi y rang, chuyén vi Cope tir 1,5-hexadien cho 1,5-hexadien goi 1a chuyén vi Cope
suy bi€n. Nhu phan ing clia bixyclo[5.1.0] ma & nhiét d6 phong tim thdy cht bén tri A, &
180°C chuyén vi Cope cho mot lwgng tuong duong B & nhiét do nay, phé NMR cho thdy tén
tai hén hop hai céu triic, chuyén hod cho nhau rat nhanh (nhanh hon 10° 14n trén gidy) gitta
hai c4u tnic. D6 12 sy tautome hod trj ma cé thé:

S -0

phan biét bang cong hudng chi véi khung electron. Vi trf hat nhan trong hai céu triic 12 khdc
nhau. Phan tir A 12 mot rautome hod tri (& 180°C) ¢6 cdu tric khong 6n dinh thay déi lien
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tuc. P6i véi cis-1,2-divinylxyclopropan khong tén tai & nhiét do phong nhanh chuyén vi
thanh 1,4-xycloheptadien nhung trong A thi cdu triic cis-divinyl xyclopropan duge 6n dinh
trong ca hai cfu tric. Nhiéu hop chit da vong cé vong xyclopropan déu chiu chuyén vi Cope
thanh nhitng dang tautome ho4 tri goi 1a chuyén vi Cope suy bi€n, hién nay c6 thé c¢6 dén 1,2
triéu dang tautome ho4 tri nhit vay. Trong hé bullvalen (C) tim thdy chuyén vi Cope béng sy
thay déi vi tri vong xyclopropan tir 4,5,10 t6i 1,7,8:

9
8 19
10 Q 8
@[
4 1
3¢ 2 3 2

Bullvalen di t8ng hop duge, xdc dinh bang phé 'HNMR & —25°C c6 hai pic véi ty 1é
dién tich 6/4 phd hop véi dang cdu tric don gian khéng tautome hod, sau proton 1a vinyl va
bén 12 allyl, nhung & 100°C chi tim thdy mét pic, chiing té & 100°C hgp chét nhanh chuyén

hod cho nhau. Phé '*CNMR ciia bullvalen chi tim thfy mot pic & 100°C. Céc hop chét khac
nhu hypostrophen (D), barbaralan (E), semibullvalen (G)...

L/ — T N

@:
-
0-3

1

Truong hop dién hinh 13 hai déng phan hinh chif nhat & dudi cé déng phan dong hoc
da xéc dinh duoc bing phé 1*C:

(CH;3):C (CHs),

{CH3)C N /3C(CH3)3 ) 3

e —

|

1 4
(CH3),C C(CH;);

1| ——| 4

{CH;):C C(CH;);
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2- Chuyén vi Claisen

Cic aryl allyl ete khi dun néng chuyén vi thanh o-allyl phenol, goi 12 chuyén vi Claisen:

| OH
O—C— (|,=é— 200°C

| — | |

R

|
C—G=C—R
i

N&u hai vj trf orthe bi chi€m thi chuyén vi téi vi tuf para (thudng goi 1a chuyén vi
para-Claisen) va khong c6 phan wng nay khi vi tri para va hai ortho déu bi chi€m.

Sut doi chuyén t6i vi tri meta khong quan sat duge. Trong phan tmg chuyén vi ortho,
nhom allyl ludn luon giir khung allyl. Nhém thé & vi trf o d6i v6i oxy thi bay gidy & vi tri y
d6i véi vong (va ngugc lai). Khi chuyén vi para van giit khung allyl, nhém allyl & vi tri para
tim thdy ding nhyt & chat ban ddu. Hop chat cé nhém propargyl (nhém cé ndi ba & vi tri
tuong \tng) néi chung khéng cho phédn ing nay.

Co ché 14 co ché perixyclic déng bo chuyén vi sigma [3,3, chang han chuyén vi orrho:

OH
< cham 0 nhanh
F > /H tautome -
\/CC ~Sc—c=C—R C_-(,3——-(|L'—R

Phan (g la bac nhat d6i vdi ete, khong cé san phim chéo khi diing hén hop hai cdu tir
va ludn ¢6 khung allyl trong co ché. Khung allyl trong chuyén vi ortho da dugc ching minh
bing '*C. Tinh hinh hoc cia trang thdi chuyén gi6ng trang thdi chuyén Cope. Trang thdi
chuyén Claisen thudng wu tién giSng dang gh€. Khi vi tri ortho khéng c6 hydro, su chuyén
vi sigma [3,3] 1an thit hai ti€p theo:

o

I
o7 8 WO ==

Ete ¢6 nhém ankyl & vi tri y clia ete (hé Ar-O-C~C=C-R) thinh thodng cho san phim
bt thudng véi cacbon B ndi v&i vong:

F o T o

= tautorne |
——

R R

vd nhém chuyén vi vin giit cdu tric ban diu.
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OH  CH,CH;

san phdm binh thudng
OH CH,
CHCH == CHCH;

san phdm bds binh thudng
Sy hinh thanh san phdm bat thudng khéng phai gay ra truc tiép tir ete ban ddu ma bdi
chuyén vi khéc cla san phdm binh thudmg:

SEv e aAlle i
o FH”

g{*z gHz C\ih OH _,CH—CH,
3 H, | /\\(f]_(CH

Ete allyl cba enol (ete vinyl allyl) cling chuyén vi Claisen nhung thuc t€ mdéi phdt hién ra
chat dau tién:
OCH,CH==CH, _a, @ CHzCH=CH2
R— C=CR), R— C—CR'
Trong trudng hop nay, khong ¢6 chit trung gian khi R = H vi khong ¢6 ban chat thom

va xeton bén hon dang enol va n€u diing nudc thi phan dng dwgc xic ti€n. Co ché twong
nhu allyl aryl ete.

D61 v6i cdc chét hoat dong quang hoc nhu (a) chuyén thanh (b) thi van giif tinh quang

hoat nhu phan 1ing sau:
(+) Q G Q/\’O
*0_/

(a) (b)

Khi tic dung xeton tryc tiép vdi ancol allylic v ¢6 xidc tdc thu dugc xeton y, 8- khong
no ciing do st hinh thanh ete vinyl va chuyén vi Claisen ti€p, nhu enolat cia ete allyl, hinh
thanh khi téc dung este vdi liti isopropylxyclohexylamit (ICA) chuyén vi téi axit y, 8- khong no:

CHZCH=CH_R1 Li-IS A OC}':[2CH=CI-IRI o _@ i;IRICI'l:CHz
O= —CHR;R; THF,-79°C = CR;R; phdng eO _
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Céc hop chit propargyl vinyl cling cho andehit, xeton va este tuong ling:
CH
0«» 2;__ h)
O A=H,R,OR,NR
A ([:l cr, ¢H A—C—CR's- CH=(=CH,

Chi y ring, cdc thioete allyl aryl ArSCH,CH=CH, chuyén vi thanh o-allyl
thiophenol, goi 1a chuyén vi thio-Claisen khéng thu duge vi khong bén ma phan ting cho
hop chat bixyclo. Nhiéu sunfua allyl vinyl ciing cho phéan ing chuyén vi, cdc sunfon
allyl vinyl H,C=CRCH,-50,-CH=CH, chuyén vi khi ¢6 etanol va pyridin cho mudi
sunfon khong no CH,=CRCH,CH,CH,S0;  qua cht trung gian sunfen khong bén
CH,=CRCH,CH,CH=80,, cic sunfoxit allyl vinyl chuyén vi r4t nhanh & nhiét d¢ phong.

Phan ting chuyén vi duoc ap dung t8ng hop cic hop chét hinh thanh lien ket C-C di
qua hop chat allyl ete trong qua trinh, sau dé chuyén vi, ching han phin ting sau:

OH (PH

C2H50+BF4- CZHSO-N3+

@ | @ "H=
CH;-CO-NH(CHy), =25 CHy-C=N(CH;); ——> ¢y, ReCHOR, O

C-N(CHy), ——=
OC,H;

(PH FH=CHZ

chuyén vi 3,3
R-CHzCH-CHz-O-(F-N(CH3)2 — R-CH-CHg-fl}N(CH_—;)Z
CH3 O ]
Céc arylhydrazon cla andehit vi xeton khi c6 xtc tdc, nhu clorua kém, tich amoniac

va hinh thanh indol goi 14 t6ng hop indol cha Fischer:
. R

/

CH,R'  zay N
@\NH-N=< - (j: >—R + NH,

R i

H

Phin @ng c6 giai doan chinh 13 qui trinh chuyén vi sigma [3,3] qua cic giai doan nhu
sau;

R—CH, R H R

R‘
PK(QC/R H R . .
0 + H,*
H NH \HNHZ NH, ?
H R R
_..(%(R—* MR
"N, NH, N
H H b
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13.5.4. Phan 1ing chuyén vi sigma {2,3]

Cdc sunfua ylit khi dun néng chuyén thanh sunfua khéng no:

lié‘r! kél Th‘ X
R,\%Rzk\% R Rl;“‘”/ *133
] —m Rj R,
R7EFK L
Sl Rs Re RO Ap

Phan tg 4 chuyén vi déng bo sigma {2,3] tuong tu nhu trudng hop cla céc ylit nito
va bazo lién hop clia ally! ete (phan dng nay goi 12 chuyén vi Wittig [2,3]):

) r M
R—CH —
%)
N (HyC)

Trong phan ng, nhém allyl doi chuyén tir nguyen tir S, N hay O 1di nguyén tir cacbon
mang di¢n tich 4m bén canh, 12 truding hop riéng cda chuyén vi Stevens va Wittig, chi khic
1a & day nhém allyl doi chuyén, Khi nhém allyl doi chuyén thi ¢6 hai cdch:

1- co ch€ ion g6c¢ hay ¢ap ion;

2- chuyén vi perixyclic déng bg sigma (2,3] nhung chuyén vi allyl thi chi theo co ché
déng bo.

Phan ng chuyén vi Wittig [2,3] thudng diing khi nghién ciu sy thay d6i tinh quang
hoat, né€u hgp chdt ¢6 trung tdm bt d6i & C,y va C4 (R5 £ Ry) va néu chdt ban ddu 14 quang
hoat do ¢6 trung tam b4t d6i & C;, sin phdm la hoat dong quang hoc:

R Rg Rs H R
3

2
R, Rs

Nhiéu cong trinh cho thy ete hoat dong quang hoc thi san phim ciing quang hoat néu
c6 trung tAm bat déi & C; hay C4 hodc ci hai.

Né&u nhém OR hay SR n6i v6i cacbon mang dién tich am, phan ding 14 phwong phdp
t6ng hop andehit B, y- khoéng no vi san phdm dé& thuy phan:
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AI‘S- \jr thuy phan AC_ji
HBG“N (Hﬁ)iﬁ / L /

Mot phin ing chuyén vi sigma {2,3] 1a chuyén sunfoxit allyl téi ancol qua chuyén vi
allyl khi tdc dung v6i tdc nhén thiophin nhu trimetyl photphit:

R:
l\(§ A KA (CH;0),P \./\I
— —r—

S OH
/NP A
H,C, © HCS

Trong truémg hop nay ddi chuyén tir S t6i O, chuyén vi sigma [2,3} tr O t6i S ciing
quan sit duge. Chuyén vi Sommelet-Hauser ciing 13 chuyén vi sigma [2,3].

13.6. PHAN UNG CHELAT (CHELATTROPIC)

Khi nghién ciu phin wng tich cla cdc hop chét nhu 2,5-dihydrothiophen- 1,1-dioxit sé
tdch SO; cho dien 1& phan ng tich 1.4 cling 12 qud trinh déng bo theo quy tic d6i xung

obitan vdi qud trinh tich supra:
[Ty S 7N\
0,

Con d6i vé6i 2,7-dihydrothiepin-1,1-dioxit 12 phan ng tich 1,6 1a qud trinh antara

theo quy tic d6i xiing obitan:
7\ £ )
()= \/

SO,

Qué trinh xay ra theo co ch& déng bd chi theo hudng supra va antara & trén, néu
khong, theo co ch€ khic khong déng bo. Co ché tich SO, O trén goi la phan tng chelas, 1a
phin tng duge xdc dinh bing phin tng c6 hai lién k€t o & trén mot nguyén tir b phan cit
hay tac thanh cung lic, -

Khi téc dung a,a-diclobenzylsunfon phin tng véi du bazo trietylendiamin trong
dimetylfomamit & nhiét d6 phong cho 2,3-diarylthiiren-1,1-dioxit d& phan huy nhiét cho

ankyn:
1 TED DMSO
ATCstOQCCIZAI‘ 2-H,0 A ——b— ArC= CAr
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Nguroe lai, twong tr nhu phan tng cong vong cia dien véi dienophin, phan wng chelar
(phan iing cing cua - chelattropic reaction) xdy ra tir dien v6i phan tlr c6 hai obitan ¢ trén
ciing mét nguyén tir. Tiéu phan cé cdu tric d6 1A loai cacben nhu diclocacben hodc oxit hru
huynh & trang thdi singlet:

LUO P LUOQ/"
HOOGDG\G HOO O\E
o)

Phan tng dwoc nghién citu 12 phan tng dac thi 1ap thé cia SO, véi dien lién hop.
Phén ting tao sunfon vdong bing cong nhiét cha SO, vao dien va phan iing tich cla né
i phan ing quay ngugc chiéu dac thi 1ap thé:

mc-—[;%—-cm o H;C pA CH,

2

hv + —fv
:.é CH
H30—/(—§‘_H %, H3C-"L—S%2_ 3

HCH,

Phan tir SO, c6 hai AO, mot 1a AO lai hod bi chi€ém y, ¢6 cap eleciron va mgt AO
trong 3p-A0 vy

Hai AQ nay trong SO, c6 thé thay th& biang hai AO lai hod vy va y,. Hai AO nay chia
mot electron. Khi twong tic hai AQ nay lai tao ra @, va @:

‘I‘ “ w 1
wi$\\ a’% 2 B
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Phin ing giita SO, va butadien qua trang thdi chuyén:

Trang thii chuyén nay giéng trang thii chuyén ca Diels Alder, do dé6 phan tng cling
14 cong vong, song tdc nhan cé hai AQ & cung mot nguyén tr dé tao thanh hai lien két.

D6 ciing 1a sy khdc nhau giita phan ung chelat vi cong vong & trén.

Ngoai nhiing phan ing & trén, phan tng tich nhiét cing xay ra qua trang thii chuyén
vong electron thudc loai phin iing perixyclic d néi & phan ing tich.
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cruong 14

PHAN UNG CHUYEN VI

Phan ¢ng chuyén vi 1a suy d&i chuyén nguyén tr hay nhém nguyén i tiY vj trf nay sang
vi tri khdc clla mach cacbon gay ra sy thay d6i mach cacbon hay bao toan mach cacbon.

Phan Ung nay thudng xay ra trong qud trinh thé, tdch hay c¢dng qua nhitng chét trung
gian nhu cacbocation hay cacbanion. Mot s6 phan tng chuyén vi lién quan téi su chuyén
vong electron di néi 0 chuong trudc. e} day chi néi vé nhitng phan ng chuyén vj ion hay
géc.

Trong phén ing chuyén vi, su di chuyén tif nguyén tlr nay sang nguyén tlt bén canh
goi 1a chuyén vi 1,2 hay chuyén vi o,B, nhung ciing ¢6 chuyén vi xa hon 1,3; 1,4, ...

Yoy
A-B — A-B

Trong d6 nhém Y goi la nhém ddi chuyén hay chuyén vi, A 12 vi tri di hay ddu va B1a
vi tri dén hay cufi. Nhém chuyén vi Y di ra cling v&i cap electron lién két & dang anion goi
12 chuyén vi nucleophin (hay aniontropic), dé lai cap electron lién két ra di & dang cation goi
12 chuyén vi electrophin (hay cationtropic) véi Y 12 hydro goi 13 chuyén vi proton (hay
prototropic), d€ lai mot electron ra di dudi dang géc goi 12 chuyén vi géc.

Phan tng chuyén vi 1,2 thudng di qua trang thdi chuyén vong ba trung tam (hay chat
trung gian) hai electron, trong dé hai electron lién k& A-Y tuong tdc védi nguyén'tfr B co
mot, hai hay khong electron twong itng vdi truong hop gdc, electrophin hay nucleophin. Sy
xen pha clia cdc obitan nay cho ba obitan méi cé nang lugng khdc nhau: lien két va phan

lién két:
,Y.\ — — i _ i i phin lién két
i} Ao
A—B lien két
nucleophin géc tr do electrophin

Trong chuyén vi nucleophin, hai electron phan bé trén mat obitan lién k&t nén trang
thdi chuyén nucleophin ¢ nang lugng thdp, con trong chuyén vi géc hay electrophin con ¢é
electron trén obitan phan lién két ¢6 nang luong cao. Do d6 cho thdy tai sao chuyén vi géc
hay electrohphin thutmg géip trong trudng hgp nhém Y 12 nhdm aryl hay vii rhém khdc c6
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kha nang gidi tod electron tyr do dé tang tinh bén cia trang thdi chuyén ba trung tam.

Trong chuyén vi ¢6 thé phan biét hai khi ning phan ¥ng: mot 12 nhém Y hoan toan di
ra khdi A dé di t6i B trong cling phéan ti (noi phan ti) hay t6i phan tir khic (giifa cdc phan
t). Trong thuc t€, ta thudng gap chuyén vi tir A t6i B trong noi bo phén . Song ¢é thé kiém
tra phan 1tng bing 1am thue nghiém chéo giita Y~A-B va Z-A~C s& chi cho A—B-Y hay
A—-C-Z 1a n6i phan tr, con cho A-B-Z vd A-C-Y I ¢6 chuyén vi giita cdc phan to.

14.1. CO CHE CHUYEN VI

14.1.1. Chuyén vi nucleophin

I- Co ché'va bdn chdt ciia chuyén vi

Co ch€ chung ciia chuyén vi nucleophin:

Y
|
~K—B~ —» —A—B—

Phan ing c6 ba giai doan, trong d6 giai doan quyét dinh la giai doan chuyén nhém
chuyén vi tir A sang B:

Y IY il’
| k “\‘ kz
~A—B—LX == —A—p— == —A—B—
ky ky

Phan #ng chuyén vi xdy ra bing su t4n céng nucleophin noi phan tir cha nhém thé vao
cacbon thi€u electron. Vi vy giai doan dfu la qué trinh hinh thanh trung tam thiéu electron
sau electron. Do anh hudng cia dung mdi, X di ra cing véi cap electron lién két d€ B trd
thanh thi€u electron va Y tdn céng vao B bing cap electron lién k&t A trd thanh trung tam
thi¢u electron hodc chiu twong tdc cta anion dé trd thanh san phdm cé chuyén vi thay déi
mach cacbon hodc chiu sy téch hydro dé thanh olefin. Phin dng 12 chuyén vi nucleophin va
chuyén vi 1,2.

Trong phan tng chuyén vi, sin phdm trung gian c6 thé la cacbocation thuc su thi co
ch& gi6ng Syi:

Y Y Y
I I ® ® |
A—]I3 —» A—B —> A—B (gi6ng SyJ) — giai doan ba

{x

Co ché phy thudc vao timg phan dng cu thé, phan vng 13 icn nén phan (ng phu thuoc
nhiéu vao tinh phan cuc clia dung moi, khong xic ti€n bing chat kich thich g6c tu do cing
nhu khéng bi tit mach bing chat chét mach.
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Co ché 12 ion don phan tif ¢6 thé tao thanh cation c6 dién hay khong c6 dién:

Y Y

’ bl

| @ et
—A—B— —A2p—
| I |
cation cd dién cation khong c8 dién

Cation cé dién thudng duoc dn dinh bing nhém ké, phan tng cé sy quay cau hinh §
cacbon ddu chuyén vi, con & cacbon cudi chuyén vi c6 sy quay c&u hinh phy thu6c vao thoi
gian t6n tai cfa cation. Miic d¢ quay cfu hinh nay tang lén theo thdi gian t6n tai clia cation.

Co ché tao thanh cation khéng cé dién do ¢6 sy lién hop v6i nhém the, dién tich duogc
gidi tod, cation 6n dinh ¢6 ning lugng dac biét thap nen sy chuyén vi xay ra dac bi¢t nhanh,
phan ing thudng duge bio toan cfu hinh & cusi chuyén vi.

Chéng han sy hinh thanh cabocation ctia ancol khi c6 axit manh:

R
N H* P 1 e i B — Gisidoanba
—C—C—0H —= —C—C—OH, ™ —C— -

i l I ‘
Giai doan nay 12 hai giai doan d4u ciia phan ¥ng Sy/ hay phan tng E/ cia ancol.

Con sy hinh thanh tiéu phan luc tir thi€u electron nhu sy hinh thanh nitren:

R—C—N=N=N —» R—C—N+N;
I~ ﬂ)
O

O day nguyeén tir A ban ddu 13 bt t&r, nguyén tir A c¢in trd thanh iyc v nén nhém
chuyén vi cing véi cap electron chuyén sang B. Cacbocation sau chuyén vi & giai doan ba t6
hop v6i anion trong phan éng (chuyén vi véi thé) hay tich H* (chuyén vi véi téch).

Co ché déng b6 nhu phin tng Sy2 noi phan ti, xay ra trang thai chuyén. Nhém
chuyén vi déng vai trd nhém ké gay ra dnh hudng clia nhém ké hay anh hudng anchime.

Y
Y,
@ _\ ’ / \\ I

® -
A—B —> A-—lla —» A—B +X (giongSn2)
ek X

Trong trudng hgp nay, nhém di ra X di ra déng thdi vdi nhém ké R trong phén tng thé
nucleophin, chi khic 12 trong phan ing chuyén vi lién két R va A bi phan cét.

Chéng han trong phin Ung tao nitren & trén, phén ing c6 thé theo SN2, trong d6 hai
hay ba giai doan 12 déng thdi, goi 1a co ch€ dong bg.
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ITj:JN —_— = gﬂ

=
Trong thyc t&, nhiéu phan ¢ng c6 giai doan hai vi ba 13 déng bo, khong hinh thanh

cation ty do, song su khdc nhau vé hai co ché nay thuong rat tinh t€ va cau tra 1&i khong phai
luén ludn tim dugc. '

Co ch€ dong bo nay dugc xdc dinh bing dac tinh hod hoc 13p thé clia phan tng. Néu
phén ting cang di t6i ddng bo thi cic y&u 6 san cang tang:

S NS
\FY | (l‘_;y
—_— C
o 7 l B oc_\
Y Y

- Nguyén tit C & nhém chuyén vi duge bao toan (C,)

- Nguyeén ti C & di€m ddu quay cdu hinh (Cp)

- Nguyen tir C & di€m cu6i chuyén vi ¢6 st nghich dao c4u hinh (Cy).

2- Hudnmg chuyén vi

Vén dé quan trong 14 ban chat cita sir chuyén vi va huéng chuyén vj.

Phan tng chuyén vi trén do su tich nhém X di ra dé hinh thinh trung tam thiéu
electron C, va su chuyén vi nhém the tr Cp sang Cy goi 1a chuyén vi 1,2 hay chuyén vi «,B.
Nhu vy c6 thé néi trung tam thi€u electron nhu 1a axit, nhém chuyén vi cung c4p electron

lién ket nhu 12 mot bazo, do d6 khuynh huéng chuyén vi tang khi tang tinh axit & C, va tinh
bazo clia nhém chuyén vi. Ching han:

o
P _—

| _
H— C ¢y = <& Z
R%B ¢

G day khuynh huéng chuyén vi clia nhan phenyl thé R 16n hon nhan phenyl va Ién hon
nhém metyl. Diéu d6 hop 1y khi thdy hing s6 p cila phan ting 4m. Khi chuyén vi, trung tam
mdi tao thanh thudng 6n dinh hon trung tdm cit nhung luén luén & trang théi can bing hai
trung tam dg, wu tién & trung tam nao thuln lgi hon. Phin tng chuyén vi thudng dit 16n,

&)

~..B ]

Cc— ('?g" —54dn phim

\
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chéng han khi chuyén vi géc hydrocacbon & 80 + 100°C ¢6 k = 10* + 107, nang luong hoat
hod bang 10 + 15 kcal/mol, entropi hoat hod bing 0 + 10 d.v.e.

Huéng chuyén vi trudc hét phu thudc vio nang luong khic nhau cda hai trung tim
thi€u electron va phy thudc nhiéu vao cfu dang chat ban dau.

Chang han phan tng:

CH3——T: H, __f[—F CH, " —C—CH,
CH, | CHj o CH
R=CHs 26% (1) 7%(2) 17% (3)
= ter-butyl 0% 8% ' 1,4%

Nhu vay, hiéu ing khéng gian cita R lam khé khin cho qu4 trinh loai nudc, thé tich R
tang san phdm (1) giam. Kha nang chuyén vi cla nhém th€ dugc danh gid bing ty 18 san
phdm (2) va (3) goi 1a kha nang chuyén vi wong d6i ciia nhém the. Két qua tix ty lé nay cho
thdy R 12 tert-butyl ¢6 tinh bazo 16n hon, uu tién chuyén vj.

C6 thé ¢6 nhitng trudng hop pinacol loai RR*COHCOHRR'’ cung cho mét cacbocation
chi cdn so sanh nhém d&i chuyén R hay R’ phu thuoc vaoe tinh bén clia cacbocation mdi
hinh thanh. Ching han n€u R doi chuyén cho R’C*(OH)CR,R’ va R’ doi chuyén cho
RC(OH)CRR,’ ¢6 tinh bén khdc nhau. Néu cho R ddi chuyén hon R’ thi khong phai ban
than R ¢6 khuynh huéng doi chuyén thap hon ma vi dé én dinh dugc dién tich duong nhiéu
hon & caction. D6i véi loai R,COHCOHR’, thi cdn xdc dinh OH nao s& di ra dé tao
cacbocation bén hon v nhém nao ddi chuyén.

Trudng hop (CgHs),COHCH,OH chi cho diphenylaxetandehit ma khéng cho
phenylaxetophenon:

Hs%, fl HsCs }{ L. II-I
OH OH o | L

HsCs OH H5C6 O
\b\\ HsGe | H HS(I:‘S

CISHS C—' C H —» CﬁHS—_ C— C— H

[
on ® 5 H
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O day cho thdy nhém phenyl c6 kha nang hon nhung H lai chuyén vi dé cacbocation
tao thanh bén hon vi tinh 8n dinh cacbocation aryl > ankyl >hydro.

V& anh hudng clia cdc nhém thé trong nhan benzen xdc dinh theo phan Gng sau:

OH
<>;\<>>(|3—CH5——-NH2m @—E—Cﬂf—@ . O_E —CHz_O
= )

H
O\ | * 205 * - - *
7\ /C— CH,OH :J—SEE—C CH= CH;».—Q}: R@—CH=m2—©

Ching han khi chuyén vi c4c nhém phenyl th€ khic nhau, ta cé day:
p-CH,0 > p-CH; > p-CyHg > p-iso-C3Hy > p-tert-C Hy > p-C¢Hgs > m-CH; >
> p-F > H > p-Cl > p-Br > m-Cl > m-NO, > p-NO,

Trong phidn Ung trén, cdc phan ¢ng sau xdy ra nhanh hon 12 phan Ung nghich cla
cacbocation ban diu. Trong nhiéu phén @ng da thi€t 1ap duge héng s6 can bing giita hai
cacbocation. Nhiéu phan Ung dd c6 gid tri chuyén vi tuyét d6i trong trudng hop néu biét
dugc vi tri can bing chuyén hod cacbocation. Chéng han gid tri chuyén vi tuyét d6i clia
CH, = 1 thi C,H5 = 1,7, tert-butyl = 4000,

Céic nh6ém thé€ cho electron & vi trf para vi meta déu lam tang kha nang chuyén vi, con
& vi trf ortho lam giam kha nang dé. Céc nhém th€ hiit electron lam gidm & tat ca cdc vi tri.
Khi xdc dinh kha nang cho nhém aryl thé, Bachmann va Ferguson xdc dinh t6c d6 twong ddi
cia p-anisyl-.500; p-tolyl - 15,7; m-tolyl - 1,95; phenyl - 1; p-clophenyl - 0,7 o-anisyl -
0,3. Ml o-anisyl chuyén vi kém do l4p thé.

Mot nhan t6 ciing quan trong trong chuyén vi 13 kha nang tic dung anchime clia nhém
¢6 kha nang chuyén vi v6i su di ra clia nhém di ra. Ching han so sdnh hai phén iing:

CH,
| .
s
gs OTs CH,; CHs
3
I H* — 4 — —CH—
CﬁHS_C_I‘ICHzCHZ_"' CﬁHS (|:=l (]: CH3+ CH3 |C_ (le CﬁHS
(l'_‘l-]3 CI‘I:; CH3 C]‘I3 CH3

Hai chit ban ddu trén ciing cho mot cacbocation nhung khdc nhau 12 trong dén xuat
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tosylat thi nhém phenyl chuyén vi vi ¢6 tham gia vdo hi¢u Ung anchime thic ddy qud trinh
di ra cha nhém tosylat, con phdn ting sau khéng cé, chimg td c6é anh hudng cua hi¢u dng
anchime.

Cic diéu kién cho chuyén vi qua cacbocation A diéu kién cla phan tng Sy/, phén tng
Friedel Crafts. Sy dung moi phan neopentyl bromua duwa 16i san phdm chuyén vi va t6c d¢
tang khi kha nang ion hod ciia dung moi ting, song ciing san phdm d6, dudi diéu ki¢n Sy2
khong cho chuyén vi ma chi th€ binh thudng tuy rft ch4m. Phan Gng neopentyl cho
cacbocation chi ddn dén phan ing chuyén vi. Cacbocation thudng chuyén vi tdi cacbocation
bén hon, hudng chuyén vi thudmg 12 bac nhit — hai ~ ba.

Cacbocation bac ba bén trong dung dich ngay & nhiét do rat thap, ngay & dung dich 4m thi
t6c d6 chuyén vi clia hydrua va géc ankyl ciing rdt nhanh nén tén tai & hén hop can bing:

CH; CH;

[ ch.v. hydro | . ®
CHy—CG—CHy—CH; =—= CHy—CH—CH—Cl;
® N %
.® +
cy \\/ \\\\@% Gty
CHy— CH— CH-— CH; CHy— CHy— &—CH

Neopentyl (CH;);CCH,, neophyl CgHsC(CHj3),CH; va hé norbornyl dac bigt thien vé
phan tng chuyén vi cacbocation:

~x

T6c do chuyén vi tang theo do thi€u electron & diém cudi chuyén vi.

Mat khdc, phén dng chuyén vi nucleophin thuémg c¢é anh hudng khong gian rat 1dn.
Tuy su chuyén vi xay ra theo chiéu tao cacbocation thuan loi vé nang lugng hon, song phan
ting x4y ra rdt nhanh va vu tién xay ra theo huéng ma cdc nhém thé tham gia vao chuyén vi
thay ddi vi tri cuc tiéu. Phan ing chuyén vi wu tién véi cdc nhém th& & vi tri transoir d6i vdi
nhém di ra, thuong goi 1a 14p thé electron:
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Chéng han, khi chuyén vi H', cfu hinh cho phép chuyén vi H™ khi obitan p cia
cacbon duong cé hudng song song v6i lien k&t C-H bén canh. Sy phan phéi nay dim bao
twong tdc cuc dai giifa chiing;:

ciing tuong ty nhu nhém ankyl, obitan p cia cacbon duong song song véi obitan cia C—CHs.
bi€u d6 dugc gidi thich trong phéan Ung loai amin cla frans-1-phenyl-2-aminoxyclohexanol
trong axit axetic 70% & 0°C cho 99% phenylxyclopentylxeton

H L (8 H
OH C3 OH / 6H5 6H5
H, T Ho CeHs

H

8

Ch4t ban ddu phan tng véi HNO, tao cation diazoni c6 ciing c4u dang v&i chat ban
ddu, tich N, cho cation (2) trong d6 chi nguyén tir C¢ c6 thé chuyén vj (quy tdc Krank-
Kondon), tuy nhién phenyl hay géc ankyl ¢6 kha nang chuyén vi nhung mudn chuyén vi thi
phai chuyén cfu dang, song thoi gian chuyén vi rit ngin nén khong kip cho su chuyén céu
dang nay. Do d6 kha nang chuyén nhém phenyl chi cho 1% san phdm.

Néu ti€n hanh phan ting tir déng phan cis, trong d6 nhém phenyl chigm vi trf e s& cho
hén hop 1,2-diol:
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CeHs
~~OH
NH,
H

OH

;ﬁ e

H Hd® HO
NH, 3 OH Ho o CH;
2
g g
® Hs C6 HS CﬁHs H
N,

Nhimng dit kién trén cho thiy nhan t8 cdu dang rét quan trong trong qud trinh chuyén vj.

Dai da s6 chuyén vi 1,2 12 néi phan tir. Khi nghién cifu cic nhém chuyén vi Y 12
khong trimg dnh vat (chiral) cho thfy nhém Y luén dugc bdo todn cfu hinh. Ching han
chuyén hod (+)C4HsCHCH,COOH thanh (—)C¢H;CHCH;NH, bing phan ing Curtius,
Hofmann, Lossen hay Schmidt thi ham lugng bao toan c&u hinh thay ddi tir 95,8 dén 99,6%.
Trong phan iing sau ciing cho thiy bao toan c4u hinh:

Hy cH, CH; £H;
ONH, NH,

Khéng tim thdy su nghich dao hay raxemic hod & vi tri dfu céu.

