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Lé’i nor diu

Cuén sich. “Hoa hoc Hitu c¢d 2” duoc bién soan theo "Chuong
trinh ddo tao Cir nhdn khoa hoc Hod hoc Dai hoc Su phafn” da
duoc Hoi déng b6 mén Hod hoc cdc truomg dai hoc su pham {theo
quyét dinh thanh lép cta Bo truomg Bé Gido duc va Pdo tgo s6
1111/QD-BGD&DT-TCCB ngay 28/3/2000) théng qua ngay 29/3/2000

do yéu cdu méi vé dao tao gido vién phé théng trung hoc.

Tiép theo cuén “Hod hoc Hitu co 17, cusn “Hod hoc Hitu co 2”
gém 5 chuong ;

Chuong VIII : Dén xuét halogen

Chuong IX : Hop chét co - nguyén t&

Chuong X : Ancol - phenol - ete
Chuong XI : Hop chét cacbonyl

- Chuong XI . Axit cacboxylic va dén xudt

Méi chuong c6 thé chia thanh nhiédu bai. Trong méi chuo’ng hodic méi
bdi, cdc tde gid trinh bay theo hé théng : Déng phén va danh phdp,
céc phuong phdp diu ché, tinh chét vat I, tinh chdt hod hoc, gidi
thiéu mét s8 hop chat tieu bidu va ing dung.

N6i dung cdc chuong bao gém cdc kign thite khoa hoc, hién dagi, he
thong va luén luén :'Jen hé véi thuc 1€ doi séng, sdn xudt.

Danh phdp cdc hop chat hitu co a vdn dé con nhiéu tranh céi. DE
théng nhat, danh phdp trong cuén sdch ndy duge dung theo danh
phdp IUPAC dé duoc ban hanh trong cuén "Danh phdp céc ho'p chdt
hitu co” cla tdc gia Trén Quéc Son, Tran Thi Tdu do NXBGD an
hanh ndm 2000,

Vé cdc don vj do ludng, cdc tde gid nhan thdy la don vi do luong
trong cdc sdch & bc Dai hoc trén thé gidi va trong nudc chua théng
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nhdt theo mot hé théng. Nhung tronQ cudn sdch nay, cdc don vi do
ludng néi chung dugc dung theo hé théng SI. Tuy nhién, vi moét s&
don vi do ludng ngodi hé théng SI con dang dugc diing quen thudc

vé réng rdi nhu E, calo, °C, ... nén vén dugc Iuu ding.

Cuén sdch nay la mét trong cdc gido trinh chinh cho sinh vién khoa
Hod hoc trudng Dat hoc Su pham Ha Néi, hi vong dugc dung rong
rdi cho sinh vién Hod hoc cdc truong Pai hoc Su pham khdc, la tai
~ ligu tham khdo 18t cho sinh vién, nghién ctu sinh, hoc vién cao hoc
mén Hod hoc & cdc trudng dai hoc va cao ddng, cdc vién nghién ctu
vé Hod hoc ciing nhu nhitng hoc sinh PTTH ¢o nguyén vong di sau
vao Hod hoc Hitu co. “

Céc tdc gig chan thanh cdm on GS.TSKH Phan Téng Son da ¢8 giing
doc bén thdo va déng gop cac ¥ Kign sau sdc, cu thé cho cdc tdc gid.

Céc téc gid mong mdi va cém on trudc ban doc xa géin déng gép ¥ kién
cho cudn sdch dé cdc tdc gid rat kinh nghiém va bé khuyét véi long
mong mudn lam cho cuén sdch hoan thién hon.

Cac tac gia
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DAN XUAT HALOGEN o |
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| - KHAI NIEM CHUNG
Khi thay the mot hay nhi€u nguyeén ti hidro trong phan tir hidrocacbon bang cac
nguyén tf halogen (Hal : F, CJ, Br, I) ta dwoc cdc din xust halogen.

Duya vao dic diém c4u tao ciia phén tit, c6 thé chia din xust halogen thanh nhiéu
loai khdc nhau.

Theo céu tao cua g6c hidrocacbon, cé din xudt halogen no (nguyeén tir halogen lién
két véi goc no mach hé, nhu CH;CH,Cl hay gin véi géc no mach vong, nhu .Br.),
dan xu4t halogen khon g no (nguyén tir halogen lién ket véi gbc khohg no, nhu CH,=CH-(C1,
@‘ Br ), din xuat halogen thom (nguyeén tit halogen gin v6i g6c thom, nhu ©— Br;

ao

Dua vao ban chét clia chc nguyén ti halogen, ta ¢6 4 loai din xu4t tuong ung :
flo | floro | florua, clo | cloro | clorua,
brom | bromo | bromua, iot | iodo | iodua.

Tuy theo s6 luong nguyen tir halogen trong phan tir ta ¢c6 din xut monohalogen
(CH,Br, CH;CH,CI), din xuat dihalogen (CH,Cl,, CICH,CH,(Cl), din xuat trihalogen
(CHCl,, CICH,CH(C)CH,CI) va din xust polihalogen (C4HCly). '

Dua vio bac ciia nguyén tir cacbon lien ket v6i nguyén tit halogen, ta c6 din xuat
halogen bac I (CH;Cl, C4H;sCH,Br), din xudt halogen bac II (CHj4 —CH-CHj3) va din
Xudt halogen bac III (CH3);C-Cl. ' Br



Dan xudt halogen c6 vai trd rat quan trong trong céc hop chat cuia cacbon, vi nd cé
nhiéu ing dung trong thuc t&€ nhu 1am dung moi, lam thudc chita bénh, thudc trir sau, v.v..
Mat khéc, din xuét halogen ¢6 kha nang phan tng rét cao nén chiing dugc dung trong
téng hop hitu co. Dan xudt halogen 12 cdu néi giita nhiéu loai hop chét hitu co khic nhau.

Thidu:
CH,CH; — CH;CH,Cl -> CH;CH,0H — CH,COOH — CH;COOC;H; ...
Hoiic : CgHsCH3 — CgHsCHCl, — CgHsCHO > C¢H5COOH —» CgHsCONH, ...

Y

Il - DONG PHAN VA DANH PHAP
1. Danh phap

C4c dAn xudt hatogen dugc goi theo tén g6c — chifc, ten thong thudng va tén thay thé.

a) Danh phdp géc —chitc : La sy té hop tén chia géc hidrocacbon va tén cua halogen
tuong dng dudi dang halogenua.

Thi dl.‘l : CH3CH2B1" s @' CHZ—Cl
Etyl bromua Benzy! clorua
b) Tén théng thuong

Mot s6 tén thong thudng khic ciia cdc din xudt halogen ciing dugc TUPAC luu
dung nhu :

CHCl; : Clorofom
CHBr, : Bromofom
CHI; :Iodofom
CHF; : Florofom

CCl, : Cacbon tetraclorua, v.v...

¢) Tén thay thé

Theo danh phép thay thé, n clia din xudt halogen bao gbm tién t6 halogen (prefix)
hoac halogeno cong véi ten hidrocacbon (hidrua nén) va chi s6 chi vi tr (locant) cha
nguyén ti halogen.
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Thi du : CH; ~CH-CH3
a
2-Clopropan (2;c10r0propan)
- Khi dédnh s6, halogen trong mach phai cé chi s6 nhé nhat.
Thidy:  CH3-CHCH,CH,C(CH;);
a
- 2-Clo-5,5-dimetylhexan

- Trong ankenyl halogenua hay ankinyl halogenua, phai uu tién lién két boi réi méi
dén nguyén tr halogen.

Thidu:
Cl CHs.
@ ; CH; -C-CH,CH,C=CH
B
3-Cloxiclohex-1-en 5-Brom-3-metylhex-1-in

- Trong din xuat halogen, c6 nhiéu loai halogen khéc nhau thi sip x&p theo vin
chi cdi :
I

@ | CFCIBiI

Br
1-Brom-4-iotbenzen Bromclofloiotmetan
CHyCH-CH-CH~CH, ~CH~CH,
| |
CH3 B]' CH3 _ Cl

3-Brom-6-clo-2,4-dimetylheptan.
- Khi tét c¢& cic nguyén tir hidro. trong phan tir hidrocacbon duoc thay thé hét
bang cdc nguyén tir halogen thi thém ti€p ddu nglr perhalogeno (perfloro, percloro,

perbromo,...) vao tén ciia hidrua nén ma khong cin dén s6 chi vi trf cla ngﬁyén tur
halogen.

Thi du : CCLCCLCCly

| Percloropropan



Bdng Vii-1. Tén goi ciia mot s6 dan xudt halogen

| |__teame

CH,Cl Mety! clorua Clometan -

- CH;CH,Br Ftyl bromua Brometan
CH,CH,CH,l n-Propyl iodua 1-lotpropan
CH,-CHI-CH; Isopropyl iodua 2-lotpropan

| CH;,CH,CH,CH,Br n-Butyl bromua 1-Brombutan
CH,CH,CHBrCH; sec-Butyl bromua 2-Brombutan
CH;CH(CH)CHBr Isobuty!l bromua 1-Brom-2-metylpropan
(CH;),CBr tert-Butyl bromua 3-Brom-2-metylpropan
CH,=CH-1 Vinyl iodua Totetilen

CH,=CH-CH,Br Anlyl bromua 3-Bromprop-1-en
CH,-CHBr;
CIHC=CHCI (is)
CIHC=CHCI (trans)

C6H S—Bl'

@ Cqu
CHCR |

2. Déng phan

1,1-Dibrometan
cis-Dicloeten [(Z)-Dicloeteh]
trans-Dicloeten [(E)-Dicloeten]

Etyliden bromua
cis-Dicloetilen
rrans-Dicloetilen

Phenyl bromua Brombenzen (Bromobenzen)

o-Tolyl bromua o-Metylbrombenzen

Benzyl clorua

Phe"nyl clometan

Benzyliden diclorua Phenyl diclometan

(Benzal clorua)

Dan xudt halogen ¢6 hai loai déng phan 12 déng phan cdu tgo vit déng phan cdu
hinh (déng phan hinh hoc va déng phan quang hoc). '

«) Déng phan cdu t¢o _

Dan xuat monohalogen ciia ankan c6 hai loai déng phan cau tao 1a déng phan vé
mach cacbon va déng phan vé vi tri nguyén t halogen. '

Co s& 8é xét céc déng phan cdu tao cha din xudt halogen 1a tir mach cacbon dén vi
tri nguyén tir halogen trong mach do.

Néu 1a mach hd, khong no thi xudt phét tir mach cacbon dén vi tr{ 1ien ket boi réi
mdi dén vi tri nguyén tit halogen. : : '
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Néu 1a mach vong thi xét céc loai vong c6 thé cé dén vi tri lien két boi trong vong
roi méi dén vi tri nguyeén tir halogen.

Thi du : Hay viét cong thic ciu tao clia céc dong phan tng v§i cong thic phan i
C,H,Cl.
Ung véi con g thifc phan i trén thi mach cacbon ¢é thé nhu sau :

C-C-C-C(m) ; C-C-C (n) :
. | N wwl]w

C
Chi ¢6 m va n md&i ¢6 lién két doi.