Trong nhiéu phin ting, cdu tric Y-A-B chi ¢6 mot kha nang [ap thé & A hay B hoac
cd hai con trong trudng hop cd A va B c6 ban chat 13p thé thi cho hén hgp. Thudng tim thay
su nghich do hay raxemic hod & A va B. Ching han nghich dao & B:

%Hs ]l-I |C6H5
A B HONO -
(-) CHs F F CH; — (+)GsHs h: C—CH;
OH NH, O

Nhiéu phan tng tim thay sy raxemic hod & A hay B hogc ca hai, song phan tng thudng
tuan theo qud trinh chuyén vj clla nhém frans hay thudng goi Ia chuyén vi anti d6i véi nhém
thé¢ & vi trf cudi, chiing han trong phan #ng chuyén vi Beckmann chi nhém & vj tri trans d6i

v6i nhém hydroxyl chuyén vi va ¢é nghich dio & B.
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C=—=N —» R'CONHR
@\/

N6i chung ¢6 the rit ra mot s6 diém sau day:

1- Qui trinh Sy/ thudng tim thay khi B 12 nguyén tr bac ba hay cé mét nhém aryl va
mot nhém khic 1a ankyl hay aryl. Cic truong hop khic gidng Sy2 hon. Su nghich dao cdu
hinh (loai SN2) tim thdy & chat ban ddu neopentyl khi ding ancol quang hoat neopentyl-1-d,
cdn c6 chitng minh khdc 12 hé neopentyl chiu chuyén vi theo co ché cacbocation (SyJ).

2- Van dé rang thai chuyén hay ch4t trung gian ba trung tdm c6 nhiéu tranh luan. Khi
R 13 aryl hay vinyl, trang thdi trung gian 12 chét trung gian va nhém chuyén vi chiu 4nh
hudng anchime bdi tinh 6n dinh cong hudng (khi R 1a aryl). Khi R 1a ankyl, trang théi trung
gian 12 xyclopropan proton hod. P4 c6 chifng minh sy doi chuyén nhém metyl, khéi lugng
sin phdm hinh thanh khéng gy ra tir chat trung gian xyclopropan proton hod. Ching han
thue nghiém biang chuyén vi cita cation neopentyl ddnh du bing deutri & vi tri 1 chi cho san
phdm danh dau & vi tri 4

3
H, H /G
F ® A @ cp—cH
CHy— (F._._CD2 —a CH— F]—ZCD2_+ CHj3 | 2 113
CH3 CH3 X\ CH3
@®
(gid thi€t) CHj (lf CH;— CD,H
CH,4

Ciing nhu tir (CH3);C°CH,* chi cho rert-pentyl ¢6 déng vi & C, 1a dén xuit cia
(CH;),C*-"*CH,CH, ma khoéng cho din xust ciia (CH;),C*—CH,'*CHj.

Mot chitng minh khdc cho chit trung gian xyclopropan 12 hé l-propan cling tich ra
dugc 10 dén 15% lugng nho xyclopropan. Néu tir cation propyl tao thanh tit amin ddnh d&u
(CH,CH,CD,*, CH,CD,CH,*, CH,CH,'*CH,*) theo sr phan b& déng vi cling thu duge
khoang 5% san phim hinh thanh tir ch4t trung gian xyclopropan proton ho4:

HNO

CH,CH,CD,NH, —% 1% C,H,D-CHD-OH

CH:CD,CH,NH, — 1% C,H,D-CHD-OH

CH,CH,'*CH,NH, — 2% "CH;CH,CH,0H + 2% CH,'*CH,CH,O0H

Trang thdi chuyén hay chdt trung gian xyclopropan ciing tim thdy trong mot s6 phan
tng khdc, nhung khong phai 1 chuyén vi 1,2, ching han nhu hai ion (1) va (3) trong dung
dich supeaxit t6n tai & dang can bing qua chat trung gian (2):
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3 +

CH,
HiC  CHj G H . CH,
=] Hi'~ =
CH,— C— CH— CH = CH;— CH— CH,— CH,~ CH
3 3 H C/ H 3 3
@® 3 ®
| 2 3

Trang théi trén khong do chuyén vi 1,2 - ankyl hay H ma duoc gidi thich bing sy phan
cdt lien két 2,3. Trong trudong hgp m& vong bing lién k&t 1,2 cho cation bic ba, con lien két
2,3 cho cation bac hai.

3- N6i vé& su chuyén vi clia H thi chua c6 bang chiing két lugn v€ su tao thanh trang
thdi chuyén ba trung 14m, cdn dang tranh Juan.
Vé hod hoc lap thé cha vi urf ddu A ¢6 kha nang nhu sau:

nghich ddo & A va B

-—'—'—B ?__,,B nghich dao chi 0 A
) !
Trong vai trudng hop khi R 12 H thi c4u hinh A duge bao toan.

Ngay nhu cation !-adamantyl khong c6 chuyén vi can bing ngay ¢ 130°C diu cho ¢6
mé vong thi cation vdng chi ¢6 can bing & nhiét do rdt thip 0°C cho thdy chuyén vi 1,2 cia
H va nhém metyl 14 ¢6 thé xdy ra, obitan tréng clia cacbon mang dién tich duong va obitan
sp> cha nhém chuyén vi cin phai déng phing nén cdc cation nay khong c6 chuyén vi cho
nhau duoc:

H
H |

H /H
— —_— \H
~H @H ®

Khi dung moi phan hgp chil endo bixyclo A v6i X = ONs, Br cho ancol allylic
bixyclic (1) vdi mét lugng nhé ancol trixyclic (2), trong khi d6 dung moi phén exo bixyclic
B thi cho ancol trixyclic véi mét lugng nho (1):
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(A) (A) OH (1)
CHz—Q o -H
oy Sy
(B) & ° HO™ ()

Ty 1¢ hai déng phan khdc nhau tuy cacbocation hinh thanh ban diu A’ va B’ gidng
nhau. Trong A’ su chuyén vi ti€p theo 1a chuyén vi 1,7, con trong B’ 1a céng ndi phan tir clia
cacbon duong vao n6i déi. Cation A’ vd B’ hinh thanh trudc giai doan hai. Hiéu ing nay
duoc goi 12 higu ing “ddng nhé” (memory effects) ma da biét trong mot s truding hop.

Nguyén nhan con dang tranh ludn. Mét 1¥ do 12 kha nang solvat hod khdc nhau ca hai
ion A’ va B’. Mot ly do khéc 1a: 1- cdc ion ndy c6 c4u tric hinh hoc cla dang xodn, trong dé
A’ c6 cacbon duong nguge phia véi lien két déi, con B’ thi ciing phia:

@ ®

Y /A
cdu triic xoén B’ cdu triic xodn A’
2- cdc ion 0 dang cap ion, 3- cdc ion 12 khong cd dién.

Song c¢6 mot kha nang ngodi quy luat 12 cdc giai doan chuyén hod & méi chit déu I
ddng bo, song A cho (1) kém mot lrgng nho (2), B cho (2) kém theo mot lugng nhd (1) ¢o
thé do A’ va B’ chuyén ho4 tuong hé v6i nhau, mot hién tugng goi 12 su o ri (leakge).

Phén 1tng chuyén vi ciing phu thuée vao dung méi. Phin Ung chuyén vi xay ra qua cap
cation hay cép ion, nén ting mic d6 solvat hod clia dung moi s& én dinh cation, 1am ting
thoi gian tén tai cla ion c6 thé thay déi cdu dang, do d6 thay d6i két qua hod hoc lap thé.
Dong thoi vi giam nang lugng cia trung tam thi€u electron trén ciing thay d6i khuynh huéng
chuyén vi.

14.1.2. Chuyén vi géc tr do

Phan ting chuyén vi 1,2 g6c ty do xay ra hi€m hon véi ly do 43 néi trén. N6i chung
chuyén vi g6c vdi nhém di ra tao gdc & vi tri cudi va nhém chuyén vi Hy di mot electron
chuyén tdi vi tri cudi d€ tao géc tr do & vi trf ddu:
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R R

| |

A—B — 'A—B
va géc tr do mdi tu 6n dinh. Sy chuyén vi ciing theo quy téc hinh thanh géc tr do méi bén
hon tir bac nhdt — hai — ba da thay trong hé neopentyl va neophyl.

Phén vng tao thanh g6c ty do duge chitng minh rd trong phan dng decacbonyl hod cia

andehit CsH;C(CH;),CH,CHO khi c¢é peoxit di-fert-butyl cho mét ham luong tuong ducng
san phidm CH<C(CH,),CH, binh thudng va mot lugng san phdm chuyén vi géc phenyl:

IC6H5 F6H5 +H CeHs
CHs— F— C.Hz —* CH;— f}_ CH, — CHJ_(I:H_CHz
CH; CH, CH;,

Nhiéu phan ing tim thdy su chuyén vi nhém phenyl song chi ¥ ring khong ¢6 chuyén
vi g6c metyl hay néi chung 12 khéng c¢é chuyén vi géc tu do cha g6c ankyl & nhiét do
thudng. Ngay trong hé neopentyl va bornyl cling khéng quan sit duge sw chuyén vi géc
ankyl trir khi cacbocation sinh ra d& chuyén vi. Mat khédc cling khong thdy sir chuyén vi géc
tu do 1,2 clia hydro. Chang han mot s& vi du khéng cé chuyén hydro:

1) 3,3-Dimetylpentanal (CH,CH,C(CH;);CH,CHO) khéng cho sin phdm chuyén vi
khi decacbonyl ho4.

2) Cong RSH vao norbornen chi cho exo-norbornyl sunfua qua chét trung gian (1) va
ngay cacbocation tuong tng ciing khong cé thé chuyén vi:

Ab A& ™ ;bs"
-

3) G6c cubylcacbinyl khéng chuyén vi thanh g6c 1-homocubyl cho dil ¢6 gidm vé sic
cang:

CH,
—H -

g6c cubylcacbinyl gdc 1-homocubyl

4) Khong tim thdy sy chuyén vi g6c isobutyl thanh fert-butyl do hinh thinh géc bén
hon bing chuyén vi hydro khi clo hod isobutan.

Tuy nhién sy chuyén vi 1,2 ciia nhém ankyl tim thdy trong mot vai g6c¢ kép. Ching
han sir chuyén vi sau thiét 1ap bing dénh ddu déng vi triti:
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i
CHT-CH-CH-CH; —» CHy; CHE- CH=CH—CH,

Trong trudng hop ndy, su chuyén vi nhém metyl dnh hudng truc ti€p 141 su hinh thanh
hop chét ma 14t cd céc electron déu duge cap doi, d6 13 dong lyc cho phin ng.
Céc nhém aryl cé chuyén vi g6c do c6 gidi toa electron tu do véi vong benzen nhu

trang thdi chuyén (2) ma khéng phdi chét trung gian, trong d6 tim thay electron doc than &
trén vong benzen ma khong ¢6 trong vong ba canh:

2

(2)
Céc nhom aryl, vinyl va axetoxy cling chuyén vi. Nhém vinyl chuyén vi bing géc trung
gian xyclopropylcacbinyl, con g6c axetoxy bing hinh thanh cfu tric phan chia dién tich:

I
T ¢
%w _" |C\ P/%O — "g\o
. . @.
c—~C C_.._/ C c—C c—2C
Trong phén iing cong, sy chuyén vi ciia clo quan st dugc, chéng han trong phan ¢ng

cia ClCCH=CH, v6i brom khi cé peoxit thu dugc 47% san phim c¢ong binh thudng
Cl;CCHBrCH,Br va 53% san pham chuyén vi BrCCl,CHCICH,Br:

; LT
Cl—C— CH=CH, B C—(— G- CH,  —
Cl l
. Cll ]|3l' Br; ll?'r (I:I I|3r
c1—(|3— CH—CH, —™™ C— ?—*CH— CH,

Cl

Trong trudng hop riéng, dong lyc cho sy chuyén vi 1a tinh 6n dinh cha géc tr do
dicloankyl do electron ddc than dugc giai tod vdi obitan 4 clia clo. Kha nang chuyén vi 1,2
clia clo hay brom tim thdy khi diém ddu chuyén vi 12 bac ba va diém cu6i Ia bac nhat.

Khi nghi¢n ciu he RC(CH;),CH," — (CH3),;C’CH,R cho thdy kha ning chuyén vi cha
R = Hy,C=CH, > (CH;),CC=0 > C4Hs > (CH3);C=C > CN.

Tém lai, chuyén vi g6c khong phé bi€n, chi quan trong déi véi nhém aryl va vinyl,
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axetoxy va halogen. Huéng chuyén vi 14 g6c bén hon nhung cling ¢6 vai bét thudng.

Tré lai su chuyén vi ctia hydro, hydro khong cé chuyén vi 1,2 nhung c6 thé c6 chuyén
vi xa hon. Sy chuyén vi 1,3 clia hydro khéng chic chin vi tinh hinh hoc chuyén vi 1,3 khong
thich hgp cho trang thdi chuyén C—~H-C la tuyén tinh, di tim thiy chuyén vi 1,4 clia hydro
nhung thudng thdy trong cic chuyén vi xa hon 1,5, 1,6 bing c4ch loai hydro va trong mot s§
trudng hop chuyén vi qua nhan:

C

¢ C

| | — | |
¢

H/C

C
/\C

14.1.3. Chuyén vi electrophin

Phén tng chuyén vi electrophin khi nhém chuyén vi dé lai cap electron lién két, di ra
duéi dang electrophin xay ra hi€ém hon theo quy tac chung. Giai doan ddu Ia tao cacbanion
cita nhém di ra va giai doan quyét dinh 12 d&i chuyén nhém chuyén vi dé lai cap electron:

Y ‘3 » ¥
(IA—B _A— B
San phdm clia chuyén vj c6 thé bén hay phan Ung ti€p phu thudc vio ban chat cia né
va diéu kién cia phan ing.
14.2. PHAN UNG CHUYEN VI PROTON

Phan tng loai ndy thudng 13 nhitng phan dng déng phan hod, tautome hod nhu déng
phan hod cation, anion, tautome hod xeto-enol, amin-imin. Phan ttng ndy thudng 1a chuyén
vi proton hay nhém thé trong mach cacbon.

Phan (mg chuyén vi proton lién quan d&n sy chuyén hydro trong h¢ chua no ba trung
tam. Dién hinh 13 chuyén vi allyl, c6 sy chuyén hydro tir cacbon ndy t6i cacbon khéc c6 sy
thay déi vi trf ndi d6i. Phan ing thudng duge xic ti€n bing bazo:

| |
-C=- == -—C- —
=¢ (I:l B
H
Khi c6 téc dung clia bazo, phan tng ¢é thé xdy ra theo hai co ché chung sau:

+ Co ché don phan tir goi 14 BSg/’ nhu 1 phén tng th€ electrophin cé su chuyén vi
proton ¢é xiic tic bazo:
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v
h |
—_— =C—(C— +B === —C=C=(C— +BH = —lgczc__ + B
H

+ Co ch¢ ludng phan tir ¢6 sy tham gia cla bazo 80i 12 BS2’ trong trang thdi chuyén
anton ¢6 qué trinh chuyén proton néi phan tir:

=

|
C
|

——F=|c—— + BH: == _F-'_-=c=-_11:- =_(I:_IF(|3_ + B:

Qud trinh chuyén proton xay ra bing céch tich proton ra khoi trung tdm phan ting dé
tao cacbanion mesome va cong ti€p proton d€ tao trung tAm méi. Qua trinh tao cacbanion
dugc xdc nhan bing hiéu iing clia cic nhém thé.

+ Cdc nhém thé cho electron & C, 1am cham phén tng, cic nhém thé hit electron 1am
ting phan tng.

Céc nhém thé X § Cq c6 higu tmg lien hop véi lien ket d6i o, B nh;
"CH,="CH-"CH,-X = "CH,-"CH="CH-X

X = OR, SR, NR,... hay nhém c6 hé electron n nhu: X = COOH, COOR, CN, CHO,
COR... lam tang d¢ bén clia déng phan o, B ndy. Do d6 trong can bing gifta déng phan chira
no nhu B3, y-B, a thi cén bing chuyén vé phia déng phan o, B. Ching han:

CH,=CH-CH,0R — CH,~CH=CH-OR
CH2=CH‘CH2—NR2 e CH3"CH=CH-NR2

CH,=CH-CH,-COOH — CH;—CH=CH-COOH (98%)
Né&u X khong c6 kha ning lién hop véi ndi doi,' thi lugng d6ng phan B, y ting lén;

CH,=CH-CH,~SOCH; == CH;-CH=CH-SOCH,

17 + 20% 80 + 83%
CH2=CH—CH2‘*502CH3 _— CH3—CH=CH—SOZCH3
44% 56%

+ Céc nhém th€ & vi tri & 12 nhém ¢6 hiéu tng /, tinh n dinh dang o, B gidm khi tang
hi¢u tng /.
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CH,CH=CHX == CH,= CHCH,X
X= CH, SOCH,  SO,CH,
Ks,= 001 0,20+025 0,78
+ Céc nhém th€ & vi tri y ¢6 anh hudng 16n dé€n can bing. Néu nhém thé 1a nhém
ankyl 1am chuyén dich c&n bing sang d6ng phan [3, y trong d6 hiéu Ung si¢u lien hop cla
gdc R cang gidm thi lugng B, y cling gidm. Do d6 lugng f3, y giam theo day:
CH, > C,Hs > CH(CH;), > C(CHy);
Chéng han trong phan tng:
p-R—C4H,~CH=CH-CH(CH;)COOC,Hs; == p-R-CgH,~CH,~CH=C(CH;)-COOC,H;
R= H CH, C,H; CH(CH;); C(CH;);
%a,B= 592 39,8 459 50 52,4
%B,y= 408 602 541 50 47,6
Su chuyén vi proton ciing gay ra déng phan hod cis - trans: dac tinh hod hoc lap thé
ctia phan ting chuyén hydro phu thudc nhiéu nhan t4:
Phan iing phu thuéc vao cqu dang cia phan tir ban ddu:

CH
_._c: _H /N H O o
CH3CH2 +H* CHLCH—6—5<H H H CH;

transoit frans

{

/CH‘\ H+H+ H\

H H - =
/ —— ‘-ﬁf H * CH . 3
C{Iz H +H* CH:3 3 cis
CH;
cisolt

Ngudi ta cho ring trong di€u kién binh thudng, olefin ban ddu tham gia vio nhiing
phan dng wu tien & c4u dang ma phan t Cg va cdc nguyén tir lien két vdi né chi€m vi tri
cisoir d6i v6i lien két doi va electron 7 cia ndi doi twong tic véi hydro 0 C.

D6i v6i ete allyl va allylsunfua, allylselenua déng phan hod déu dac thd iap thé cho
déng phan cis — propenyl, do phan iing thudmg c6 ancolat nén cacbanion duge én dinh bing
tao trang thdi chuyén vdi ancolat:

e
RQ.
i +‘H

=CH2 | K.,
c\
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nhung allylamin tao déng phan c¢is kém bén nhanh déng phan hoé thanh rrans. D6i véi
allylselenua vi Se c6 d¢ am dién nho, bén kinh 16n so v&i O va S nén tao phitc ¢is khS hon vé
1ap thé va cacbanion nhan cfu dang trans c6 lien hgp véi obitan d cia Se:

T SN [P T AT
A I %

béi vai allylsunfua khong c6 dic thi 14p thé do trang thai chuyén cis vA trans tuong
tu nhau vi S c6 ban chit trung gian giita O vi Se.

Ho4 hoc 13p thé cta chuyén vi phu thudc vio nhém thé:
Dé6i v6i phan tng c6 dang CH,=CX-CH,R == CH;-CX=CHR wnu tién dang cis:

X R % cis % trans X R % cis % trans
H CN 35 65 Cl CN 90 10
H COOH 94 6 Cl COOH 100 0
H COOC,H; 100 0 Cl  COOCH; 100 0
D6i v6i phin ting dang: CH,=CH-CHXR == CH,-CH=CHXR vu ti¢n dang trans:
X R % cis % trans
Cl CN 6 94
Cl COOH 0 100
Cl COOC,H; 0 100

Ho4 hoc 1ap thé dua ra & trén duge xdc dinh chi bing hod hoc 14p thé cla cacbanion
trung gian:

CH,
| /\ __H H
X7, * s
R B X\/\/H HH X\C=(<H
-~

RF—%— H

Ngudi ta cho ring sy tao thanh lién két B-H trong trang thdi chuyén trudc khi thuy
phan lién két C,—H phén cyc manh, cdn ban than trang thdi cheyén 13 cap ion solvat manh
khéng phan ly hoan toan.

Dung moi cling anh hudng téi t6c do phan tdng. Phan #ng nhanh trong dung moi
aproton phin cuc,
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Néi chung, nhitng nhan t6 1am én dinh trang thdi chuyén cacbanion lam ting 16¢
d6 phén tng, thudng trang thédi chuyén cé trat tyf cao hon nén nang lugng hoat hoé thap
(10 kcal/mol) va entropi hoat hod 4m 16n (-35 + -40 d.v.e.).

Phan 1tng chuyén vi proton c6 thé thé tr cacbon t6i di t§ hay nguoe lai. Céc phin tng
nay goi 12 tautome hod v cdc chét déng phan goi 1a tautome. C6 cdc h¢ tautome sau:

I

(enol - xeton) —?=$—0H = HC—F= O

l

]
(enamin - imin}) — ?_—_C_ NH— = H(F—F=N—

I
(oxim - nitrozo) —ﬁ)=N—- OH = H(l:_N=0
(lactim - lactam) '—N=(|I-0H = HN—("F:O
{dang axi - nitrozo) —(‘3=1?I"_ OH = - Clil-l— I\lT*=O

O O

(hydrazon - azo) —?ﬁ\]—NH— = “‘H?— N=N-—

Phéan ting xay ra trudc hét 13 tich proton bing bazo, nén t6c d$ enol hod duge xac dinh
biing t6c do tach proton béng bazo:

A

]
_IC.__?=0 = —(—=0C==0 == _(Ij=(I:_OH

Can bing luodn chuyén dich vé cfu tit bén hon. Ching han trong cn bing enol-xeto,
can bing thuc t&€ chuyén manh vé phia xeto vi nang lugng clia dang xeto thip hon dang enol
13 15 kcal/mol d6i v6i andehit va 18 kcal/mol d6i v6i xeton, do d6 mitc do enol hod cla
xeton va andehit rdt thdp. Ham lugng enol ting 1én khi chuyén 16i nhitng xeton vong nhu
xyclopentanon va xyclohexanon, khi trong hop chét xeton c¢6 nhém hit electron & Cp do

én dinh enol bing lién hop. Ching han, este axetoaxetat c6 93% xeton va 7% enol trong
c4n bang.

Dang enol cang bén khi tao dugc trang théi chuyén vdng chelat, nhu trong trudng hop
dixeton, nhu axetylaxeton c¢é 80% dang enol, mic d¢ enol hod trong dung méi khong thuén
1oi cho su tao thanh chelat, nhu trong nudc axetylaxeton chi enol hod dén 20%, do d6 mic
d¢ enol hod cdn phu thudc dung moi:

cH; P N
CH; C=CHOH  p .o~ < CHZ/C\CH3 T’ i
cH; |, H,e” C\CH/ ~CH,
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Sy tao thanh dang chelat cho dang enol t6n tai & dang cis, hi€m c6 truomg hop trans,
chi vai trudng hop nhu:

H\-C/ RAN I-I\C//’0 H'\ O
/
H ‘\C/O CH 3
CeHs I O(r/ CH, O(IZ/ CeHs
OC,H; OC,H; 0 C,H;
Il OH 0
ﬁ — I
H:C N HC | _— 0
H,C \0 H, OH x

Phenol 12 dang enol bén nhit, bén hon dang xyclohexadienon, florogluxin cé dang
trixeto bén hon do nang Iwong tao thanh cao hon nang luong cdng hudmg, con antron cé
dang xeton bén hon dang enol do ning lwgng cong hudng & nhan giita 1am gidm niang lugng:

H
ArA co-ck

Trong t6ng hop hitu co, tautome thudng cé vai trd phan (ng kép. Ching han, khi
axetyl hod xeton c6 amidua natri hay CH,l cho hai san phdm:

CHl

_ "—F ONa —> C— ¢|:3—OCH3
? CHal (l:

_C_F=0 —-h- e (= C:O
Na CH3

Phan tng dac trung bing héng s& can bang K = k. / k, = [Enol ] / {Xeton].
Phan \ing chuyén hydro trong olefin khi c6 xiic tdc H:

Phan ung xay ra qua cacbocation k&m theo chuyén vi allyl d€ thay déi c4u tric:

| | o+ T~ _l__ — +H
HJ'C%C-C—-H == H-G—g—fH = H=¢— =5 "

Co ché nay thé hién trong phan ing chuyén ho4 ancol B-ankylallylic thinh andehit:
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H,0* ® -H*
CHy=C—CH,—OH === CH3—(l:—CH2—-0H === CHy—(=CHOH

R R R
—_— CH3—(ISH—CHO
R

Proton c¢ong vao ndi déi réi tdch proton tr C,. Do d6 ancol allylic va déng dang loai
RCH=CHCH,OH trong H,S0, thuc t& khong d6ng phan hod, con ancol allylic th& B, v ¢é su
chuyén proton (tao andehit) déng thdi c6 su chuyén anion (tao xeton):

CHy~ CH== ¢~ CH,0H — CH;~ CH;~(H— CHO + CH;™ | — (H™ CHs
CH; CH; 25%) o CHz ©3%)
Phan tng chuyén vi anion 12 sy chuyén vi néi doi cla olefin bing sy ddi chuyén

nguyén tir hay nhém nguyén tr 4m dién ciing v4i cdp electron lién két cfia minh. Chang han,
chuyén vi halogenua allyl, ancol allylic:

| X ~ +X '
I ¥x+ =t T 7
X
Phan ing chuyén vi nay tao ra cacbocation trung gian, don phén tif nén theo Sy/. Do

d6 cdc nhém cho electron xtc ti€n phan dng niy, khuynh huéng chuyén vi nhém dai chuyén
thay ddi song song v6i kha ndng di ra clia n6, ¢6 sy tham gia tao sian phdm thé v&i anion la,
xitc tdc bang mudi ion trung tinh trong dung méi khong phan cuc, xic tic bing axit & giai
doan d4u. Chang han:

=X "
CH/=CH—CHX—OCH; == | CH,=== CH'—‘—'CH—OHCaHsz 8
XCH;— CH=CH—OC4H;

+

4 _
Cells—CH—CH=CH, == C¢H;— (H— CH=CH, —:29—
g+ O

® +H,0+H*

CgHs— CH=== CH===CH,
+H*,~ H,0

C¢Hq—CH = CH—CH,OH

Phin tng ti€n hanh theo Sy/, nén trong dung moi aproton hay dung méi ¢6 hing sé
dién moi thip, cin chii ¥ dén su tao thanh cap ion. Trong diéu kién khéng c6 cap ion, X i tidu
phan doc 1ap dong hoc, ion cacboni k€t hop véi anion & dang cap ion déng thdi véi chuyén
vi, phan ting theo co ch& Syi. Khi dp dung dbng vi, phan dng ¢é sy chuyén vi xdy ra nhanh
hon 1a trao d8i déng vi, néu phan tng xay ra theo cdp ion ¢6 sy phan b lai nguyeén tir dong vi:
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XCHy—CH=CHCgH;

[ .

CH,=~=CH— CH(CHs)X == [CHZ'“CH‘“CHcﬁHSFB X =

[CHZ“"CIF"CHCGHS] X - CH2=CH—CH(C6H5)X

f

*
XCH,— CH=CHCH;
* *
X = OCOCeHs , OCOCHsNO, P X = OCOCsHs - OCOCGHSNO, P

néu phan ng xay ra theo trang thi chuyén ti€p vong S/ thi déng vi § lai nhém cacbonyl:

H B H Pll ]
H,C / l /0 3C\(/c\ M Hy AN
\ — 7 by /3 ~ .
n’ gcoad v Yo7 WoTF T H
ébAr (k\,%)
- H CAr -
H;
— HON /(\}:
Al‘COOI/{ Ar = CgHNOsp
®

14.3. CAC PHAN UNG CHUYEN VI NUCLEOPHIN 1,2
14.3.1. Chuyén vi tir cacbon téi cacbon

I- Phdn dmg chuyén vi pinacol

Phan dng cua 1,2-diol trong moéi trudng axit cho andehit hay xeton ¢6 qud trinh
chuyén vi goi 1a chuyén vi pinacol:
PR I
R2 (|:— F— R4 _— R2 ‘(lif— (|:_ R4
HO OH O R; g ankyl, aryl, hydro

Phan tng cé tén tir hgp chdt dién hinh pinacol (CH;),COHCOH(CH,;), chuyén vi
thanh pinacolon (CH;);CCOCH;. Céc nhém th€ cé thé 13 ankyl, aryl, hydro va
etoxycacbonyl (COOC,Hs) 1dm nhém chuyén vi, trong nhiéu trudmg hop mdi cacbon c6 it
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nhdt mot nhém ankyl hay aryl va phan ing thudng di tir glycol ba hay bdn ldn thé.

Né&u glycol ¢6 bén géc R giéng nhau thi cho mét san phdm phy thudc vio nhém nao
ddsi chuyén, thudng cho hén hop sdn phdm va nhém nao wru tién chuyén vi phu thudce vao bin
chat ch4t ban ddu va diéu kién phan ¢ng. Ching han, (C¢Hs),COHCOH(CH,), trong axit
sunfuric & lanh thi nhém metyl chuyén vi, trong axit axetic ¢é vét axit sunfuric thi nhém
phenyl chuyén vi:

| 3 lanh Si l 3 CH,COOH _ ’
- He— C— C— 3 -
CH3_ F_ C6H5 H,50, C6 3 F (I: CH3 \-Tét-l-l_z__* 50, CGHS || (l-: CH3
CH, HO OH e} CeHs

Né&u ¢é mot géc R 14 hydro thi andehit hinh thanh t8t hon 14 xeton. Néi chung, andehit
hinh thanh thuan lgi trong diéu kién y&u nhu nhiét do thap, axit yéu vi dudi diéu kién manh
hon andehit ¢6 thé chuyén thanh xeton.

Co ché 1a chuyén vi 1,2 don gidn:

1111 11{3 Ry 1{3 R R
Ry~ ¢~ Ry I Ry=C —¢— Ry — Ry—C— C— Ry —>
HO OH )+ Ho ©
HO "OH,
fﬁl }ﬁl
—_ Rz——?—(f—uR,_‘ M Rz-—(l:l—(I:— R,
HO R, O Ry

Qu4 trinh loai nuéc cho cacbocation va sy doi chuyén c¢6 chd khi dién tich duong &
b4c ba nhung ciing nhu khi cacbocation én dinh b&i nguyén tir oxy bén hon 1a cation béc ba,
ngodi ra cacbocation mdi c6 thé én dinh bang loai proton,

Mot s6 hgp chat khdc néu ¢6 cacbon o bén canh cacbon cé OH ciing ¢6 thé chuyén vi,
nhir cdc B-aminoancol chuyén vi khi tdc dung véi axit nitro hay iothydrin chuyén vi khi ¢é
oxit thuy ngan hay nitrat bac, B-hydroxylankyl selenua RZRZC(OH)C(SeR5 )R*R? va ancol
allylic chuyén vi khi c¢6 axit manh proton hod lién k&t doi (thudmg goi 13 chuyén vi
semipinacol).

Cic epoxit khi tdc dung vdi tdc nhan axit nhu BF;-eterat, MgBr;-eterat hay dun néng
14u ciing ¢6 chuyén vi:

Rl R3 lﬁ]
[ BF; ete
R,—C—C—Ry —_— Ry—C—C—R,
(MgBro-cte) Il
3 R; O
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Do d6 c6 thé tim thdy epoxit 12 chat trung gian trong mot s§ glycol. Cic hop chat
(CH3),COHCOH(CHs),, (CH,),COHCNH,(CH3),, (CH;),COHCCI(CH;), xay ra véi 16c do
khdc nhau nhung déu cho hén hop hai san phdm — pinacol va pinacolon vét mot chit trung
gian chung.

Epoxit ciing chuyén vi thanh andehit hay xeon véi mot vai kim loai xic téc. Quad trinh
t6t nhat tdng hop B-dixeton khi dun néng c-epoxy & 80 + 140°C véi mot lugng nhd
[(CsH;5)4PL,Pd:

| Pd
"o e -
O O

B-Hydroxy xeton téng hgp duge khi téc dung silyl ete cia o, B-epoxy ancol v§i TiCl,:

' 1-TiCl, L
C—R I —c—Cc-c—
\o/ 2-H* | ﬁ
OSI(CH3)3 HO H O

2- Phdn iing chuyén vi Wagner-Meerwein

Phan dng tdch clia din xudt halogen, ancol hay tosylat cho olefin xay ra theo co ché
EJ] ¢4 qud trinh chuyén vi g6c hydrocacbon, goi 1a chuyén vi Wagner-Meerwein.

Ching han khi dun néng ancol véi axit thudng thu duge san phidm thé va tach. Trong
nhiéu trudmg hop khi ¢6 hai hay ba g8c ankyl & Cg thi tdt ca hay mot s8 san phdm chuyén vi
clia cacbocation. Cacbocation méi ty n6 6n dinh bing tuong tic véi bazo trong phan Ung,
nhung thudng 1a tdich hydro dé cho olefin:

R R iR ® /R' F R \
- 3y == R—C— == c—Cc—H=—= =
R I(%F H I C\H v lz rR” ~H
R X R .

Cacbocation chuyén vi c6 thé céng hop véi tdc ahan nucleophin Y nhu la phén ing thé
c6 chuyén vi hay c6 thé loai H bén canh cho anken thi wu tién theo quy tic Zaitsev. Su
chuyén vi wu tién trong hé neopentyl vi neophyl ma phan ing th€ binh thudng xay rdt khé
khan. Dudi diéu kign Sy2, phin {ing xdy ra qua cham, Sy/ cacbocation hinh thanh chuyén vi
rdt nhanh. Phan iing th gdc tw do khéng kém theo chuyén vi trir hé neopentyl va neophyl.

Phan Gng ctia ancol sau ¢6 chuyén vi R qua cacbocation bac ba va c¢6 thé cho cdc san
phidm:
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— Ry~ C=C—R
2 F ? ! tich Zaitsev

R; Rj nfuR,1a H
R4
Il{] 1|:14 I R2=(|:—C._ Rl
R,— —OH + tdch Hofmann
F - +H Ry Rs  pauR,c6H
R; Rg (|)H |R4
- Rz_ $_C_ R;
thé OH ¢y
R; Rs  ‘hom dira

Y R,

S 5

Ry R théY batky

Phan iing cia din xuat halogen:

CH; CHj;
HO I
CH3—|c—-—CH2Cl —=  CHy—C== CH— CH,
CH,

Phan iing chuyén vi nhém metyl va tach H cho anken theo Zaitsev. Nhém di ra c6 thé
12 halogen nhu Cl hay H,O tir ancol, N, tir ion diazoni.

Con trong phan iing sau:

AlBr,
CHSCH2CH2BI' E—— CH3(|:HCH1
Br
Phén ng c6 chuyén vi hydrua ma khéng phai brom nén giai doan sau 1 the khong
phai tich:
AlBr, ® ® AlBr,~
CH_’;CHzCHzBr —_— > CH';CHz(:Hz —— CH;CHCH:}, —_— CH3(I:HCH1
+
AlBr, Br

D6i v6i ankan, khi dun néng ankan vdi axit Lewis va mot lwgng nhd chét kich thich
cling c6 chuyén vi do hinh thanh cacbocation trung gian tir ankan theo chuyén vi Wagner-
Meerwein:

AlCI,
CH3CH2CH2CH3 A (CH'{)zCHCHq

Thudng dp dung chuyén hod nay dé chuyén hod cdc phan tir trixyclic thanh adamantan
va din xuat. Hiu nhu tat cdc cdc ankan trixyclic 10 cacbon déu chuyén thanh adamantan khi
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dun néng véi axit Lewis nhu AICl;. Né€u chft ban ddu chita hon 10 cacbon thi cho
ankyladamantan (con goi phan {tng 14 adamantan hod Schleyer):

Ay = fD & -

o0 =
—_—

Chuyén vi Wagneer-Meerwein duge phat hién d4u tién khi nghién ciu he terpen,
L]

ching han:
~
OH 4 —
. —_— -_—

isoborneol camphen

vi dugce phét trién ra cdc din xuat khac.

Trong phan ung chuyén hod isoborneol thanh camphen & trén, c6 st chuyén vi 1,2 cita
nhém CH,, cdn vé hod hoc 1ap thé cha loai cation norbornyl nhu 2-norbornyl ciing cé
chuyén vi hydro tir vi tri 3 téi vi tri 2, nhv chuyén vi 3,2 sau:

R,
: ) }I}{endo I{exo

Hendo

Chuyén vi 3,2 c6 ché tit phia exo nén 3-exo-H chuyén sang vi tri 2-exo. Hod hoc lap
thé nay tuong ty nhu hé norbornyl ma nucleophin tdn c6ng cation norbornyl tir phia exo va
c6ng vio ion norbornyl cling tir phia exo.

Hudng chuyén vi thudng tao nén cacbocation bén nhu bac ba > bac hai > bac nhdt,
nhung chuyén vi ciing tim thdy ¢6 hudng khic va sén phdm 1a mot hén hop can bing véi cic
cacbocation ¢6 thé hinh thanh.

Céc chuyén vi nay thudng 13 ndi phan t, déng bo hay lién ti€p nhanh, duge ding
nhiéu trong he triterpen clia Fredelin c6 tinh d4c thit 14p thé.

Co ché chuyén vi Wagner-Meerwein thudng Ia nucleophin, song cling tim thay chuyén
vi g6c tu do ma thudng 12 chuyén vi gdc aryl, ciing tim thdy co ché electrophin.
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Song ciing chi v6i g6c aryl vi vinyl cdn nhém ankyl khong chuyén vi. Chang han
(CgHg);CCH,Cl tic dung v6i natri cho (CgH;),CHCH,CgHs ciing véi mot lugng san phdm
khong chuyén vi, con goi 12 chuyén vi Grovenstein. Chét trung gian 1a (C¢Hs5);CCH, va
nhém phenyl chuyén vi dé€ lai cap electron.

3- Phdn itng chuyén vi Demyanov — Tiffeneau

Phan tng chuyén vi Demyanov ciing trong t nhu chuyén vi Wagner-Meerwein nhung
phan dng di tit mudi diazoni:

RCH,CH,NH, — [RCH,CH,N="N]* — RCH,CH," =

RCH'CH,; — RCH(OH)CH,
con chuyén vi Tiffeneau di tir hydroxylamin:
RC-CHyNHy —= Ral-CHy Ny > Rz?H-CH? -
OH OCH OH
R- (lie-CHz --R = R-CO-CH,-R
—- Rz?H'%Hz <7 OH
OH R,C---CH, -» RCOCH,R hay R,CHCHO

Cacbocation hinh thanh tir cation diazoni bing tich N, réi chuyén vi g6c ankyl tir cation
bac thdp thanh bic cao. Phin ting quan trong 1a phan Gng rit vong cia c4¢ amin vong no:

NH;  pono /

HONO
— - + [>— CH,OH =~ [>— CH,NH,

Khi dién tich duong & trén cacbon vong, su doi chuyén mét nhém ankyl ¢6 thé xay ra
v6i su riit vong tao nén vong nhd hon mét cacbon so vdi vong ban dau:

== D_gﬂz

Chid ¢ 1a & day dién tich duong chuyén tir cation b4c hai sang cation bac nhdt. Binh
thuomg, khi dién tich dwong & trén Cy clia vong no thl s& ¢6 md vong. Cation cll va moi

tuong tdc v6i nucleophin hay téch cho sin phdm, thudng thu dugc sin phdm chuyén vi va
khong chuyén vi. Chang han nhu xyclopropylmetylamin va xyclobutylamin déu cho clung
ancol nhu trén khi tdc dung véi axit nitro. Phdn ting m& vong ciing ¢é & cdc vong tir C; dén
Cyg, nhung hiéu sust 6t chi & vdng nhod vi siic cang vong nhd la dong lyc cho phan ing. Phin
tng ridt vong ciing dp dung cho vong bén canh va vong C¢ t6i Cg nhung it vong cation
xyclopentyl t&i hé xyclobutylmetyl néi chung khong 16t vi ¢6 tang them stc cang. Stc cang
trong chuyén hoa xyclobutyl — xyclopropylmety! con thdp hon nhéan t6 khdc (chuong 6).
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Phan img cla Tiffeneau di tir cic hydroxylamin vdng ciing c6 hién tugng mé véng gén
giéng nhu chuyén vi semipinacol:

O<OH HONO P
—_—
CH,NH, O

Phdn 1ing mé vong tir C, t6i Cy nhung t6t nhat tir Cs t6i Cy:

OH Y0 /)
L Br  iso-CyH,MgBr Br venzen, R
| ."‘- Rl —-_~+- / _* R!
R R R

Trong phén iing trén, chét ban ddu bromhydrin tdc dung véi tic nhan Grignard nhr 12
bazo 18y proton clia OH cho ankoxit va ankoxit s& m& vong khi dun néng. Phan ing xay ra
vGi mot trong hai géc R 12 phenyl hay mety] nhung khong xay ra khi hai géc R 1a hydro.

Ngoai ra, dién tich duong & vong ba canh ciing cho md vong thanh cation allyl:

I
N o //C\GB
>A< 5§

Vi thé khong thdy c6 phan ting th€ nucleophin & vdng xyclopropyl, céc xyclopropyl
halogenua va tosylat déu cho san phdm allylic, chdng han nhu phén ng:

j iBr d.dAgNO; C{Br
———
Br OH

Hod hoc lap thé clia phén cét vong ba canh tu4n theo quy tic bao toan tinh d6i xing
obitan (churong 12).

Song khi nhiét phan xyclopropan & 400 + 500°C thi m& vong cho propen nhung theo
co ch€ gdc kép (cling ¢6 thé coi 1a chuyén vi 1,2 clia g6c kép):

/CH2 N f‘/CHZ /CH;

CH CH2 @—f_/CHz CH""—CHZ

Néu tdc dung vong ba canh v6i ankyl Liti thi phan iing qua chat trung gian cacben hay
cacbenoit r8i chuyén thanh allen:
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R
Br o
—_— | — RCH=C=CHR
Br
R

song v&i xyclopropylmetyl thi mé vong:

Phan ting m& vong theo co ché goc tr do ciing da thu duge két qua 16t véi vong 6,7, 8
va 13 canh, nhu mot s6 vi du sau:

0 0
COOCHs é ~000C,Hs

(ﬁ CH,Br  (CyHp)sSnH CH, .
(}COOCZHS — COOC,H COOC,H

&\ (C4Hs)SnH
—_— *
COOC,Hs OOCH;

4- Phdn img chuyén vi Wolff

Cac axyl halogenua tic dung véi diazometan chuyén thanh axit cacboxylic tang thém
mot cacbon 13 phan Ung Arndt-Eistert:

S0, CH,N, Ag,0
R-C-OH —> R-C-C1 —— R-C-CHN; — >

O

H,0
— R-CH=C=0 —— R—CH,.—(I%—OH
O
Phan tng c6 giai doan tdch N, tao thanh hop chét trung gian thi€u electron la
xetocacben, khong phai 1a ion, sau dé cé su chuyén vi gdc ankyl hay aryl thanh xeten. Phan
itng chuyén vi nay goi 1a chuyén vi Wolff.

Xeten tao thanh cho axit trong méi trudng nuéce, cho amit trong moéi trudng amoniac,
cho este trong moi trudng rugu:
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HCH

—HOH ,  pR'CH-COOH
0=C=C-R ROH ., RR'CH-COOR
R’ NH,

——2 > RR’CHCONH,
Giai doan ndy xay ra sau giai doan x4c dinh tdc d¢ 1a phéin tng chuyén vi.

Co ché no6i chung 1a sy hinh thinh cacben, c¢6 cacbon hai hod iri vé&i 6 electron nén céc
nhém chuyén vi chuyén tdi bing cap electron lién két:

il e — o
0O
San phdm thyc cia phan @ng 13 xeten phén ing v6i nuéc, ancol, amoniac hay amin.
Xeten bén nhu (C4Hs),C=C=0, c6 thé tich ra duge hay nhan biét bing cdch khéc (gi6ng
B-lactam). Co ché€ trén 1A c6 cacben tu do va trong mot vai trudmg hop ca hai giai doan la
déng bo ma khong cé cacben tu do.

Phan tng thudng diing xic téc platin keo hay déng nhung cdc diazo xeton thuong
dung quang phan khi ¢é nudc, ancol hay amoniac ma khong cdn xiic téc. Phuong phép
quang phan thudng cho két qua t6t hon phuong phép xic tdc bac. Piazo xeton diéu ché bing
phuong phdp nao khic ciing c¢6 phan ing chuyén vi. Trong pham vi rong hon, R ¢6 thé 1a
ankyl hay aryl, cé thé chita nhém chiic nhung khong phai nhém chie axit. Cdc diazo xeton
vong thudng cho phan ng rdt vong:

0
? N, Q/COOCH3
—_—
CH,OH

Khi chuyén vi Wolff dung quang phan, co ché ciing twong ty nhung ¢6 khic 14
xetocacben hinh thanh c¢6 chuyén vi cacben-cacben qua chat trung gian 13 oxiren. Phan tng
nay duge nghién citu bing phwong phip ddnh dau déng vi **C & cacbon cacbonyl:

R—C— cN,—R' —> Ri‘g— C—R —» Ri‘%c—({ R’
' lc.\n binh thudmg / oxiren

R—'MC. c—R' = RRM¥(=(CE=0
RR'C=C=0 il

Co ch¢ hinh thanh oxiren khéng tim thdy trong phan ing Wolff bing nhiét; ching to
trong quang phan, xeto cacben & trang théi triplet cdn cho qud trinh tao oxiren, con trang
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théi singlet khong cin cho con dudng oxiren. Ciing da tim thdy chuyén vi ankyl 1,2 tao
cacben hay cacbenoit:

CH, CH,
| hv | ) CH3
CH3 el G0 CI'IN2 — CH3""'C—CH —- CH3_C-:CH_C]'I3 +
| [ N I CH;
CH3 CH3 CH3 52% 47%

Diazo xeton t0n tai & hai cdu dang s-Z va s-E:
2
R ' R .
N —< \C%\l
Vs . 7 R
O A 2 S'E

thi phan tng wu tién & cdu dang s-Z.

Céc andehit v Xeton ciing phan (ng v6i diazometan cho xeton hay andehit tang mot
cacbon nén goi 1a phin tng déng ding hod andehit va xeton:

CH
R-C-R’ L R-C-CH,R’

0O

CH,N,
R—ﬁ—H —_— R-—ﬁ—CH;
0
Phan img ciing la phin img chuyén vi tuong ty nhung goi 14 chuyén vi theo Tiffenean
vdi ion trung gian 1a ion Iudng cyc.
San phdm nhu 1a phan ing cong mach cia cacben vao lién k&t C~H. Phan ing c6

epoxit 12 san phdm phu. Co ché phéan ing khong hinh thanh cacben tur do ma giai doan déu 12
cdng vao nhém C=0:

@ ®
CH;<—=N ?Hz
® '
R- —/R}FN=I_G~I —_— R_(I:_R‘ — ?‘R
w (=) Oé

SR
R><IH2 R— E— R'

Andehit cho hiéu sufit khd nhung hydro wu tién chuyén vi hon nhém ankyl, cé nhiéu
san phdm phu khong phai 1a déng ding cha andehit ma 12 epoxit, hi¢u su4t tang lén khi them
metanol. Néu andehit chita nhém hiit electron, hi®u suit epoxit ting va xeton hinh thanh mdt

299



lugng nhé. Xeton cho hiéu suit déng ding xeton kém hon. Ham lugng epoxit wu tién & day,
ddc biét khi R chita nhém hiit electron. Hidu sust xeton cling giam khi ting chiéu dai mach.
Hi¢u sufit xeton ting khi ding BF; hay AICl;. Cic xeton khong d6i xing trong phén itng cé
BF; thi cacbon ¢6 it nhém the hon chuyén vi. Céc xeton vong, ba canh va 1dn hon cho hidu
sudt xeton m& vong cao. Céc hop chat bixyche tao thanh tir cdc hgp chat alixyclic ¢6 nhém
diazo & mach nhénh:

Apomn -

6- Phdn iing chuyén vi benzil-benzilic

Cic a-dixeton tdc dung vdi bazo chuyén vi cho muéi clia a-hydroxy axit va phén ting goi
12 chuyén vi benzil-benzilic axit (benzil 13 CeHsCOCOCeHs, benzilic 12 (C¢Hs),COCOCH)-

Ar’

HO™ I _

Ar—(lf—ﬁ-Ar’ —_— Ar—(l;‘*COO
00 OH

Phan tng thudng ding nhém aryl nhung ciing ding cho dixeton béo vi w-xeto
andehit. Néu diing ankoxit thay cho HO™ thi thu dugc este nhung khéng ding ankoxit cé
tinh oxy hod nhanh, nhu C;H;O va (CH;3),CHO™ vi khir benzil thanh benzoin.

Co ch€ gin gi6ng nhu chuyén vi trén nhing ¢6 khéc nhau 1a nhém chuyén vi di 16i
cacbon cacbonyl phan cyc bdi oxy ma khong phéi 12 cacbon luc tir. Giai doan ddu 13 cong
nucleophin binh thudng vao nhém C=0 rdi chuyén vi. Phan g khong can bing:

@ Ar
Ar—(C—(C—Ar HY HO— E Ar' —= HO—E—fAr —_—
B ) N
e

7- Phdn g chuyén vi dienon-phenol

Hop chat dienon khi ¢6 axit s& chuyén thanh phenol:
ﬁ H

SR
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Xyclodienon c6 hai nhém ankyl & vi tri 4, khi ¢6 axit, mét nhém ankyl chuyén vao vi
tri khic theo co ché chuyén vi 1,2, goi 1a chuyén vi dienon-phenol clia h¢ thom c6 chét trung
gian la ion areni. Phan tng nhu 14 t4n cong electrophin vao phenol:

OH OH OH
3, Qo=
. R R

Ngugc lai, triankyl phenol ciing ¢6 chuyén vi trd lai thanh dienon, goi 12 chuyén vj

. OH . W

B Br
+ Br2 - Q/

Br Br 'Br

phenocl-dienon:

8- Phdn ung chuyén vi Favorski

Phén ting chuyén hod c-halogen xeton thanh este khi ¢ bazo 1a chuyén vi Favorski:

R, R,
R 1 _(||:_$_R3 + _OR4 —— R40"ﬁ“ (‘:—R:;
oa O R,

Khi ¢6 kiém tao thanh cacbanion nhu 1a phan ing th€ nucleophin n6i phan tr tao
thanh hop chét vong ba canh c6 thé md vdng theo hai huéng:

y ~OH

_f{_CO_'_ - _‘F"'*C_ _{CQ?_ >

Co ché trén cho thdy, cacbanion tao thanh & vi uf «’ va thuc hién phan ing thé
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nucleophin & nguyén tir cacbon & dé tao trang thdi chuyén vong ba canh md vong dé dang
theo hai hudng trén.

Céc a-halogen xeton vong cho phén (g rit vong:

cl
] +RO——& @COOR

Khi ¢6 anion ankoxit thi thu dugc este chuyén v hay amin cho amit.

Phin ting cling xay ra tuong ty v6i a, B-epoxy Xeton:

R, ilza fliz IFS
Rl—g (';\ R, +RoO™ X HOOC‘“C—?—R4
OH
1

Thuc t€, nhém epoxit cho phén ng twong tu nhu halogen, ching té ring oxy va
halogen la nhém di ra trong giai doan thé nucleophin.

Co ch& Favorski duge nghién citu nhiéu, c¢dc nhém chuyén vi khic nhau, nhu hai chat
A va B sau déu cho mét san phdm C:

CoHsCHy-C-CH — CoH,CH,CH,COOH =~ CHyCH-C-CH,
OCl . Cl 0
A C B
ching t6 khi halogen di ra vd R, chi€m chd 1a khong can ci, thuc t€ A tim th4y nhém
CeHsCH, chuyén vi cho C, B néu CH; chuyén vi cho C4HsCH(CH,)COOH khéng cho C nén
nhém C¢HsCH cheyén vi khong phai metyl.

D€ chiing minh, ngudi ta dl‘mg phuong phép ddnh d4u phéng xa '*C sau:

*
g — .
6 \ o
3 */ Cl
4 —l
%O
D

cing I chét ban ddu D, n€u Cq chuyén vi t6i C, thi cho E, néu C, chuyén vi téi C¢ thi cho
G. E va G wong tdic RO™ cho este nhv phin ing trén. Thuc t€ thu duge 50% ddnh ddu &
cacbon cacbonyl, 25 % dénh dfu & C; va 25% d4nh d4u & C,. Hai sin phdm dénh dfu C, va
C, béng nhau thi hai chuyén vi phai c6 x4c sudt bing nhau, néu khong bing nhau thi chat
trung gian tao thanh phai khong d6i xitng.
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Ch4t trung gian d6 12 xyclopropan 1a co ch€ chung cho phan ting Favorski:

Ry
R 073 I
c— #-—R3 N R

I R
LTy < \f

R't\c %2 E Rl Ry
Ry —l!:—R Re o CH-R,

R3 — 3
n\ R sOH
OR5 OR;

Chat trung gian xycloproapn trén 12 d6i ximg va cé hai kha nang m& vong vé hai phia
nhém cacbonyl twong duong. Néu chit trung gian nay khong ddi xing thi wu tién m& vong
vé phia nlo tao duge cacbanion bén hon. Chéng han phan ng sau:

HC _ o
R0 HC¢CH—CH,~COOH

il
O

theo huéng cacbanion 8n dinh bing cong hudng.

Trong trudmg hop cdc a-halogen xeton ¢6 Hy & vé phia khic cha nhém cacbonyl nhu
trén, néu khong cé hydro thi cling chuyén vi cho cing san phdm, thudng goi 1a chuyén vi
quasi-Favorski, ching han:

C no- CeHs
X N—CH; > ><::N—- CH; =% C><:\N/C”3 -
CeHs— E HO- E 2 HyC,00 NH

demerol

song khong theo co ch& xyclopropan ma gidng nhu co ch€ goi 1a co ch€ semibenzylic sau:

R O™

(e
R— ﬁ:—?—R3 —= RO EF{RB — RO f—R3

OR2

Co ché nay tuong ty co ch€ chuyén vi pinacol xic tdc bazo ¢é nghich dao nhém doi
chuyén cudi.

9- Phdn img chuyén vi xiic tdc bazo cita andehit- xeton

Phan ting nay xay ra bang sy chuyén déi vi tri clia nhém dinh cacbon « véi nhém dinh
v6i nhém cacbonyl ciia xeton hay andehit:
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R, R,

[ H* |

Céc gbc Ry, R, vd Ry ¢6 thé 12 ankyl hay hydro. Nhu vay, cdc andehit c6 thé chuyén
thanh xeton, cdn xeton chuyén thanh xeton khdc nhung khong c6 chuyén vi ctia xeton thanh
andehit,

Phan iing ¢ thé xay ra theo hai co ché:

1- Bét ddu bang proton hod oxy tao cacbocation 16i cé hai chuyén v ti€p theo hai
hudng khic nhau:

R, R, R!
| H* e;{@ A Ra
R; OH R; OH R; OH R; O

2- Hai chuyén vi ciing huéng qua chat trung gian epoxit:

e L e w2l X
+ -H*
R— 3 R, R~ (i_/c—R2 —» R ?—(lj—-Rz — R |<|3—F—R2
R, OH 0% OH R, O Ry
H

Béng thyc nghiém dénh déu "C, tim thdy c6 trudng hop thu dugc hop chat ¢6 '*C &
nhém cacbonyl, trudng hop khéc ¢6 '*C & cacbon o, cho nén cé thé xay ra theo hai co ché.

Vi cac andehit va xeton ¢6 nhom hydroxyl & cacbon « thi chi cé mot 14n doi chuyén
nén goi 1a chuyén vi cha a-xetol:

R, R,
I H* 5 |
Rz—(l:_ (I-f—R_:; — R _(||:_(|:LR3
HO O O OH

Phin ting chuyén vi a-xetol cé thé ding bazo nhung chi véi ancol bac ba, con néu R,
hay R; 1a hydro thi phan ting enol hod vu tién hon 1a chuyén vi:

R] Rl
+ I
Ry— C—ﬁZ—R3 £ R (I:_ﬁt—m > Ry h:—.F—R3
|
OHO gO 0 O OH

10- Phdn ing chuyén vi ciia cdc nhém halogen, amin, hydroxyl...
Ching han mot s phan ng:
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CHy~CH~CH,~ONs F,CCOo0H CH;~CH-CH,~Cl
Cl OOCCF,
Trong phan ing nay, mét nucleophin di ra vd nhém ké bén canh s€ t4n cong tao vong
ba canh réi m& vong:
C6H5—(13H-ICH—E—C6H5 — CeHis~CH-CH-C-CqH;
R,N Br O HO NR,O

Phén tmg nhu 1a th€¢ nucleophin ma trong chit ban ddu ¢6 nhém ké & cacbon bén
canh tdn cong vao vi tri nhém di ra tao vdng ba canh, néu vdng trung gian dwgc md ra vé
phia nguae lai 12 két qua chuyén vi cha nhém ké:

®
NR NR.
I’A* ~\? H+
CeHs— CH—CH— COCgH; —» C¢Hs —j:H ~—CH—COCeHs —»
B’ﬁ H,0 NR,

1
— CgHls—CH—CH—COCqHs

OH

Cic a-halogen va a-axyloxy ciing chuyén vi nhanh t6i a-halogen vd a-axyloxy
xeton, thudng md vong khi ¢ xiic tdc, thudng xdc tdc axit:

|Rl
R ig X
1 — Ry—C— F— R,
R; Rs [
' 0 X
X =F, Cl, Br, OCOR
Thuc t€, phan tng 1a chuyén vi cla epoxit, trir khi halogen hay axyloxy 12 nhém dai
chuyén.
11- Phdn ting chuyén vi ctia bo
Céic déin xuit ankyl boran & trong mach sé& chuyén vi sang cudi mach khi dun néng &
nhiét d6 100 tdi 200°C:

A A
C—C—tIT:—C—C — C—C—C—(IZ—C — C—C-C~C—?
B B B
7N 7N N

Phan Gng dugc xidc tdc bdi mot lugng nho boran hay ankyl boran con c6 lién k&t B-H.
Bo c6 thé di qua mach nhdnh nhung khong di qua duge hai mach nhdnh vi cé thé chuyén &
vi trf xa hon:
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c— E_ c—c —» c—i—c—c

A b
c

c—i:—g—c—c—- c—C—C—c—¢C

e

nhung khong cho C-——t—— C—Cc—C

Phan wing 12 can bing, thudng cho hén hgp, ching han ¢6 40% (1), 1% (2) va 59% (3):

B [— CH,— FH—CH3 CH+ FH—- (IZH— CHj B I:CH3- ?H—CHz“ CH,—| B

CH3 3 CH3 3 CH3
1) 2 (3)
Néu bo & trén vdng xycloankyl ¢hi chuyén theo vong, néu vong ¢ mach nhinh thi bo
chuyén sang mach nhéanh.

3

Magie ciing cé kha nang chuyén vi, thudng t6i vi tri cudi mach khi cé mét luong nhod
TiCl,:

TiCl,
CH3— (I:H'CH3 _— CH3— CHz"*MgX

MgX
Co ch& c¢6 thé 12 trao déi kim loai, tdch-cong va trao déi kim loai:

TiCl,
CHs~CH-CH; ——> CH;~CH-CH; — CH;~CH=CH, —
MgX TiCl, TiCl;H
+
MgXCl

. MgXCl .
CHS*CHz—CHz—TICI:; —_—— CH3—CH2—CH2—MgX + TlCl4

12- Phdn ung chuyén vi Neber

Cic w-amino xeton cé thé téng hogp khi dun néng xetoxim tosylat véi bazo nhu ion
etoxit hay pyridin. Phan tmg goi 1a chuyén vi Neber:

GHO

RCH,-C-R’ RCH—C-R'
N-OTs NH, O

R thudng 12 aryl, c6 thé R- ankyl hay hydro, con R’ 12 aryl hay ankyl nhung khong thé
hydro. Phan vmg ciing xay ra v6i N,N-dicloamin cho sén phdm RCH(NH,)COR.

Co ché nhu sau:
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b R' H,0
RCH,—( —R'—2~ RCH— —RCH—C—R' = RCH—W—R'

|
o Ulan W NHs 6

chit trung gian azitidin

Phan 1tng di qua ch4t trung gian 12 aziridin, ci syn va anti xetoxim ciing cho mot san
phdm. Co ché trén 12 ba giai doan, trong d6 hai giai doan ddu 14 ddng bo, song ciing c6 khd
nang giai doan hai 1 hat giai doan: OTs di ra cho nitren va hinh thanh aziridin.

P6i véi truomg hop dicloamin, HCI s& mét di d4u tién cho RCH,C(=NCIR’ réi phan
g tiép tuong tur.

14.3.2. Phan tng chuyén vi tir cacbon téi nite

Phan émg quan trong cba loai nay 12 téng hop amin tir din xudt axit bang sy ddi
chuyén nhém thé ciing vé&i cap electron lién két téi nito c6 6 electron ngoai cing. Su dai
chuyén thudng 12 déng bo v6i nhém di ra. Phin wing dung diéu ch€ amin tr din xudt axit hay
tilr xeton.

N6i chung, co ché ¢6 hai dang:

/\e

@E\g{—x - rN—R +X
@gf_v_ . ﬂ R x

Co ch€ ¢é dac tinh: 1- Gdc chuyén vi R dugc bao toan cdu hinh, 2- dong hoc la bac
nh4t, 3- chuyén vi 12 noi phan tir xdc dinh bing phuong phép dénh ddu, 4- khong cé chuyén
vi trong nhém chuyén vi, trong nhiéu trutmg hop, nhém di ra & giai doan dfu hinh thanh ti¢u
phan trung gian nitren hay ion nitroni hay 12 nhém di ra va chuyén vi déng bo.

13- Phdn itng chuyén vi Hofmann

Phan ng phan tich amit thanh amin trong moi trudng nudc - rugu véi mot lugng brom
hay clo:

RCONH, + NaOBr — R-N=C=0 — RNH,

Tir amit khong ¢h€ tic dung véi brom vi NaOH hay hypobromit natri cho amin béc
nhat kém mot cacbon so véi amit ban ddu. Sin phim thyc cha phéan ting 13 isoxyanat, c6 thé
tach ra dugc, bi thuy phan & diéu kién phan ing. R c6 thé 13 ankyl, aryl nhung n€u 12 ankyl
¢6 nhiéu hon sau hay bay cacbon thi cho hiéu sudt thép, trir khi dung Br, vd CH;0Na thay
cho Br, vi NaOH. San phdm cong 16i isoxyanat 14 cacbamat RNHCOOCH; dé thity phan cho
amin. Phan g cé sin phdm phu khi bazo 1a ure RNHCONHR va axylure RCONHCONHR
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do phan 1tng clia amin hay amit véi isoxyanat.

Trong phan ting xay ra su chuyén vi géc R cling v6i cap electron sang N thi&u electron
nitren. Co ch€ phan tng nhy sau:

R_(I:_NHZ + BI'2 —- R_'?_NH_BI' —-—h- —N—qsr — F—

Giai doan ddu 1 tao N-halogen amit ¢é thé tich ra dugc. Giai doan thit hai N-halogen
amit mét proton vdi bazo do ¢6 hydro trén nito ¢6 tinh axit cao Vi hai nhém hiit electron.
Giai doan th ba c6 th€ 1a hai giai doan; brom di ra tao nitren réi chuyén vi g6c R nhung
thuong hai giai doan nay déng b6 qua trang thdi chuyén déng bo:

?fi‘

Néu ti¢n hanh trong méi trudng khan s& thu duoc isoxyanat nhu la san phdm trung
gian. Giai doan x4c dinh t6c d6 12 giai doan tich halogen biéu hién & kha nang xiic tién phan
ing cila nhém the cho electron va gid tri p = ~2,5. Amit clia axit loai RCONHR khong thé
loai halogen dé hinh thanh anion nén khong tham gia phan iing chuyén vi nay.

C6 thé diing tetraaxetat chi v6i amit hinh thanh isoxyanat phin itng v&i axit axetic tir
tetraaxetat chi cho ure va amit, néu ¢6 ancol cho cacbamat:

RNH-I<|3—NHR
CH,COOH O
(CH,C00)Pb gl COOH

R—C—NH, — R N=C=0 —» RNH, 2% RNH—COCH,
RO\
RNH—C—OR
0

Céc tdc nhan khic chuyén RCONH, thanh RNH, (R = ankyl khong phai aryl) 1a
phenyliodosy! bis(trifloaxetat) CgHs[{OCOCF;), va hydroxy(tosyloxy)iotbenzen CsHs[(OH)OTs
cho hiéu sudt t6t. Mot hdn hop tdc nhan gém N-bromsuxinimit, Hg(OCOCH;), va R'OH
ding d€ chuyén hod amit RCONH,(R = ankyl bc nhat, hai, ba hay aryl) thanh cacbamat
cho hiéu sudt tét,

14- Phdn ing chuyén vi Lossen

Phan ing tuong tr nhw Hofmann nhumg di tir axit hydroxamic:

HO™ H,0
R-C-NHOH — R-C-NHOCOR ~—> R-N=C=0 —— RNH,
o) 0
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Din xust O-axyl cha axit hydroxamic phan Gng trong dung dich kiém hay do6i khi
phan tich nhiét thudn tuy cho isoxyanat. Trong phin ding c6 chuyén vi goi la chuyén vi Lossen:

: O\
R—C—NH—OCOR % @ﬁ:ﬁj £ OCOR — r‘*‘ —R
o) o)

Céc axyl halogenua thom chuyén thinh amin khi tdc dung v6i hydroxylamin-O-
sunfonic axit:

NH,080,0H
R-C-Cl ————> Ar-C-NH~0SO;0H + ArNH,

o] O
15- Phdn ing chuyén vi Curtius
Phan itng tuong ty Hofmann nhung phan iing 1a phan tich azit clia axit:
A
RCON; — R-N=C=0 — RNH,
Axyl azit bi nhiet phan cho isoxyanat v&i hiéu suit t6t. Phin ting trong nuéc hay ancol

cho amin, cachamat hay axylure. Phan ing d4p dung chung cho céc axit: béo, thom, di vong,
chira no va chita nhém chitc. Co ché€ phan ing nhu sau:

‘.\@_@ E TN _
RS & Gl - e
0O O

Phan tng ¢6 thé xu4t hién nitren hay qua chat trung gian déng bo:
/oA fﬁ
R AN

Cic ankyl azit cling nhiét phan cho phan Ung tuong tu:

r|‘..'I
R3CN3 —— R2C=NR
R c6 thé 12 ankyl, aryl hay hydro nhung n€u hydro chuyén vi cho san phdm khong bén
R,C=NH. Co ché& giéng nhu chuyén vi Curtius song khi nhiét phan anky! azit bac ba cho
ankyl nitren tu do 1a chat trung gian.

Cic xycloankyl azit cho phan iing mé vong:
R
Od =+ O
80% 20%
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Arylazit ciing cho phan iing mé vong khi dun néng:
NHC H,

/N2 CgHsNH
6115 2 N
@ —— (N

2
16- Phdn iing chuyén vi Schmidt

Phan ng twong ty Curtius nhung di tir sin phfm cong cha axit, andehit va xeton,

ancol va olefin v&i axit hydroxamic, tich Ny, chuyén vi va tdch proton tao thanh Xetimit-N-
thé réi thuy phan trong moi trudmg axit cho xeton v amin. Phin tng chung nh4t 13 phan tng
cua axit cacboxylic. Phan ung goi 12 chuyén vi Schmidt. Xic téc thuomg ding 1a axit
sunfuric nhung ciing ding axit Lewis. Géc R 13 ankyl, nhat 12 ¢6 mach dai cho hiéu sust t6t,
con aryl cho hiéu suit thay d8i vi hiéu ting 14p thé.