Tr m: . CC-CC o> C=CC-Cm)
C-C=C-C(m,)
n: C=C < ¢
C
- Con p va q chi c6 mot loai mach.
Sau d6 dua nguyén tir clo vao céc vi tri d€ tim cdc déng phan céu t‘ao.
Nhu vay m| s& c6 4 déng phan : |
CH,=CH-CH,-CH,Ci, CH,=CH-CHCI-CHj,,
CH,=CCI-CH,-CH,, CHCI=CH-C,H,

my ¢6 2 déng phan  : CH,Cl-CH=CH-CH; , CH;~CCl=CH-CH;

\ CH,CI
nco2déngphan  : CIHC=C(CHy), ; CHy = o
3

Ci
p c6 3 dong phan N CH,CI, /< CH,, /\\ CH,
L Cl

q chi ¢6 1 d6ng phan : Cl

b} Dong phan hinh hoc va ddng phan quang hoc
+ D6ng phan hinh hoc. Thi du : hai déng phan cdu tao clia m, c6 déng phén hinh hoc

H
ClCHZ\C /CH3 _ ClCHZ\C - y
AN /7N
H H ' H- CHj;
(Z) hay cis-l-Clobu;—Z-en (E) hay trans- -1—C10but-2—en



CH H CH CH;-
% C C/ ' 3\C C/ 3
/TN e
Cl CH,y Cl H
(Z) hay cis-2-Clobut-2-en y (E) hay trans-2-Clobut-2-en
Mot déng phan clia p ¢6 déng phan hinh hoc :
H 1
Cl H
CH, CH,
cis = 1-Clo-2-metylxiclopropan trans - 1-Clo-2-metylxiclopropan

+ Déng phan quang hoc

Thi du trong céc déng phan clia m; c6 déng phan quang hoc sau :

i 0
Hoewn & C e H
7/ “CH=CH,  CH, - Ny
CH,
(R)-3-Clobut-1-en ($)-3-Clobut-1-en

Mot ddng phan ciu tao clia p cling c6 dong phéan quang hoc :

| CH3
Cl ii CH, ! CH?Z‘: Cl ,

—

Déng phan Z cho | ¢ip d6i quang (DL) Doéng phan Echo | cap d6i quang (DL)

Dé6i v6i xiclopropan c¢6 2 nhém thé dong nhdt (nhu clo, v.v...) & vi tri 1,2 thi d6ng
phan cis (Z) khong hoat dong quang hoc. Né 14 loai déng phan meso :

aN

Cl a
con déng phan frans (E) lai cho 1 cép d6i quang :

AN

) Cl
E (cap d6i quang)
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Il - PHUONG PHAP DIEU CHE

1. Halogen hoa tryc tiép hidrocacbon
) Thé nguyén ni hidro ciia ankan va xicloankan cé vong trung binh
Phédn ting clo quang hod di duoc sir dung trong cong nghiép dé€ san xuat mot hén

hop cdc ankyl halogenua tir hidrocacbon clia ddu mé. Phén tng x4y ra theo co ché géc.

CH4 —_—l_ﬁ—) CH3C] “THCI—) CH2C12 “'THT) CHC13 —_HT-) CCl4_

Metan Metyl clorua Metylenclorua Clorofom  Cacbon tetraclorua
ClCHZ—FHCHZCH3 + (CH3), CCICH,CH;
. CH3 ~CH-CH, -CH; 52, CH;
I :
CH; + (CH3), CHCHCICH; + (CH3), CHCH,CH,Ci

Mot s6 vong loai trung binh s& bi thé nguyén tir hidro béng halogen.

Q + Qa, — ol

-HCI

Xiclopentan Xfclopent’yl clorua

- Ci
O bool, I O/
Xiclohexan

Xiclohexyl clorua

Néu xiclopropan téc dung véi Cl; ¢6 xiic téc FeCly s& cho san phdm cong mo vong :

AN\ o, PG, CICH,CH,CH,Cl

Xiclopropan thé, nhu metyixiclopropan, tic dung v4i HBr ciing cho san phdm céng
mé vong : '

CH3A + HBr —— CH3—CH2CHBI'—CH3
b) Halogen hod anken, ankin
+ Thé nguyén ur hidro ca anken. _
Phan ting chi xdy ra véi anken thap va véi clo & nhiét d¢ cao. Phan ung xay ra theo
co ché the géc.
CH,=CH S0°c =
2=CH; + Cl; ———— CH,=CH-CI + HCl

Vinyl clorua

11



400-500°C | cp,=CH-CH,Cl + HC

CI'Ig:CH—CH?, + Clz
3-Cloprop-1-en (anlyl clorua)

Br, tdc dung voi anken chi cho san phdm cong, nhung néu dung N-bromsucxinimit

(NBS) c6 thé the nguyén tif hidro & vi tri anlyl bang nguyén tlr brom.
& 0.
C cqa, C
CH,=CHCH, + [C>NBr L, CH,=CHCHBr + [Q)NH
t —
' o 0
(NBS) 3-Bromprop-1-en

CN
(CH3)2C-N-N C(CHa), @ CH —CO \NH

*°
O] + \: )Nﬂ—Br
o 60°C, CCl,
o .

Cl-l2
(NBS)
3-Bromxiclohex-1-en
(hiéu sudt 70%)
+ Cong phan tir halogen Hal, (Cl,, Br,) hay Hal-Hal’ (1Cl, IBr, BrC}) vao anken cho

-dén xudt dihalogen.

CH,=CH, + Br; — ‘BrCH,CH,Br Etylen dibromua

CH, CH; CH,
C= C——h | iclob
A= C\ 4+ Cl — y——a (£) 2,3-{)[.(: obutan
H CH;
Z-But-2-en
CH; H “H,
C=C cl ——>H___—C1 Meso-2,3-diclobut
= S es0-2,3-diclobutan
/TN > T Ea
H CH; CH,
E-But-2-en -~

(CH;)2C CH, +ICI _ESE‘L»(CH3)2?-CH21
a

2-Clo-1-iot-2-metylpropan 67%) -

O] + d, — @
Cl
(E)-1 2-Dicloxiclohexan

12
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+ Cong halogen vio ankin v ¢dc ankadien lién hop
Ankin va ankadien c6 thé cong 2 phan tir halogen cho dn xuit tetrahalogen :

H B
CH=CH + By — 4 ,C=C —5%> B,CH-CHBr
4
Br :

V6i ankadien lién hop :
FHZ —ICH-CH=CH2
CH, =CH—CH=CH2 +Brp ~><Br' Br ' 5—”3&» CH, —FH—?H—FHz

: !
BrCH; ~CH=CH-CH, Br Br Br Br Br

Néu cho hexa-1,3,5-trien t4c dung véi Br, vé6i lugng déng phan tir s& cho san phim
cdng 1.2, sin phdm cong 1,4 va san phdm cong 1,6. Néu ¢6 ca lién két ba va lien két déi
trong phén tir thi lién két ba phan ing kém lién két doi :

CH=C-CH,~CH=CH, +Br, — <k

CH=C-CH, ~CH-CH, -Br -
—20°C,(l:1) i

Br
¢) Hulogen hod aren .
Tac nhéan phan iing c6 thé ding Cl, hay Bry, khong ding F, vi L.
+ Néu cé 4nh sang,

thi phan ving halogen ho4 aren xay ra theo co ché thé gic va
0 nthanh :

Or-cmen, + a1, =, (O)-craicn; + na
@ CH. _*+Cl.as +Cl, CHOL _+Ch ol
3 T THe HA—ggp ()-CHO, > 3

-HC

Benzyl clorua ~ Benzal clorua Benzo clorua
(benzyliden clorua)
Ciing c6 thé diing N-Bromsucxinimit (NBS) v6i su c6 mit ciia peroxit dé dtéu che
cdc dan xuit halogen duoc the€ & nhinh chia aren : '
CHj; '

CH;Br
NBS,CCl,
Q0 =& O
I-MetyInaphtalen

1-Brommetylnaphtalen (hiéu su4t 70%)

+ Néu ding cdc xic tdc 1a axit Lewis (AICl3, BF;, SnCly, ZnCl,, FeCl,,...) trong
phan ting halogen hod aren, thi cic halogen s& the céc nguyén tir hidro & nhan.

Trong phan ting halogen hod aren, thi du phan ting brom ho4 benzen, c6 thé diing
mot 56 kim loai va phi kim (nhu sét, I;) 1am xuic téc, thi qué trinh ciing xay ra nhu trén.

13



2Fe + 3Br, —> 2FeBr;

FeBrs + Br, &2 Br*[FeBry]” <= Br' + (FeBry]
3 2 4 4

@ + B cham @ nhanh @—Br + H
H Br
Axit Lewis luon dugc st dung Jam xic téc, tham chi v6i ca céc ankylbenzen vi nd
cho phép canh tranh 16t hon gifra phan img thé electrophin va phan ng thé theo co ché
g6c ty do. Trong cdc phan img nay, thudng cho mot hén hop céc san phédm. Nhu trong
phan ing clo hod toluen, céc san phdm tinh khiét d6i khi tach ra rét kho.

CH; : CH; CH;,
& ot Gor O
i

Toluen o-Clotoluen | p-Clotoluen

0°C, hoic cho 4nh séng mat trdi chiéu truc tiép, hoac cb dnh

+ Néu dun néng dén 5
gém benzen va clo thi phén tng cong s& xay ra.

sang tit ngoai chi€u vao hén hop

Hexacloxiclohexan

+ Naphtalen c6 thé bi thé ovitia:

ccl4

Naphtalen u-Bromnaphtalen (l_-bromnaphtalen)

+ Anthraxen va phenantren dé tham gia phan (ng c()ng va thé véi brom & vi trf 9, 10.

_Fe g-bromanthraxen
Br
: . 9,10-dibrom-
ALY + 3 —— QO B
-anthraxen
_ Br

Br
| CCh e 9,10-dibrom-
-anthraxen
Br

14.



2. Cong HHal vao cac hgp chat chua no
u) Vori anken

Khi diing tdc nhan HHal (HCI, HBr, HI) tdc dung véi anken khong déng bac, phén
img xay ra theo co ché€ Ag vi tuan theo quy tic Maccopnhicop. Riéng HBr, khi ¢6 mit

oxi hay peroxit (RO), phan img x4y ra ngugc Maccopnhicop do hiéu ting Kharat theo co
ché Ag. ,

(I:l

CH;CH=CH, + HCl — CH; -CH-CH;4
Br

Khéng c6 (RO), ... > CH;CHCH;

CH3 CH = CHZ + HBr—

> CH3CH2CH2BI’

(O)-cu=cH, + vt — @(ISH—CH_o,
@—CH=CH2 + HBr —89% @CH2 —CH,Br

(85%)
h) Vm ankin

Phan iing cong hop HHal vao ankin dién ra qua hai giai doan nhung giai doan 2 khé
hon giai doan 1.

_ +HCl _ +HCl
CH=CH —ZT) CI“lz—CH—Cl TCIZ)CH3 -—CHC]z

Khi cong HBr vao ankin khong déng bac cé mat peroxit hay oxi, phan img x4y ra
theo co ché gdc, trdi quy tic Maccopnhicop.

HBr + CH; -C=CH %}h—’ CH,CH =CHBr

) Vi unkadien |

Axit hipohalogeno, hidro bromua va hidro clorua tdc dung véi ankadien giéng nhu
brom, clo cho san phdm céng 1,2 va 1,4.

- CH, =CH-CH=CH, + HBr —> CHj; —CH=CH7CHgBr + CH, =CH—(|3H—CH3
Br
(sén phdm cong 1,4) (san phdm céng1,2)

15



3. Di tit ancol

Mudn diéu ché din xudt halogen tir ancol, ngudi ta c6 thé sir dung nhiéu tdc nhan
halogen hod khic nhau, phu : HHal (HCl, HBr, HI) ; PHal; (PCl;, PBrs, Pl;) ; PCls ;
SOCI, ; SOBr,;COCl, va POCl,.

+ \{éd HHal, thi du :

CH,CH,0H + HBr =— CHCH,Br + H,0

Day 12 phdn ing este Hod giita ancol va axit vo cd, mudn can bang chuyén dich
sang phai, ngudi ta thudng ding axit H,S0, dic hay ZnCl; khan dé€ 1am xic tic va
ht nude.