Véi olefin cho ankyl azit va chuyén vi:

LR e

~C=C-R N H—¢—-§)_R NN H—(—C—N—N=N —

R

® I I

|
N + H_F_f ~N—H — H—C—C=N{ Oy (—c=p +RNH;'

. Ny I

Phan itng cia axit:

H,0
RCOOH + HN; — R-N=C=0 —— RNH,
Co ché€ ciing tuong ty nhu Curtius nhung & day azit bi proton hod réi chuyén Vi

R_i(lj_OH e R—c+ + HNy—» @(?:E:Q\?—N — F“
0 4

th han
MBS RNH, €O,

Giai doan ddu gi6ng co ch€ AAc] nén cht ban dfu o6 khé khan 1ap thé cho hiéu sust t6t.

Cac xeton cung phan (ng v6i axit hydrazoic cho amit th€ nhu 1 phén ung cong mach

vao giita nhém cacbonyl va goc R, chuyén xeton téi amit:

+

H
R-C-R’ + HN; — R-C-NH-R’
o) o)

G6c R c6 thé 1a ankyl hay aryl nhung néi chung diankyl xeton va xeton vdng phan

ung nhanh hon 1a ankyl aryl xeton. Phan {ing diing axit sunfuric nhung khong phan tng
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trong axit HCl dac. Diankyl v vong phén ing hi¢u dung hon diaryl hay aryl ankyl xeton
hod4c axit cacboxylic va ancol. Xeton vong cho lactam:

o N
H* HO

Trong ankyl aryl xeton thi nhém aryl chuyén vi tdi nito trit Khi nhém ankyl 16n. Phan
ting ciing 4p dung cho andehit nhung hi€m hon va thutmg san phdm 1A nitrin cdn véi xeton
thi nitrin chi 13 san phdm phu.

Co ché phan ng tir xeton nhu sau:

H* _® _HOo _ ® _
R— (R —» R—?—R' + HN;—™ BF—N—N==N —» T—\-§=N —
OH R-¢—R @g R

tautome

OH
+-H20 —H+ ¥ — 1 ' R
R 69: N—R A RL-F=N-—R+ R—(|1‘=N R — R—h: NH—
®oH, OH 0

Trong co ché trén, sin phim azometin hinh thanh ¢6 thé chuyén ho4 ti€p trong méi
trudng khic nhau, ching han tuong tic vdi axit hydroxamic cho san phim vdng tetrazol.

17- Phdn immg chuyén vi Beckmann
Phan ting chuyén vi tit oxim ciia andehit hay xeton dudi tic dung ciia chét hio nudc

(H,80,, P,0s, PCls, axit fomic, SO, long, SOCI,, silicagen, axit photphoric ...) cho sin
phdm amit va amit thé:

R-C-R PCls R'-C-NH-R

N-OH 0

Phan dng chuyén vi nay goi 1a chuyén vi Beckmann. Nhém d¥i chuyén & vi tri anti d6i
v&i nhém hydroxyl nén thudng ding dé xdc dinh c4u hinh cla oxim. Song ciing tim thdy khd
ning chuyén vi cta nhém syn, nhat 12 khi R vd R’ déu 1 ankyl nén thu duge hén hop san
phdm. Piéu nay ciing chua chic chin vi nhiéu oxim déng phan hod & diéu ki¢n thyc nghiém
truéc khi chuyén vi. Cic nhém R va R’ 12 ankyl, aryl hay hydro nhung hydro hi€m doi
chuyén nén khéng cé phdn iing chuyén hod andoxim thanh amit khong th€ RCONH,. Su
chuyén hod clia andoxim c6 thé thyc hién dwge khi c6 axetat niken trong moi trudng trung
tinh hay dun néng andoxim & 100°C trong 60 git sau khi da duoc hdp phu trén silicagen.
Véi cc ankyl aryl xeton trong chuyén vi Beckmann thi nhém aryl wu tién chuyén vi cdn céc
xeton vong cd hiéu Gng m& vong:
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UN‘“ OH N
—

0
Cac este ciia oxim v6i nhiéu axit cling ¢6 chuyén vi Beckmann. San phidm phu 1a
nitrin, goi la chuyén vi Beckmann b4t thudng. Cic xeton vdng cé thé tryc ti€p chuyén thanh
lactam khi tdc dung v6i NH,OSO,0H va axit fomic.

Co ch€ phan ting chuyén vi Beckmann nhy sau:

F—OH Hy - _@’{2 = R-O=N-R O R—=N-—R
O A

R— C"_R' @C"‘_ R'

—» R—(=N-R == R*—E——NH-—R
H

Giai doan d4u 1a chuyén nhém OH thanh nhém dé& di ra, sau d6 chuyén vi tuong ty
chuyén vi Schmidt. Phan @ng c6 thé & dang cap ion, giai doan quyét dinh 11 giai doan
chuyén vi va gid tri p am nhung phan tng thién vé huéng chuyén vi déng bo hon.

Céc dan xu4t loai R,C=N-X v6i X = OCOR, OTs tham gia phan ing chuyén vi d& hon
do dé tich anion axit bén hon:

CeH;530; > CICH,CO0 > C¢H5CO0 > CH,COO0

Ching han oxim sunfonat khi ¢6 tdc nhan co nhom, chat trung gian c¢6 thé nhin
nucleophin lién ket véi nhom nén c6 thé cho céc san phdm khac nhau:

R

|
Ry C=N—R,
R 3Mg X min

imino thicete

N—OTs
(CH,);81CN |CN

R;-C=N—R,
imino nitrrin
Ngoadi ra chuyén vi Beckmann ciing cé trong phan ng quang ho4 hoc.
18- Phdn ing chuyén vi Stieglitz
Phan tdng chuyén vi g6c ankyl tir C t&i N xay ra trong cdc N-halogenamin vong khi

dung méi phan véi hién dién nitrat bac. Chéng han tir N-clo-2-azabixyclof{2.2.2]octan bi
dung moéi phan khi ¢6 nitrat bac:
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AgNO;
CH.0H Z N
OCH,

Phan ting tuong tr chuyén vi Wagner-Meerwein khi kich thich bing xdc tdc nitrat bac
véi nhém di ra 12 clo. Phin tng chuyén vi clia cdc hgp chat vdng cling ¢6 sy md va rit vong,
chdng han chuyén hod 1-(N-cloamin)xyclopropanol thanh B-lactam:

H fJ“"’R —_ i l@_R —-HO\—Q:T/R il : \[_B{R

Phan ing chuyén vi Stieglitz ciing 4p dung cho phén tng chuyén vi cha cdc
hydroxylamin va trityl N-halogenamin:

N Cl

bazg
Ar;CNHX — Ar,C=NAr

PC]G
Ar;CNHOH —» Ar,C=NAr

Phan tng ciing chuyén vi tuong tu chuyén vi ankyl cda trityl azit. Céc trityl amin
chuyén vi khi c6 tetraaxetat chi:

(CH,C00),Pb
AI3CNH2 —_— > AI':C:NAI'

14.3.5. Phan ing chuyén vi tir cachon tdi oxy
19- Phdn ung chuyén vi Baeyer-Viliger

Phan ing oxy hod xeton bing peaxit nhu peaxetic hay pebenzoic hay hgp chat peoxy
khic khi ¢é xtic t4c axit tao thanh este goi 14 chuyén vi Baeyer-Viliger:

R-C-R’ + CgHs-C-OOH — R-C-OR’

Co ch€ phan iing tuong tu nhu phan ing véi axit hydrazoic:

T
oro—ﬁR"
+ D R"CO;H (’ |
O OH (I)H

R
&xlt—R My R'_O—h:—R
OH 0
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Giai doan quyét dinh t6c do 12 giai doan hinh thanh sin phim cong 1a sin phdm dé
mét anion d€ chuyén vi clia géc R t6i O thi€u electron. Phin img chuyén vi thudmg déng thoi
v6i sy mit anion mang tinh chat déng bo nhu trong phan #ing Hofmann. Nhém R doi chuyén
vén gift nguyén c4u hinh.

Phan ng t6t nhat 1 trifloaxetic axit, cic xeton vdng chuyén vj thanh lacton. Cic
lacton chiral c6 tinh chon loc lap th€ khi ding enzym. Céc xeton khong d6i xung thi kha
nang chuyén vi: ankyl bac ba > ankyl bac hai, aryl > ankyl bac nhét > metyl. Thudng nhém
metyl chuyén vi rdt thdp nén cdc RCOCH, thudng phan cit cho ancol hay phenol. Nhém
aryl chuyén vi d&, tang khi ¢6 nhém the cho electron, gidm khi ¢é nhém th€ hiit electron.
Céc [B-dixeton enol hod khong cho phan dng ndy, con a-dixeton cé thé chuyén thanh
anhydrit. D6i v6i andehit, n€u hydro chuyén vi cho axit cacboxylic, con doi chuyén nhém
khac cho fomat nhing hi€m, trir aryl andehit chuyén thanh fomat khi cé H,0,.

20- Phdn tng chuyén vi hydropeoxit

Cac hydropeoxit khi c6 proton hay axit Lewis chuyén thanh xeton véi giai doan chinh
12 chuyén vi géc ankyl t6i O thigu electron:

R
| +

R—(F—O—OvH -H—* R—E—R + ROH
R 0

Phan tng ciing 4p dung cho cdc peoxy este R;COOCOR’ nhung hiém. Khi trong
peoxit ¢ ¢ ankyl va aryl thi wu tién chuyén vj aryl. Phian t¢ng cling xay ra khi ancol téc
dung véi H,0, va axit.

Sy chuyén vi nhém ankyl cia hydropeoxit bac nh4t cho ancol:
RCH,00H — CH,0 + ROH

Cd ché phan dng chuyén vi nhu sau;

l ® @® H,0
R~ O—H—"" R—?—O—OH —_— R—(IZ—O—R N
R

®Hz

R—T{—OhR — RTO + ROH

Giai doan sau 13 thuy phan hemijaxetan khong bén. Cacbocation ankoxy trung gian c6
thé tdch ra trong dung dich supeaxit & nhiét d6 thap va duge x4c dinh bing NMR.

Phan tng duge nghién citu khi oxy hod cumen thanh axeton va phenol, ¢6 ing dung
trong cong nghé:
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0—0-H H, ~0
+H+___ —_— +H20 —

S0y — 180D 18 Dm0 O

Phén g c6 su doi chuyén nhém aryl ciing ciip electron lién k&t xay ra dong b khi cé
sv lién hop gita nhém phenyl va trung tam phan tng:

/ v H
0‘-15’
O
F_

14.3.6. Phan ing chuyén vi tir dj t6 (N, O, S) t6i cacbon

Phan tng chuyén vi clia nhém thé tir di t6 16i cacbon hi€m hon, xdy ra véi nhém
chuyén vi thi€u electron hay mang dién tich duong téi trung tam c6 mat d¢ electron 16n hay
mang dién tich am. Phan img thudng c6 bazo va theo co ch€ electrophin.

21- Phdn iing chuyén vi Wittig

Phan itng khi dun néng cic ete vdi kim loai cho ancol:

R-CH,-0O-R’ R, R-—CH—(? Lie‘ + R”H
R’

Chéng han, c4c phan ng sau:

(C¢Hs),CH-O-C¢Hs; —= (CgHs);COH
CeHsCH,-0-CgH; — (C¢Hs);CHOH

Phian tng chuyén vi c6 sy hinh thinh anion hay trung tam du electron, nhém doi

chuyén dé lai cap electron d€ di t6i trung tam du electron:

N , )
(C¢Hs),CH-0-CgHs 2, (C6H5)2C®—0—C6H5 Na, 100C_

_ ., HO
— (C6H5)3C—0 Na*® ——» (C6H5)3C—OH
Phan img xay ra khi c6 Na, Li, amidua kim loai trong amoniac 1éng hay anky! liti.

Phan ng goi 1a chuyén vi Wittig (khong phai phin ing Wittig) v6i bazo manh nhu
phenylliti hay amidua natri, v6i R va R’ ¢6 thé 1a ankyl, aryl hay vinylic, ciing c6 thé mot
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hydro thay th& nhém ankyl hay aryl nhung trong trudng hop ny thu dugc muéi ciia ancol
bic ba. |

Céc nhém doi chuyén giam theo:
CH2=CHCH2. CﬁH5CH2 > Csz > CH3 > CﬁHS

Co ch€ ddu tien 1a hinh thanh cacbanion do bazo cdt 14y proton réi co ché ti&p theo 1a
co ché cip g6c. Mot trong hai g6c dé 1a géc xetyl:

S . . ©
R—(ejH—O—R' - | R—CH—0O =» R—CH—0O| —R H—(g)

L] [ 1
R 16ng dung moi "R R'

Nhing ching minh cho co ch€ nay Ia cdc dac tinh sau: 1- phan ting chuyén vi 12 noi
phan tir, 2- khd nang doi chuyén theo thit tu tinh bén cda g6¢ ty do ma khong phai theo tinh
bén cia cacbanion, 3- tim thay sin phdm phu 12 andehit, 4- quan sit thdy sy raxemic hod
mdt phdn cia R’, 5- di tdch ra duge sén phdm chéo va 6- khi gdc xetyl va g6c R’ tir cdc tién
t8 khdc nhau ciing cho sin phim tuong wy.

Song ciing chitng minh 14 trong mot s§ trudng hop co ché cip ion chi cho mot phdn
sdn phdm con phdn khdc 13 co ch& déng bo. Nhidu két qua cho thdy, co ché cip ion Xay ra
khi géc R’ 1a ankyl, nhung co ch€ cap ion ciing ¢6 khi R’ 12 aryl cdn khi R’ 13 allyl 13 co ch&
déng bo.

Trong loai vinyl, khi cé ankyl liti va tert-butylat kali c¢6 kha nang d&i chuyén 161 G,
(t6t hon 14 C,) r6i thuy phan cho andehit:

CH,=CH-CH,-OR’ — R’CH,-CH=CH-OLi — R'CH,CH,CHO
Mot 56 amin benzylic bic ba khi tdc dung v6i C4HgLi ciing ¢6 chuyén vi Wittig:
CeHsCH,N(CeHs); — (CgHs),CHNHC Hs
trong trudng hop nay chi géc aryl chuyén vi.

22- Phdn itng chuyén vi Stevens

Phén \ng tao thanh amin tir mudi benzylamoni véi su doi chuyén nhém benzyl khi c6
kiém hay amidua natri:

H; (|3H2C6H5
HO
CeHsCOCH,;NZ-CH,CeH; — > CgHsCOCHN—CH,
H, H;

Phin Ung xay ra nhu 1a th€ electrophin noéi phan tir qua ch4t trung gian cacbanion,
phan ting xay ra v&i sy bao toan c4u hinh nhém d&i chuyén véi su tao thanh lien két C-C va
phan cét lien két C-N xdy ra déng thoi,
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Phan iing ciing c6 thé xay ra qua trang théi chuyén vdng:

(|:H3 O ?H;
HO
CGHSCOCHz—N&)—CH3 — C6H5C0—C_‘---I\P— CH; —
*CH,C¢H;
CH,C¢Hs 2L (IjH3
CgHsCOCH—N— CH;
CH,CeHs

Néi chung, phan ing x4y ra tit mu6i amoni bac b&n cé nhém the hiit electron Z & trén
cacbon n6i véi nito khi tic dung vdi bazo manh (NaOR, NaNH,) cho amin bic ba chuyén vi:

llia 133
z-CH2—1|~1®-R2 — Z-CH-N-R,
R, R,

Z 1a nhém hit electron nht RCO, ROOC, phenyl... Nhém ddi chuyén thong thudmg 1a
allyl, benzyl, benhydryl, 3-phenylpropargyl, phenaxyl... cdn nhém metyl chi chuyén vi khi
trung tam d am. D6i véi nhém allyl c6 thé cé hay khong ¢6 chuyén vi allylic phu thuge vao
chat ban ddu va diéu kién phan ting.

Cédc mu6i amoni vong ciing ¢6 phan ing md vong:

CH; HsCs

|
@1 — CHyGHs  nmy
L ]
90%

Phan ting c6 giai doan d4u m4t proton cho ylit c6 thé tach ra duge, tim thdy su chuyén
vi 12 noi phan tir, bing phuong phap dinh dfu '*C tim thdy su bio toan cdu hinh
cua R;.

N

Phé CIDNP tim thdy trong nhiéu phan @ng 13 sin phdm truc ti€p tao thanh tir tién t§
g6e tu do & giai doan sau nén cé thé cé hai co ché:

Co ché a:
R3 R3
o | o | 3
Z—CH _ll\]ng E—— Z—CH— N®— R, -» 7—CH—N—R;
R] * Rl .R]

16ng dung moi

Theo ca ché€ cip gbc trong dung moi ndy, cdc gc 'Ry k&t hop nhanh vi khong c6
raxemic hod cla R, va cling ¢6 chitng minh cho co ché€ niy I trong mot s6 trutng hop tim
thdy san phdm t6 hop hai g6c cho R;R; tdch ra dugc do g6c ‘R, 1ot ra khoi 16ng dung moi.
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Coché'b:
R, \

o~ | 8
Z‘-CH-Ne— Ry s | z—CH=N- Ry | ~—= —FH—N—-RZ
' e
_ ( R; R, R,

Co ch& b ciing tvong ty nhir co ch€ a nhimg & dang cap ion trong 16ng dung moi.
Ngodi ra c6 thé c6 co ché chuyén vi 1,2 déng bo nhung theo quy tic doi xing obitan
thi R, phdi quay c4u hinh, thyc t€ R, duoe bio todn cfu hinh nén chi trong trudng hop nhém
d&i chuyén allyl thi ¢6 thé déng bo. DE chitmg minh cho cic co ché, ngudi ta nghién ciu hop

chét c6 nito bat d6i xing hoat déng quang hoc nhuy allyl benzyl metyl phenylamoni iodua
thu dugc san phdm hoat dong quang hoc:

H2C6H5 —EH2C6H 5
<2 . CHyO = CH
N H, - <O o g—~N—CH—CH 2
(+) CgH3 lf CH,CH=CH, CHanto (-)-CgH3 |
CH, CH; 5%

Khi Z 14 g&c aryl thi ¢6 phan ing Sommelet Hause canh tranh va khi goc R ¢6 nguyén
tir hydro B thi ¢6 phan ting tdch canh tranh.

Céc sunfua ylit chita nhém Z ciing c6 chuyén vi, thuong 1a chuyén vi Stevens:

e ©
1 R]

Trong trudng hop ndy, theo CIDNP thi co ché la cip gbe trong 18ng dung méi trit khi
g6c dai chuyén 1 g6e allyl ¢6 thé theo co ché khéc nhau.

Trudng hop céc amin oxit khi dun néng ciing chuyén thanh hydroxylamin thé theo co
ch€ tuong i goi 12 chuyén vi Meisenheimer:

R,
|
Rz_ N®_Oe A g Rz_ N-— O_Rl

| |
R; R;

trong dé nhém ddi chuyén vi R, lu6n 12 allyl va benzyl; Rz, Rj3 c6 thé ankyl hay aryl nhung
néu g6c R chita Hp ¢6 phédn ting tdch Cope canh tranh.

23- Phdn itng chuyén vi tit bo t6t cacbon

Triankyl bo téng hop duge tit olefin vSi cacbon monoxit & 100 + 125°C khi c6
etylenglycol cho 2-bo-1,3-dioxolan rdi bj oxy ho4 cho ancol bac ba:

HOCH,CH,0H / 0— (|:I—12 _HEE&. R.COH
3
R3B -+ CO W R3C—B\O-——CH2 NaOH
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Phéan ting c6 tng dung quan trong trong téng hop nhitng ancol khé khan 14p thé:

DO-P - -EF

Con ¢6 nhitng phuong phdp khéc téng hop ancol bac ba i triankyl bo:

" 1-LiOCC,H, - THF
R3B + CHC120CH3 - R3COH
2- H,0, - NaOH

1- (CF,C0),0 du
2- NaOH - H,0,
Phan ting c6 su chuyén vi gdc ankyl tir B t6i C theo co ché sau:
h IIL\ R R
R3B+?58——- ReB—C'—'O — B—(C—R — |B—-(ll—R
}{ \ O/

_ THF
R4B + CN™ ~—— RsBCN ~ R,COH

R
I HOCH,CH,OH _CH2 H,0;
— R(—B=0 ——— — R3C—E<) o ReCOH
""CHz

Phan ting chuyén vi 12 noi phan ti va thyc t€ thu dugc hén hop sin phdm qua sy dbi
chuyén g6c ankyl tir B t&i C. Khi c6 etylen glycol, sy hinh thanh boepoxit chuyén w1 tiép géc
ankyl thit ba thinh anhydrit bo ma trong etylenglycol cho ancol bac ba, néu ¢é nuée thl
khong c6 kha ning ddi chuyén g6c tht ba tit B t6i C nén nudc thuy phan boepoxit cho diol.

Diol nay trong nudc - kiém cho ancol bac hai, trong hydropeoxit - kiém cho xeton:

x\y
RsB + CO —> R—B— —R
HOH k H—R

H
Phan iing trén dugc ding dé€ téng hop ancol bac hai hay xeton.

Phén tng c6 thé téng hop xeton khong d6i xitng khi ding boran & dang R;R’B, trong -
d6 mot nhém chuyén vi kém hon nhém khéc (bién d¢ chuyén vi bac nhit > bic hai > bac ba).

Mdt phuong phép khac d€ tdng hop xeton tir triankyl boran 1a ddng xyanoboran:
o 1- (CF,C0),0
R,B-CN -
2- H,0,,HO

hoac ding diankylcloboran véi ancol hodc vdi liti andimin:

RCOR
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1- CHCl,OCH,, LiOC(C,Hy),

, THF, 25°C
R,BCl + R°'OH — R,BOR’ — » RCOR
2-H,0,-HO
1- HCN hay C;H,CHO
R,BCt + R"-N=C-R’ —— RCOR’
I 2- H,0,-HO

Li

Tir triankylboran véi CO c6 thé tdng hop ancol bsc nhét, andehit hay axit cacboxylic.

Mudn ¢6 ancol bac nhit cin thém chat khir: chi ¢6 mot 14n chuyén vi r6i thuy phéan
cho ancol:

1- LiAIH,
RsB + CO — TS RCH,0H
1- LIAKOCH,),
R;B + CO » RCH,0H

2‘ HzOz'NaI'IIPO"Nasz‘*
D€ 16ng hop andehit c6 tinh chon loc 1ap thé cao (hon 99%), dimg este ‘boronic

RB(OR’), tinh khi€t quang hoat tdc dung véi metoxy(phenylthio)metylliti
LiCH(OCH;)SC¢H; cho mudi, tdc dung ti&p v6i HgCl, va réi véi H,0,:

. 0
! / >
B
( }/B\o + LiCH(OCH;3)SC¢Hs—» ( 7/ L
. 1

Boran ¢6 thé tryc ti€p chuyén thanh axit khi cé axit phenoxyaxetic:
© &) ©
R;B + C¢gHsO—CH—CHOO — CGH‘:'CH— CO0 —»

BlR
© H

— R—FH—-—COO — RCH,COOH
R,B

Céc vinyl bo ciing chuyén vi cho anken:
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_~BR NaOH EN AR

Khi chat ban ddu c6 nhém vinyl, phan dng cé chuyén vi g6c R’ téi cacbon cho anken.
Phan tng 1a dic thu 14p thé: 1- n&€u nhém R va R’ 14 cis trong chat ban dau thi thu duge san
phdm trans, 2- bdo toan c4u hinh clia nhém chuyén vi. Néu R’ 1a H thn duoc cis-anken, néu
R’ 1a vinyl thu dugc dien lién hap.

Co ché€ phan éng nhu sau:

C\B—Rl E (l'l——li3 R —
_ == H—C— -

" RN\ /) g ]

K~ R N R I

CT/ R R 1

R"
H, R

==
G

Triankyl bo tic dung v&i ankynua liti cho ankynyltriankylborat phan ung véi I, cho
ankyn:
: © P
R’;B + RC=CLi— RC=C-BR’;Li" — RC=CR’
néu cho tdc dung véi téc nhan electrophin nhu axit propanoic hay tributyl thi€c clorua cho
Z-anken chon loc 14p thé:

© &

N
RC=C—BRLi RCOOH G%=C—BR' —-R—T_‘C_BR'z—"
4)
R'COOH R—(i,=$-—R'
H H

Phan ting v6i (C,Hg)sSnCl cho Z-anken dic thit lap thé.

Néu tdc dung (4) vdi electrophin khdc nhu metyl sunfat, allyl bromua hay trietyloxoni
bo florua vi oxy hod vinyl boran cho xeton:

CH —/_SSOQOCH3

2 i "
RC=C Bth —» R— JJ—('Z—BR 5% Re-c-wr
NaOH J{ %
R CH3OSOZOL1

Theo mot phuong phdp khdc, phan dng céng diankylboran va l-halogenankyn cho
a-halogen vinyl boran (1) réi tdc dung v&i NaOCHj; cho san phdm chuyén vi va proton phan
cho san phdm E-anken (2):
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CH,0~ |

3 \ R R\ H
chng syn /d
— =

R,BH + BrC=CR’ R— B H
2 Y=

(hH

Néu R 12 nhém vinyl thi san phidm 12 1,3-dien.
14.3.6. Mot s6 phan wng chuyén vi xa (khong phai 1,2)

Phén ing chuyén vi c6 thé & vi trf xa hon 1,3; 1,4; 1,5... goi chung 12 chuyén vi xa hay
khong 1,2. Mot s6 chuyén vi electroxyclic, chuyén vi sigma, chuyén vi Cope, chuyén vi
Claisen... da néi & chuong 12 - phan ting nhiét vi quang hod, & day néi vé mot s6 chuyén vi
nucleophin xa hon,

Phan ting chuyén vi clia nhém chuyén vi véi cap electron tir A téi C trong Y-A-B-C
hay xa hon véi hydro hay ankyl xdy ra rat hiém. Thong thudng chi tim thdy su chuyén vi clia
hydro va brom trong mét s& trudng hgp.

Thurc nghiém ching minh sy hinh thanh cation 3,3-dimetyl-1-butyl (CH;);CCH,CH,".

Né&u chuyén vi 1,3 clia nhém metyl 1 c¢6 thé thi cho cation bic ba 2-metyl-2-penty!
(CH,),C*CH,CH,CH,, trong khi d6 chi c6 thé chuyén vi 1,2 (chuyén vi hydrua) cho cation
bic hai, thuc t€ tim th4y san phdm 2-metyl-2-pentyl do chuyén vi 1,2 cha hydro. Kha nang
chuyén vi 1,3 déng bo khéng cé & metyl va brom nhung c6 thé ¢6 chuyén vi 1,3 cla hydro
nhung & day su chuyén vi la tryc ti€p hay theo co ché€ khac. Ciing ¢6 thé chuyén vi 1,3 gidn
ti€p qua chuyén vi lién tuc hai 14n chuyén vi 1,2 hay di qua trang thdi chuyén xyclopropan
proton hodi.

Su hinh thanh sin phdm chuyén vi 1,3 phai truc ti€p di qua trang thdi chuyén A hay
qua chdt trung gian xyclopropan proton hod B:

\C

C
{ AN /
c
- T

(A) (B)

C6 chitng minh 12 thue & su chuyén vi hydro 1,3 13 k&t qua clia hai l4n chuyén vi 1,2
nhung trong mot sé truomg hop khong tim thdy mot hrgng nhod hinh thanh khéng béng con
dudng nay.

¢

Chéang han, phin ing 2-metyl-1-butanol véi KOH va bromofom cho hén hop olefin do
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phan lmg tich hay chuyén vi 1,2 clia hydro hay ank)‘!l, song ciing cho 1,2% san phdm C sau:

CH, CH;
! KOH !
CH'_;—CH:;—CH—CHZ—OH _— CH2=CH—(I:H—CH3
C 12%
N&u san phdm nay hinh thanh thi di qua xyclopropan proton hod hay tir hai l4n 1,2:
CH;
CHr-CHz——g)—‘ CH;
CH, 12 2) Ni CH3
| @ / 3 p @ I
CHy—CH,—CH—CH, : » CHr—CH—CH—CH,;
(1) (3)

San phdm (3) khong hinh thanh tir (2) m2 ¢6 thé hinh thanh tryc ti€p tir (1), ching to
chuyén vi 1,3 di qua xyclopropan proton hod trung gian d€ hinh thanh.

Phan dng chuyén vi xa hon thudng quan sat thdy trong cdc vong 16n tir 8 dén 11 canh
bing phan ting chuyén vi goi 1 chuyén vi qua nhan:

H, H, H; H; sz

€ ~Go ~CP ~P*0
l

OH OH OH ®0OH OH

Nhém metyl hay néi chung ankyl khéng ¢6 chuyén vi qua nhan, nhiéu trudng hop la
chuyén vi hydro va doi khi chuyén vi nhém phenyl.

24- Phdn itng chuyén vi benzidin

Céc hydrazobenzen dun nong trong axit thu duge 70% 4,4'-diaminobiphenyl va 30%
2,4’ -diaminobiphenyl. Phin tng goi 12 chuyén vi benzidin:

@—I——I—@ i, H;_N—O—@"NHZ

Phan ing 13 chung cho loai chit N.N’-diarylhydrazin cho san phim chinh 13 4,4°-
diaminobiphenyl,con ¢6 2,4’-diaminobiphenyl va 2,2’-diaminobiphenyl, ngoai ra con cé
o- va p-arylaminoanilin goi chung la semidin.

Trong phén tng luén thu duge sin phim chinh 1a 4,4’-diaminobipheny! trir khi vi tri
para bi thé, nhung cé nhém SO;H, COOH thi bi thé. Dinaphtylhydrazin khéng cho sin
phim chinh 13 4,4’-diaminobinaphtyl ma 2,2’-diaminobinaphtyl.
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Nghién cifu co ché cho thdy, sin phim thu dugc luén c6 hai nhém Ar va Ar’, khong
¢6 san phdm cling nhém Ar hay Ar’, phan ting luén la bac nhat cha ch4t ban d4u, bac nh4t
v6i [H'] & néng d6 thap va bac hai & néng d6 cao.

Su hinh thanh 4,4’-diaminobipheny] cé sir phan cit lién két N—N va hinh thanh lien

két C-C nam trong phuong trinh t6c d6 nén co ché la déng bo, xem nhu 1a chuyén vi sigma
[5,5]):

D @ @ @
NH, 57— NH, NH, — NH, , NH,
é%j OO0 =00
—_— —_—
H

Su hinh thanh 2,4’-diaminobiphenyl theo co ché khic, giai doan quyét dinh t6c do 1a
phan cét lien két N-N, lién k&t C-C khong hinh thanh trong giai doan nay. Su hinh thanh
san phdm semidin 12 khong déng bo. Ngoai ra trong di€u ki¢n khdc, benzidin ciing chuyén
vi theo co ché€ cation-géc.

25- Phdn tng chuyén vi Hofmann-Loffler

Khi dun néng N-halogenamin’ cé g6c R & vi tri 4 hay 5 ¢6 hydro trong mach
hydrocacbon R véi axit sunfuric sé hinh thanh pyrolidin hay piperidin:

+ @
RCH2CH2CH2CHQII\IR' - R(IZHCHQCHZCHzNHzR' . RD
A N
o Cl L,

Phin 1ing goi 12 chuyén vi Hofmann Loffler trong d6 R’ 1a ankyl cdn R’ = H c4n trong
dung dich axit sunfuric dic va muéi sit. Giai doan ddu 12 chuyén vi chia halogen tit N t6i vi
tri 4 hay 5 cfia nhém ankyl, giai doan hai 12 déng vong.

Phén tng thuding ¢6 kich thich bing nh sang hay chat kich thich véi nhiét. Phan ing
theo co ché gdc tu do.

Kich thich:
H* @ ' .
RCI‘{2CI'{2CH2CH2TR' ——- RCHZCI—{ZCHZCHleHR'—'-’RCH2CH2CH2CH2§HR + CI
Cl Cl
Chuyén mach:
CHs;—CH H,— CH
ST /C 2 L
R— CH, /CH2 — R—CH CH,
‘gHR' gHZR'
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® ®
RE:H CHQCH2CH2NH2R' <+ RCHzCHzCHzCHzlquR —
Cl
@ 1
R(I:HCHZCH;zCHﬁHzR' + RCH,CH,CH,CH,NHR
Cl V.V...
Béi v6i cac N-halogen amit cho y-lacton:
h
RCH,CH,CH,CONH ——» RCHCH,;CH,
O0——2=C=0
26- Phdn ting chuyén vi Chapman
Phan \mg dun néng aryl imino este tao thanh N,N-diaryl amit:
Arz-(l3=N—Ar3 2, Arz—([“,I—Il\I—Aﬁ
OAr, O Ar

Phin vng goi 1a chuyén vi Chapman, thudmg dun héi lwu chat trong tetrametylen
glycol. Nhém aryl ¢6 thé chifa nhém chifc nhu ankyl, halogen, OR, CN, COOR, va nhém
aryl chuyén vi t6t khi c6 nhém hut electron trong nhan:

Ar,—(C=N Ary— C=IINT@ Ary— C_If
AI'3 Al'3 AI'3

Co ché€ phan ting nhu 14 th& nucleophin ndi phan tit thom e6 sy chuyén tir O 8 N & vj
tri 1,3. San phdm c6 thé thuy phan cho diarylamin.

Aryl imino este téng hgp tir N-aryl amit khi ¢6 PCls t6i véi ion ankoxit:
Arz-C-NH-Ar; + PCls — Any-C=N-Ar; A0 Ar-C=N-Ar,

0 al OAr
27- Phdn iing chuyén vi Wallach

Phan tng chuyén hoa hop chat azoxy trong axit tao thanh hgp chit p-hydroxy azo (doi
khi cho déng phan o-hydroxy) goi 1a chuyén vi Wallach:

+ @ -
H / \
AI—N=I|\T_© e Ar‘—N=N—\\ /;'— OH
) .
Khi vi tri para da bi thé, c6 thé thu duge san phdm ortho nhung con c6 khi ning thé
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ipso vao vi trf para, bang phuong phip déng vi tim thdy nhimg nhan 16 sau: 1- chuyén vi
para 1a ndi phan tr, 2- oxy khong c¢6 chuyén vi & trong vong, 3- dong hoc tim thiy hai
proton trong phan ting nén duva ra ¢ ché nhu sau:

H+ @ @ @
Ar— N=Ir“ p——d Ar—"'N=N— — Ar _NEN—
%0 (|OH

AZ"H
it O

Ciing c6 thé ¢6 co ché€ khdc chi cé mot dién tich duong nhung thudmg trong axit thap.
Chuyén vi Wallach ciing ¢6 trong phan {mg quang hod, san phdm 12 o-hydroxy azo, nhém
OH tim thdy & vong xa hon va chuyén vi ciing néi phan ti.

28- Phdn itng trao doi ciia olefin (phdn img metathesis cia olefin)

Khi olefin tdc dung cla mét vai xic tdc nhu phifc cia tungsten, molipden hay reni thi
6 phan itng chuyén nhém ankyliden (RR'C=) tit olefin nay t6i olefin khdc theo so d6 sau:

RR’C’==CRR’ RR’'C  CRR’
+ = | + |
R’lR!”C ;CR"R”’ R”R”’C CR”R”’

Chéng han nhu 2-penten hay hén hop cis- v trans-2-penten chuyén thanh hén hop
gém 50% 2-penten, 25% 2-buten vi 25% 3-hexen. Phin tng 12 can bing vA hén hop trén
cling ¢6 thé tim thdy khi ding mot hn hop duong lugng 2-buten va 3-hexen. San phim phu
thugc vao tinh d6i xing hay khong d6i xing ciia olefin, ching han tt RR'C=CRR’ vi
R"R™C=CR”R™ chi cho mét olefin mdi RR’C=CR"R™’, cdn hén hop R;R,C=CR,R, vi
RsRsC=R;Rg cho hdn hyp 10 déng phan (hai nguyén g6c va tdim méi). Ty 1& sin pham ndi
chung la théng k& nén han ch& phuong phédp nay, trir khi c6 mot olefin 12 bén hon hay kém
bén hon vé nhi¢t dong hoc thi khong c6 tinh théng ké. Ching han 2-metyl-1-buten cho
etylen va 3,4-dimetyl-3-hexen va n€u & trang thdi khi thi hiéu suat 3,4-dimetyl-3-hexen
chi€ém dén 95%.

bien cho phan ting ndi hay ngoai phan tir:

(CH,) = (CH,) ('-IH + CH=CH
2 — 2 = L

Olefin vong cho dien dime hoé:
A0~ D
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Phan \ing giita olefin vong v olefin mach h& cho dien md vong:

O -1 = CE
Phan itng ciling 4p dyng cho ankyn nhing khong ding cho ankyn cu6i mach:

2RC=CR’ == RC=CR + R'C=CR’
Co ché€ 1a co ché chudi: qua phitc kim loai (5) va vong bon canh chira kim loai (6):

R R
)c=(< + xiictic — H>C=M
5
R’ R R’ R'
H/C_M + C"C/ — | ‘ —_— H>C:C<H + H>C=M
(3) (6)
29- Phdn ttng chuyén vi o xiic tdc ion kim loai
Khi dun néng cdc phan tlr ¢6 sifc cang 16n véi xiic tic ion kim loai nhu Ag’, Rh (D)
hay Pd (II) s& cé chuyén vi:

phic Rh(l) Ag?t
/ ‘

(D cuban cuncan

Phian tng chuyén vi dugc xem nhu 13 hai loai chinh (1) 12 mé vong 2 + 2 cla
xyclobutan va chuyén hod (2) ciia he bixyclo[2.2.0] thanh he bixyclopropyl:

~1-1 @7 - Py

loai 1

loai 2
Chéing han vi du dién hinh ciia loai nay Ia chuy&n hod cuban thanh trixyclo[4.2.0.0°"]-
octa-3,7-dien 1a thudc loai (1), con khi c6 Ag" hay Pd (II) 1a chuyén hod loai (2) cho cuncan.
Mot s8 vi du khadc:

Loai 1:
3
Ag* COOCH
s @sz 3
(10)
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Loai 2:

COOCH,
AgClO,
(", COOCH, —é}?’: COOCH;

™ COOCH,

Co ch& cua cdc phin ting nay chua that 15 nhung c6é lién quan tdi sic cang phan tir 12
dong lyc cha phan tng. Phin ving bi c&m vé nhiét theo quy tic d6i xing obitan va vai trd xtc
tic 12 1dm gidm nang lugng dé€ phan Gng xay ra. Phan ing loai 1 1a phan @ng nghich cua
phan ing m& vong 2 + 2. Co ché phan img 12 Ag* t4n c6ng vao mot lien két ben dé chuyén
(8) thanh (9):

Ag Ag
RO AL TG o SV
(8) (9

Cac xyclobutan don gidn ciing chuyén thanh dien nhung trong trudng hop nay ¢ su
phan cit mot lien két trung t4m va mot lien két ben. Chéng han, tir (11) tde dung véi AgBF,
cho hén hop hai dien do phan cit C,-C, vi C,~Cj:

CH,

N s CH, CH,4
-— Cl_I3 + H
Qrem T Mt gt
4 3
(11)

30- Phdn ung chuyén vi di- m-metan

1,4-dien chita nhém ankyl hay aryl & C; ¢6 th€ chuyén vi quang hod cho vinylxyclo-
propan, goi 1a phan iing chuyén vi di-n-metan;

Sl

Ching han nhu chuyén vi (1) thanh (2):

w

CH3

H.C CH 2
3

T @)

D61 véi nhiéu 1,4-dien thi chi & trang thdi kich thich singlet cho phan iing cdn & trang
thai triplet cho phin (ng khic. D6i véi dien khong d6i xing c6 chon loc vi tri, ching han

(3) cho (4) ma khong cho (5):
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3o

(3) (4) (3)

Co ché c6 thé mo ta theo co ché g6c kép. Nhém th€ & Cy 1am 6n dinh g6c, tim thay
tiéu phan (6) 12 trang thai chuyén ma khong phai 12 chat trung gian va trong nhiéu trudmg
hop chit ban ddu ¢6 nhém thé thi cdu hinh & C,; vi Cs dugc bao todn, con ciu hinh C; 12

nghich dao:
B - E
2 ) C 4 _v» —- —_— 2 4
AT ) T
(6}

5

Phan ting ciing chuyén thanh allyl benzen khi C; khéng ¢6 nhém th€, thanh xeton
B, y-khong no (trong trudmg hop nay goi 13 phin dng chuyén vi oxa-di-n-metan (chi tir trang
thai triplet), thanh hé imin B, y-khéng no va thanh h¢ lién két ba:

J = QA
R,
R R3 R3
R Re . R Rg
1
0 R
R5 8 0 RS

Khi quang phan 2,5-xyclohexadienon c6 thé cho cdc phan iing khdc nhau, trong dé vé
hinh thitc gi6ng phén tng chuyén vi di-x-metan. Nhu khi quang phan hgp chat (7) cho
bixyclo[3.1.0)hexenon (12). Mac dd vé hinh thiic gidng phan #ng tix (1) t6i (2) & trén nhung
co ché ¢6 khéc 1a & day do bitc xa xeton gay ra trang thdi kich thich » - «' m2 khong ¢6
trong phan ing dien khong cé nhém cacbonyl. Co ch& ciia trudng hgp nay 1 hinh thanh
trang thai kich thich triplet (9) va (10). Trong giai doan (1), ¢6 su kich thich # — =" thanh
trang théi singlet (8) chuyén sang triplet (9). Giai doan (3) 12 chuyén tir trang th4i kich thich
nay sang trang thdi kich thich khéc. Giai doan (4) 1A chuyén tir #° — n (hé¢ chuyén chéo tir
T, -» S,). Su chuyén tir (11) sang (12) 12 chuyén vi ankyl 1,2. Lién két cii C¢—Cs trd thanh
lién k&t mé&i Cg—C4 va lien két cli Cg—C, trd thanh lign k&t méi Cg-Cs.
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{ 1 2 3 {
V T. b T. —
HsG Gt H;Cs Gl HGCs CeHs HiG Gells
" (8) 9) (10)
singlet triptet triplet
=]
O 0
(‘ 3 3
2. PN 5. e
1 5 1 8 CGHS
6 5
H, CH el
©) (10)

Xyclohexadienon-2,4 cling cé chuyén vi quang hod nhung cho san phim khic 14 san
phdm mé& vong.

31- Phdn ing chuyén vi dyotropic

Phan ttng chuyén vi dyotropic 12 qu4 trinh khong xiic tdc, trong dé c6 sy doi chuyén
ddng thoi hai lién két o:

g g
R— (l:— Si(Ry); == R— (I:— Si(R s

Cé hai loai:

Loai 1 1 hai lién két o trao déi vi tri cho nhau, nhu vi dy trén va vai phan ung sau,

ching han:
Loai 1:
& ©
R—C=N—-0 == 0=C=N-R
nitrin oxit isoxyanat
Loai 1:
CH,CH, R
T/ MgBr, Hac\q/ R
—— O
N
X 0 5
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Loai 2 khong cé su trao déi vi trf hai lién két o:
Loai 2;
OR O 0 OR

OR O c OR

K H
R
R H FAN R
e

Loai 2:
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Chuong 1 5

PHAN UNG OXY HOA - KHU

15.1. KHAI NIEM CHUNG

Trong phan iing vé co, ching han:
Na' + ClI° — Na* + CI”
Na’ 12 chat cho electron dé thanh ion duong goi 12 ch4t bi oxy ho4 hay chat khir.
CI' 1a chét nhan thém electron dé thanh ion am, £0i 1a chat bj khir hay chat oxy hoa.
Mt = M°
chat oxy hod chat khir

Qua trinh nhén electron 13 qu4 trinh oXy hod, qud trinh cho electron 12 qu4 trinh khir.

Trong da s6 trudng hop, phan dng oxy hos - khir 12 phén ing can bing giita dang oxy
hod va khir. Hai dang nay t6 hop trong mot phuong trinh chung goi [ phan tng oxy hod -
khir (redox). Nhur vy, hod v6 co x4c dinh sy oxy hod bing hai cich: mat electron va ting s6
oxy hod.

Trong hod hitu co, quan niém trén khong d& gi 4p dung. Electron trong vai phan tng
oXy hod va khir khong chuyén truc ti€p nén co ché khong thé dua vao sy chuyén truc tiép
electron va khé do duge sw chuyén electron d6 ddng thoi ciing khé giai thich cdc gid tri do
dugc. Tuy vay ciing c6 thé 4p dung d& ding s6 oxy hod trong mot s6 trudng hop nhu s6 oxy
hoa clia cacbon trong CH, 1a —4, nhung trong nhiéu trudng hop cé cic gid tri khong nguyén
ma bé ngoai xem nhu 13 v6 1y, ching han s&§ oxy hod clia cacbon trong propan la -2,7 va
trong butan 12 -2,5 nén ngudi ta cho ring hai hop chat nay c6 trang thdi oxy hoa khdc nhau.
Sy oxy hod khdc nhau cia nguyén ti trong phan tir dya trén s6 oxy hod cita nguyen tir d6 c6
trang thai lién két nhu the ndo, ching han axit axetic ¢6 hai cacbon c6 trang thai oxy hoa
khdc nhau. Tuy nhién, trong hod hiru co di c6 nhitng day nhém chitc duge xép theo thi tv
tang s6 oxy hod nén xdc dinh s6 oxy hod 1 ctta nhém chiic nay chuyén t6i nhém chitc cao
hon, con phan Ung khir nguge lai. Cdc nhém chite duge sép x&p trong bang 15.1.

Su phan loai trén chi 4p dung cho timg cacbon riéng hay cacbon lién nhau, ching han,
s6 oxy hod ciha 1,3-diclopropan giéng véi clometan nheng 1,2-diclopropan thi cao hon
clometan. Su phan biét nay chi 12 twong déi nhung 4p dung t6t trong hod hitu co. Chi yla sy
chuyén hod tir chit nay sang chdt khdc theo cing mét loai khong phai 1a oxy hod va khi.
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Trong hod hitu co thudomg diing quan niém sy oxy hod 13 nhan oxy hay mit hydro, con khi
thi nguogc lai. -

Bang 15.1. Trang th4i oxy hod clia mot s6 nhém chife

RH 4_(';-_-2;_ —C=C— R-lC—OH CO,
R—C—R
<N | R—C—NH, ccl,
RCI |
| 0
|
‘A P — (|3— Cl
_{]:_?_ Ct
Cl ¢l
|
OH OH
V.V
86 oxy hoa
-4 -2 0 +2 +4

Trong hod hifu co, ngudi ta diing cdc khdi ni¢m khéc 12 s6 oxy hod va bac oxy hod.

Sd oxy hod:

S0 oxy hod thudmg ky hiéu 1a n, 12 s dién tich quy wdc khi gia thiét ring phan tif hitu
co gom nhiing ion don gidn két hop v6i nhau hay 13 dién tich xuit hién & nguyeén tir khi c6
s dich chuyén electron lién két vé phia nguyén tir cé dé am dién cao hon.

H° - H° Hcén=0
HY'-0™2_g" Hcbn=+1,0cén=-2
H+]
I —
H”—(IZ A_H*! Hebn=+1,Ccédn=-4
H+l
0 2=C*=072 Océn=-2,Ccén=+4

Nhu vay, cacbon ¢6 thé c6 s6 oxy hod tir —4 dén +4.
n= -4 -3 -2 -1 0 +1 +2 +3 +4
CH, RCH; CH,0H RCH,0H HCHO RCHO HCOOH RCOOH CO,
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Bdc oxy hod:
Bac oxy hod 14 s¢ lién két clia cacbon dinh véi oxy khi thuy phan hay 12 s§ nhém
hydroxyl lién két véi cacbon khi thuy phan hoan toan:

cH,-Li HO8. cp, g bac oxy hof ciia C 12 bac 0

CH;-Cl — CH,-OH bic oxy hod cia C la bac 1
CH,Cl, === CH,(OH), bac oxy hod ciha C 1a bac 2
CH,0 — CH,(OH),  bac oxy hod ciia Cla bac 2
Tir dinh nghia trén va dua vio khéi niém do am dién, c6 thé thiy ring bac oxy hod clia
nguyén tlr cacbon tuong ting véi s6 lién két ciia cacbon dinh v§i cdc nguyén tr khic ¢6 do
am dién 16n hon hydro.

C-H bac 0
C-Z (C-Cl, C-0, C-8, C-N) va C=C bac 1
CZ,. C=Z, C-C-Z, C=C bac 2
CZ,, C=C=Z, C=C-Z, C=Z bac 3
CZ,, Z=C=Z, Z=CZ,, Z-C=Z bac 4

Tir khai niém vé bac va s6 oxy hod, ¢é thé thiy ring qud trinh oxy hod la quéd trinh
lam tang s6 oxy hod cila chat phan ng va 1am giam s6 oxy hod cta tdc nhan phan tmg. Qui
trinh khir thi ngugce lai.

Chéing han:

~C-H + 2X" — -C-X + HX
(bac 0) (bac 1)
X0 22 ox
-C=0 + 2H' — -C-OH
(bac 2) (bac 1)
21 22 o

Nhu vay bac oxy hod duge xdc dinh don gian bing do am dieén, do d6 sy thay déi dang
oxy hod va khit 1a do sy chuyén electron lién két. Ching han:

C=—1i C trd nén giau electron hon, 12 dang bi khir hay dang oxy hod

Li ngheo electron hon, 12 dang bi oxy hod hay dang khit.

Cc—( C 12 dang nghto electron, 12 dang khir

Cl la dang giau electron hon, 12 dang oxy hod.

Su thay ddi bac oxy hod phu thudc vao su thay d6i d6 am dién ctia nguyen t& lien k&t

v@i cacbon.

Trong phan ting khéng thay d6i mach cacbon, ching han:
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HOH
Se=l - S = o<
H OH
(bac 1) ™. (bac 1)
~Ny— —_— C<
Sc= /ﬁ?_ |
OH H
biac 1)
. ™
>—Li —» —C—H +LiOH
(bac 0)
Sc—C — —X—OH +HC
bac 1)

Ciing nhu nhitng phan Gng c6 su thay déi mach cacbon:
CH,;-Br + Li-CH; — CH;-CH,
(bac1)  (bac0) (bac 1)
va phan tng tdch hay chuyén vi:
CH,~CO-OH —» CH;-H + CO,
(bac 1) (bac 0) (bac 0) (bac 4)

Nhitng khdi niém trén cho thdy, c6 thé phan loai céc phéan tng hitu co theo quan niém
oxy hod khiY, song & day ciing cin thdy ring, su chuyén electron lién két cba phan ing hiu
co nim trong trang thai chuyén, ¢6 nghia ia phin ing oxy hoa khit hitu cg c6 lien quan 61
co ché cla phan (ng oxy hod khir. Do d6 phan ing oxy hod khir ¢6 lién quan t6i oxy hay hop
chit chita oxy ciing nhu phan éng khir ¢6 lién quan t6i hydro hay céc hgp chét chia hydro
ma cdn chi ¥ & day.

Mat khdc, su thay d8i bac oxy hod va s6 oxy hod khong chi c6 & cacbon ma ca & cac
dit6 nhr O, S, N.

Trong phan fing oxy hoé khi, quan trong 1a su can bing oxy hod khir. Sir can bing nay
dé& dang thyc hién trong hod hoc v6 co, tuy vdy trong hod hoc hir co ciing ¢6 thé thuc hig¢n
duoc can bing cho phan ing oxy hoa khir gifta chat hitu co va tdc nhan oxy hod - khir.

Trong mot s& phan ing oxy hod - Khir ¢6 thé can bing theo can bing electron, chang
han phan @ng:

RCH,OH + Cr;07 2 — R-CHO + Cr0;
RCH,0H — RCHO + 2H" + 2¢
Cro + 3¢ — O
3 x [RCH,OPH — RCHO + 8H* + 2¢}
2% [Crf+3e — O |
IRCH,OH + 2Cr*® + 6e —> 3RCHO + 6H" + 6e + 2Cr™
3RCH,OH +2Cr* — 3RCHO +2Cr* + 6H

335



Béo hoa bing ion cia chat ban d4u, ta ¢6 phuong trinh:
SRCHon + K2Cr20-,- — 3RCHO + KQSO4 + Cr2(504)3 + ?H20
Duagc phd bign hon ca 13 phuong phdp can bang theo cdc nguyén téc sau:

- Dién tich dugc can bing bing H* trong dung dich axit va bing HO trong moi
trudmg kiém.

- Oxy duoc c4n bing bing H,0.
- Hydro dugc can bing bing H.
Ap dung nguyén tic ndy vao phan ¥ng trén cho thay:

Phén ing khir: Cr,0;, 2 — 201

Can bing dién tich: Cr,0,7% + 8H — 20¢*°

Can bing oxy: Cry0; % + 8H' — 2™ + 7TH,0
Can bang hydro:  Cr,0; 2+ 8H' + 6H — 2Cr* + 7H,0
Phan 1ing oxy hoa: RCH,OH — RCHO

Khong cdn can bang di¢n tich va O, chi can bing H: RCH,OH — RCHO + 2H

Két hop hai phuong trinh trén, loai bo thanh phdn H bing nhan he s6 c¢6 H giffa hai
phan ng: -

3 x [RCH,OH — RCHO + 2H ]
Cry07 2 + 8H + 6H — 20r** + TH,0
3RCH,OH + Cr,0; %+ 8H* — 3RCHO + 2Cr*? + 7H,0

Béo hoa bang gdc axit vd mudi ta ¢6 phuong trinh:
3RCH,OH + K;CR,07 + 4H,805 —=3RCHO + Cry(SO4); + K,S0, + 7TH,0
Vi du phan (ng:
CH;3CH,0H + K,Cr,0; — CH3COOH + Cr*3 + H,0
Phan tng oxy hod: CH;CH,0H — CH,COOH
Khoéng cidn can bing dién tich:
Can bing oxy:  CH;CH,OH + H,0 — CH;COOH
Cin bing hydro: - CH;CH,0H + H,0 — CH,COOH + 4H
Phan ting khir nhu trén.
K€t hgp hai phuong trinh va loai H dugc:
3CH;CH,0H + 3H,0 —» 3CH,COOH + 12H
2Cr,07 2 + 16H* + 12H — 4Cr*? + 14H,0
3CH,CH,0H + 2Cr,07 ‘2 + 16H" — 3CH;COOH + 2Cr*+ 11H,0
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Phuong trinh t6ng quét:
3CH,CH,OH + 2K,Cr,0 + 8H,50, — 3CH,COOH + 2Cr(SO0,)3 + 2K,80, +11H,0
Vi du phan ing xay ra trong moéi trudng kiém:
CHsCH, + MnO,” —> C4H5;COOK + Mn0O,

Phan tng oxy hod: MnO, — MnO,
Can bang dién tich: MnQ,  — MnO, + HO"
Can bing oxy: MnQ, — MnO, + HO + H,0
Can bing H: MnQO, +3H — MnO, + HO + H,0
Phin ting khir: CH;CH, — CoH,C00™
Can bang dién tich: CeHsCH; + HO® — CH;COO
Can bang oxy: C¢HsCH; + HO™ + H;0 — C4HsCOO
Can bing H: C4HsCH, + HO™ + Hy0 — CgH:;COO™ + 6H

Két hgp hai phuong trinh va loai H:
C¢HsCH, + HO™ + H,0 — C¢HsCOO™ + 6H
2MnO,” + 6H — 2Mn0, + 2HO™ + 2H,0
C¢HsCH, + 2MnO,” — C;HsCOO™ + 2MnO, + H,0 + HO™

Phuong trinh chung:
C,HsCH, + 2KMnO, — C¢HsCOOK + 2MnO, + KOH + H,0
Phuong phdp sau ¢6 tinh chat chung cho moi trudng hop.

15.2. CO CHE

Dinh nghia chung v& oxy hod va khit & trén hdu nhu khéng lién quan 6i co ché phan
ttng. Chang han, sy chuyén hod brometan thanh metanol bang KOH va thanh metan bang
LiAlH, gi6ng co ch€ Sy2 nhung theo dinh nghia trén thi mot 13 phan tng khir con phan tng
khac thi khéng, do d6 khi n6i vé co ch€ oxy hod va khir, chiing ta 43 ¢é nhiing phan ung tir
cac chuong trude (tlir chwong 6 dén 13). Do 1y do d6 nén co ché cling khdc nhau va trong dé
sir thay déi lién két ciing khdc nhau, ching han, tdt ca phén dng lam thay ddi lién két C=C
thanh X-C-C-Y thi vé co ch& chung cho thfy cdc phan ting thay déi tuong ddi khong nhiéu
nhung phan ting oxy hod va khir thi su thay d6i lién két rat khdc nhau. Mit khéc, co ché clia
phan ting oxy hod va khir thay d6i nhidu véi cdc tdc nhan ding ma thudng chi ¢6 thé nghién
citu co ché clia mot hay vai tac nhéan c6 thé. Do dé khéng thé c¢é mot co ché bao trim chung
cho mot cdch chuyén hod nao dé, song ciing ¢6 thé ké vai kha ning vé co ché.
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15.2.1. Co ch€ chuyén truc tiép electron

Trong mot vai phan iing c6 sy nhan tryc tiép electron*hay cho electron, ching han nhw
phin ttng Birch c6 su chuyén electron truc ti€p ¢ natri t6i vdng thom ho#c phan tng khir
ludng phan tir cla xeton 14 nhan electron tir kim loai. Co ché€ chuyén truc ti€p electron cé thé
c6 ba loai:

1- Oxy hod va khir clia g6c tu do (oxy hod t6i dién tich duong hay khir t6i dién tich am);

2- Oxy hod ciia dién tich am hay khir ciia dién tich duong (6i géc ty do, ching han oxy
hod amin hay anion phenoxit thanh g&c phenoxy:

e [
(5 - (5
3- Oxy hod hay khir dién ly nhu trong phan ing Kolbe.

15.2.2. Co ché chuyén ion hydrua

Mot s& phan iing, ion hydrua chuyén di hay chuyén t6i ch4t ban ddu, ching han nhu
khir epoxy bang LiAlH, hodc phin ¥ng Cannizzaro. Phdn img md cacbocation mat ion
hydrua ciling thudc loai nay:

R* + RH— RH + R”*
15.2.3. Co ché chuyén nguyén tir hydro

Phan tng loai nay 1a cdc phan tng g&c tu do ¢6 su chuyén nguyén tit hydro, ching han
trong giai doan chuyén mach cia nhiéu phan ing:

RH + C' — R’ + HCl

15.2.4. Co ché hinh thanh este trung gian

Mot s6 phan ng oxy hod hinh thanh cht trung gian v phan cét chét trung gian nay

ching han:
A
H—&td——r A——B + Z'+ H*
Z

v6i Z thudng 1a CrO;H, MnO; hay axit bdn v6 co, chdng han phan Ung oxy hod andehit bing
axit cromic khi A 12 ankyl hay aryl; B 12 OH; Z Ia CrO;H hoac oxy hod ancol bac hai téi
xeton vO1 A va B 1 ankyl hay aryl, con Z 1a CrO4H.
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15.2.5. Co ché thé

Trong phan ting niy, ch4t hitu co ban ddu da ding electron clia minh thay thé bing tic
nhan electrophin oxy ho4, ching han hai phan img sau:

I |
g e Y Y

1
A D e
RN “0LOR —= RaN—0Q + OR
L H

15.2.6. Co ché cong - tach
Phén ing giita o, B-xeton chua no va hydropeoxit, tdc nhan oxy hoé céng vao chét ban
ddu réi di ra mot phin:
| I P | =]

—C=<(C— —= —C—CF= H —*
C—QC" =0 | =y

H—0— H:0/H0 '—'C\;/C——C=O + OH
Trong trudmg hop ndy, oxy cia tic nhan oxy hod J trang théi -1 v HO™ di ra v6i oxy
& trang thai -2 nén 13 chat bi khi, chit ban ddu 1 bi oxy hod.

15.3. PHAN UNG OXY HOA VA CO CHE

Phan iing oxy hod xdy ra do sy phan cit 14y electron tir phan tir ¢6 kha nang oxXy hod
bdi téc nhan ngheo electron. Phan \ing xay ra v6i su phan cit cip electron thi theo ¢d ché ion
hay mot electron thi theo co ché g6c tu do. Vi tri ¢6 mat do electron 16n nhat 1a vi tri nhay
nh4t cho su oxy hod, do d6 cdc tdc nhan tdn cong 14 electrophin hay géc s& tdn cong vao cip
electron » nhu cia O hay cip electron n clia C=C hoic cap electron ¢ cla lién két C-H.

Phan tng xay ra khi tang bac oxy hod thudng duge thuc hién bing phin iing thé:
~
=CH—» =C—0H
—HCOQO —» --COOH
=c-H > =X
bing phan ¢ng tdch:
~CHOH — ;C=0
-CHNH; -» -C=N
trong trudng hop lién két C-C cling c6 thé bing phan tng cong, phan tich oxy hod.
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Béangl5.2. Sy thay ddi bac oxy hod cla cacbon va di t6 trong phan {tng oxy hod

0 1 2 3

>CH —— >CO0 OOR; COC1
~CH, <E -CH,OH——— -CHO é%oo}[
-CH; X ——  » -CHX, X5

-CHy- ——» -CHOH ——— CO-

-CHOH-—» >C=¢€{ -CX-CX~, G=C-
%;CHOH-CHOH-

PQS/CK

RNH; —= RNH-NHR ———» RN=NR—> RN"NR

Q
R-NHOH ———» R-NO —— Rﬁ*=0
0

R,NH > R,N-NO
R3N —_— R3N+-O‘ _
RCN —= R-CN*-O ?
RSH — R-SR - R-s-|s+-R——- R-&E‘R
\R-S-OH —_— R-St-OH—— R-i* -OH
R-S-X J)- H)
R-S-NR,
RS —— R,8*'C - Rz-gto-
R-OH=— R-0-OH
T R.0-X

Dudi day phan loai phin fing oxy hod theo su thay d6i lien két nhu a- tich hydro,
b-phan cit lién két C-C, ¢- phan tng the hydro bing oxy, d- phan \ing cong cua O vio chat
ban ddu, e- phan \ing ghép oxy hod.
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15.4. CAC PHAN UNG OXY HOA
15.4.1. Phan ing oxy ho4 do tich hydro

Phan tng xay ra vi su tdn cong electrophin ciia tdc nhan vao cip electron # cua dj t6
tao este, san dé tich proton:

H-C-OH + Z* — H-C-0Z + H'
B: + H-C=0Z — BH"' + -C=0 + Z°
I- Phdn iing oxy hod va dehydro hod ancol thanh andehit va xeton
5% PALD,

RCH,0H RCHO
s K;Cr04 ,
——
RCHOHR 50, RCOR

Phan ing xay ra theo 4 cich nhu dudi day.
a- Tac nhin oxy hod manh '

Ancol b4c hai tao thanh xeton véi axit dicromat & nhiét d6 phong hay cao hon mot it.
Tdc nhan chung 12 KMnO,, Br,, Mn0O,, tetraoxit rutheninm, dung dich axit cromic - axit
sunfuric (goi 1a tdc nhan Jones, oxy hod ma vin gilt dugc lién két doi trong chit ban ddu nhu
oxy hod ancol allylic t&i andehit), cdc tdc nhan Cr (VI), pyridin oxit Cr (VI) (tic nhan
Collins), pyridin clocromat (tdc nhin Corey) ding oxy hod ancol bac hai dé€n xeton, MnQ,
oxy hod ancol allylic téi andehit «, B- chua no, Cl,- pyridin oxy hod OH bac hai khi ¢6 OH
bac nhét, HyO,-tetraoxit amoni, NaOCl trong CH;COOH, peoxit 2,2°-bipyridylcronium oxy
hod OH bac nhat khi ¢6 OH bac hai, dikali nitrozodisunfonat (K505),N-O (muéi Fremy)
oxy hod ancol benzylic khi ¢6 allylic hay ancol no, K,MnO, véi xidc tdc chuyén pha oxy ho4
ancol benzylic va allylic thanh andehit khi cé ancol no,

Co ch€ oxy hod bing axit dicromat da dugc nghién ctu k¥ bdi Wesheimer:

RoC—H + HOO; + HF == R,C—H

OH OCrO;H
RzE—H 420 R,CO + HCrOy[Cr(VI)] + Bazo—H*
~GO:H

O giai doan thit hai, bazo hay nu6c s& tich 14y proton, néu khong c6 bazo thi proton
truc ti€p chuyén téi mét oxy cia CrO,H va bing phuong phdp déng vi dd xdc dinh duge qud
trinh tich proton ¢ giai doan quyét dinh t&¢ d¢ phan ng:

RzC H
o/ o CO —= R,C=0 + H,Cr0,
N4
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Ngoai qud trinh oxy hod ion, con ¢6 kha nang hinh thanh ion crom bic oxy hod khic
nhau theo co ché goc:

R;CHOH + Cr(IV) — R,COH + Cr (IIl)
R,COH + Cr (V) — R,CO + Cr(V)
R;CHOH + Cr (V) — R,CO + Cr{IID
Khi oxy hod andehit, néu andehit con & lai trong moi truémg phan img s€ bi oxy hod
ti€p cho axit qua dang trung gian 12 gem-diol:
H

_l,l H
R—¢—H + HCrO4 ™ R—CH) —*R*‘g + Cr(OH),0
OH 0 ED—OH

C6 thé ding tic nhan 1a CrO; trong axit sunfuric theo ty 1¢ duong lugng goi 13 oxy
hod theo Djonc hoac diung phiic clia CrO4 véi pyridin CrO4-pyridin goi la thudc thu Sarett cé
thé oxy hoa ancol chua no thanh andehit ma vin giit n6i do6i twong ty MnO,.

b- Dehydro hoa xiic tdc

Phan iing chuyén hod ancol bic nhat tdi andehit v6i xic tdc déng cromat, bac hay
déng. Phuong phdp wu viét hon 13 diing tdc nhan oxy hod manh do trinh dugc chuyén hod
andehit thanh axit. Phuong phip ding trong cdng nghi¢p vd phong thi nghiém. Trong thi
nghi¢m thudng dung oxit d6ng, nicken Raney hay axetat paladi vdi xiic tdc chuyén pha.

¢- Phan itng Oppenauer

Phan d@ng xdy ra khi c6 bazo [a phan ing Oppenauer, nguge vdi phan iing Meerwein-
Pondorf-Verley da néi trén. Xeton thudng diung la axeton, butanon va xyclohexan, bazo 1a

tert-butoxit nhom. Phuong phap ¢6 tinh chon loc cao, ding d€ diéu ch€ xeton, cling ding
cho andehit.

d- Tac nhan N-Bromsuxinimit va hgp chét tuong tu

Téc nhan ¢6 tinh chon loc cao, thudémg diing oxy hod nhém OH ma tranh duge oxy hod
cdc nhém khéc, thudng chi oxy hod mdt nhém OH trong phan tir.

N-Bromsuxinimit khong oxy hod ancol mach hd bic nhit nhung ding duge
N-closuxinimit nén t8 hgp N-iotsuxinimit v6i (C4Hy),N*1" cho hiéu suat cao.

2- Phan ung oxy hod phenol va amin thanh quinon

OH
HiCQy =
H,50, oz
OH (")
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biol & vi tri para va ortho clia benzen dé& b oxy hod thanh ortho- va para-quinon.

Khi hai nhém OH thay th& bing NH, ciing cho cling san phdm, tdc nhan oxy hod
thudmng ding la axit bicromic, oxit bac, cacbonat bac, tetraaxetat chi, HIOQ4. Co ché tuong ty
nhut ancol nhung it nghién cdu hon.

Khi oxy ho4 catechol bing NalO, trong H,'*O khong thu dugc quinon dinh diu nén

dua ra co ché sau:
Q NalO, @a-__-. O\)—P HIO;
OH H |
OH ‘H 6

Khi ding MnO, trong diéu kién aproton hinh thanh g&c semiquinon Ia chat trung
gian, con khi ty oxy hod theo co ch€ géc tu do.