Kha nang phan ing giam theo thi ty sau :

HI > HBr > Hd
R,C-OH > R,CH-OH > R-CH,0OH

Theo thi ti trén thi HCl ¢6 khé nang phén (ng kém nhdt khi tic dung véi ancol bac
mot va bac hai, né chi phan g khi thém ZnCl, khan. Hén hop axit HCl dédc va ZnCl,
khan goi 12 thudc thir Lucas. '

Phan tng xay ra theo co ché Sylhay Sn2, nhung thudng wu tién theo co ché
Sn 1, nhét 1a ancol bac II va bac 1L

Phan img thudng ding dé nhan ra ancol céc bac (ancol bac ba xdy ra tic thdi, ancol
bac hai cdn vai phut,.con ancol bac mét khéng phan tng & nhiét do thudong). Ngudi ta
con ding photpho halogenua (PHals, PCly), thionyl halogenua (SOHal,), ‘photgen
(COCl,) hay POCl; dé diéu ché cdc dén xudt halogen.

3ROH  + PClL = 3RC + - H3PO4
3ROH +  PBry =  3RBr +  H;PO4
3ROH  + Pl =  3RI + HyPO;

ROH +  PCls — RO + POCl; + HCl
ROH +  COCl, - Rd + €O, + HO
3CH,0H + POCh - 3CH;A +  H3PO4

{Metanol) (Photpho oxiclorua) (Metyl clorua)  (AX it photphoric)
Photgen doc nén {t dugc st dung. '
Khong dung ancol bac I téc dung vdi PCly 4& didu ch& din xudt halogen, vi n6 cho
san phdm chii y€u 12 este cia axit photphoro.

16
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3CH,CH,OH + PCl; ——> P(OCH,CH); + 3HCI

Trong céc phan img trén, khi c6 diéu kién c6 thé xay ra phan ting chuyén vi :

CH, CH;, CH;

I HCl I . + —H,0 ] . +
CH3—C—CH20H _— CH3 ""C—C:Honz —2-"—) CH3 _(|:_CH2

[ o

CH; CHj, | CH,

Ancol neopentylic

(I"_‘,’l
- +
CHy ~C-CHyCHy s CH;~C-CH,CHy
CH, |  CH;

tert-Amyl clorua

4. Pi twt mudi diazoni thom

Muén cé arendiazoni ta phai di tit amin thom bac mot cho téc dung véi axit nitro
HNO, trong moi trudng axit va & nhiét d¢ thip (0° - 5°C).

o + -
ArNH, + HNO, + HCI ——=C 5 Ar-N=NCl + 2H,0
Khi thay thé nhém diazo bang cdc nguyén tir halogen khéc nhau (F, Cl, Br, I), c4n
* ti€n hanh trong nhitng diéu kien khdc nhau va céc tic nhén thich hop.
a) Diéu (:hé'cciﬁ' ddn xudt flo thom. Phdn ung Siman (Schiemann}

Khi cho thém dung dich dam dic cha natri bo florua NaBF, hay kali bo florua
KBF, vao dung dich muéi diazoni, sau d6 dun néng s& thu duoc din xuét flo thom :

CoHsN3CI™ R85 CgHsN3BFy ——> CgHsF +BE + Ny
_ Florobenzen

Ciing c6 thé diéu ch€ mudi diazoni trong axit floboric HBF, :

NH, N, BF, | F .
HBF, - | -
OCH, OCH, OCH,
' p-Anisidin p-Floroanisol

2-HHHCa 2 . 17



Phan ing c6 thé xay ra nhu sau :
AIN3BE;” —» Ar* + N, +[BF;]”
Ar*(F-BR]” —> ArF + B
b) Diéu ché cde ddn xudt clorua, bromua thom : ArHal
+ Phan iing Xanmayo (Sandmeyer)

Khi cho mu6i diazoni tic dung véi mudi déng (I) (CuCl hay Cu,Cl,, CuBr hay
CuzBrz) trong diéu klén dun néng ta s& thu duge din xuit clorua hay bromua thom :

CuCl

lO

NaNO, +HCl
—~—')

ArNH, ArN3CI

Ll

+ Phan ing Gattecman (Gattermann)

Ciing phan tng trén, néu ding déng kim loai lam xiic tdc thi phan ’ng dugc goi la
phan Gng Gattecran. :

CH, | CH,
@/N; Br  Cu @Br LN
, .

Cic phan mg trén dugc ting dung rong rai tr_bng téng hop hitu co.

¢) Diéu ché cdce din xudt iodua thom

Khi dun néng dung dich musi diazoni va KI trén néi cich thuy, ta c6 thé diéu ché
duge iodoaren. '

CeHsN3CI™ + KI —— CgHsI + Ny + KCl

p-CHCH,NSHSO; +KI —> p-CH3CgH,1+ N, + KHSO,

5. Cac phuong phap khac
u) Ankyl hoda anken
V6i su ¢6 mat clia axit Lewis, anken bi ankyl hod béi ankyl halogenua.

(CH3);CCl + CH, =CH, —S‘% (CH3);CCHCHCI

b} Phan huy mudi cia cdc axit cacboxylic
Phan ting Hundicko (Hunsdiecker)
18



Khi cic muéi bac hay mudi tali cha axit cadboxylic duge xir 1i vdi brom thi nhém .
cacboxyl chuyén thanh cacbon dioxit (CO,) va ankyl hay aryl bromua dugc tao ra :

(CH;3);CCH,COOAg + Bry —% 5 (CHj3)3 CCH,Br + AgBr + CO,

Chi tetraaxetat ciing dugc skt dung trong nhiéu trudng hop khic nhau dé phan huy
axit cacboxylic : :

Pb(0-C-CH,),
O e O
th —pmm - *C0

Pb(O-C—CHy ),
I

O
hv,~LiH

CH;CH,CH,COOH + Lil > CH;CH,CH,] + CO,

) Di tix hop chdt co —kim
C¢H;HgCl + Br, — CgHsBr+ HgClBr ‘
2CgHHgCl + 21, — 2CeHJI + HgCl, + Hgl,
C,HMgBr+1, —» CHil + MgBil (diéu ché din xudt halogen diy béo)

IV - TINH CHAT VAT Li
Tinh chat vat If cha ddn xuit halogen phu thudc vio thinh phin va ciu tao clia goc
hidrocacbon ciing nhu ban chat va s6 lugng cdc nguyén tir halogen c6 mit trong phén tir.
1. Trang thai

Céc ankyl halogen thip (CH,Cl, CH;Br, C;HCl...) 12 cdc chat khi. Mety] 1odua,
etyl bromua va phén 16n cdc ankyl halogenua khédc 1a nhimg chat 16ng. Cdc din xuAt
halogen thom, cic din xuft di va polihalogen la nhiing chat 16ng. Mét s6 p-dihalogen
thom v cdc dén xuét the halogen nhiéu 14n la nhiing chit rén.

Thi du : Cl—@— Cl, CBr,, CHI4, C,Cl, c6 nhiét d6 néng chdy twong tng 1a 53°C,
92°C, 119°C va 187°C. |

2. Nhiét d6 sbi
So véi hidrocacbon ¢6 ciing b khung cacbon, cdc din xust halogen cé phan tir khoi

16n hon va ¢6 do phan cuc ciing 16n hon, nén céc ddn xudt halogen c6-nhiét do so6i cao
hon hidrocacbon tuong ting.
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Thi du : Nhiét do s6i cha pentan 1a 36°C nhung ciia bromopentan 1a 129,7°C.

O céc dan xudt halogen cé cling khung cacbon thi di€m s61 va khéi Iuong riéng (D)
tang dén tir din xudt flo dén din xudt iot.

floro < cloro < bromo < iodo

Cic dAn xudt halogen c6 cling s6 nguyén tir cacbon va chifa ciing mot halogen thi
diém s6i gidm ddn tir bac I dén bac Il do lyc hit Van de Van giam. '

3.Dotan ~ _

Céc dan xuét halogen c6 lién két cong hoa tri nén hdu nhu khong tan hay it tan trong
nudc nhumg lai tan dé dang trong céc dung moi hitu co, nhut CgHg, CsHsCHz, Ct4(CHs)o,
(CH;),0. M6t s6 din xudt halogen cing 15 nhiing dung moi hitu co rét thong dung (CHCl,,
CCly..).

4. Tinh chat phd

«) Phd héng ngoui (IR )

Quahg phé héng ngoai (IR) cita cdc dan xudt halogen ¢6 cuc dai hdp thu manh, dac
trung cho lién két C-Hal. Dao dgng hod tri v cha cdc din xudt halogen nhu sau :

| Veg : 1400 - 1000 cm™’
Ney : 800 - 600 cm™
ve-py - 750 - 500 cm !
Veop: ~ 500 cm’!
b) Pho tit ngogi (UV)

Tuong tu nhu cic hidrocacbon tuong (g, céc din xudt halogen hap thu & viing t
ngoai Xa, ngoai ra cdn cé cic cyc dai hip thu r4t y&u & ving budc séng dai hon.

Thi du : Benzen va céc halog!enobcnzen.

Benzen trong dung moéi hexan cé cdc dai hdp thu sau : 180 nm (g 60000) ; 203,5 nm
(¢ 7400) va 254 nm (¢ 204). Trong khi dé, véi dung moi 1a nudc hay metanol cic
halogenoaren c6 céc dai hip thu tir ngoai sau :

@1 . 207 nim (¢ 7000) va 257 nm (& 700)
@(:1 . 209,5 nm (¢ 7400) va 263,5 nm (& 190)

@Br . 210 nm (¢ 7900) va 261 nm (¢ 192)
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) Phd cong hudng tir hat nhin NMR

+ Phé H-NMR : D¢ chuyén dich hod hoc ciia proton gin véi C lai hod sp®, sp sp
(xem bang I11.10, IIL.12, trang 179-182, Ho4 hoc hu’u co 1)

Bang Vill-2. bc‘;‘; chuyé’n dich hoa hoc Ty cia halogenometan
va céac dén xuét halogen clia etan
(8 dan vi ppm, chét chudn 13 TMS)

m F Cl Br I
CH,Hal 4,27 3,06 2,6 2,16
CH,Hal, 545 533 4,94 3,90
CHHal, 6,49 7,24 6,32 491
CH;CH,Hal 4,36 347 3,37 3,16

1,24 1,33 1,66 1,88
CH;CHHal, - 5,30 5,86 -
2,10 2,47
Hal-CH,CH,-Hal - 3,70 3,63 3,70

+ Phé *C-NMR

" Béng Viil-3. D& chuyén dich hoé hoc 13¢ cla cae halogenometan
(6 don vi ppm, chét chusn TMS)

_ F Ci Br I _
CH;Hal 75,20 24,90 10,20 - 20,70
CH,Hal, 109,00 54,00 21,40 - 54,00
CHHal, 116,40 77,20 12,10 - 139,90
CHal, 118,50 96,10 - 28,70 -292,50

Baéng Vil-4. B chuyén dich hod hoc 13C clia cac hop chét vinyl the -
(8 don vi ppm, chét chudn TMS) :

X

CH=CH, . Ccng thifc tinh 6C, = - 123,3 + Z; v6i Z; 1a 56 gia.

 Dang hop chat :
. (1) (2
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Nhom th€ X Sa gia Z, SogiaZ,
— CH,CI 1020 - -6,00
~ CH,Br | 10,90 - 4,50
- CH,l 14,20 - 4,00
- CH=CH, 13,60 - 7,00
— pheny! 12,50 - 11,00
-F 24,90 ~34,30
-cl 2,60 - 6,10
- Br -7.90 ~1,40
-1 - 38,10 7,00

Gié tri chi ra & bang VIII-4 c6 thé dugc sir dung d€ tinh todn do chuyén dich hod
hoc clia C & lien ket doi C=C véi hon 1 nhém thé.