3- Phdn ting chuyén hod xycloankan thanh aren

vang xyclohexan c6 thé thom hod tdi benzen khi ¢6 xiic tdc kim loai:

SEd

Vong dé thom hod néu trong vong di cé sdn mot hay hai lién k€t ddi hay vong ngung
tu. Phan ding ciing 4p dung cho di vdng 5, 6 canh. Nhém th€ ankyl trong vong thuong doi
chuyén hay tich, nhém OH vid COOH thudng tich ra. Xeton vdng chuyén thanh phenol,
vong 7 canh hay ldn hon thudng déng phan hod thanh vong 6 canh thom hoa.

C6 thé dehydro hod xic tdc nhu paladi, platin, niken... khi dun néng dén 300-350°C,
1a phan dng ngwge voi phan ing hydro hod lién két doi va co ch€ cling ngugc véi co ché
hydro hod xiic tic lién két d6i (xem chwong phan Ung cdng) qua chit trung gian Ia
xyclohexen tach ra dugc.

Thudng thém chit nhin hydro nhu axit maleic, xyclohexen hay benzen. Chat nhan
hydro thanh hgp chét no. Ching han dehydro hod l-metylxyclohcxen-l-”C trén xdc tic
nhoém cho toluen ¢é cacbon déng vi trong vong benzen.

Chéng han khi ding quinon 1am chét nhan hydro thianh hydroquinon, thudng ding
clorantl (2,3,5,6)-tetraclo-1,4-benzoquinon vd DDO (2,3-diclo-5,6-dixyano-I,4-benzoquinon.
Co ch€ gi6ng ca ché chuyén hydrua t6i oxy clia quinon va chuyén ti€p téi ion phenolat:

Hy H o T H H':\eo OH
Y- Q-0
H-O OH
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4- Phdn img oxy hod hydrazin, hydrazon, hydroxylamin

N.N-diarylhydrazin (hydrazo) bj oxy hod téi hop chat azo:

NaOBr
Ar-NH-NH-Ar AT-N=N-Ar

Véi tic nhan: NaOBr, HgO, K;Fe(CN)g véi xiic tic chuyén pha, MnQ; (tic nhan cho
cis-azobenzen), CuCl, va khong khi véi NaOH. Phan ing cling ding cho N,N’-dianky] va
N.N’-diaxylhydrazin. Hydrazin mot 14n the cling cho san phdm azo nhung khong bén phén
tich cho hydrocacbon va N,;

Ar-NH-NH, — [Ar-N=NH] — ArH + N,

Hydrazon bi oxy hod bdi HgO, Ag,0, MnQ,, tetraaxetat chi cho hop chét diazo:

R,C=N-NH, T2% R coN*oN-

Hydrazon dang ArCH=NNH, v6i HgO trong etanol cho nitrin ArCN. Hydroxylamin
thom dé bj oxy hod cho hop chat nitrozo:
CrC
Ar-NH-OH —=» Ar-N=0
5- Phdn ting dehydro hod amin:
Amin bic nhit bi dehydro hod cho nitrin:
IF
RCH,NH, —» RCN
H,0
Céc tdc nhan thudng ding 1a IF,, tetraaxetat chi, niken peoxit, NaOCI trong mixen,
K38,04-NiSO, va CuCl-O,-pyridin.
Amin bac hai cling phan tng tuong tr cho imin ma thudmg tic dung véi iodosylbenzen
CsHs10 hay khi ¢6 phitc rutheni, (CH,),S0 va oxalyl clorua, tert-C,HyOH va xiic tic reni.
Phan ing dehydro hod ¢6 hinh thanh imin thuong c6 phéan \tng ti€p véi amin bac nhdt
hay hai véi paladi den. Imin hinh thanh ban ddu phan tng ti€p v6i phan tir imin khéc cling
loai hay khdc loai cho aminal réi tdch NH; hay RNH, cho amin bjc hai hay ba.

Chéng han phan ing gita N-metylbenzylamin v butylmetylamin cho 95% N-metyl-
butylbenzylamin:

CeHsCH;NHCH; —» [ C¢Hs;CH=NCH,; ] C,H;NHCH,
Pd,[H,] C¢HsCH,

CHNE: - CH—N—C4H,

CeHsCH—NHCH, J

Phuong phdp khic chuyén 2RNH, — R,NH Ia ding mot lugng xic tic ciia hydrua
natrj,
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6- Phdn ting dehydro hod tao lién két doi cacbon-cacbon

Phin img dehydro hod hydrocacbon aliphatic tao thanh lien két d6i & mot vi tri dac
biét nao d6 12 mot qud trinh thudng khong kha thi, thudng trong céng nghiép thu dugc hén
hop cdc olefin nhu khi dun néng ankan vdi xiic tic crom-nhom. Trudng hop ngoai 1€ 1a -
trudmg hop tao lién k&t d6i & trang théi lien hop véi lién két d6i hay cap electron n cé trong
mach. Nhr phan ding cia Leonard tir amin bac ba tao thanh enamin khi dun néng vdi axetat

thuy ngan:
C‘i) e @O - C@
N N

hay oxy hod bing SeQ, chuyén hgp chét cacbonyl thanh hgp chat cacbonyl a, B-khéng no
bing c4ch loai H, thudng duge ding nhiéu trong 18ng hop céc steroit:

--OCOCH; 4

ters-C 4H90H

SeQ, 1a tic nhan dehydro hod nhu dehydro hod 1.4-dixeton RCOCH,CH,;COR —
RCOCH=CHCOR, 1,2-diarylankan ArCH,CH;Ar — ArCH=CHAr. Cic andehit va xeton bi
dehydro hod bing PdCl,, FeCl, hay anhydrit benzenseleninic nhu xyclopentanon — xyclo-
pentenon...

Breslow va Badvin di t6ng hop lien két doi khong c6 nhém chifc bén canh bang
phuong phép bitc xa hay UV di qua chét trung gian 12 g6c kép duge diing nhiéu trong téng
hop steroit nhur chuyén hod 3c-cholestanol thanh 5a-cholest-14-en-3a-ol...

15.4.2. Phan dng oxy hod phén cit lién két C-C

7- Phdn itng oxy hod cita diol thanh hop chdt cacbonyl

1 |
e TRt
OH OH O 0
1,2-Glycol dé bi phan cét lien k&t C-C & didu kién nhe cho hiéu suat t6t, 12 phan ting

cong electrophin vao diol thanh san phdm vong réi phan tich c&u tao lai obitan:

_?—OH . 7 — _?_O\Z_ _*—(PO . 7z
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Phan ing cho hai mol andehit hay hai mol xeton. T4c nhan thudmg ding 13 tetraaxetat
chi:
| |
—?—oH + Pb(CH,;CO0), == —?—O—Pb(CH3C00)3

—?—OH —{—oH + CH,COOH

| |
—(—0—Pb(CH,C00)
R b(CH;COO), + CH;COOH
¢—oH _?_O/P

I
—C=0
f >Pb(CH3C00)2 —_ + Pb(CH,CO0),
O =0

Co ché c6 cdc dac tinh: 1) phan Ung 1a bac hai (bic mot cho médi tdc nhan); 2) théem
axit axetic 1am cham phén iing; 3) cis-glycol phin ving nhanh hon rrans-glycol.
Véi HIO, cho trang thii chuyén vong:

Hop chit trung gian 13 chat trung gian vdng, tuy nhién mét vai glycol khong thé hinh
thanh este ma vin bi phan cét qua trang thdi chuyén vong:

Pb(CH;OOOh \/\/KO
/

—1,9 b(CH3C00)2 —(=0 0
+
‘QE CH, —(|3= 0 f_ CH;
H—0

Céc hgp chat chia oxy hay nito & hai cacbon canh nhau ciing bi phan cit:
(Ij-—— —-$ (IZ—C C—C
OHNH, oHNHR omd & &

Céc a-dixeton va a-hydroxyxeton bi phan cit bdi Hy0,, HIO, phin cét hop ch4t
epoxy cho andehit:
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HIO,
O>0 —  HCO—(CH)5—CHO

Céc a-hydroxy axit va a-xeto axit khong bi phan cét bing HIO, nhung bi phan cit boi
Pb(CH,COQ), vd H,O, kiém. a-Hydroxy axit cho andehit hay xeton, a-xeto axit cho axit

cacboxylic:
R’ ﬁ—
CH,COO
R—ihCOOH . p—=0
H
H,0

R—(—COOH —% R—{~OH

i I

. 0

8- Phdn img phan cdt oxy hod andehit, xeton hay ancol

Cic andehit, xeton hay ancol mach hd kb6 oxy hod phan cit mach trir loai diaryl
xeton nhung ding nhiéu cho cdc xeton vong hay ancol bac hai va axit dicacboxylic, trong dé
phin tng t6ng hop axit adipic tir xyclohexanon c6 ¥ nghia cong nghiép. Tdc nhan thudmg
dung 1 axit cromic vd pemanganat:

y
O/O S0 HOOC-(CH,),-COOH

Néu diing NOC! va ancol trong SO, 16ng cho este w-oximinocacboxylic este:

ya
&

1,3-Dixeton vong bi phan cit vong bing NalO, cho diaxit kém mot cacbon:

6 . EﬁjL 10¢ &OH (I?J/) ook +CO
= - - — 2
o ol OH Y% OOH
9- Phdn ting ozon phdn

Téc dung cha ozon & nhiét d¢ thdp v6i anken c6 phan cit lién két doi cho hop chét

cacbonyl qua chét trung gian ozonit c6 thé tich ra dugc nhung dé bi nd nén phan tich khi c6
kém va axit axetic hay xiic tdc hydro hod cho 2 mol chét cacbonyl:

b oy ;a\)/‘”’\( mae0QH _dey +—bm0

Ozonit c6 thé phan tich bing trimetyl photphat, thioure va dimetyl sunfit hay véi oxy,
peaxit hay H,O, cho xeton hay axit cacboxylic hodc khtr v6i LiAlH,, NaBH,, BH, hay
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hydro hod xiic tic dw H, cho 2 mol ancol. Téc dung ozonit v6i amoniac, hydro va xiic tic
cho amin, véi ancol vi HCI khan cho este cacboxylic.

N6i déi cha cic olefin déu bi ozon hod phan cét cho san phdm hai chic. Olefin c6
nhém cho electron phan ting nhanh hon nhém the it electron, n€u cé nhiéu néi déi thi déu
bi phan cit. Ozon phan ndi ba kém hon néi d6i vi ozon 1a téc nhén electrophin nhung phan
cit cho axit cachoxylic. Hop chat thom tuong tdc cham hon olefin nhr benzen ozon hoi cho
3 mol glyoxan, vdi nhan benzen thé thi san phdm phan tich c6 tinh chat théng ké nhu o-
xylen cho ty 1¢ glyoxal / CH;COCHO / CH;COCOCH; 1a 3: 2: 1.

Co ch€ ozon hod ctta Criegee nhu sau:

R, R,C*

6({ \e Q\C — 1?:)@ hay zﬁf)
ch CR, R 4}; o° 0
(2) 3)

Giai doan ddu 12 phdn tng cong luang cyc 1,3 cha ozon vido chat ban ddu cho
molozonit (1) c6 cdu tric 1 :2,3-trioxolan di tim thiy bing phuong phép phd, nhung khéng
bén phan tich cho andehit hay xeton va chit trung gian (2) & dang ludng ion hay géc kép (3).
Ion (2) t6 hop v6i andehit hay xeton cho ozonit (4) hay dime hod cho bipeoxit (5) va (6).
Ozonit thuy phan cho san phfm binh thudng, con (5) thuy phan cho mét trong cdc san phim
nhur xeton va (6) phan huy cho sin phdm binh thudmg va oxy:

@ (O —
Ry ¢ _f

ozonit
4)
o—-o\CR
R,(® © Rz{o—c{ 2
24, + (g o &) ofS
N\ /
06 (R, ch%a\__ O&Rz —» 2RyCO +0,

(6)
bé:r v6i olefin d6i xing cho mot ozonit, olefin khong déi xing cho 3 ozonit nhung
ozonit ¢6 thé t6n tai déng phan cis va trans nén cho 6 d6ng phan va ty 1& déng phan cis va
trans cla ozonit clia cis vA trans olefin khong d6i xing khong gidng nhau.
Co ché Criegee c6 dic tinh: 1- Su hinh thanh molozonit (1) 1a dac thu 1ap thé vi céng
ludng cyc 1,3; 2- hop chét xeton va ludng ion (2) & dang cap ion; 3- ion luéng cyc tén taj
dang syn va anti; 4- st t6 hop giita ion ludng cuc (2) va xeton cling 1a cOng vong ludng cyc 1,3.
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® ®

R—i}-—— R' > R—ﬁ— R'" R— E
®

ec/o syn-(2) 90/O 80  ami-Q2)

Co ch€ Criegee dugce chitng minh bing thuc nghi¢ém nguyén t68 didnh diu 0, néu
diing andehit danh d&u '*O thém vao hén hop ozonit thi nguyén t6 ddnh d4u xuat hién trong
ete vi oxy di chitng minh ring phic anti-(2) phan tng nhanh hon syn-(2) nhiéu,

R -~e» R—C—R'

@O\da

Khi ozon phan etylen trong pha long cfing tim thdy phan tUng theo co ché Criegee va
ding phan #ng nay d€ nghién cltu cAu tric chat trung gian (2) hay (3).

Trong phan ting ndy ¢6 su tao thanh (7) & trang thdi cin bang véi gée kép (8):

HC/? - HC/lo
N0 .0 R=W
) 8)

Téc nhan thuong dang 134 KMnO, vi dicromat hay HIO, c¢6 v&€t MnO, (tic nhan
Lemieux-von Rudloff). MnQO, 12 tdc nhan oxy ho4 thyc bi khir thanh trang thdi manganat va
HIO, tdi oxy hod manganat thanh MnQ, . Tdc nhan khdc ciing hay ding 14 Nal,-tetraoxit
ruteni.

Phan ing ozon phan trong pha khi khong dp dung trong phong thi nghi¢ém nhung rat
quan trong trong méi trudng khi quyén. Phén ng ciing dua trén co ché Criegee nhung cé
san phdm phiic tap hon do ciing ¢6 nhiéu phan @ng khac k&m theo.

10- Phdn ing phdn cdt oxy hod lién két doi va nhdn thom

Lién két doi cia olefin va trong nhan thom bi phan cét bing tdc nhan oxy hod cho 2
mol xeton, 2 mol axit cacboxylic hay mdt nhém médi loai phy thugc vao nhém thé & olefin.

R,C=CHR <%, R,CO + RCOOH

Tédc nhan thudng ding la KMnO, vi dicromat hay HIO, c6 vé&t MnO, (tidc nhan
Lemieux- von Rudloff). Dung dich KMnO, hay dicromat thudng cho hiéu sut thap nhung
c6 hidu sudt cao khi ding KMnQj, tan trong benzen c6 thém ete crown nhu dixyclohexano-
1,8-crown-6. Ete crown phéi tri v6i K* cho phép KMnO, tan trong benzen.

Tdc nhan cromyl tricloaxetat, tert-butyl iotbenzen, KMnO, trong THF-H,0 va
NalQ4-OsQ, cho phin ung dimg lai & san phim andehit.

Co ché oxy hod 1 giai doan ddu hinh thanh glycol hay ete vong réi oxy hod tiép cho
san phdm phan cdt ndi d6i. Su oxy hod lien ket doi dimg lai & giai doar tao andehit tuong tu
nhu san phim ozon phan. Enol ete RC(OR’)=CH, phan cdt thanh este cacboxylic
RC(OR")=0 bing oxy khi quyén.
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Phuong phdp clia Barbier-Wieland oxy hod axit gidm mot cacbon khi ding axit
dicromic nhung d6i véi 1,1-diphenyl olefin cho higu su4t thap:

CH,OH
—

H'
RCH,Q(CeHy); —2 RCH=C(CHy), s RCOOH + (CeHy,CO

8)51

RCH,COOH RCH,COOC,H, CetsMeBr_

Hop chét ¢6 ndi ba bén hon lien két doi v6i cdc tdc nhan oxy hod. Hop chét ankyn
cudi mach bi phan cit cho axit cacboxylic (RCH=CH — RCOOH}) khi ding nitrat tali (III)
hay [bis(trifloaxetoxy)iot]pentaflobenzen CoFsI(OCOCE,),.

Vong thom bi phan cét khé hon, cdn tdc nhan manh nhu tetraoxit ruten, NalO, hay
NaOCl, ching han oxy hod naphtalen bing NaOCl hay V,05 cho anhydrit phtalic, benzen

cho anhydrrit maleic:
= QO
—

COOH

Oxy hod xyclohexylbenzen cho axit xyclohexancacboxylic:

NalQ
O = Orom

o-Diamin bi oxy hod bdi peoxit niken, tetraaxetat chi vd G, xtic tic CuCl:

NH2 .. = G=N
OZNHZ = 15,015 @ I

Catechol (o-dihydroxybenzen) véi tdc nhan oxy hod trén khi ¢6 CH;OH cho este:
HOOC-C=C-C=C-COOH.

11- Phdn g oxy hod mach nhdnh cita ankyl benzen

Mach nhdnh & nhan benzen cé thé bi oxy hod thainh COOH béi nhiéu tdc nhan nhw

pemanganat, axit nitric, axit dicromic:

AR MO, 4 cooH

Phuong phap thudmg dp dung cho nhém metyl va anky! benzen mach dai. Nhém ankyl
bac ba bén véi chat oxy hod va khi bj oxy hod thudng thay sy phan cit vdng.

Céc g6c ankyl c6 thé chita mach nhénh phu, nhung néu & vi tri o thi tang téc¢ d6 oxy
hod trir nhém phenyl. Trong nhiéu trudng hop, phén dng dimg & giai doan tao thanh diaryl

xeton. Néu phan  chia nhém aryl & trén cacbon khdc nhau thi phan cit dé cho méi vong ¢6
mot cachon:
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COCH; COOH

U O Loon

OOH

Hoat tinh clia cdc gdc trén vdng bi oxy hod theo thia tu:

CH,Ar > CHR, > CH,R > CH;.

Phin tng v6i oxy goi 12 qué trinh tv oxy hod theo co ch€ gdéc véi chat trung gian 1a
hydropeoxit va chli yéu oxy hod & C, chifa hydro. Bing phuong phdp dinh ddu, khi oxy hod
Ar,CH, + CrO; —» Ar,CO c6 hiéu tng déng vi 6,4 cho thdy giai doan quyét dinh t6¢c d¢ 1a
hinh thanh g&c Ar,CH" hay Ar,CH'. Diéu dé cling giai thich tai sao g6c bac ba khong
chuyén thanh nhém COOH va tai sao hoat tinh CHR, > CH,R > CH;. Hai co ché ion va g6c
déu tuan theo quy tic g6c hay cation bén.

12- Phdn dng phdn cdt oxy hod nhém ankyl khoi vong thom

R
CUC';
T 2 A

Phin ting c6 thé thay chd nhém ankyl bdng OH. Khi nhém ankyl bi oxy hod thanh
COOH, mu6i déng 12 tdc nhan oxy hod vd nhém OH tim thdy & vi tri ortho d6i v6i vi tri
nhém ankyl.

Cic andehit thom vA xeton thom ciing chuyén t6i phenol ArOH khi tic dung véi
H,0; kiém nhung phai ¢6 nhém OH hay NH; & vi tri ortho hay para. Phan tng goi 13 phan
ting Dakin v&i co ché gidng co ch& Baeyer-Villiger:
‘FH3

=0
(f©’c e % @ 2
9
Ch4t trung gian (9) di tim thdy. Phan img ding cho andehit thom va nhém ankoxy
trén vong nhung khong phai 1a OH hay NH,.
13- Phdn 1ing decacboxyl oxy hod va bis-decacboxyl hod

Axit cacboxylic tic dung véi tetraaxetat chi thu dugc san phdm este va olefin:

Pb(CH,CO0
rRcoon XHCO0M ¢ o-cocH,

RCH,~CH,COOH — RCH=CH,
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San phdm este 12 sin phdm th& nhém COOH bing nhém axetoxy, olefin la sin phdm
tich cua Hy va nhém COOH, ngoai ra cdn cé sin phdm chuyén vi, vong hod noi phan tr v
tuong tic voi dung moi. Khi R I b4c ba chi y&u cho anken, con R i bac nhat hay hai thi
tao anken khi cé Cu(CH;COQ), cling véi Pb(CH;COOQ)4, néu khéng cé Cu(CH;COO), thi
axit bac nhét cho ankan (hiéu suit thdp), axit bac hai cho este hay anken. Hiéu suit este
cling cao 0 mot vai axit bac hai hay axit B, y- chua no va R 13 nhém benzylic. Cic tdc nhan
khdc ¢6 thé dang 1a Co (IID), Ag (II), Mn (III) va Ce {(IV).

Co ché phan ing 1a co ch& goc ti do véi giai doan ddu trao d6i nhém este:

Pb(OCOCH3)4 + RCOOH = Pb(OCOCH;);0COR hay Pb(OCOCH;),(OCOR),

Sau d¢ l1a co ch& gdc chubi:
* kich thich: Pb(OCOCH;);0COR — ‘Pb(OCOCH,); + 'R + CO,
® 16n mach: 'R + Pb(OCOCH,);0COR — R* + "Pb(OCOCH;),0COR + CH;CO0~

"Pb(OCOCH;),0COR — Pb(OCOCH,), + 'R + CO,

Céc sin phim hinh thanh tr R" v2 R*, Géc R’ 14y H bdi dung méi cho RH hay dime
hod cho RR, R” loai H* cho anken va phan tng v6i CH;COOH cho este hay phin \tng v&i
dung moi hay nhém chitc khac cho sin phdm tuong ing hoic chuyén vi.

Téc dung clia ion Cu®” 12 ion hod géc t6i anken:

—([ZH—'%— + Cu¥t — -$=(I:_ + H" + Cu*

ching t6 chi c6 chat ban ddu bac nhét hay hai cho hieu sust anken t6t, con bac ba thi khong.

Céc arylaxetic bi oxy hod bing tetraankylamoni peiodat cho andehit kém madt cacbon
(ArCH,COOH -»> ArCHO). Céc axit béo tdc dung v6i anhydrit trifloaxetic va NaNQ, trong
trifloaxetic cho nitrin (RCH,COOH — RC=N).

Céc diaxit chifa hai nhém cacboxy! lién nhau nhv axit suxinic véi tetraaxetat chi khi
¢6 O, ¢0 hai ldn decacboxyl hod cho anken goi 13 phin itng bis-decacboxyl hoa:

l
—C—COOH —C—

Pb(OCOCH,), "
—COOH 0 —C—

Phan ting ¢6 tinh chon loc 1ap thé nhung khong ¢6 tinh dac thi 1ap thé, ching han tir
meso- va d.i-2,3-diphenylsuxinic cho frans-stylben.

Co ché nhu sau:
|

J —C— COOPH(OCOCH,)
—C—COOH 3h
+ P(OCOCH;), — | + CH,COOH
—C—COOH —{—COOH
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® |
| “‘T: _‘“T co, +H
+
—C'(EOOPb(OCOCH3)3 A5y —— ’
—t '+ |
—C—COOH
| eO’E—Pb(OCOCH_x):;—"‘ Pb(OCOCH3), + CH3;COOH+ CO,

Hop chit geminal dicacboxylic ¢6 hai nhém cacboxyl & mot cacbon nhir din xudt cia
axit malonic cling decacboxyl hod khi cé tetraaxetat chi, khi c6 O, cho gem-diaxetat
(axylal) dé thuy phan cho xeton:

R /OO0 | oy, RUOCOCHs  Re

\ i
R’ coo R” “OCOCH,

14- Phdn itng dexyan oxy héa

Cac nitrin thé o ¢6 H, dd tinh axit ¢6 thé chuyén thanh xeton bing phan ting oxy hod

v&i khong khi va chat chuyén pha:
R o R
Ar—CH—CN —— Ar—C=0
HO'- (CH;),80
TEBA

Nitrin ¢dng bdi NaOH trong benzen hay (CH;),S0 chita mét lwgng xic tdc cia clorua
trietylbenzylamoni (TEBA). Phan ing nay khong d4p dung cho nitrin béo nén phai lam gian
ti€p, con a-diankylamino nitrin chuyén thanh xeton (R,C{N(CH;),]CN —> R,C=0) khi thuy
phan véi CuSO, troeng dung dich metanol hay tu oxy hod khi c6 terr-C HyOK.

15.4.3. Phan ding oxy hoa do thé hydro bang oxy

15- Phdn img oxy hod metylen thanh cacbony

Céc nhém mety]l hay metylen & vi tri o clia nhém cacbonyl bi oxy hod béi tic nhan

oxy hod nhu dioxit selen:
R— = CH;~ R =2 R—-C—C-R'
0 O O

Sén phdm 12 a-xeto andehit hay «-dixeton. Tdc nhan khic 1a N,O4. Cdc monoaryi-
ankan bi oxy héa thanh xeton khi diing CrO;-axit axetic va tic nhan Jones, pyridin clocromic.
Anken & dang —-C=C-CH,— oxy hod thanh xeton o, B-chua no bing natri dicromat trong
CH,COOH-(CH;C0),0. Ankyn dang C=C-CH- chuyén thanh «-xeto axetylen khi diing
CrO;-pyridin. Metyl xeton RCOCH, phan itng v&i peoxydisunfat (NH,),S,04 va xiic tdc
diphenyl diselen trong metanol cho a-xetoaxetan RCOCH(OCH,;),.

Co ch& dugc nghién ctiu vdi SeO,, ¢6 thé ¢6 hai co ché khéc nhau vé chét trung gian.
Ca ché vdi chat trung gian 13 este selenat ctia enol:

353



— E—CHQ— + H;%0;* —»  —C=CH— —>
b—So—o

i ——C— + S 4+ IO
Ta T

Trong co ché€ khic, chat rung gian la B-xetoselenic axit ~ (lT“CHﬁeOH ma khoéng hinh

thanh este selenat.

D6k v6i nhém metylen khoéng c6 nhém chirc khéc ben canh cé thé ding phuong phap
clia Breslow khi ding este vdi bitc xa cho lacton réi dehydrat hod va ozon phén, ching han:

CH;3(CHy),,CH,

CH;3CH,GH(CH,),,CH CH3CH,CH(CH,),,CH,

) Y= B Py

g et O | et
CH3CH,C(CHR),CH, CH3CH2ﬁ(CH2)12CH2\

1,, CH,COQH ” O3 O
O 0 O

Phan tng khéng c6 chon loc vi tri, nhém cacbonyl & C,, hay c6 thé & Ci3, Cys.
C6 thé chuyén hod CH, —» CO trong ankan khéng c6 nhdém chifc nhung thudng diing

khi chét ban ddu cé cic nhém CH, tuong duong nhau nhu tir xyclohexan khong the bing
H,0O, va bis (picolinnat) st cho 95% xyclohexanon va 5% Xyclohexanol.

16- Phdn ing oxy hod arylmetan

Nhém metyl trén vdng thom bi oxy hod bing tic nhan binh thuding cho andehit:

Cr0,Cl
Ar-CH; —2=2, Ar CHO

Téc nhan CrO,Cl; hay hén hop CrO; va (CH,C0),0 téc dung v&i toluen $& ngimg &
giai doan andehit do hinh thanh sin phdm ban ddu 1a ArCH(OCOCH;), (mot axylal) bén voi
chét oxy hod nén thuy phan cho andehit. Cé thé diing tic nhan khac nhw ceric amoni nitrat,
ceric trifloaxetat, KMnOy-trietylamin, oxit bac (I). Su chuyén hod ArCH; thuc hién gidn
ti€p véi brom tao ArCHBr;, réi thuy phan.

Phin tng ding CrO,Cl, goi 13 phin Gng Etard, di xdc dinh chat trung gian la
CeHsCH(OCrCl,OH), va phan tng chi ngimg khi hai hydro da bi the va tao san phim nay
khong tan do cong cia tdc nhan réi thuy phan cho andehit. Chét trung gian khéng phii 1a
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ATCH,Cl vi phin dng rét chdm vdi cromyl clorua ma tao phifc tit toluen theo Etard ¢é cdu
tric (10):

0- CrC120H
C(,Hs_ H

gy O CrCLOH

Phan iing dimg sau khi hai hydro di bi th€ vi phwic nay khong tan Theo Nenitzescu khi
nghién ciru bang ESR cho 1a CgHsCH,0CrClL,OCICLO0H (11) nhu 1a déng phan ciia (10) con
theo Wiberg va Eisenthal diing ESR cho 14 ¢6 cau triic nhu (10).

17- Phdn itng oxy hod ete thanh este

Ete ¢6 mot nhém ankyl bac nhat bi oxy hod cho este tuong ing:

RCH,-O-R’ ~*RY ¢ co-or’

Cic ete vong cho lacton véi tc nhan cé thé dang 1a CrOy trong axit sunfuric, benzyl-
trietylamoni pemanganat khi ¢6 du nudc.

Céc amin bic ba vong chuyén thanh lactam khi cé chat oxy hod phite Hg(I-EDTA

trong dung dich kiém:
O Hg*-EDTA )\/\‘
——
Af N HO Ar \0
Hj

1
CH;

Céc lactam khong thé & N chuyén thanh imit vong khi ¢ hydropeoxit hay peaxit va

mudi Mn (IT) hay Mn (I1I):
{ E CH,COOOH [ E
r[ Maglll) C/ \E Y

M6t s6 amin bac ba oxy hod nhém metyl bing MnO,, CrO;-pyridin.

18- Phdn wtng oxy hod halogenua bdc nhdt thanh andehit

Cic din xu4t halogen bac nhit RCH,X (X = Cl, Br, I) d& bi oxy hod cho andehit véi
dimetylsunfoxit:

rcH,cl 819250, peno

Co ché phan tng:

bazg

®
(CH;),80 + RCH,X —25m CHy~S—0-CHR —*
CH, H
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-~ CHBLGISD—OECHR — (CH;),S + RCHO

°Ci; , H

Trong co ché trén, bazo 14y proton cho chat trung gian ludng ion, ciing cho thdy din
xudt bac hai ciing cho phan tng nay cho xeton.

Tosyl este ciia ancol bac nhat ciing cho andehit con epoxit cho a-hydroxy xeton hay
andehit. Phan img oxy ho4 halogenua ankyl bsc nhat bing hexametylentetramin khi ¢6 nude
cho andehit goi 14 phan Wng Sommelet nhung gidi han cho halogenua benzylic va 4p dung dé
chuyén hoi amin ArCH,NH, thianh andehit. Qud trinh nay xdy ra do amin va fomandehit
hinh thanh imin tdc dung véi amin cho sin phdm chuyén hydro tir arylamin téi imin:

ArCH,N=CH, + ArCH,NH, — ArCH,NHCH, + ArCH=NH
r6i thuy phan cho andehit. Su chuyén hod halogenua benzylic thanh benzandehit khi c6
2-nitro propan-NaOC,H; trong etanol hay nitrat thuy ngan (II) va ancolat kiém, goi 1a phan
img Krohnke.

Né6i chung, halogenua bac nhat bi oxy hod cho andehit boi trimetylamin oxit, 4-dimetyl-
aminopyridin-N-oxit hay amin oxit khic bang K,CrO; trong HMPA khi c6 ete crown.

19- Phdn dmg oxy hod ancol bdc nhdt thanh axit

Ancol tc dung v6i chét oxy hod-manh cho axit;

RCH,0H -9, RcooH

Phén ing c6 thé coi nhu I3 gém hai phédn tng oxy héa t6i andehit réi oxy hod tiép
thanh axit nhir trén. Sin phdm phu 1a este, ¢6 th€ do axit tdc dung véi ancol du hay andehit
tac dung véi ancol cho axetal vk hemiaxetal réi oxy hod ti€p cho este.

Ancol bac nh4t bi oxy hod thanh axyl florua( RCH,OH -» RCOF) biang cesi
flooxysunfat. Ete ankyl bac nhat phan cét chon loc cho axit cacboxylic bing ding dich Br,
(RCH,OR’ —» RCOOCH). Andehit chuyén thanh este cacboxylic(RCHO — RCOOR?) bang
Br, khi ¢6 ancol.

20- Phdn ing oxy hod olefin

Phan ing oxy ho4 olefin nhu I3 phan Ung cong electrophin vao ndi doj hay 1a cong
electrophin vao lién két n.

Phan tng oxy hod olefin bang KMnO, trong méi trudng kiém cho diol (chuong 10):
| |
I O .
- Qg //0 - C—O>/ HO _E OH MO
+ M — J: O — O + HaMnO;
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Tuong tu v6i OsOy:

| I |
_(lf + 0\ //i __..._ Oé/i) jﬁj:g: + 0803
_,i: (( X0 _ X
Véi peaxit:
| |
~§ + r-cooon—

—C -

I,: o ‘Hm, [0 +R-COOH
! I

0"" O

Hing s& phdn dng cha phin wng epoxy hod nay am, chiing to phan tng la electrophin,
thudng tir -0,8 d&n -1,2; entropi ciing am, ching o phan 1ing tac thanh san phdm trung gian
déi xing. Phin iing cé dac th 14p thé cong cis nghiém ngat tuong tng véi cdu tric cis hay
trans-olefin.

Olefin cling bi oxy hod thanh andehit hay xeton:

1 Pdcl, |

Phén ting cdn ding xic tic paladi clorua vd mudi clia kim loai hiém. Néi chung,
olefin 1,2- thé& cho két qua kém hon. Phan tng dung trong cong nghiép téng hop axetandehit
tir etylen (phan tng Wacker) nhimg ciing dung trong phong thi nghi¢m. Trong phin tng,
clorua paladi bi khir thanh paladi va thudng cdn déng xiic tic nha CuCl, véi chirc ning téi
oxy hoé Pd thanh Pd (II), cdn CuCl, bi khir 161 Cu (I) réi ty t4i oxy hod thanh Cu (II) bing
khong khi.

San phdm andehit chi thu dugc tir etylen con olefin khic cho uu tién 12 xeton theo quy
tic Markovnikov. Co ch€ chung nhu sau:

Fl ) H,0,-HCl CHy |Cl H.0
C,H, + PdCl,> — ||__,_Pd_ 2 |(i:H—-1Td— a| 29
CH, |, 2 OH

f

0121>ld —CH,—CH;—OH ]' __ [cH=CH—OH]~
OH,

HPdCl,

H,0

Ol —» CH;-CHO + H;0" + pd +2CI

CH;— FH-PdClz]
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Bing phuong phdp déng vi cho thdy tat ci hydro trong andehit déu 13 cia etylen
khong ldy tir dung moi. Phan éng twong ty ciing xay ra véi cdc tdéc nhan oxy hod khic.
Ching han nhu oxy ho4 (CH;),C=C(CH,;), thanh (CH,);COCH; bing axit peoxyfloaxetic-
triflorua bo qua phén ting epoxy hod va chuyén vi pinacol clia epoxit ciing nhu chuyén hoi
ArCH=CHCH; thanh ArCH(CH;)CHO khi tdc dung véi I,-AgO trong dioxan. Dung clorua
cromyl dé chuyén hod (CH,);CCH,C(CH,)=CH, thanh (CH;);CCH,CH(CH,)CHO, dung
Pb(CH;C0O0)4-F;CCOOH chuyén CgHsCH=CH, thanh C;H,CHCHO, dung tali (III) nitrai
metanol chuyén xyclohexen thinh xyclopentancacboxandehit.

Anken c6 thé chuyén hod thanh sin phim oxy hod cao hon nhu: 1- Téc dung véi
KMnQ, trong axeton nudc chita axit axetic cho a-hydroxy xeton, 2- anken hai Idn the 1,2
hay ba ldn th€ oxy hod bing cromyl clorua trong axeton cho a-clo xeton, 3- a-iot xeton 120
thanh khi dun néng anken vdi bis-(sym-collidin)iot(l) tetrafloborat, 4- KMnO, trong anhydrit
axetic oxy hod cdc xycloanken vong 16n cho 1,2-dixeton.

Enol ete bi oxy hod thanh este cacboxylic (RCH=CHOR’ -» RCH,COOR’ bang
pyridin clocromat, enamin chuyén thanh a-amino xeton (RCH=CR’NR,” —» RCOR’'NR")
bang N-sufonyloxaziridin (nhung enamin RR’C=CR”NR;"™” (R, # H) cho a-hydroxy xeton
RR’C(OH)COR™). Mu6n chuyén hoa ankyn cudi mach thanh axit cacboxylic tuong ting thi
chuyén RC=CH thanh RC=CSC4H; réi tic dung v&i HgSO, trong CH;COOH-H,50, thu
dugc RCH,COOH.

21- Phdn gng oxy hod andehit thanh axit

Andehit dé bi oxy ho4 thanh axit 1a phan ting chung nh4t trong ho4 hitu co:

MI'IO;{

RAE—H —_— R—E—OH

Téc nhan thudng diing nhét 12 pemanganat trong moi trudng axit, bazo hay trung tinh.
Thuong ding axit cromic va brom, oxit bac 12 tdc nhan oxy hod andehit ma khong 4nh
hudng t6i nhém chac khic.

Phdn tmg c6 thé xay ra theo co ch& ion hay goc trr do.

Trong co ché ion trong moi trudng kiém, giai doan d4u 12 t4n céng nucleophin ~OZ t6i
lien ket cacbonyl cho san phdm cong réi mét proton bdi bazo véi Z di ra cing véi cap
electron lien Két:

<7
R—ﬁ_H + 0Z —» R lH j;R_E+BH+Z
O

Trong méi truong axit hay trung tinh, co ch€ nhir sau:
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L7

- -
R__ﬁ_H + HOZ —= R —-b-R—ﬁ: + BH+Z
0 O—H

Thue t€, co ché oxy hod andehit thanh axit rét phic tap, chang han véi axit dicromic
thudmg ¢6 ca hai qud trinh ion va géc:

gcrom
R—CHO + HyCrOy === R—C—H —* R—C +BH+ Cr(1V)

O OH
Cr(V)
R—CHO +Cr(V) == R—?lﬁ —» R—( +BH+Cr(IID
o—H OH

Hai qud trinh trén, ion hod bang Cr (V1) va Cr (V) v6i qué trinh chuyén electron.
Song Cr (VI) hay Cr (IV) sinh ra & giai doan nay c6 thé cho hydro dé tao thanh géc
axyl chuyén thanh axit cacboxylic nhu sau:

R—CHO + Cr(Vl) = R_E HLQ: RCOOH + Cr(V)

H iH
R—(E—H + Cr(IV)—™ R l'-—- R—C 4+ CedID)
I

OH OH

Hai qu4 trinh nay theo co ch€ gbc ty do.
Ngoai ra con mot kha nang khéc ia este axit cromic phéan huy tiép cho axit:

QH
R—C—H.¢ —H
o %i > ij[ + C{OH),0

O

Phén Ung clia pemanganat ciing tuong ty tuy it dwge chd ¥ hon nhung ciing ¢6 co ché
ion trong moéi trudng trung tinh hay axit.
Trong méi trudmg trung tinh hay axit:
MnO,

R—CHO + HMnQ, > R 1. H =R +MnO; + BH
H OH

Trong moi trudng kiém:
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R—CHO =—= Ra'?-@' 1:%;%’ RCOOH +HMnGQ,2
OH —» RCOO" + MnO5" + H,0
Mn(V) + Mn(VII) —» 2Mn(VI)
22- Phdn ing oxy hod amin, oxim, azit, isoxyanat, nitrozo
Amin thom béc nhét bj oxy hod thanh hop chdt nitrozo, thudmg ding axit Caro H,S0;
hay H,0, trong CH,COOH:

ANH, 1292 Ar N-o

Phan dng thudng di qua giai doan hinh thanh hydroxylamin.

Amin béo bac nhdt cling bi oxy hoé nhur trén nhung hop chit nitrozo chi bén khi
khong c6 Hy, con néu ¢6 Hy thi chuyén thanh oxim:

R__E/'\? —KB—SO? H* + S0,* + R—N—OH —» oxy hod tiép
b H

Amin bic hai oxy hod cho hydroxylamin R,NHOH bing dimetyloxiran va bang
benzoyl peoxit va Na,HPO,.

Cic amin bi oxy hod dén hop chit nitro bing tic nhan manh nhu KMnO, cho hiéu
sudt tot:

RiCNH, 1% | ¢ oNo,

Tat ca céc loai amin ankyl bac 1, 2, 3 cling nhu aryl cho hop chét nitro hiéu sudt t6t
hon khi ding dimetyloxiran.

Hydroxylamin bj oxy hod bing peoxytrifloaxetic cho hgp chat nitro:

F,CCOO0H
R,C=NOH 2000 R,CHNO,

Bimetyldioxiran trong axeton oxy hod isoxyanat t6i hgp chét nitro. Oxim bi oxy hod
tt hop chat nitro bing peoxytrifloaxetic axit.

Céc ankyl azit bac nhat va hai chuyén thanh hop chit nitro khi tic dung véi (CsHs)4P
va tdc dung tiép vé&i ozon. Cdc nitrozo thom dé bi oxy hod thanh nitro bdi nhiéu tdc nhan OXYy
hod binh thudng.

23- Phdn itng oxy hod thiol, sunfua thanh axit sunfonic

Thiol, sunfoxit, sunfon, disunfua v sunfua cé thé bj oxy hod thanh axit sunfonic véi
nhiéu tdc nhan, ching han axit nitric s0i, bari pemanganat. Phan iing ¢6 thé kém theo phan
iing ty oxy hod bing oxy khong khi:
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rRsH _HNO;  Rrso,H

Thiol bi oxy hod bang clo va nuéc cho sunfonyl clorua. Thiol cling ¢6 thé oxy hod
thanh disunfua

24- Phan itng oxy hod hydrocacbon thom thanh quinon

Hé¢ hydrocacbon thom, ké cdc naphtalen, c6 thé trtuc ti€p oxy hod thanh quinon véi
cic tdc nhan khdc nhau:

D —
489
b
Phan ting néi chung cho hiéu suit khong cao, hiéu sudt t6t nhat khi ding sunfat amoni

ceric. Benzen khong thé bi oxy hod bing tdc nhan oxy hod manh nhung cé thé oxy hod biing
dién phan cho quinon.

15.4.4. Phan iing oxy hoa biang phan ing céng oxy vao chit ban dau
Loai phan tng nay 1a dva thém oxy vio mach cacbon clia chét ban dau.
25- Phdn ing oxy hod ankyn cho a-dixeton
Cdc ankyn ¢4 noi ba trong mach tic dung v6i chdt oxy hod cho «-dixeton:
R-C=C—R’ letroxit ruteni R-CO—CO—-R’
Téc nhin oxy hod thudng ding 14 tetroxit ruteni, KMnQ, trung tinh, SeO; vdi mot

lugng nho axit sunfuric, NalO4-RuO,, I,-(CH;),S80, SeO, véi mot lugng nhd H,S0, oxy hod
arylaxetylen cho a-xetoaxit (ArC=CH — ArCOCOOH). Ozon oxy hoa ankyn cho axit.

26- Phdn img oxy hod amin bdc ba thanh amin oxit
Amin bac ba chuy€n thanh oxit amin bing phuong phdp oxy ho:
H,S0 -
R;N —=22, R,N*-O

Phdn Ung xdy ra ddu tién bang hinh thanh peoxit triankylamoni, mot phiic lién két
hydro R;N-H,0, bi phan tdch bing HO™ cla H,0,.

Oxy hod béng axit Caro xay ra theo co ché sau:

® ® o
RN —> ?%—SO3H —» HSO, + R;N—OH —» RsN—0O
H

Co ch€ vdi peaxit cling tuong tu phan tng (8), chi khéc 13 oxi amin bac ba khong cho
oxy hod ti€p. Amin B-hydroxy bac ba raxemic phan giai duoc khi tdc dung véi rert-C,H,OH
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va xiic tc chiral thi mot enantiome s& phin (ng nhanh hon enantiome kia. Sy phin giai
déng hoc nay cho uu tien mot enantiome dén > 90%.

27- Phdn itng oxy hod azobenzen thanh azoxybenzen

CH,COOOH ®
Ar—N=N—Ar ——= Ax—IrIemI\T—“Ar
O

Tac nhan thudng ding 12 peaxit hay hydropeoxit v phitc molipden. Co ch€ tuong tu
¢o ch& oxy hod amin (phan ng 2).

28- Phdn itng oxy hod isoxyanua thanh isoxyanat

Phén itng oxy hod bing O, khi ¢6 HgO:

(CH3),50

C6 thé dang clo va dimetylsunfoxit v&i tdc nhan oxy hod 13 clo chuyén isoxyanua
thanh R-N=CCl, réi thuy phan cho isoxyanat.

Isoxyanua c¢6 thé chuyén thanh isothioxyanat (RNC — RNCS) bing tic dung véi
disunfua nhu CgHsCOSSCOCgH; va axetat chi (II) hay tali (I).

29- Phdn itng oxy hod thioete thanh sunfoxit va sunfon

T

R—S— R KMnQ: p R
b b
Thioete bi oxy hod thanh sunfoxit bing H,O; 30% hay tdc nhan khac nhr NalQ,,
tert-C4HyOCl, Ca(OCl),, NaOCl, NCIO,, peaxit, O; va xiic tic nitrat ceric amoni.

Sunfoxit bi oxy hod xa hon d€n sunfon bing H,0,, KMnOy,, natri peborat, KHSO,.
Khi ¢6 chét oxy hod ndy, thioete c6 thé oxy hod thanh sunfon.

Co ché& twong ty nhw oxy hod amin trén, ching han vé6i peoxit:

R_ST*?_Q)*_R' > R—8—0—H +RU —» R—S$=0 + ROH
| |
R H R R

Phan tng sau cham hon phén ng truéc. Co ché trong moi trudng axit hay trung tinh
nhu nhau nhung trong moéi trudng bazo thi bazo lién hop clia hgp chét peoxy ROO™ tdn cong
vao nhém SO nhu 12 m¢t nucleophin:

o

R—-;s@eoow . R—g‘:—o—’(;—R' —_ R—E:) + RO
|
R R R
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30- Phdn itng oxy hod axit cacboxylic bang hydropeoxit

+

R‘(@‘— OH + H,0, == R‘E‘O—O—H +H,0

Phin tmg thudng ding H,0, véi xic tic axit, thudng H,SO,. Phin tng can bang va
chuyén vé bén phai bang loai nuéc hay diing du tdc nhan oxy hod. Chéng han R 13 g6c thom
thi diing metansunfonic axit 12 tét nhat cling nhu 14 dung moéi.

15.4.5. Phan ing ghép oxy hoa
31- Phdn itng t6 hop hay dime hod cacbanion
Cic ankyl halogenua ¢6 nhém th€ hiit electron & cacbon chita halogen c6 thé dime hod
cho olefin khi c6 bazo:
R--IC—CH-Z + KOH —» R'"F=IC—R
Cl Z = nitro, aryl... Z Z

Co ché nhu 12 the nucleophin & giai doan d4u sau d6 la tich, ching han benzyl clorua:

CH,CH,CI _
CeH{CH,Cl 2270, CH CH™Cl =25 CgHsCHCICH,CHs 255 CoHCH=CHCgH

o,0-Dibromtoluen ArCHBr, cho tolan ArC=CAr do debrom hod ArCBr=CBrAr,
tuong tu diarylmetan Ar,CX, dime ho4 cho tetraaryl anken Ar,C=CAr, bing natri selenua,
déng, st (II), dihydrat oxalat va pentacacbonyl sit.

Céc B-xetoeste, aryl axetonitrin, ArCH,CN va hop chét loai ZCH,Z s& cho sin phim
ghép kht ¢ tdc nhin oxy hod nhu I, AgO, muéi Cu (II), PbO;:
NaNH,
Ar2CH2 NH, an AI‘ZCH —-P' AI'zCH CHAI'2
32- Phdn itng dime hod silyl enol ete hay enolat liti
Silyl enol ete dime hod khi ¢c6 AgO thanh 1,4-dixeton:
Ry ry Ry Ry
R C=C-Ry L0, R~ €= £ ¢ c- c— R,
OSi(CH3y), O R, R3 0
Phan ttng thire hién trong dimetyl sunfoxit hay dung méi aproton phan cuc. Phan vng
cho hiéu sudt 16t khi R,, R 13 hydro hay ankyl, t6t nh4t 14 R,=R,=H. C6 thé dling hén hop
hai silyl enol ete dé 16ng hop 1,4-dixeton khéng d6i xing, thudng ding iotbenzen-BF;-

(C,H5)O, nitrat amoni ceric va tetraaxetat chl. Néu R;=RO (xeten silyl axetal) dime ho4
bang TiCl, cho diankyl suxinat ROCOCR,;R;CR,R;COOR.
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33- Phdn iimg oxy hod thiol t6i disunfua
Thiol dé bj oxy ho4 thanh disunfua:

RSH 1202 Rssr

Hydropeoxit 12 tic nhan chung nhat, cé thé dung axetat tali (III), (CH;),580-1,,Br, v6i
xic tic chuyén pha, natri peborat, NO va NO,. N&u ding tic nhan oXy hod manh cho
sunfoxit hay sunfon. Oxy khéng khi oxy ho4 thiol khi ¢6 kiém theo cg ché€ sau:

RSH + B = RS  + BH
RS + O, — RS + "0,
RS + '0,” — RS 0,
2RS" — RSSR
0,” + BH — HO™ + B” + O,

Co ché oxy hod 1a goic ty do va t6 hop hai géc.

Cidc disunfua khong d6i xing c6 thé téng hop khi tic dung RSH véi dietyl
diazocacboxylat C;H;O0CN=NCOOC,H;s cho sin phim cong réi tdc dung san phdm cong
vdi R’SH khic cho disunfua RSSR’.

34- Phdn iing oxy hod amin dén hop chdt azo hay azoxy
Ar-NH, MO Ar N-N-Ar

Amin thom bac nhét bj oxy hod t6i hop chat azo véi céc tic nhan oxy hod khdc nhau
nhu MnQO, O, va bazo, tetraaxetat chi, bari pemanganat va natri peborat trong axit axetic.
Mot 56 amin bac nhat oxy hod thanh hop chat azoxy béng rert-butyl hydropeoxit.

15.5. PHAN UNG KHU VA CO CHE

Phin tng khir xay ra do sy chuyén electron tir tdc nhan giau electron — chét khir t6i
chat ngheo electron - chét oxy hod.

Phin tng c6 thé xdy ra bing su chuyén tryc ti€p cap electron theo co ché ion nhu khir
bang ion H', bing cch chuyén cap electron theo co ché electron nhu khir bang kim loai
hodc bing cach lien két véi hydro phan tir.

Cic trung tAm nhay véi tdc nhan khir 13 trung tdm ¢6 mat do electron thdp,nghia 1a
nhay v6i tdc nhan nucleophin.

Phan ting khir xay ra & cacbon 1am giam bac oxy hod clia né bing phan ing cong nhu:
- ?= 0O —» — (fH-—OH
—C=N —» —CH=NH — ~CH,NH,
e e b

364



bang phéan ting the:
N I
~¢-OH > —C—H

R

ho#c bing phan ing tich:

- [
i | | I

T nhitng thay déi trén trong cdc chuyén ho4, nhifng trung tdm nhay v6i tic nhan khi
ion hay g6c 1a cac lien két doi phan cuc C=C hay lién két doi lién hop véi no:

~ NelX LS S e
nhing trung tAm lién két véi dij t6:
SC—X

va phan ing khir xay ra khi tao duge trang thdi chuyén 6n dinh nhu cacbocation trong Sy/
hay vong c6 siic cang 1én:

. ' @ !:O\
CH_C—"X —+[CH_‘C_] ,
H115 | 6115 l “*-/C_C(

hoéc nhimg trung tam k&m theo phan tng tich,

Céc tdc nhan thudng ding la hydro trén xdc tdc kim loai véi nhidu hé khic nhau va
cic hydrua kim loai.

35- Phdn iing khit bang H,

Phin tmg diing d€ khir c4c hop chét chua no trong xidc téc di thé hay déng thé nhu khi
olefin va hgp chat chua no ¢6 nhém chife C=C, C=C, C=0, C=N.

Khi khit bing xific tdc, thudng ding Pt, Pd, Rh, Th hay phitc xic tic cla kim loai
CuCr,0,... nhumg hay diing nhét 12 xic tdc cita Adams va Raney.

Phan dng xay ra trén bé mat xuc tdc, trong d6 khi ¢6 xic tdéc 1am gidm nang luong
hoat hod ctia phan tmg thigt 1ap cin bing giita ch4t ddu va chat cudi, phan g 12 céng cis.
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Bang 15.2. Su thay ddi bac oxy hod ctia cacbon va dj 16 khi khit

3 2 1 0
-COOH\

-COOH ———> -CHO > -CHOH- —=——— CH,
-cocl

|
CN —————— -CH=NH —— _.CHNH, ———» CH;

t
-CONH, -C=NOH

-CO- _— -(l'JHOH — -CH;

N=N*O- -N=N- ——— .N-N- -NH,
-lﬁI*-O‘ -NX, - I-NX- -NH,
O -NO = _NOH -NH-
-"S-S* -0 -§-8-0° ————» S8 -SH
0
-SO3H —— » SOH —————=  .8X -S-
-80;N- SO -SN
o 5 o

-0-0- OH
-0-X -OR

'
10
HH

Toa dé phin img

Hinh 15.1. Anh hudng cia xdc tdc dén thé ning
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Khi cong hydro vio néi ba cho cis-anken, ching han:

[H,]

CH30CO(CH;)CmeC(CHy);COOCH; —
CH3OC0(CH3)\C CH2);COOCH,

W H

Co ché phan iing hydro hod xdc tdc rdt phitc tap, coOn nhiéu chd chua giai thich dwgc
song cé thé ¢é cdc qud trinh theo co ch& dé ra nam 1934: olefin dugc hdp thu trén bé mat
kim loai (chi bing d4u hinh dam trong s¢ d6) & phia it khé khan lap thé hon va phan tir
hydro ciling duge hip phu nhu vay. Phan tir hydro phan tich ra nguyén wr hydro & dang hip
thu. Giai doan thit hai 12 nguyén t&r hydro néi véi cacbon tao nén g6c ankyl (con mot lién két
trén bé mit kim loai) va hai chd tréng trén bé mat d6. Cudi cung 1a nguyén tir hydro t6 hop
v6i g6c ankyl cho san phdm di ra khdi bé mat xidc tdc va d€ lai hai ché trong trén kim loai.
Song trong thuc t&, ngoai phan ng cong trén con ¢6 phén ng chuyén vi n6i doi, déng phan
hod cis-trans va trao déi hydro.

Ching han hydro hod 1-buten cho butan, con cho cis- 2-buten do dii chuyén néi doi,
cho trans-2-buten do déng phan hod cis-trans:

H3 CH3 H3 CH
CH,CH,CH=CH; == CHyCH,CH~ CH, :)c—-c( —_— C>c=c< 3
A ﬂ B / E l G
CH;CH,CH— CH; CHyCHCH,CHy —=  CH,CH,CH,CHj§
- - |
C \\ ! j
‘ H; H H;C H
CH;CH,CH,CH, Hc>c—c( == >c=c{
b T e, H o wa CH;
K L

Theo so d6 trén, phan ¥ng cong binh thudmg 12 tr A > B — C — D, phan tng ddi
chuyén néi déi latr A - B > C — E — G, phan tng déng phan hod cis-frans la tr L. > K
— C > E va phén ting trao d8i hydrolatir A —» B—> C—» E — H -> [. So dé trén cho thdy
khd diy du qua trinh nhung ciing con nhitng van dé chua trd 18i duge nhu ban chét ciia cdc vi
tri bé mat xiic tdc, ban chat cha lién két va sy khic nhau gay ra bdi ban chdt khic nhau cla
méi xic tdc.

Phan ting hydro hod xic tdc ciing dung khir cdc nhém chite chura no khéc:

C=0 — -CHOH
~-C=sN — -C=NH — -CNH,
-NO; — -NHOH — -NH, ...
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cling nhu khir cdc hop chét thom, di vong, cdc nhém chic khic nhur O {epoxy), OH nhu
CH,0H, COOH, COOCR....

Bang 15.3. Kha niang khir c4c nhém chific bing hydro xic tic

Chét ban ddu $&n phim Knhd nang bi khir
RCOCI RCHO dé& nhat
RNO, RNH,
RC=CR RCH=CHR
RCHO RCH,OH
RCH=CHR RCH,=CH,R gidm kha
RCOR RCHOHR nang khir
ArCH,OR ArCH, + ROH
RC=N RCH,NH,
RCOOR' RCH,0OH + R'OH
RCONHR’ RCH,NHR'
¥
O O rét kho
RCOO™ tro

Phan tng c6 th€ diing xiic tdc déng thé. Phan ting nay khong xiy ra hien tugng déng
phédn hod hay phan tich lién két nhu trong xdc tic di thé.

Thudng ding RhCI[(CsH;s)4Pl; vi d€ didu ché:
RhCl; + 3(CeHs)sP —> [(C4H;),PIRhC1
Xiic tdc diing dé hydro ho4 c4c lién két doi riéng 18 & ap suft va nhiét do thudng:

D

+ H, (IR __(?_él _
H H

H
H [{CsHy)3P1sRACI H
sl Ne=,
benzen H

Tinh khir phu thugc vao mitc d¢ th€ & lien ket doi, lien k&t d6i ¢6 ba hay b6n nhém the
hydro hod chdm hon 12 mét hay hai 14n thé, do d6 cd thé khir chon loc khi chét c6 chia hai
hay nhiéu n6i d6i khdc nhau. Ching han:
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H OH

[{CeH5}3PlaRACL
Il
| benzen |
Phan iing cfing 12 cong cis:

CH
CH [(C¢Hs)sPLiRACI H,C\ A3

H3C\C —C< 3+ b, 6 ;3 3 B C{‘H

H/ H NZen D D

Khi trong anken cé nhém andehit thi cé su decacbonyl hod nhém andehit:

[(CgHs)2P]3RACL
@- CH=CH— CHO ——" g —CH=CH, + CO

Co ché hydro hod xic tdc ddng thé nhu sau:

P—Iih—P — Rheg i B“gh-H =5

(|:l P( P/(:l
H H. P
P-. | .-H P Cc—H o —
RE. —= R’ — (Rh o+ ¢ <f
i v 7 P H H
ClM = Cl
P =P(CgHs)s

Phan tng ciing ding dé khir mot s& nhém chic, khit phén tich lién k&t C- di t6 (C-Z
vdi Z = O, N, S). Thudng ding xdc tic Pd va hop chit ¢é nhém chic & vi tri allyl hay
benzyl: ancol, ete, este, thioete:
Ar—CH'_qOH -_ Ar—CH3 + H20
Ar-CH,-O-R  — Ar-CH; + ROH

Ar-CH(OR), —» Ar-CH,; + 2ROH
Ar—-CH,~OCOR — Ar-CH, + RCOOH
Ar-CH,-S-R — Ar-CH; + RSH
Ar-CH,-NR, — Ar—-CH; + R,NH
Ar-CH,Cl — Ar-CH, + HCl

R-CO-Ci — R-CHO
36- Phdn wing khit bang hydrua H

Téac nhan khir quan trong va théng dung 1a cdc hydrua kim loai cia nhém va bo, nhit
la LiAlH,, NaBH,, KBH, trong d6 kha nang khir giam LiAlH, > KBH, > NaBH,, néu thay
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hydro bang cdc gdc ancol thi tinh chat khiy giam nhung lai tang tinh chat chon loc hon nhu
LiHAI{OC,Hj),, LiHAl{tert-OC,Hy),.

LiAlH, 1a chat bot v khir khong chon loc, con cic hydrua kim loat khdc ¢6 chon loc
hod hoc, 1 tdc nhan nucleophin cho ion hydrua H™.

Phan ng xdy ra bing cdch th€ hay cong nucleophin phu thuéc vao chdt phan tng
nhung khong diing véi chét ¢6 tinh chdt enol hod va trong da 56 trudng hgp ¢6 diung thém
axit Lewis,

Céc tdc nhan nay cung cdp nucleophin hydrua H' trong cdc phan ting the nucleophin
Sn2, nhu khit tat ca céc loai ankyl halogenua ké cic ddn xut vinylic ddu cdu va xyclopropyl:

Ol T,
H Br

S

1 )
—® H—C— + Br
|
Khir oxit etylen:

H
4 %é\c—csus —— CgHs~ G-l
H

Phan ng thu duge ancol bac cao hon, nghia 12 ion H t4n cong vio cacbon it 4n ngir
khong gian nhat theo Sy2, ching han:

OH

H3C ,fff" [ \\\\ H
p— C\‘

{)\CH3

0]
H3C/f;h' / \ ‘\\\\ H Li.AlD4
—_C‘

C =0 C
TR AN H,c”

Ete bi khir bang LiAIH, khi c6 xic tac axit Lewis, chdng han AlCl;, 1am tang sy phan
cye clia né dé dé& phan cét anionit:

—CHyO-R —»= CHr O°R — 3+ Al
. bR
AlCl,

Ete kh6 bi khir nhung dé khir 12 cic ete loai benzyl va allyl.

Phan ung kh{r andehit, xeton bing tdc nhan LiAlH, 12 phan dng c6ng hydrua vaoe céc
lien ket cacbon-di t6 nhw 13 phan tng cong nucleophin. Chéng han khir andehit va xeton cho
ancol:

o,
R/C 0+ FP—AIH3LI y R/<H

Su chuyén H™ twong ty nhu chuyén R tir hop chét co kim vao nhém cacbonyl. Hep
chat tren thuy phan cho R-CHOH-R néu du RCOR s& ¢6 sin phém:
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R,CH-OAIH,—2» (RZCH-O);,.?I 10304 4R,CHOH + AL(SO,)s+ LipSO,
|
Li Li

NaAlH, 1a tdc nhan y&u hon, ¢6 thé khir andehit va xeton nhung khong khir duoc axit
va este nhung né bén véi nudc hon.

Nguén cho hydrua cé thé 1a cdc ancolat. Cic andehit va xeton ¢6 kha ning bi khir bai

cic ancolat, dac biét 1a andehit va sin phdm thu dugc la cic andehit khdc nhau va andehit va
xeton khdac nhau:

R'
Do gle = Bl
Tdc nhan thudng diung nhat 1a isopropylat nhom, 1a chét rdn, néng chdy & nhiet do

thip (. = 140 + 180°C) cho kha nang chuyén dich can bing dén san phdm khir hoin toan.
Phan tmg goi 1a phan ting Mcerwein-Pondorf—Opcnauer:

H
H
~ —CL |
R _C\) 4 CH3 == R—C—H * (CH;)CO
AHOCH(CH;),1, QAAOCH(CHs ), ],
Tét nhat 1a R chita lién két doi hay g6c chira halogen:
Al == Al +  HsCCOCH;
(CHy),cHO” o= (} R (CH,),CHO

Khi khit cdc este hay din xudt axit, phan Ung xay ra qua giai doan cong H™ vdo
cacbonyl rdi tach:

R—{—Q—R — R—fE——O—R—D— R_ﬁ Gb_"R
H—AIH, H
‘Lmlm
H,0 o .
R—CH,0 =~ R—CH,0H
Khi ding cdc tdc nhan ¢6 khé khan khong gian 16n hon nhu LIAI[OC(CH,), )5, ¢6 thé
dimg lai & giai doan ddu, chang han:

O— E—CI LIAI[OC(CHy);); O_E_H
—
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Amit cling bi khit bing H™;
AlH, .
—N(CH,), ™ R—'i.;=N(CH3)2
H
22 RrcHO

® .
R—I’=N( CHz),— u
— RCH,-N(CH;),

Nitrin ciing bi khir:

RA@_ N(CH3)2 -

AIH
R-C=N AR CH,-NH,

LIAOC,H
Ar—c=N —HAOGH) 1 Nl O ArcHO

Khi diing tdc nhan y&u hon c6 thé ding lai & giai doan imin va thuy phan cho andehit.
Kha nang khir bang LiAlH, giam tir andehit dén ankan nhy trong bang 15.4.

Bang 15.4. Kha nang khir cia cdc nhém chitc bing LiAlH,

Chat ban ddu S$é&n pham Khé nang
RCHO RCH,OH dé nhat
RCOR RCHOHR
RCOCI RCH,0OH
Lacton Piol
RCQ — CHR RCH,CHCHR gidm kha
O néng
RCOOR’ RCH,0OH + R'OH
RCOOH RCH,OH
RCOO™ RCH,0H
RCONR/, RCH;NR',
RC=N RCH,NH,
RNO, RNH,
ArNO, ArN=NAr ratkhg
RCH=CHR tro

Céc tic nhan BH; va AlH; 14 tdc nhan electrophin, thudmg ding BH,.

Cic hydrua ctia bo 12 BH,, goi 1a boran, thudng t6n tai & dang B,Hg nhing trong co
ch€ c6 thé viét BH; vi trong dung moi ¢ tinh bazo Lewis nhu ete, diboran ¢6 thé tén tai &
dang B;Hg. Boran 1a tdc nhén cho ion hydrua nhung vi bo ¢6 6 electron ngoai cling, nghia la
thi€u electron, cho nén ¢6 sir tdn cong ban ddu la electrophin.
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Phén 1ing khir clia boran 1a phan ting cong electrophin vao lién két d6i C=C hay C=Z.
D61 véi anken, boran ¢6 thé cong truc ti€p bing tdn cobng electrophin:

H
H—B—H H--B—H r ? 2
R+t A Rey . ~H R_l_CHz_“" (RCH,CH,);B

Phan iing qua ba giai doan tao thanh mono, di va triankylboran.

Triankyl boran trong moéi truong axit RCOOH s& cho ankan (axit RCOOH hoat dong
hon axit vé co):

(RCH,CHy):B + 3RCOOH — 3RCH,CH; + (RCOO);B

I
o—™ H—%—?—H + rRcoo— B

H—C
SR

Phan \tng cong ciing 12 cong cis, do dé su chuyén hod lien k&t C-B thanh C-H bao
toan cdu hinh nén san phdm wvu tién 12 sin phdm cis:

D M
~ BH, CH;CH3;COOH
—_— —
! i‘\\\\H
~D =D

Trong trudng hop anken khéng d8i xing, bo két hop vao cacbon it thé hon & néi doi.
Diéu nay c6 thé gidi thich bing hiéu ting lap thé do thé tich clia bo 16n hon hydro.

Mat khéc, lién k€t C-B tao thanh dé hon lién két C-H, cacbon cén |
mang phén dién tich dwong va B hinh thinh mot phin dién tich 4m, do —¢5+ é_

dé phan ting gidng cacbocation nén cacbon ¢é nhiéu nhém th€ hon s& én ' !
dinh hon, phiic hoat hod bén hon, ddi hdi ning lugng th&p hon. Boran I'{ ----- [‘;—
cling cdn céng hop véi ndi ba cho cis-olefin:

CH C¢H
BH [ R / 6135
CHs—C=(C—CHe — c=C
67°5 [ H/ \H
dic biét khi ding (iso-C4Hg),AlH thi phan ting chon loc hon, chi cho cis-olefin.
Boran ciing cong hop vao lién két C=Z, dac biat vao C=0.

Trong phan #ng cha boran véi hop chat cacbonyl, boran khir andehit va xeton tao
thanh ancol twong tng, chi ¢6 san phdm phu 12 axit boric dé& tich ra bing kiém:
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H R H
I I
R—i—R+ BH; —» R—C®—O—B-—H — R“'-(IE—O—EIB—H RS
|
H H
R H
| 31,0 I
—— (R_(lz_'o_)gBH —- 2R—Ic—0H + HiBO3+ H;
H R

Boran ciing khur nitrin thanh amin, axit thanh ancol, este thanh ancol, etyloxit thanh
ancol bic hai, trong khi d6 NaBH, kh6ng khir duoe axit.