Thidy: Br-CH=CH-CH,

(a) (b)
a) Gid tri co ban : 123,30
z; (Br) - 790
Tinh duge 107,50
Po duoc 108,90 (dang cis)
104,70 (dang trans)
b) Gid tri co ban : 123,30
7, (Br) - 1,40
z, (CH3) 10,60
Tinh dugc 132,50
Po dugc 12940 (dang ci&)
132,70 (dang trans)



Nhom thé X SogiaZ, So gia Z,
- CHCl 10,20 - 6,00
- CH,Br 10,90 -4,50
- CH,l 14,20 - 4,00
- CH=CH, _ 1 3,60 -7,00
— phenyl 12,50 . -11,00
-F 24,90 - 34,30
-l 2,60 - 6,10
-Br -7.90 - 1,40
-1 - 38,10 7,00

Gid tri chi ra & bang VIII-4 c6 thé duoc sir dung dé tinh todn do chuyén dich hod

hoc clia C & lien két do6i C=C véi hon 1 nhém thé.

Thidy: Br-CH=CH-CH,
(@) (b)
a) Gid tri co ban ; 123,30
z; (Br) - 7,90
z, {CH3) - 790
Tinh duge 107,50
Po duge 108,90 (dang cis)
| 104,70 (dang trans)
b) Gié tri co ban : 123,30
z, (Br) - 1,40
z) (CHy) 10,60
Tinh dugc 132,50
Po duoe 129,40 (dang cis)
| 132,70 (dang trans)
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Bang VIII-5. B chuyén dich hoa hoc -13¢ trong benzen cé 1 nhom thé 1a halogen

(6 don vi ppm, chat chudn TMS)

So gia |
Nhém thé

Z Zy I3 Z4
F 35,10 - 14,30 0,90 -4.40
Cl 6,40 0,20 1,00 -2,00
Br -5,40 3,30 220 - 1,00
1 9,90 2,60 -0,40

véi 4@Hal ; 8 =128,50 +7
3 2

Béng VIII-6. B3 chuyén dich hod hec — 1°C clia piridin ¢6 1 nhom thé 13 halogen

-32,30

(5 don vi ppm, chat chudn TMS) -

Halogen

S gia & cdc vi tri thé ¥ ¢l Br
Thé & vi tri 86 2 hoac 6 Zyy = Zgg 14,40 2,30 -6,70
(i = 2 hoic 6) Zyp=7gs | -13,00 | 0,70 4,80
2y=Zgs | 6,10 3,30 330
Zys=zg | -150 | -120 | -050
Zys=% | -150 0,60 1,40
The & vi tri s6 3 hodc 5 - 21y=255 | -11,50 | -030 2,10
(i = 3 hoic 5) Zn=7s5 | 3620 | 820 ~260 | -2840
Zy4 = Zsq - 13,00 -0,20 2,90
Zis=Z3 | 090 0,70 1,20
Zys=2Zs; | -390 | -140 | -090
The & vi tri s6 4 Zip=tg | 270 _ 3,00
(i=4) Z3=45 | -11,80 - 3.40
Zy 33,00 - ~3,00
véi s @3 By = 149,80 + 7, Bes = 123,60 + 25
R 8oy =123,60+125

50.4 = 135,70 +Z4

8C‘6 = 149,80 + Zg
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Hinh ViIl.1 : Phé IR cha mot s6 ddn xudt halogen :
A : Clorobenzen ; B : 1-Cloronaphtalen ; C: 1,1,2-Tricloroetan
D : 3-Cloroprop-1-en ; E : 2,3-dicloroprop-1-en ; F : Tetracloroetilen
A ;
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R (@ (b ()
Trong phé NMR cia 1-iotpropan : CH3;CH,CH,1

» Nhém metyl (a) cho van triplet & viing 1,02 ppm
» Nhém metylen (b) cho van multiplet & viing 1,86 ppm
o Nhém CH,I (c) cho van triplet & ving 3,17 ppm.

(c)

(b)

| | | } .

4 3 21 0 ppm

Hinh Vii1.2. Phé NMR cta 1-iotpropan .
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Bdng VII-7. Hing 6 vat Ii cla mot s& dan xuat halogen

Ten goi Cong thitc Nhi¢t do néng | Nhiét o soi, | Tikhéi, d3°
(N @ chay, °C (3) °C (4) )

Mety! florua CH,F - 141,8 -786 0,877

{Metyl clorua CH,(l -97,0 -24,0 0,920
Metyl bromua CH;Br- -93,0 4,0 1,419 !
Metyl iodua CH,l - 66,0 420 2,279
Metylen clorua CH,Cl, -96,0 40,0 1,326
Metylen bromua CH,Br, -528 - 98,2 2,495
Metylen iodua CH,l, . 5-6 180,0 3,325
Clorofom - 1CHCl, -64,0 62,0 1,489
Bromofom '|CHBr, 83 149.5 2,890
lodofom CHI, 1190 - 4,008
Cacbon tetraclorua CCl, -230 77,0 1,594

| Cacbon tetrabromua | CBr, 90,1 189,5 3,420
Etyl florua C,HF ~1432 -377"° 0,816
Etyl clorua C,H,Cl1 -139,0 12,0 0,898
Etyl bromua C,HsBr -119,0 38,0 1,461_
Etyl iodua C,Hl ~111,0 72,0 11,936
n-Propyl florua CH,CH,CH,F - 159,0 -3.2 0,890
n-Propyl clorua CH,CH,CH,Cl - 1230 47,0 0,89
n-Propyl bromua CH,CH,CH,Br -110,0 70,9 1,353
n-Propyl iodua CH,CH,CH,I -101,0 102,0 1,747
Isopropyl florua (CH,),CHF -1334 -10,1 0,768
Isopropyl clorua | (CHa),CHCI ~117,0 36,0 0,860
Isopropy! bromua (CH,),CHBr - 89,0 59,5 1,310
Isopropyl iodua (CH;),CHI -91,0 - 895 1,700
n-Butyl florua CH;(CH,),CH,F - 31,9 0,776 |
n-Butyl clorua - CH,(CH,),CH,CI ~1230 78,0 0,884
n-Butyl bromua CH,(CH,),CH,Br -112,0 101,6 1,275
n-Butyl iodua CH;(CH,),CH,I - 103,5 1310 1,617
Isobutyl florua (CH,),CHCH,F - 16,0 -
Isobuty! clorua (CH,),CHCH,C1 - 131,0 68,9 0,866
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M - (2) ©) @) 5)
[sobutyl bromua (CH,),CHCH,Br -1204 91,3 1,250
ISObI.ltyl iodua (CH3)2CHCH21 - 1 19,0 ) 1,602
sec-Butyl clorua CH,CH,~CHCI-CH, - 68,0 0,874
tert-Butyl clorua (CH,),CCl - 28,5 51,0 0,851
Anlyl bromua CH,=CH-CH,-Br - 1190 - 70,0 1,432
 Vinyl clorua CH,=CH-C} - 154 - 14 0911
Etylen diclorua CICH,CH,Cl 353 83,5 1,253
Xiclohexy} clorua O—Cl, -439 142,0 1,000
Benzyl clorua CgHCH,C1 - 430 179,0 1,103
Benzyl bromua CgH;CH,Br -39 2100 1,438
Benzyl iodua CeHsCH, 24,0 93,0 1,733
Florobenzen @_F 450 84,8 1,024
Clorobenzen -452 132,0 1,107
Bromobenzen @“Br -30,6 156,1 1,499
Iodobenzen @I -313 188,4 1,832
Cl

o-Diclorobenzen @ -17,0 180,0 1,305
Cl

p-Diclorobenzen C1—©>‘Cl 33,0 1740 1,247 -

V - TINH CHAT HOA HOC

Trudc khi xét tinh chdt hod hoc cha dén xu4t halogen, ching ta hiiy khao st ban
chit clia lién két C-Hal. Lien két C-Hal 1a lién két cOng hod tri phan cuc vi ¢6 su chénh
léch vé& d6 &m dién gilta nguyén tir cachon va nguyén tir halogen.

28



Bang VIii-8. Bd am dién clia cac nguyén té
(Thang d§ am dlén theo Pauling thigt 1ap nim 1932)

Si P g -Ql
(L9 (22) 25, GO

bién tich hat nhén : +1 +4 +5  +6 +7
Céac nguyén td : H. ¢ N O F
Do am dién : 22) @8 B0 A (4.0

K Br
(2.8)
nl
_ (2,5)
Pé am dién chia cacbon & céc trang th4i lai hod khéc nhéu. :
Cyp > Cspz > Csp3
35 28 @.5)

Riéng iot c6 d¢ am dién bing qu3 ~ 2,5 nhung d6 phan cuc hoé cao nén c¢é hiéu
img cam ting dong va dé tichral .

-Khi nguyén tir halogen lién két véi quz s& ¢ sir lién hgp p-n.

&Gixca 5-a @—Qi
-1;+C < -L+C

Két qué 12 su phan cuc giita =C-Hal giam di va do dai lien két =C-Hal ngan lai, khé
bi duit di li trong cdc phan ting hod hoc. '

Béng VIII-9. B3 phén cyc va do dai lign k&t clia mdt s din xuat halogen

Pd phan cuc u (
{(don vi D [Debye])

Do dai lien két C-Hal (A) 1,78 1,69 1,69

2,02 1,58 1,44

Ning luong lién két cachon - halogen giam theo thir tu :
) C-F >> CCl » C-Br > C1
véi din xudt halogen no : 486 > 327 > 285 > 214 (kJ/mol)}
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Tir phan tich dac diém cfu tao & trén, ta thdy kha nang phén tng cua din xudt
halogen phu thudc vao ban chét clia cic halogen va géc hidrocacbon lién két véi nguyén
tir halogen dé. Kha nang phan ing chia ddn xudt halogen trudc hét phu thudc vao ban
chat ciia cac halogen nhu sau : néu g6c hoat dong nhut nhau, kha nang phén tng xay ra
theo thit iy sau :

R-1I > R-Br > R-Cl > R-F

Nhu vay, ddn xudt iot c¢6 Kha nérig phan ting 16n nhdt, vi kha nang phén ting kém
nhdt 13 din xudt flo. D€ gidi thich diéu d6 khong thé chi dua vao 4 am di¢n va do phan
cuc clia lién két C - Halogen ma phai dya vao do phan cuc hod ciia chiing. P phan cuc
hod ctia din xudt halogen phu thuéc vio d¢ am dién va bdn kinh nguyén ti halogen. bo
‘am dién cha nguyén tir halogen cang nho, déng thoi bdn kinh nguyén tir halogen cang
16m thi lién két C-Halogen cang dé bi phan-cuc hoa.

Béng Vil-10. D am dién, ban kinh nguyén tir
va béan kinh anion cla céc halogen '

F Cl Br 1
D6 am dién (eV) 4,00 3,00 2,80 2,50
B4n kinh nguyén tur (A) 0,72 0,99 1,14 1,33
Ban kinh anion (A) 1,36 1,81 1,95 2,16

Ban kinh anion 1én hon ban kinh nguyén ti, vi nguyén tir da nhan them electron aé
tr& thanh anion. Thi du : bén kinh nguyén tr flo ia 0,72 A, nhung bén kinh anion flo 1a
1,36 A.

Nguoc lai, ban kinh cation lai nhé hon ban kinh nguyén tir vi khi dé electron da
tach ra khoi nguyén tir. Thi du : Ban kinh nguyén tir chia kali 12 2,35 A nhung bén kinh
cation kali (K+) 1a1,33A.

Kha ning phan img cla dﬁn xuat halogen con phu thuéc vio céu tao cua gdc
hidrocacbon lién ké't vdi nguyén tir halogen V& mit nay, ngudi ta chia dén xuét halogen
thanh ba nhém :

+ Nhém cé kha nang phan ng binh thuong la ankyl halogenua va xicloankyl
" halogenua.
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T6c do thé & xicloankyl (dua vio s6 canh trong vong) nhu sau :
3 <4<5>6<7+10

V4

. . Syl
" Hopchat

khéng vong S\2

3 456 7 8 910 ()
Hinh VIII-3. Toc 40 the cﬁa céc dén xudt xicloankyl

Hop chét vong c6 nhimg tinh chdt dic th rieng. Trong cdc phan iing Sy va
SN2, cédc goc clia nguyén tir cacbon phan ing bi mé rong dén 120° (nguyen tir cacbon
tir lai hod sp’ chuyén sang lai hod sp®). Qu4 trinh nay s& gay ra stic cing gbc rat lén va
t0c do thé€ ctia chiing nho di theo kich thuéc (s6 canh) cia vong : 5 > 4 > 3. Theo hinh
trén, xiclopentyl tham gia phén (ing SN2 tuong tw ddn xut khéng vong, nlmg phén
tmg theo Sy 1 lai nhanh hon hgp chét khéng vong tix 5 - 50 l4n.

Xiclohexyl, do sw can tr&s clia cdc hidro axial, nén phan iing Sy 1 x4y ra tuong tur
céc ddn xudt khéng vong, nhung phan ing Sy 2 xay ra cham hon 100 l4n.

V6i cdc vong 16n hon (7 - 10 canh), do st cang vc‘mg'giam nén phéan ting SN2
Xdy ra twong tu din xudt khéng vong, trong khi d6 phan 1ing Sn1 lai xay ra nhanh hon
dén 500 lan.

Thidy - CH,CH,-CI ; <:>-Br
| Etyl clorua Xiclohexyl bromua

— Nhém c6 kha nang phén iing thdp 14 vinyl halogenua va aryl halogenua.

Thidu: '
Gcn sy @—»a

Vinyl clorua Clobenzen
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- O hai thi du néu trén, nguyén tir clo gin tryc ti€p v6i nguyén ti cacbon & trang thai
lai hod spz. Do d6 dé dai lén két giita nhém vinyl va nhém aryl véi nguyén tit clo ngin
lai so v6i & ankyl halogenua, déng thdi d6 phan cyc ciing nhd hon (xem bang VI-3).
Nguyén nhan chi yéu 1a do higu tng lién hop giffta cap electron tu do ciia halogen véi
electron 7 cia lién két doi trong nhém vinyl hay he théng electron 7 clia nhan thom.

+ Nhém ¢6 kha ning phan iing cao la cic anlyl halogenua va benzyl halogenua.

CH,=CH-CH,-Cl @Cﬂz—ﬁ
Anlyl clorua ' Benzyl clorua
G day, nguyén tir halogen dinh véi nguyén tit cacbon bén canh nguyén tir cacbon
6 trang thai lai hod spz. |

Nhitng phan tng dic tnmg va quan trong clia din xuat halogen 1a phén iing th€
nucleophin (4i nhan), phan ting tdch hidro halogenua va phan ting véi kim loai. Ngoai ra
cdc dan xudt halogen con c6 thé tham gia phén tmg & gdc hidrocacbon (th€ ¢ nhan thom,
cong vao géc chua' no v.v...).

1. Phan img thé

a) Khai qudt

Phan ing th& 1a phan ing trong d6 mét nguyén tit hay nhém nguyén tir trong phan
tlr duge thay thé€ bdi mot nguyén tir hay nhém nguyén tir khdc. Phan ung thé nguyén tir
halogen (Cl, Br, T) trong cdc din xu4t halogen (RCl, RBr, RI) véi tic nhan nucleophin
Y xay ra theo so dé phan ting sau :

R-Hal+Y 2870, Ry +Hal
(Hal : Cl, Br, I) |

Téc nhan phan dng Y~ c6 thé 12 cdc anion nhy : HO', C;H;0", CN’, RCOO',
SH, RS, NO3, N3, NH3,1 ,R’-C=C", R4C™, SCN".

Y ciing ¢6 thé 1a cdc phan tlr trung hoa c6 cip electron tu do chua sit dung va c6
thé nhudng cap electron d6, nhu H,0, CH;CH,OH, NH3, RNH,.

Téc nhan nucleophin Y tham gia phén ting th€ halogen nhu sau :
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Y 4+ RHal — 5 RY +Hal™

Y chia oxi OH , H,0} + RHal ——» ROH (ancol)
R°O,R'OH} 4+ RHal ——» ROR’ (ete)
R'COO~ :
R*COOR (este)
R'CO_OH} + RHal ——
NO3 —_ RONO(.kl'tt)
-O- ankyl nitra
HO‘“NOz + RHal 2 ¥
_ H;S |
Y chifa luu huynh : HS- ' * + RHal —— R-SH (thiol hay thioancol)
R'S”
- R’SR (thioete)
R'SH} + RHal ——
NaSCN + RHal ——» RSCN (ankyl thioxianat)
Y chifa nito : NH;, + RHal —— RNH, (amin bgc I)
R’NH, + RHal ——» RR’NH (amin bac H)
RZNH + RHal ——  R,RN (amin bac I}
1 +
R3N + RHal — R}NR (ion amoni bac IV)
NO; + RHal —— RNO; (nitroankan)
N3 + RHal ——  RNj (ankyl azit)
Y™ chita photpho :
e _ ]l + '
RiP + RHal ~——2L_, R:PR (jon ankyl photphoni)

Y chita cacbon :

R3C™ + RHal —_ R}CR (hidrocachon)

R'C=C +RHal — 2, R°_C=C R (ankin)

CN™ +RHal ——H2l

-RCN (hogp chét nitrin)
“Sau day 1a mot s6 thi du vé phan L’mg. th€ cia din xudt halogen. .
1. Phan ting thuy phan |

RHal + H,0 —2M, ROH + HHal

3-HHHCa 2 _ . : 33



2. Phan g diéu ché ete, phan ting Uyliémxon (Williamson)
_ RHal + R’0" —— ROR’ + Hal

3. Phan ting diéu ch€ este
| " CH;CH,Br + R’CO0 Ag"* ——> R’COOCH; + AgBr

4. Phan tng diéu ché hop chét nitrin (t6ng hop Konbe — Koibe)

RHal + CN~ —— R-CN+Hal
5. Phan ting trao di halogen
axeton

_ CH;CH,Br +KI — CH,CH,I + KBr
6. Phan 1ng ankyl hoa theo Hopman (Hofmann)

RHal + NHy ————> RNH, _RHal  p oy —REL, N —RE&, R NHal
. T 4 ’
b) Co ché phan img

Phan ing thé cdc nguyén tlr halogen trong din xudt halogen co thé xay ra theo ¢d
ché thé nucleophin (4i nhan) don phén tir hay ludng phan tit, phu thudc vao cfu tao cia
géc hidrocacbon, tdc nhan nucleophin, dung moi va cdc yéu 16 khéc.

« Phdn itng thé nucleophin hedng phdn tit, SN2

'Y 4 ewnC-Hal —> Y¥o CoooHal v ——>  Y=Cume 4 Hal”’

-
e
F
F

Hal Y 'Hal Y X
Trang théi chuyén ti€p San phim

) trang thai chuyén ti€p, nguyén tlf cacbon trung tam & trang thai lai hod sp” va cé
| obitan p tu do ; lién két C-Y dang duge hinh thanh d6ng thai lién két C-Hal dang dut
ra, hai lién két nay déu 1a nhitg lién k€t d& dang va yéu.

Dé tao lien két Y-C, Y~ s& di vao phia d6i di¢n"v6i Hal dira, vi Y va Hal déu
mang dién tich ciing d4u. K&t qua 1a san phdm sinh ra quay cu hinh, tic nhan phan ting
Y~ va chit phan dng RHal déu tham gia vao giai doan quyét dinh téc do phan éng nén
phan ting Sy 2 tuan theo phuong trinh téc do phan tng béc 2.

v = k[Y ][RHal]
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Y + >C-Hal

AH
Y-CZ +Hal

Tién trinh phan ing

Hinh V-4, Gian dé nang lugng cla phdn dng Sy 2

Thi du : H\ *1* /H
HO"/—?\;\C—K} - HO™ ‘--\\\C-\-- AN HO—C  + r
o TN © \n
H H

Bang Vili-11. Té¢ dd thé tuong dai ciia c4c halogen trong phan img Sy2

Goc hidrocacbon v
CH,- 30
CH,CHy- 1
R-CH,CH,- 0,4
(CHy),CH- 0,02
(CH,):C- ~0
(CH,):C~CH,- 0,00001
CH,=CH-CH,- 40
@mz— | 120
CH,COOCH,- 100
CH,OCH,- - 400

"« Phdn g thé nucleophin don phan tir, SN1

" Coché Sn1 xay ra qua 2 giai doan :
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RI» /R3
R “"f/ _
'%Cﬂ-lal Sem, + Hal
Rj o
R, R
s, / 3
- R R
Cey _Y ,mhanh - © 'EC_Y * Y_CK b ‘
| R; R,
R, : R, R,

"t

hién thé raxemic

Giai doan d4u 13 giai doan cham, tao ra san phdm trung gian 1a mot cacbocation c6
ciu trdc phing (hoic gin phing). Téc do phan tng + = k[RHal, v6i k 14 hing s6 tdc 4o
phan Gng. Phan tng 14 bac mot hay don phan tir vi t6c do phan ung chi phy thudc vao
néng do clia dan xudt halogen [RHal] ma khong phu thuéc vio tdc nhan nucleophin Y .
_ Giai doan ddu x4y ra cham vi chi c6 sy thay ddi lien két cong hod tri ¢ trong phan
tlt. Cacbocation o trang théi lai hOérsz ¢6 cdu tric phing, do d6 trong giai doan sau tac
nhan nucleophin Y~ ¢6 thé tin cong vao hai phia ciia cacbocation véi kha néing nhu nhau.

Néu dfin xudt halogen ddu a mot chit quang hoat thi giai doan 2 phai tac ra bién thé
raxemic : ' :

il C=Y
i C—Hal dmpc, cham, (|:(+) +Y o / gilf nguyén ¢&u hinh
teEE —Ha ‘_-““__ |
PN nhanh

i Y_C [TITITIES
' quay cdu hinh

Thuc t€, phan ing Sy1i gayra
boi su raxemic hod va quay céu hinh E 1
mot phin. Diéu dé phu thude vao do
bén cua ion cacboni trung gian : néu
ion cacboni trung gian cang bén thi
ti 1& hén hop raxemic cang cao. Néu
ion cacboni kém bén, titc Hal” chua | SCHa+Y

. Fl - - n T\,C_Y
kip diat ra, Y di tdn cong vao
cacbocation thi s& dé 'dang hon khi

Y~ tdn cong & phia d6i dién ciia Hal,
vi Y va Hal dit ra mang dién tich
cing ddu. '

Tién trinh phan ing

Hinh VIIL.5. Gidn d6 ning lugng cla phén ing Syl
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Thf du 1 : Phén {mg metanol phan l-iJhenyl etyl bromua :

CH, H

H H
Y ) \ ’,; ) _ a
CiHgm C-Br O, >Q: g 2, CH,0-C=G,H,
CH, CH, CH, CH,
San phdm quay
A }+ CH.OH cfiu hinh (27%)
HGH g H
\ - \ "+’1 /
o ¢’ g
/ 1 AN
CH, CH, CH,
]_H+
: H H
CHgo—c‘i- CH, + CﬁHs-;‘C—OCH;
CH, CH,
San phdm ruxemic hod, 73%
Bang VIIF12. T8¢ d6 dung mal phan vdi cac tic nhin khac nhau
(Trong phdn (mg Sy1)
| R-CI+ H,O/Dioxan | » |R-Br+H,0 ¢+ |R-Cl+CH,CH,OH | &
CH3CH2CH2CH2‘- l CH3— _ 1 ’ CH2=C]'I—CH2— 0,0‘4
CH,CH,-O-CH,- | 10° |CH,CH,- L [KO)-cny 0,08
' | | CH-
CH,OCH,CH,- 0,2 |(CH,),CH- 12 @ 1
| ¢u,
1(CH,),C- 1,2 x 10°|(CH,),C - 1
@5“_ 300
@ C- 1 3% 10°
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Thi du 2

H H H
cng\: By H : /CH3 CH, |
' B 4 H ' :

b =S, (0D 21 HOC + C—OH
/ . N\ /
Cﬁﬁi C(,H_s_ CﬂHS C6HS
51% 49%

98% raxemic hod + 2% quay ciu hinh

) Gidi thich tién trinh 1dp thé

Cic phén {ng thé nucleophin xay ra theo cdc co ché khéc nhau ciing khdc nhau vé
tien trinh 1ap thé va hod 1ap thé. '

Co ché Syl -

Trong phén tng the nucleophin don phan tif, sy dit lién k&t C-Hal va sy tao thanh
lien méi C-Y xay ra khong dong thoi va san phdm trung gian 1a ion cacboni dugc hinh
thanh. Cacbocation c6 cdu tric phing va & trang théi lai hod sp’. Chinh vi vay ma tic
nhan nucleophin hay dung moi tin cong vho cacbocation tir hai phia 1a nhu nhau. Néu di
tir dan xudt halogen quang hoat thi sau phan iing ta thu duge bign thé raxemic.