Bang 15.5. Khé nang khit clia boran

Chat ban ddu San pham Kha ning
RCOOH RCH,0H dé nhat
RCH=CHR (RCH,CHR},B gidm
RCOR' RCHOHR' kha niing
RCN RCH,;NH, khr
RCH — CHR' RCH,CHOHR'

AN 0/
RCCOR' RCH,0H + R'CH kho
RCOCH - tra

Phan 1ing khir bang su chuyén electron tir cic kim loai nhu Na, K, Li, Zn, Sn, Fe 1
chét cho electron 4n cong hudng vio cic dj t4.

Co ché& phan itng qua nhiéu giai doan:
- Chuyén electron tao thanh géc- ion:

. -
Me + 0=CZ  —» M O—CL_
Goc nay c6 thé dime hod hay 14y electron thit hai dé cho dianion két hop véi H':

. & 2H* '
Me+%—C— + Me —= Met 8—|C Me —» HO_?_H
i

H™ 14y tir dung méi ching han NHj3, ancol, nudc, phu thu¢e vio kim loai ding.
Chang han phan tng Bouveault - Blanc:

. hd Qo
R- ?—O_CzHS + Na'— R"(I:—O—C2H5+ Na" —= R~ FéO_CZHS

O H o 0
L |§1~ 0-CH; —= RCHO + CHs0°
Oe + Na
R-(—H —» R- —H 3 RcH, 0P
Oe cl)e
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Céc olefin, aren, dien, ankyn ciing c6 thé khir bing kim loai:

H H
Z ROH & l6“_@3
e = I
Q—) . ol 9
H H a

Khir xeton a, B-chya no:
Li* + 0=C—-F= — — Li—0—C=0—¢ - Li——O—?=C—-C6—
Y | o
HO
o
Kim loai c6 thé ding khir phan tich c4c lién ket ciia cacbon véi dj t4:
R—X+ Mg—= p~—Mg—X 25 p—pg
Ar—x + Mg Q0H Ar_ g
Mg + Bl—'(::’ﬂ;-—Br —_ —F=(I'_h + MgBr,

Cédc mudti kim loai 12 chat khir s& cho electron chuyén thanh kim loai ¢6 bac oxy hod
cao hon:

SnCl, — S$n?* — sp'*
CrCl, — Cr**t — o™t
FeSO, = Fe?* —~ Re**
Cu,Cly— Cu* — Cy?*

Phan ting t4n cong theo huémg vio di t8, musi chuyén electron t6i dj t6. Thudng dung
dé khir cdc a-halogenxeton, din xust the o, B-oxit etylen:

I
I /
K = o=
N N
KA > o=
Tir co ché trén san phdm thu dugc trong phan tng khir, ¢6 thé chia ra cac loai sau:
1- khir the oxy bing hydro;
2- khir loai oxy ra khi chét ban déu;

3- khir phan cat mach;
4- khit t8 hop.
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15.6. CAC PHAN UNG KHU
15.6.1. Phan tmg khir do thé oxy bing hydro

37- Phdn itng khit hop chdt nitro thanh amin

Cac amin béo va thom déu bi khi bing kim loai trong axit nhung thudng diing cho
amin thom hon:

RNO, Z2HO, pnH,

Téc nhan thudng diung 1a Zn, Se, Fe va axit v hydro hod xdc tdc, ngoai ra con diing
AIH;-AlCl,, hydrazin va xvc téc, TiCly, axit fomic va Pd—C, NaHS, (NH,),S (phan tmg ding
sunfua va polysunfua goi la phan tng khir Zinin), LiAlH, chi ddng khit amin béo cho amin
con nitro thom chi cho hop chét azo, NaBH, va BH, thudng khéng dung khit hop chét nitro
mac di c6 the khit amin béo va thom dén amin bing NaBH, va xic tdc NiCl,, CoCl,. Hop
ch4t nitro thom khir bing NaBH, s& khir vong thom cho xyclohexan, con lai nhém nitro hay
phan tich nhém nitro ra ra khoi vong, (NH,),S khir mét trong hai hay ba nhém nitro trén mot
vong thom hay trén hai vong cita mot phan tir,

Co ché€ khir it dwge nghién ciru, thudng di qua cdc chét trung gian khéc nhau. Co ché
kbir bang kim loai (Me) va axit ¢6 thé nhu sau:

y O—H O—H
ArQ\J_M.LAr_—Q;\<-—HPAre. e
o .9 e 5]
Me e H* Me = +
Ar—-@ >~ Ar—N—0 — Ar—N—0O~—H —= Ar—N—0—H e

Me
S Al—ﬁ-—o-—-H = Ar—NH,

Phin ting khit trong axit lu6n thu duge amin, khong tich dugc cdc chat trung gian va
n€u ankyl & quang hoat thi vin dugc bao toan c4n hinh.

M¢t s6 hop chét nitrozo thom thu duge khi bitc xa hop chét nitro vai dung dich KCN
bidng UV:

hv, CN"
AINO, === ArNO
Hy0
Hop chét nitro bj khir d&€n hydroxylamin:

ANO, 8- M0 A NHOH

Khi hgp chat nitro thom bi khir bing k&m trong nudc dudi diéu kién trung tinh sé hinh
thanh hydroxylamin. Ciing diing tdc nhan khdc nhu Sml,, N,H,-Rh-C vi NaBH,-Se.

377



Boran trong THF khir hgp ch4t nitro aliphatic & dang mudi cho hydroxylamin:
=4 BH,-THF
R—C—NO, —2Hh R—CH—-NHOH

R R

38- Phdn g khit hop chdt nitrozo va hydroxylamin thanh amin

Hydroxylamin va nitrozo khir d€n amin cling mot tdc nhan nhu khi nitro:

RNHOH Z0:HO, pyy,

rRNO Z2-HA pNH,

Hgp chét N-nitrozo bj khir dén hydrazin:
R;N-NO ——» R,N-NH,
39- Phdn iing khit cac oxim thanh amin
Cac oxim, andoxim va xetoxim ciing bj khit d&n amin, thudng ding LiAlH,:
R-C-R AL R—CH—R'
N—-OH NH,
Phan umg ciia xetoxim c¢6 ch4m hon, ching han C;H;COCH=NHOH cho 34%

CsHsCHOHCH=NOH. C6 thé dung tdc nhan khic nhu k&m va axit axetic, natri etoxit, BH,,
NaBH;CN-TiCl,, natri vi ancol.

Khi khir xetoxim bang DIBAIH, thu dugc amin bac hai do chuyén vi:

kﬁ‘—R' (EJO'C4H9)3A1H R_ NH —CHZ—RI
N—OH

Oxim loai ArCH,CR=NOH tdc dung véi LiAlH, cho aziridin:

. C6H5CH2 6H5
C¢HsCH,— ﬁ_ CH,CeHs ANy u
THF H

N—OH 'l\l

H

Céc hydrazon, arylhydrazon va semicacbazon bj khir d6n amin véi céc tdc nhan khic
nhau k& ca Zn-HCl, H, va Ni Raney.

Oxim bj khir dén imin RR*C=NOH —» RR’C=NH biing Ru3(C0),,.(C3Hy);P-S(CcHs),
nhung néi chung khong bén.

40- Phdn itng khu xeton thanh ankan

Phuong phép c6 dién d€ chuyén nhém CO thanh CH, 1a phuong phdp Clemmensen:

ey 2D .
R E R' % R—CH/R
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Phan itng Clenmimensen khi andehit hay xeton khi diing hén héng Zn trong dung dich
HCl. Xeton thudng bi khir nhiéu hon andehit, it ding v6i chit nhay vdi axit hay c6 khéi
lugng phan tif cao. Phan ing ding cho cic andehit hay xeton ¢6 nhém chitc khic nhu
a-hydroxy xeton cho xeton hay olefin, 1,3-dion (nhung thuémg c6 chuyén vi).

Co ch& khir Clemmensen 14 co ch€ khit trén bé m3t kim loai di qua chdt trung gian
k&m-cacben ma ancol khéng phai 12 chat trung gian vi ancol khong bj khir bing
Clemmensen va cé san phdm phu 1a pinacol.

Mét phuong phdp khic 13 khit Wolff-Kishner v6i tdc nhan khir 12 hydrazin hydrat va
bazo, (thudng ding NaOH hay KOH) va phuong phdp cai ti€n cha Huang-Minlon khi dun
héi luu vé6i dietylenglycol hay trong diéu ki¢n nhe hon la trong dimetylsunfoxit véi bazg la
tert-butoxit.

Co ché clia Wolff-Kishner di qua chat trung gian 1a hydrazon:
R,CO — R,C=N—NH,

Chat trung gian ndy 1i€p tuc phan ng khir khi ¢é bazo:

. o o
R,C=N-NH, £i& [R,C=N—NH == R,C— N=NH] HaG

. S . H,0
R,CH— N=NH +OH -3 [R,CH-N=N| = R,CH 25 R,CH, + HO'

Andehit ArCHO bi khir dén ArCH, bang NaBH,-AlCl,, LiAlH,-P,I,. Andehit béo bj
khir thanh RCH; bing titanoxen diclorua (CsHy),TiCl,. 1,2-Pixeton khit chon loc bing H,S
véi xiic tdic amin, khit mot nhém cacbonyl trong quinon bing Cu va axit sunfuric:

©(1D & OO0

Phuong phdp gidn ti€p khir tosylhydrazon R,C=N-NHTs thanh R,CH, bang NaBHj,
BH,, catecholboran... Phan dng khU tosylhydrazon o, B-khong ne bing NaBH;CN,
NaBH,;-CH,COOH, c6 sy chuyén vi lién két d6i mat tinh lién hgp v6i nhan bezen:

OCH=CH —CI—I;,T NaBH,CN CH;—CH=CH—CH;,
-=NHTs l |

do phidn @ng xdy ra theo co ché vong:

R2 Ry R R Ra R
R—C=C— ﬁ‘.—m TH RC=<C. ,H_» R-CH-C=CHR, +N,
AN
N~NHTs A= R
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41- Phdn ing khir axit thanh ancol
AXit cacboxylic bi khir thanh ancol bing LiAlH,:
RCOOH AL peyon
Phan @ng khong dirng lai & giai doan andehit nen cin didu kién ém dju & nhiet do
phong. C6 thé ding cic hydrua khdc nhimg khéng dung NaBH,, hydro hod xiic tic khong
hi¢u dung con boran c6 thé khir chon loc khi ¢6 nhém chitc khic.
42- Phdn tng khit amit thanh amin

Amit bi khtr t6i amin bdng LiAlH,:
LiAlH,

RCONH, RCH,NH,
RCONHR’ —— RCH,NHR'’
RCONR’, RCH,NR’,

Phan ing khir khé hon cdc nhém chirc khic, NaBH, khéng khir dugc amit. Boran va
natri trong !-propanol khir t6t t4t ci cdc loai amit. Trong tredng hop RCONR’,, LiAlH,
phén cit lien két va cho andehit hay ancol:

RCONR’, DA pepo 4+ R,

Cac lactam ciing bj khir bing LiAlH, cho amin vdng hieu sudt 16t mac du cfing cé
phén cét lién két.

43- Phdn ing khit este thanh ancol, ete va ankan

LiAlH, khit este ciia axit cacboxylic cho hai mol ancol:
RcoorR” BAM pew,on + ROH
Este cacboxylic ciing bi khir bing hydro ho4 trén cromat déng & nhiét 46 va 4p su4t

cao.
Muén khir dén ankan va ancol diing t4c nhan titanoxen diclorua:

rcoor® &lhliCl b | rom
Co ch€ phan (tng di qua chat trung gian anken. Axit thom bi khir dén metylbenzen khi
ding triclosilan trong CH;CN réi cong véi tripropylamin va cuéi cing bing KOH trong

CH‘;OH
SiHCL, KOH

SiHCI )
ArCOOH ————— (ArC0),0 —RT» ArCH,SiCL, E‘m’ ArCH,4
Este cacboxylic va lacton bi khi téi ete bing BF;-eterat va LiAIH,:

BF;-eterat
RCOOR’ ———— RCH,0R’

LiAlH,
Phin ing khir lacton biang BF;-eterat v LiAlH, hay NaBH, véi triclosilan va 4nh sng
cho ete vdng. Thioeste cho ete RCH,OR® bing Ni Raney.

380



Céc din xudt khac nhu clorua axit bi khir cho ancol bing NaBH, hay LiAlH, nhung
khong dung boran, anhydrit ciing bi khir bing LiAlH, cho diol hay lacton:

rcocl LA, pen,oH
RCOOCOR —— 2RCH,0H
Phan itng khir epoxit:

RI‘
R\c— CH TG R'—IH—-CH; R
R/ \4 “H
San ph4m khir epoxit thudng 12 ancol, con khi dung filanoxen diclorua cho ankan.
44- Phdn iing khit Miscellaneuos ciia hgp chdt nito
Phan g khi isoxyanat thanh amin:
R-N=C=0 LAM: p NH CH,
R-N=C=S — R-NH-CH,
Isoxyanat hay thioisoxyanat bi khir thinh amin bing LiAlH, nhumg LiAIH, khoéng hki
hop chit azo nhung c6 thé khir thanh hgp ch4t hydraze béi hydro hod xic tdc hay v6i diimit:
Ar-N=N-Ar H2/*c ¢ A NH-NH-Ar
Mudi diazoni bi khir thanh hydrazin bing natri sunfua:

Na,SO
AIN,*Cl ——2—%  ArNHNH,
Phan iing theo co ch€ nucleophin:
o soz _%_ SOe H,0
AN,* + SO7—» Ar—N==N—S$0; —> AN 3
S0;
£ HO. A—NH—NH
Ar—N—NH— SO3 H* 2
S0%

Sin phdm ban d4u la axit hydrazinsunfonic réi chuyén thanh hydrazin khi c6 axit.

Nhém CN c6 thé bj khir thanh nhém metyl khi tic dung véi tecpen, ching han nhu
limonen 1am tac nhan khi, khi ¢6 paladi-charcoal:

RCN + e RCH; +
N\ N

l-limonen

Nhém CN khir thanh CH,OH & pha hoi véi 2-propanol va oxit zirconi.
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45- Phdn itng khit anhydrit vong thanh lacton
Anhydrit vdng cho lacton khi khir bing Zn—CH;COOH hay v6i hydro va platin:

ﬁ) Zn - CH5CO Céj
@(? S,

Phan ung cé tinh chon loc vj tri, nghia 13 chi mot trong hai nhém C=0 bi khir.

15.6.2. Phan g khir loai oxy
46- Phan ung klur hydropeoxit

Hydropeoxit bi khir t6i ancol bang LiAtH,, (C¢Hs)3P hay hydro xdc téc:
LiAlH,
R-0-O-H —————— ROH
CH,COOH
Phan Ung nay 12 mot giai doan quan trong trong phan ing loai nhém Xyan cda nitrin
c6 Hy:

o
\ LiN(iso-C3Hy), L9 0 g 1-H*
RRCHON ———7% [RRCCN ~= RRCON 5o

H .
RR-E_CN 00 RR'CO

Nitrin d4u tién chuyén thank a-hydroxypeoxy nitrin do tdc dung véi bazo & —78"C réi
phan éng ti€p v6i O,. Hydroxy nitrin bi khir t6i xyanohydrin phan cit cho xeton. Phuong
phdp ndy ciing ding 16ng hgp andehit néu R’= H.

47- Phdn itng khy amin oxit va azoxy

Céc amin oxit va hgp chat azoxy 13 ankyl hay aryl déu bi khir loai oxy:

8  (CHsP
_—#

R2 N—() R3N

® (CeHoP
Ar —E:N_Af ——  Ar—N=N—Ar

Téc nhan thudng diing 1 triphenylphotphin, ciing ding LiAlH,, H,/Ni, PCls, CS,,
NaHTe, TiCl, véi LiAlH,.

Nitrin oxit R-C=N"-0" ¢6 thé bi khir dén nitrin bing triankylphotphin va isoxyanat
RNCO thanh RNC véi Cl,SiH—(C,Hs),N.

48- Phdn ttng khw hop chdt nitro thanh oxim va nitrin
Hop chét nitro chifa H,, bi khir bing k&m trong CH;COOH hay CS$;-N(C,H5)s:
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Zn
RCH,NO, ——=—— RCH=NOH
2NO; CH,COOH

C6 thé ding tdc nhan khéc nhw musi Co-Cu (II) trong ankandiamin, CS,—(C,Hs);N,
CrCl, va NaNO, (cho a-nitrosunfon),

Cdc o- nitro anken chuyén thanh oxim (~-C=C-NO, — —CH-C=NOH) bing natri
hypophotphit hay Pb—CH,COOH-DMF.,
Muén khir hgp chat nitro bac nhat loai béo tdi nitrin ding dihydro(trithio)borat natri:

NaBH,S,
——e

RCH,NO, RC=N

Hop chdt bac hai cho xeton nhu nitroxyclohexan cho 45% xyclohexanon, 30%
xyclohexanon oxim va 19% N-xyclohexylhydroxylamin.

Hop chit bac ba khong cho phan img v6i cdc tdc nhan trén.
49- Phan iing kiut sunfoxit va sunfon thanh sunfua

Sunfoxit bj khit bing nhiéu tdc nhan cho sunfua:
LiAlH,

R_i—R —_ RB—S—R

Thudng dung LiAlH,, HI, TiCl,, H,-Pd—C, NaBH,-FeCl,, NaBr. Sunfon thudng bén
trong moi trudng khir nhung vin bi khir dén sunfua véi DIBAIH (iso-C,H,),AIH va khir
bang LiAlH, kém hon. Ca hai sunfon va sunfoxit ¢6 thé bi khir khi dun ndéng véi luu huynh
(bi oxy hod dén S0,), phan ting sunfoxit xay ra trudc & nhiét dé thip hon. N&u diing chat
ban ddu d4nh d4u *>S, sunfoxit chi cho oxy t6i S dé tr& thanh sunfua, nhung phan dng cla
sunfon phitc tap hon khoang 75% hoat tinh phéng xa ban ddu cta sunfon mét di. Diéu d6
chitng to nhiéu nguyén tir luu huynh trong sunfua di tit tic nhan.

Khong ¢6 phan itng khir tryc ti€p tr sunfon ti sunfoxit ma di bing gidn ti€p.
15.6.3. Phan img khir phan c4t mach
50- Phdn ttng kiut azo, azoxy, hydrazo téi amin

Cic hgp chit azo, azoxy va hydrazo bi khi ti amin bﬁng kim loai va axit;

Ar—N==N—Ar

&
AI_II*EN—AI 2w 2ANH,
Oe HCl

Ar—NH--NH—Ar

Thudmg diding tdc nhan khir 1a kim loai va axit, Na,S,0,.

Boran khir duge hgp chélt azo t6i amin nhung khéng khir duge hop chit nitro, LiAIH,
khong khir duge hydrazo hay azo, chi khir hop chat azo.
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S1- Phan itng khit peoxit
Khi khir bing LiAlH, peoxit bi phan cét thanh hai ancol;

R-O-O-R LA, 2 ROH

Néu ding tdc nhan P(OC,Hs); khir peoxit chi cho ete:
ROOR + P(OC,Hs); — ROR + OP(OC,Hs),
RSSR ciing c¢6 phan tng tuong tu cho RSR khi tdc dung véi tris(dietylamin)photphin
[(C,H;),N14P.
52- Phdn ing khit disunfua téi thiol
Muén khtr disunfua t&i thiol thl diing tdc nhan khir nhe nhu kém trong axit lodng hay
P(Ce¢Hs); va HyO:

+
RsSR -Z2H, opsH

Phédn img c6 thé thyc hién don gidn khi dun néng véi kidm. T4c nhan khéc c6 thé ding
1a LiAlH,, KBH(O-iso-C3H7); va hydrazin hay hydrazin thé.
15.6.4. Phan tng khir ghép

53- Phan ting khit nitro thanh azoxy, hydrazo va azo

Hop chédt azoxy thu duge khi khir hgp chat nitro béng tdc nhan khir nhu natri asenit,
natri etoxit, NaTeH, chi, va glucozo:

®
2ANO, A Ar-N=N-Ar
lo

Co ch€ phan Ung la mot phan tir nitro bi khir d€n nitrozo vA phan tlr khic toi
hydroxylamin réi t6 hgp lai véi nhau cho azoxy. Giai doan t6 hgp nay nhanh hon qué trinh
khir. Hop chdt nitrozo bi khir d&n azoxy bidng trietyl photphit hay triphenyl photphit hay
dung dich kiém nudc ctia ancol.

Hop chét nitro bj khir téi hop chit hydrazo bing k&m va hydroxit natri:
Zn
2AINO, WAr—NH—NH—Ar
C6 thé diing hydrazin hydrat va nicken Raney hay kim loai v6i TiCl, hay VCl,.
Muén khir dé€n hgp chét azo ciing ding k&m trong kiém hay LiAlH,:
2ArNO, LiAlHs  Ar NoN-ar
San phim 12 t8 hop cla ArN=0O vd ArNH, trong phin ing khir. Néu dung tdc nhan

NaBH, hay HOCH,CH,ONa thu dugc cht trung gian azoxy. Hop chdl nitrozo ciing bi khir
bang LiIAIH, d&n azo.
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54- Phdn itng khit hai phdn ti andehit hay xeton thanh 1,2-diol
Pinacol hay 1,2-diol tao thanh bdng cdch khir andehit hay xeton bang kim loai hoat
dong nhu Na, Mg, Al:

2RCOR ——%  R,0— (R,

OH OH

Xeton thom cho hi2u suft t6t hon xeton mach hé. Phin tng ding Mg-Mgl goi 1 phin
iing Gomberg-Bachmann.

Chéng han khi diing Na, phan ting ¢6 su chuyén electron d€ chuyén xeton thanh xetyl
roi dime hoa:

. R
R—C—R + Na—> R—C"R —> R— —R
N i bk

Ciing dling tic nhan khdc: Ce-I,, Yb, TiCl, va hon héng Mg. Cic diandehit v6i TiCl,
cho 1,2-diol vong hod véi hiéu suit cao. Phan wng ghép khong d6i xiing cha hai andehit
khdc nhau khi ding phtc vanadi hay cdn ding TiCl, trong dung dich nuéc dé t8 hop hai
xeton khdc nhau.

Phan (ng dime hoé xeton thanh 1,2-diol nay c6 thé thyc hién bang quang hod,nhit 12
déi véi loai diaryl xeton hay ankyl aryl xeton. Ching han benzophenon khi chi€u UV ¢6
thém chdt cho proton nht ancol 2-propanol s& dime hod v&i hiéu sudt t6t. Khi ¢é bic xa,
ph4n tir xeton ban dfu & trang thdi kich thich » — = chuyén qua trang théi singlet réi
chuyén chéo t6i trang théi triplet T, v6i hi¢u suat rit cao. Trang thdi triplet T 1ay hydro tir
ancol réi dime hoa:

iso-CyH,0H
singlet triplet
- HS(I:6 ?6H5
C6Hs—'(|3"C6H5 —> CGHS——?— C—CeHs
OH OH OH

Khi ¢6 4nh sdng, g6c iso-(CH;),CHO* hinh thanh cho H' t6i phan tir benzophenon ban
d4u khac dé cho axeton va go&c benzophenon:

i50-C3H,O + (CgH),CO —> (CH,),CO + (CsHs),COH
Hiéu suAt lugng tir bing 2 vi mét lugng tr chuyén hod dugc 2 mol benzophenon.
Tuong ty c4c imin cling dime hod cho 1,2-diamin véi Al-CgH;Br,, TiCl,—Mg:

Al
ZR—E—H e RfH—iHR
R HR' NHR’
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Khi khir di¢n ly ciing tim th&y san phdm ngung tu chéo ciia xeton thanh O-metyl oxim:

2 3 2 3
1 2 4 khir di2n _p4 H; L 4
RL(R* + RLﬁ)—R —_— Rl—c—c R* —™ R ?—?—R
_E NOCH, OH NHOCH3 OH NH,

55- Phdn itng khit hai phén tu andehit hay xeton cho epoxit

Andehit thom c6 thé dime ho4 thanh epoxit khi c6 hexametylphotpho triamit:

CH;,):N]1,P
2arcHO ' CERNLE ACH—CHAr + [ (CHy,N}PO

0

Téc nhan chuyén thanh hexametylphotphoric triamit (HMPA). Phan ting c6 thé ding
téng hop epoxit hén tap khi ding hai andehit nhung andehit kém hoat dong wu tién hon.

Epoxit ciing téng hop dugc tir andehit thom hay xeton véi anion [(CH;),N1,P"=0 va
(C;H50),P"=0.

56- Phdn itng khir hai phan nw andehit hay xeton thanh anken

Andehit va xeton thom hay béo c¢6 thé chuyén thinh dime anken khi ¢6 TiCl; va k&ém-
déng, goi 1a phan ing McMurry:

R-f-R° % R-G=C-R
E_ Zn-Cu R’ R

Téc nhan khir ding & day thudmg goi 12 tic nhan titan hod trj thdp thudmg di tir Mg va

phitc TiCl;-THF, tir TiCl, va Zn hay Mg, tix TiCl; va LiAlH,...

Bing phwong phédp ndy, khi ding diandehit va dixeton s& cho xycloanken, c6 thé thu
duoc vong 3 t6i 16 hay 22 canh:

Hj
CHs— C— = = CHs

b ud

3
Céc xeto este ciing cho xycloankanon:

TiQl 3
LlAlH

&/

R—C—(CHy—~COOCH;CH; =—C=5 AR AP
2-H (CHz) _

Phén tng 12 co ché€ gbc, t6 hop hai g6c¢ cho hop chat 1,2-dioxy (hop chat titan
pinacolat) rdi loai oxy.
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57- Phdn ting ngung tu axyloin
Khi dun néng este axit cacboxylic v6i natri trong ete hay benzen héi luu cé phan ting

khir hai phan tlr cho san phim «-hydroxy xeton (goi 1a axyloin):

, H-,O
2RCO0R'—“;:— R—C=C—R —- R—CH-C~R

N
xyl
ONaONa OH O
Phén ting ngung tu axyloin thusn loi khi R = ankyl, dac biét ding d€ ngung tu vong
rong. Phan wng thyc hié¢n trong xylen s6i khi téng hop cdc axyloin vong tir dieste. Hiéu suat
déng vong 6 + 7 canh dat 50 + 60%, 8 + 9 canh dat 30 + 40%, 10 + 20 canh dat 60 + 95%.
Phan éng dong vong 4 canh ndi chung khéng dat két qua t6t nhung c6 thé ding (CH;),SiCl
déng vong 4,5 va 6 canh 161,
Co ché€ phan #ng di biét chic chin véi dixeton 1a chit trung gian:

4\0R R’ _
N . [\ 22RO
R—C—OR' —& R—{—OR' —= R ?—R — R—E——Eﬂz
) IO R
S R—C=C—R
o Lo

Céc axit cacboxylic thom ngung tu cho a-dixeton (2ArCOOH — ArCOCOAr) khi tdc
dung véi Li trong THF khan khi ¢6 siéu 4m.

Phuong phdp nay ciling ding d€ téng hop catenan, chdng han este dietyl ciia axit
dicacboxylic Cy4 (tetratricontandioic axit) cho axyloin vdng réi khit bing Clemmensen véi
DCl ueng D,0 trong H,O cho xycloankar, chita deuteri:

0
Zn-He  G3qHgsDs
oy oo

Phdn \ing phai 1ap lai véi ty 18 1:] cha xylen d€ tiép tuc déng vong:

00C,H;
C14Hg3Ds C32Hes —

COOC,H;

Béng phuong phdp gidn ti€p dé t6ng hop cc catenan 12 diing su phdi tri chia cdc phoi
tit ion kim loai, chdng han nhu chuyén ho4 2.9-bis(p-hydroxyphenyl)-1,10-phenanthrolin v6i
polyete thanh phan tir én theo phan dng Williamson.
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15.7. PHAN UNG OXY HOA - KHU

Trong hod hitu co, phan tng x3y ra ddng thdi qui trinh oxy hod va khir, ching han
mot s6 phan dng nhu ngung t Tollens, chuyén vi benzil-benzylic axit, chuyén vi Wallach
da néi & cdc chuong trude thudc loai nay, & day cén ndi thém mot sd phan wng thudng gap
saw:

58- Phdn ung Cannizzaro

Phén ing cha andehit khong ¢6 Hg khi tdc dung véi NaOH hay kiém manh khdc tao
thanh ancol va axit trong tng:

2ArCHO -N2OH, ArCH,OH + ArCOO~

Trong phan tir ndy, mét phan tr andehit bi oxy hod thanh axit, phan tir khdc bi khir
thanh ancol.

Co ché€ phan ing nhu sau: o

0
R—C—H + HO 25 R—G—H —= R—(~H
© %0 ) °0

Phan 1ing Cannizzaro ¢6 giai doan ddu 1da HO c6ng vac C=0 cho chit trung gian (1)
vi trong moi trudng bazo (1) c¢6 thé mét proton cho (2):
H
H ? ha $ hd
R ?% g R—C + H—F—CQ - chuyén proton

H H H

Giai doan nay 1 tinh chét cho electron cia O 1am d& dang cho H di ra ciing vdi cap
electron clia minh tir (1) va tir (2) sang andehit. Su chuyén ion hydrua nay & (2) cé hiéu img
manh hon (1). Néu sy chuyén ion hydrua tir (1) thi giai doan cudi la chuyén proton rit nhanh
cho sin phdm cuéi cling, néu tir (2) thi tryc ti€p tac thanh mudi axit vd anion ankoxy ldy
proton tir dung moi cho san phdm cudi cling.

Co ché trén xdc nhéan bai:

1- Phan &ng 14 bac nhat d6i véi bazo va bac hai d6i véi chat ban ddu (tir (1)) cdn & moi
trudng bazo cao thi bac hai cho mdi tdc nhan (tir (2));

2- Khi phan ing ¢é D,O thi ancol thu duge khéng cé deuteri chimg to hydro tir phan
tir andehit ma khong di tir moéi trudng.
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Andehit c6 Hy khong cho phan ing ndy vi phan dng enol hod xay ra nhanh hon.

Khi andehit ¢c6 nhém OH trong vong thi bazo du oxy hod ancel tao thanh va thu duge
axit hi¢u suét cao.

Déi v6i 1,4-diandehit khi c6 xidc tac phitc photphin rodi cho lacton vong:

74

onmi/\o

Con o-xetoandehit cho phan tng Cannizzaro ndi phan tr ;

HO i
R—C—ﬁ—H — R——?H— —0O
O OH
59- Phdn itng Tischenko
Khi andehit khong ¢6 Hy ¢6 nhém etoxit thi mot phan tir bi oxy hod con phén tif kia bi
khir nhw phan dng trén, nhung & day thu dugce este goi 1a phin tng Tischenko:
2RCHO — RCOOCH;R
Cac andehit ¢6 H, khi ¢é bazo manh nhu etoxit magie hay natri cho phan itng andol.
Co ché gidng phin ting Cannizzaro v6i giai doan chuyén ion hydrua. C6 thé ding xic
tdc phitc rodi, axit boric, andehit thom hay diing dinatri tetracacbonylferat Na,Fe(CO)g.
60- Phdn img Pummerer

Céc sunfoxit ¢é Hy, khi ¢6 anhydrit axetic cho san phdm a-axetoxy sunfua:

® , (CH;C0%0 ® )
R—-ls— CH,~R — R—S—CH—R
&4
0 O0—C—CH
I? 3
0

Trong phan iing, sunfua bi khir va cacbon bén canh bi oxy hod. Anhydrit axetic hay
cdc anhydrit khic hay axyl halogenua cho phan tng twong ty. C6 thé diing axit HC] cho
phan ting vd RSOCH,R’ cho RSCH;R’. Sunfoxit ciing chuyén thanh o-halogen sunfua vdi

tic nhan sunfuryl clorua, N-bromsuxinimit va N-closuxinimit.

Co ch& gdm bon giai doan nhu phdn ¥ng cia anhydrit axetic va dimetylsunfoxit:
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. P i
CHa—f)@-“CHg, + (CH;C0),0 cHheQo CH;——IS—CH3 — CH3—SI=CH2 phin &1
& 0—COCH; O— COCH;

—_— CH3'— S— C?Iz - CH3_ $= CH2 __tfih_up"' CH3"‘S_ H2
cH,coF CH,C00° CH;CO0

61- Phdn ing Willgerod!:
Céc aryl ankyl xeton khi dun néng véi polysunfua amoni chuyén thanh amit hay musi
amoni cta axit goi 1a phan ing Willgerodt:

(NH,),S, .
ArCOCH; —— AICH,CONH, + ArCH,COO NH,

Nhom cacbonyl cia san phdm luén & cudi mach, ching han ArCOCH,CH, cho amit
va muéi cia ArCH,CH,COOH va ArCOCH,CH,CH, cho d4n xu4t cha ArCH,CH,CH,COOH.
Hi¢u suft giam khi tang chiéu dai mach ankyl.

Co ch€ cia phén ung chua that r5, 6 i litu cho 13 nhém anky! tich ra khoi vong roi
két hop v6i vong & ddu kiz, song ¢6 nhiéu chitng minh khdc nhu isobutylphenyl xeton theo
phan tng Willgerodt thi thu dugc san phdm:

CHj;
s (:6}{5—crlz—(:Hz_éH—coxer2
CsHs— ﬁ.—CHz—CH— CH, oy H;
0 CeHsCH,~CH— CH; CONH,

Vaco phéﬂ lh'lg cho lhay cdc chat C6H5COCH2CH3, C6H5CH2COCH3, C6H5C1'12CH2CHO
déu cho mét san phdm CgH;CH,CH,CONH,.

C6 thé thyc hién phan Ung trén bang tdc nhén nitrat bac va I, hay Br, hay vai nitrat
tali, CH,OH:

AgNO:-
AICOCH,R o= ArCH-COOCH; ~ R=H,CH, C;H,
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