Phan tmg ndy thuong cho két qua raxemic hod va quay c4u hinh mot phin Vi
cacbocation kém bén, anion halogen Hal~ chua kip dut ra, vin dn nglt phdn khéng gian,
nén Y tan cong vé phia ddi dién ctia halogen.

Coché SN2 ¢ _

Trong trudng hop céc dn xudt halogen quang hoat phan img theo co ché Sy2 thi
x4y ra sy quay cau hinh 0 nguyén tit cacbon trung tam. Lién k&t C-Hal (cii) bi ditt ra va

lien k&t C-Y (méi) duoc hinh thanh déng thoi. Phan tng di qua trang théi chuyén ti€p -

(gia dinh ¢6 thé c6 2 trang thai chuyén ti€p) :

8= | &

: _(l)_) C/ _-:H_ﬂ]_) Y_.C Tlnees
\ . £ ™, Hal |
.y C-Hal quay cdu hinh
{2} ) C> l/ :}.{i-c} -ullli}C—Y ’
/ “ Hal —
giit nguyén
céu hinh
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Theo (1) sdn phdm c6 c4u hinh bi thay d8i va trang thdi chuyén tiép én dinh hon,
vi Y tin cong & phia déi dién v6i nhém Hal ciing mang mot phdn dién tich am di ra.
Con (2) cho san phim giit nguyén c4u hinh nhung c6 trang théi chuyén tiép kém bén, vi
téc nhan nucleophin YO~ va nguyén tir halogen cling mang dién tich 4m (87) & gdn nhau.

d) Nhitng yéu t6 anh huong dén phdn ting thé nucleophin

C6 nhiéu y&u t6 anh huéng dén phan tng thé nucleophin, nhur ciu tao ctia gdc
hidrocacbon trong dan xudt halogen, ban chét clia nguyen tir halogen, ban chét va néng
d tic nhéan nucleophin, dung mai va nhiéu y&u t6 khéc.

+ C#u tao cha goc hidrocacbon cé anh hudng quan trong nhét dén co ché phan tng
thé nucleophin. '

- Ankyl béc 1 : Phan ting xay ra theo co ché Sy 2.

- Ankyl bac 2 : Phan iing x4y ra theo coché Syl va Sy2.

- Ankyl bic 3 : Phan iing xay fa theo co ché Sy 1.

~ Anlyl va aryl metyl : Thuan loi chb ca hai co ch€ Sy 1 va Sy2.
~ Vinyl, phenyl : Khé khan cho 4 hai co ché Syl va Sy 2.

- Cac géc xicloankyl c6 vong 3 va 4 canh vi ¢6 sifc cang géc 16n nén khé khan cho
cd 2 coché Syl va Sy2. : '
SNL :Rpgem > Rugerr > Ry

Sn2 : Rpge1 > Risct > Rpgemn

)

+
1
1
t
1
1
1
i
1
i
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
]
]
L
]
]
'
'

P T
Al

CH,- CH« iCH,~ t.CHy
- Hinh VII-6. Anh hudng clia ciu tao g6c R dén co ché va 16c do phéﬁ ing RHal +Y
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Géc hidrocacbon ¢6 anh huéng dén t6¢ do phan ting th€ nucleophin. Thi du doi véi
céc goc no, tdc d6 cac phan ting the nucleophin nhu sau :

SN2 : CHy- > CH;CHy- > (CHy),CH- > (CH3):C-
SNl :CH3_— < CH3CH2— < (CH3)2CH— < (CH3)3C-—-

Nhu vdy, néu bac cia géc hidrocacbon cang cao thi kha nang phén ing thé theo co
ché Sy2 cang gidm va theo Sy1 cang tang. Trudng hop thit nhat 12 do hi¢u ung khong
gian ciia cdc gdc hidrocacbon gay khé khan cho sy tén cong ca Y~ vio cacbon trung
tam, con trudng hop thi hai 1a do cacbocation cang bén cang dé€ sinh ra.

+ Anh hudng clia ban chdt nguyén tu halogen.

Phan ting th€ nucleophin ciia din xudt halogen di xay ra theo co ch€ Sy1 hay
Sn2 ciing déu phu thudc vao ban chat cha nguyén tir halogen.

Trong diy halogen, anh hudng d6 nhu sau : " > Br > CI” >> F.Nguyén nhan
chil yéu 12 do sy phan cuc hod cia lién k&t C-Hal (da dé cap & trén).

Néu géc hidrocacbon trong dn xudt halogen c6 céu tao nhur nhau thi kha nang
phén ng thé nucleophin gidm theo thi tw sau :

Hal I >Br >C >F
K, 3 1 002 107
+ Anh huéng chia tic nhan nucleophin Y~

Phan iing xay ra theo co ché Sy1 thi téc do phan ing hdu nhu khong phu thude
vao ndng do va ban chdt cha Y~ viv = k{RHall, nhung néu theo co ché Sn2 thi tdc do
phan ing lai phu thudc vao néng do va lyc nucleophin ciia téc nhan Y .

Y =k[RHal)[Y"]

Céc tic nhan nucleophin manh nhuy OH , OR™ lam thudn loi cho co ch€ SN2.
Nhitng dung moi c6 tinh nucleophin yéu nhung c6 kh4 nang solvat hod céc ion manh,
nhut C,H.OH < CH,OH < H,0 << HCOOH, lai thic ddy phan tmg theo co ch€ Syl

Anh huéng chia lyc nucleophin dén phan ting Sy : Trong hai co ch€ Syl va SN2,
t6c do phan ting thé ludng phan tir Sy2 giam theo sy giam luc nucleophin.

Sy thay déi luc nucleophin ca Y ¢6 thé lam thay déi co ch phan tng thé
nucleophin, tifc 1 tit Sy2 —> Sy 1 hoac nguoc lai.
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Téc dé phan tng SN2 tang theo ndng d6 vi luc nucleophin clia Y . Luc
nucleophin cha tdc nhan Y™ phu thudc vao cdu tric cla Y theo quy luat sau :
- Anion ¢6 luc .nucleophin cao hon phan tir trung hoa tuong (ng :
RO >ROH
OH > H,0
NH; > NH,
— Lyc nucleophin tang khi do am dién gidm
NH; > RO™ >HO™ > R,NH > ArO” >NH, > F > H;0'
I' >Br >C >F
HS > HO
CyHsS™ > C;Hs0™

Vi

S2

I- Il - L — ] - I_ ; Y
- HO' CH0 HCO, CH,CO00™ CI

Hinh VIH-7: Sy bién thién t6c do the halogen trong RHal
bdi cdc tdc nhan nucleophin khéc nhau,

+ Anh hudng cta dung maéi :

Anh huéng clia dung moi dén phén iing thé nucleophin rét phifc tap. C6 thé khai
quét hod nhu sau.

- Khéng c6 dung mot thi phan Gng thé nucléophin khoéng xay ra.

- Khi chuyén'tir dung méi niy sang dung moi khdc, téc d6 phan tng thay déi va
c6 khi thay déi ca co ché phin ting.
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Béng VIll-13. Bang tdng hop va so sénh hal co chd Syt va Sy2

mét phin

SN1 ’ SN2
Co ché Hai giai doan Mot giai doan _
R-X -X" JR* Y~ JRY Y +R-X— YR+ X~
Dong hoc #=k[RX] » = k[RX][Y]
Ho4 lap thé Raxemic hod + quay cfiu hinh Quay c4u hinh

Vi tri cacbon trong géc
hidrocacbon R
(lai hod sp’)

Su 8n dinh cong hudng thich hop
cho phan ing
R, : tert >> sec >bacl

Anh hudng khong gian
CH, > bac I > sec (tert = 0)

Vong:3<4<5>6<7+10 Nhu bén
Dién k:f_.:n clia p‘han ung Axit Buzo
thong thuing
Téic nhan nucleophin Y :
Halogen IF's>Br >Cl'>>F Nhu bén
Oxi H,0, ROH, RCOCH RO™ > HO™ > ArQ” > RCOO
Nito NO; —» RO-NO NO; — RNO,
N; | N3
Amin it dung Amin : c6 su anky] hod lién
wto. két boi.
(R3N: —> R3NH kém hoat tinh)
Cacbon Khong Bazo yéu ot nhét 12 &€ tranh
phan tUng tich
Hidro Khéng LiAlH,
Nhém di ra : Halogen I>Br>Cl>>F Nhur bén

Anh hudng clia dung moi

Dung méi phén cue thich hgp

Dung méi phan cyc it anh
hudng ; Dung moi dé tao lién
két hidro khéng thich hop.

Phan dng canh tranh

_ Phén tng tach
— Phan img chuyén vi

Phan tng tich bdi tic nhan
nucleophin manh

Xuc tac

H* (hosc BF;) : ROH, ROR
Agt " :R-Hal

Khong
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Thi du : Phan ting thuy phan din xuat halogen bac I trong H,O/axeton xay ra theo
co ché Sy2, nhung trong axit HCOOH 1lai theo co ché Sy1.

Trong co ché Sy 1, sin phdm trung gian 13 ion cacboni. Ion cacboni 12 tiéu phan
¢6 nang lugng rat cao va chi duge tao ra néu nang lugng ctia né duoc giai toa bai dung
moi, nghia la tao phic véi phan tir dung méi.

R . R S+ &—
N0 Mt 07 B -H-O—R.

H~ ™H

Su solvat hod cation Su solvat hod anion

C6 hai loai dung moéi. Loai thi nhat I dung mei c6 kha ning cho proton va c6 kha
nang tao lién két hidro, nhu H,0, axit HCOOH, ancol ROH, v.v... goi la “protic solvents”.
Loai nay c6 lgi cho phéan tng Syl.

Loai thit hai 12 dung méi khong cho proton hay dung méi aproton “aprotic solvents”.
Dung méi nay khong c6 kha nang tao lién két hidro va cé hing s6 dién moéi cao, nhu :
dimetyl fomamit (CH,),N-CHO, dimetyl sunfoxit {CH;),S0. Loai ndy c6 lgi,cho phin

e) Phdn ing thé nguyén ti halogen ¢ vong thom
- Céc aryl halogenua tham gia ca hai co ché Sn1 va Sy2 déu kho 1 } -1
khan vi nguyeén tir halogen gén chat ché véi nhan thom béi hieu img +C i /+C
va -1 cba nguyen tir halogen. Loai hgp chét nay chi phan ting trong diéu C@
kién rit khic nghiét (nhiét do, 4p sust cao) theo mét co ch& khéc véi Sy O &
trén. B4 1a co ch€ arin (tach, cong).

Cl OH
@ 350°C. 200atm [@} H,0
~HCl 2
Clobenzen , Arin Phenol
(benzin)
Thi du :

CH, ; @'NHz
NH,
CH, = CH

- 3 »
O, — |
Ci H, NH,

>
NH,
. ¥ 2
) = é
: .

H
NH

3
2
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Néu céc aryl halogenua c¢6 thém nhiing nhém hut electron manh nhu NO,, CN,
COOH, CHO... thi phan img x4y ra dé dang hon nhiéu. S

Thi du, phan ting sau xay ra ngay & diéu ki¢n thuomg =

Cl OH
O,N NO, HO O,N NO,
=9
20°C
NO, NO,
Phin ting xAy ra theo co ch€ SN2 (Ar):
cl | Cl OH, oH
O,N NO, ON NO, O,N NO,
_ + HO —— @ —> + HQl
NO:;‘ Norz ) N02

- Néu thay nguyén tir clo & hop chdt trén bang céc nguyén tit khdc clia nhom
halogen thi kha ning phan tng cla ching gidng nhu d6i voi hop chat mach khong vong :

I>Br>C >F
Co ché arin da duge chimg minh bing nguyén tir ddnh du :
Cl

, NH,
*@ NaNH, [ A NH, NH,
_— ©| — +
NH, 1dng

2. Phan {ng tach

Khi dun néng din xudt halogen véi bazo trong dung moi etanol xay ra phén ing
thch hidro halogenua dé tao thanh hidrocacbon khong no.

Thidu: CHyCH,Br + NaOH —2°% CH,=CHp + NaBr + Hy0
t
Bazo dugc sir dung trong phan ting tach bao g6m :
HO™, RO™, CH,COO™, NH7, RoN™, R3N
Cic phan (g téch thudng kém theo céc phén iing thé.

Thi du : : san phdm the san phdm tach

CH,CH,Br — s CpHsOM, 55°C .y, CH,OCH,CH; + CHp=CH,
(90%) (10%)



Lyl

CszoNa. CzHSOH, SSOC

> (CH3 )2 CHOC2H5 + CH3 —CH=CH2

CH;3 -(H-CH;
Br (21%) (79%)
(100%)
- NaOH,CoHsOH _ (i o °
CICH,CH,Cl — 258> CH, =CH-CI

Vinyl clorua

CH3CH,Br-COOH — R4, . H-CH-COOH
cdt héi luu

Axit crotonic

NaOH, C,H,OH —
201, @ + H0 + C

Cl

¢4t hdi hou
o |
D piridin _ @ + CHNH'C
0 0~
Tién hanh phén iing tich c6 thé di tit nguyén liéu ddu I vic-dihalogen :

CHy ~CH, +Zn — CHy=CH, + ZnHal,

Hal Hal
Thidu :
CH, H :
\ ¢ Br H H
Br——H . CH, \\C é axeton \C . C/' -
H ———Br A /\J_\\"MH — + nor,
CH, : (-Br CH, CH, CH,
Zn
Threo-2,3-dibrombutan Z-(ris)but-2-en
Tk T ¢ Br H CH,
H ——Br Tag J/ axeton \, :
H-1—B = C—Coo —— C==C
r /~ “CH, /N
‘-Zn .
Erythro-2,3-dibrombutan E-(trans)but-2-en
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C6 thé dung kim loai Mg thay Zn :
Mg + Br-CH,CH,Br —=—» CH,=CH, + MgBr,

Phan tmg tich ciing c6 thé di tir gem-dihalogen :

RCH,CHBr, —2xot/ancol , p_C=CH +2HBr
hoic cé thé di tir tetrahalogen '
Hal Hal
R_C- C_R’ + 2Zn —» R~C=C~R’ +2ZnHal,

| I
Hal Hal

u} Co ché'rach

Phan (ng tdch clia cdc dén xuat halogen c6 thé xay ra theo co ché tach nucleophin
ludng phan tir E2 hoac co ché tich nucleophin don phén tr E1.

+ Coché E2
So dé chung :
Bl al & | 5 : _
Y + H- C C Hai - Y..H.. C C .Hat —_—-—)>C=C<+Hal

YH
Bazo Déan xuat halogen  Trang thii chuyén tiép
Téc d6 phén ting tich xay ra tuong tu phan ting thé nucleophin : & = k{RHal][Y |.

Hudng khong gian : Halogen va Hp bi tach ra & vi tri anti.

Thidu:
Br CH Br CH
. CHs ~ (/. _GHOI
e CeHyme— C— C == C H; Ch;m C\ +H,;0 + Br
H C.H; J
HO™
1-Brom-1,2-diphenylpropan Z-a-Metylstinben
{mot déng phén quang hoc thudmg)
Br CH, Br CI—I . c H,
CH, C.H CHo by
orls S _cmon |
= C—C + H O + Br
H / J .y H nhanh
CH Yo
6015 " (-H C.H; C6HS
HO ,
1-Brom-1,2-diphenylpropan E-a-Metylstinben

{mot déng phan quang hoc thudng khdc)
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Nhur céc thi dy da néu 6 trén, ngoai san phdm E2 con c6 san phdm SN2 nifa.
+Co che El |
So d6 chung :

b _ I _
H-C-C-Hal MM _ py c_cw ~—“*“‘T““—> >C=C< + HY
[ [ +

Toc d6 phin dng cta El giéng Sy1 : o= k[RHal]

Thi du 1 :
CoH-OH CH3CH,C-0-C,Hs
+
CH;3CH,C(CH;), —%%*LCH3CHQC(CH3)2 CH; (66%) CH,
[ P
]
Br > CH3CH=C(CH3 ), +CH;CH, ~C=CH,
(27%} (T%)
Thidu 2 :
(CH3 ) CBy £2HsO0H (Sz'fj}g H0@0%), ch,=C(CH, ), + (CH3)3COH +(CHs )3COC,H

(36%) (64%)
h} Hidng ciia phdn img tach
Huéng chinh cla phan ting tich twan theo quy tic Zaixep (Zaitsev), noi dung -
nhu sau ' : '
Trong phdn tmg téch nucleophin, halogen bi tdch ra ciing véi hidro ¢ cachon-f cé
bdc titong doi cao hon, tao ra anken cé nhiéu nhém thé hon. Thi du:

B a B
CH3~CH-CH-CH~CH, — CH; ~CH-CH=CH~CH; + (CH3),CHCH,CH=CH,
i
CH; H Hal H CH,

* (San phdm chinh) (San phdm phy)

+ EI : Trong phan tng E1, moi dan xuat halogen déu cho cacbocation. Vay huéng
tich khong phu thudc vao su tao ra cachocation d6 ma phy thudc viio trang thii chuyén

ti€p (TTCT) cha cacbocation vdi dung moéi (ki hi¢u S) dé thanh sin phim.

H
a4+ O+
(CH_Q?C\—CH‘—“CHE-‘-H---S
) (A)
CHy-CH-CH-CH, ., CH,-CHCH'-CH, —*3 5o
~ CH, Hal CH, - |

§.y
[ :

| (B)
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TTCT (B) duoe 8n dinh béi 9 lien két CH,,.
TTCT (B) bén hon TTCT (A).

+ E2 : Trong co ché E2, TTCT cang 6n dinh, nang lugng hoat hoa cang nho thi t6c
do6 phan ting cang tang lén.

"Thidu:
H H-OH y ) ~ H H--OH”
H{(::XCH:(;H!(*:%H GOH CHs(g‘Hw(IZH—(;EHz HOH, oy O cH=:CH,
H B H H Br H H gt
TTCT (B) 6n dinh hon TTCT (A) kém bén
nh 6 lien ket CH, vi chi c6 2 lien ket CH,
l - CH,CH,CH=CH,

(81%)

O TTCT cba E2, dién tich duoc phén tan giita 5 nguyén tir hay nhém nguyén .
San phdm tich 1a anken néu cé céu hinh (cis/trans hay Z/E) phu thuge vao ban
chat cha nhém di ra (halogen) va cu triic ciia din xudt halogen.

— Cdc din xudt halogen tdch cho trans-anken (con cdc nhém di ra 16n nhu aryl

sunfonat : Ar—SOj3 s€ uu tién cho cis-anken).

~ Phan ing tdch vic-dihalogen phu thudc vio cdu tric ctia din xudt halogen. Theo
cac thi du d3 din & trén, ta thay :

Threo-2,3-dibrombutan tich cho cis-but-2-en.

Erythro-2,3-dibrombutan tich cho trans-but-2-en.

Quy tic Zaixep-Vanhe (Zaitsev-Wagner) :

Khi tach HHal, néu hai nguyén tir cacbon-B déu cling béc, phan tng tdch HHal s&
uu tién tich Hg nao gin véi cacbon chita nhiéu hidro nhat.

Khdi qudt hai quy tic Zaixep va Zaixep-Vanhe : Khi tdch HHal ra khoii_ ddn xudt

halogen, sé wu tién tao ra anken cé nhiéu nguyén tit H , nhdt doi véi noi doi.
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CH; KOH CH
o, - CH-CH-CH-CH-CHy — > P2 CH- —CH, -CH=CH-CH,
‘ H B H CH, ™ § ,
C6 5 lign k&t CH,, {(chinh)
CH
+ 3> CH-CH=CH-CH,-CHj
CH;”

—

‘CH 3 lien ke"l'_CHOL (phu)

Khi xit If c4c vinyl halogenua hay gem- hodc vic-dihalogen véi bazo manh, s& xay
ra phan ing téch v tao ra lién két ba. Trong moi truong bazo manbh, lién két ba duge tao
ra khong néim & cu6i mach s bi ddng phan ho4 thanh lién ket ba & cui mach qua anlen :

CH;CH,CH,CCl,CHj + 3NaNH, —onet, CHyCH,CH,C=CNa -E}P?—+>CH3CH2CH2CECH |
—Na

-3NH,3
Pent-1-in

Quan hé giira phan u’ng thé va.tich

Hal loai phan \ing thé nucleophm va tich luén xay ra song song v&i nhau va canh
tranh nhau. Céc y&u t6 anh hudng dén hai loai phan Ung nay 12 cdu tric cha goc
hidrocacbon, tic nhan nucleophin Y™, dunfg méi, nhiét d¢ ti€n hanh phan (ng va ban
chit cha nhém di ra 12 nguyén tit halogen. ~

+ Anh huéng chia cfu triic géc hidrocacbon :

- Khi tang d6 phan nhénh mach cacbon clia géc ankyl trong din xuét halogen thi
t6c d6 phan (ng téch E2 ting lén trong khi SN2 lai giam di :

E2 : (CH,),CHal > (CH,),CHHal > CH,CH,Hal
Sn2: (CH,),CHal < (CH,),CHHal < CH;CH,Hal

Thi du : RBr + CH,CH,ONa _CHCH0R , anken + ete

Néu R 12 géc etyl thi thu duge 1% etilen, con (CH,CH,),0 12 99%. Ngugc lai néu
R 12 tert-butyl thi isobutilen thu duoc Ia 99%, con ete chi cé 1%.

— Khi tang d6 phan nhanh thi 1am ting hiéu suit E1 va tile¢ E1/Sy1 ciing ting lén
vi sin phdm the c6 su ép géc R* tir 120° — 109°5, con san phdm tdch it bi thay ddi.

+ Anh hudng ciia tic nhan nucleophin Y :

— Céc phan ting luéng phan tir déu phu thudc vio néng do Y™ va ban chat clia Y,
cdc bazo manh 1am ting kha nang téch, E2 > Sn2.
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_ Phan tng don phan tr (El, Sy1) noi chung khong phu thuéc vao Y~ Vi
» = k[RHal], nhung luc bazo cua Y~ cang tang, kha nang tich H* cang 16n nén ti e
El/Sn1 tang

Kha nang phan ing tich cang tang néu bazo cang manh (nhu OH RO H,N) va
néng do bazo cang cao. Phan ing thé xay ra uwu tién véi tdc nhan ¢6 tinh nucleophin
manh nhul, RS va $,03.

+ Anh huéng ciia dung mai :

- Trong phéan tng ludng phan tlr (E2, Sn2). néu dung moi cang phan cuc thi phan
img E2, Sn2 déu khé xdy ra, nhat 1a E2. Do dé ti 18 E2/ SN2 giam.

Muén E2 tang thi ding dung mai it phan cyc.

Dung méi cing phan cuc thi cang lam én dinh trang thdi chuyén tiép clia SN2
hon E2. '

_ | - )
SN2: y?® /Q ..Hal™: Dién tich am dugc giai toa & 3 trung tam.

| | e
E2: Y . H..C-C..Hal® :Dien ticham dugc giai toz & 5 trung tam.
| | :

— Trong phan (mg don phan tir (E1 va Sy1), khi ting 4% phan cuc cla dung moi s&

Jam tang giai doan cham 12 tao ra cacbocation R* (ca El va Sy1).
Anh huéng clia giai doan sau & E1 khdc & Sn1.

CH, CH

CH, SnU, CHy €. OR® —>CH3>C —OH
| CH, ) CH}
CHa—C* + OH”
' & 5+ CH3 B CH3
CHs EL, 4O H..CH..C{  —P2% >C—CH2
a CHj

O trang thii chuyén tiép (D), dién tich dugc tap trung hon, chi giai toa & hai trung
tam->C’...OH®"
O trang thal chuyén tiép (II), su solvat hod kém, dién tich nho, gidi toa & 4 trung

tam nén ti 1& E/S giam.
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+ Anh huémg cia nhiét d6 :

Hai phén (ing tich va thé€ thudng x4y ra song song vi canh tranh nhau, va ching
thuong khéc nhau vé niing lugng hoat hod.

Nang lugng hoat hod cla phan ng tach 16n hon phan ng thé, nén khi ting nhiét
do tdc do phan g téch 16n hon téc do phén tng the, tde ti 1& E/S ting.

Thidu:
SO —%-5 CH;CH,OCH,CH;
. CH3CH20H _——%'IT4) CH3CH20$O3H —
~180°C
— CH,=CH,
~ . C,HsOH

. CHS—CH—CH:; + CszoNaT—")(CH‘;)z CHOCH:‘ + CH’;CH—CHZ

I

Br (21%) (79%)

3. Phan iing véi kim loai |
Dan xuat halogen phan tng véi kim loai trong méi truomg ete khan s€ cho hop chit
€J - nguyén tS (xem chwong IX).

+ V&i Mg : Phan iing c6 § nghia quan trong nhét clia din xu4t halogen 1a téc dung
v6i magie kim loai cho hop chdt co — magie hén tap, RMgHal.

- Dung magie kim loai dang bot hay vo bao.
~ Dén xuat halogen ¢6 thé mach hd hay vong thom.
Kha ning phan iing cia din xuat halogen giam theo thit ty sau
RI > RBr > RCl |
~ Dung mdi 13 ete khan (CH,CH,),0, FOJ), vi san phdm khong bén khi c6 nudc :

'Cl-I3MgBr+HOH > CH,+ Mg<ng

— 8an phim 13 hop chét co-magie hén tap. Phan ing mang tén Grlgnard va san
phdm dugc goi 12 din xudt Grignard.

Thidu:
ete khan ' .
CH;CH,Br+ Mg —————— CH,CH,MgBr Etyl magie bromua
| ete khan .
C¢H;sBr + Mg ————> C¢HMgBr Phenyl magic bromua

- Céc dan xuft dihalogen téc dung v6i magie cho nhiéu sin ph4dm khéc nhau :
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Br_CH,CH,-Br + Mg —2%X“%, CH,=CH, + MgBr, @)
Br—CH,CH,CH, —Br + Mg~ CHy - CHy + MeBy, )
H;

Br-CH,CH,CH,CH,~Br + Mg _ctekhan  p Mo(CH,)MgBr  (©
Céc din xuit Hal(CH,) Hal v6in 2 4 déu cho céc san phdm tuong w (c).
+VéiZn, Li: |

2CH,CH,Br +2Zn —X¥0 5 (CH,CH,),Zn + ZnBr,

Dietyl kém
CH,CH,Br + 2Li —22X% , CH,CH,Li+ LiBr
2

Etyl liti

(CH3CHp)0 | o, CH,CH,CH,Li + LiCl
n-Butyl liti

CH,CH,CH,CH,Cl + 2Li

+ VéiNa:
Din xudt halogen phan tmg v6i natri thea phan tmg Vu
' " 11 .

yéc (Wurtz).

VI - MOT 56 DAN XUAT HALOGEN TIEU BIEU
" 1. Dan xuét monohalogen

a) Metyl bromua, CH ;Br

Metyl bromua 13 mot chét khi doc, khong tan trong nuéc,
dung 1am thudc sét tring nhu ding lam thudc xong hdi
chira

tan nhiéu trong metanol

vi etanol. Metyl bromua dugc sUf
dé trit mot trong céc kho chita luong thuc hay ding 1am chét khir tring cho cac kho

hang clia tau bién.

Trong téng hop hitu co, metyl bromua dugc dung lam téc nhan metyl hoa.

b) Metyl clorua, CH;Cl
Metyl clorua 1a chat khi khéng mau. Metyl clorua dugc diéu ché bang cich
hod tryc ti€p metan, phan iing thudng cho mot hén hop san phdm.

clo
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Cl,, by cl a cl,
CH4 —-_W) CH3C1 TH%—) CH2C12 _—HZCT—) HCG3 W CC14

Mety] clorua tinh khiét c6 thé ducc diéu ché bing céch cho metanol tic dung véi
hidro clorua & 4p suit cao. |
CH,OH + HCl —Pee_y CH,Cl + H,0

- Metyl clorua duge ding lam chét sinh han trong c6ng nghiép déng lanh, 1am dung
moi va tdc nhin metyl ho4.

¢) Clobenzen hay clorobenzen, @- cl

Clobenzen 12 mot chat 16ng c6 nhié 86 s6i 132°C. Clobenzen c6 thé duoc diéu ché
tryc tiép khi clo hod benzen véi xiic tac Fe hay FeCl,, ZnCl,, SnCl,, AICL,.

@ ra, —F, @‘CI'+HC1

Ciing ¢6 thé diéu ché clobenzen tir mudi diazoni thom :

@—Nﬁl cucl @—Cl + N,
, (

Clobenzen bi thuy phan trong diéu kién khéc nghiét.

1 ] 350°C H
©_C + NaOH m + Na(Cl

Clobenzen diing d€ diéu ché phenol, anilin, p-diclobenzen, dac biét con dugc ding
dé diéu ché thudc trir sau DDT.

200<0) + CUC-CH=0 —> G—@—CIH—@—CI + H,0

cal,

Clobenzen Cloral p.p -Diclodiphenyltricloetan
(DDT)
hay 1,1,1-triclo-2,2-bis(p-clophenyljetan

DDT 1a mét loai thu6c tri su duge sir dung rong rdi trong nong nghiép tr Pai
chién thé gidi 1an tht hai. Nha ho4 hoc Thuy Si Paut Miller 13 ngudi ddu tién phat minh
ra DDT. Hién nay, nhi€u nudc trén the gi6i da cdm sir dung DDT vi DDT r4t bén v luu
trit trong moi truong rat 1au. DDT tich lu§ trong diy chuyén thuc phdm, do dé c6 hai lau
dai déi véi sitc khoé con ngudi. -
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d} Vinyl clorua (viét tit laVC), CHy=CH-Cl
Vinyl clorua 1a mot chat khi va 1a mot monome rit quan trong trong tdng hop polime :

~CH,~-CH-
nCH,=CH-Q —&%, [ 2 i }
n

Poli(viny! clorua) (PVC)

" Ngodi ra, VC con déng triing hop véi vinyl axetat hodc vinyl xianua (acrylonitrin)
cho cdc polime khac nhau.

Viny! clorua ¢6 thé dugc diéu ché bing nhiéu cdch khic nhau.
+ Tir axetilen :

CH=CH + HCl —2&2 , CcH,=CH-C

+ Tix etilen. Tién hanh téng hop qua hai giai doan :
— Giai doan 1 : cho etilen tdc dung v6i Cl, véi xic tac Cu.
CH, =CH, + Cl; —=— CICH, —CH,Cl
1,2-Bicloetan
— Giai doan 2, tdch HCL.

CICH,CH,Cl —%=— CHy=CH-Cl

+ Tir etan. Tién hanh qua 2 giai doan :
- Giai doan 1 : diéu ché 1,2-dicloetan
CH;CH; + Cl, —~> CH3CH,Cl + HCl '

CH5CH, ¢l —XOH/GHOR

CH2 =CH2 + HCl

2HCL + %02 —_ C12 + HZO

CH, =CH, + Cl, —=*— CICH,CH,Cl
- Giai doan 2 : tich HCl

CICH,CH,Cl —225 5 CH, =CH-Cl + HCI
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2. Dan xuit polihalogen

Cic polihalogen ¢6 cdu triic khéc nhau va nhiéu tinh chét khdc nhau phu thudc vao
ban chat, s6 lugng va vi tri cita cdc nguyén tir halogen trong phén tur.

Sau day s& gidi thiéu mot s6 polihalogen c6 ing dung thuc t€ quan trong.

u}) C dc halofom |

_ CHCI, : Clorofom la chét 1éng, khong mau, c6 nhiét do soi 12 62°C.

— CHBr, : Bromofom 1 chét 1dng c6 nhiét d¢ néng chay 8,3°C va nhiét d¢ soi
148 - 149°5.

- CHI, : La mot chat rin két tinh mau vang, khong tan trong nudc, nhung tan trong
ancol va ete. Jodofom ¢4 tinh sét tring manh.

Cic halofom duoc diéu ché tir etanol hoiic axetandehit hoac axeton... nhd tic dyng
v6i halogen tuong tng trong moi trudng ki€m.

Thi du : diéu ché CHI, tir CH,CH,OH theo phuong trinh tdng quit
41, + 6NaOH + CH,CH,OH — SNal + HCOONa + 5H,0 + CHI, {

Céc phan tmg xay ra nhu sau :

I, + 2NaOH —  Nal + NaIO + H,0 _ (1)
CH,CH,0H + Nal0 —  CH;CHO + Nal + H,0 2)
CH,CHO + 31, —  CI,~-CHO + 3HI ' (3)
CI,-CHO +NaOH - HCOONa + CHI, ¥ | 4)

Néu di tir axetandehit CH;CHO thi chi cin phudng trinh (3) va (4).
Néu di tir axeton hay khai quat ho4 12 metylxeton, chiing ta ¢6 phuong trinh sau :

R—(HZ—CH3 +3I, + 40H" — RCOO™ + 31" + 3H,0 + CHI3
O

Céc phan dng xay ra nhu sau :

R-C-CHy + OH™ — R-C-CHj + Hy0

R—(l‘t,‘—CHE +1I; & R—('T“—CHZI + I
O
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R-C-CHyl + OH - R—(HZ—_(fHI +Hy0

R-—(I?—EHI +1, - R-COCHI, + I~
0

RCOCHI, + HO™ - RCOCI; +H0

RCOCI; +I; — RCOCL;+ r
o-
RCOCI, + HO™ — 'R-C-CI; — RCOOH + Ci3

6H )

RCOO™ + CHI3 ¥

Néu di tir axeton thi RCOO™ s& la CH,C00 .

Cic hop chét c6 thé sir dung dé diéu ché halofom 13 : etanol, axetandehit,
axeton, axit lactic CH; —~-CH-COOH, axit piruvic CHj —C COOH, axit levulinic
dn
CH; -C—CH,CH,COOH, trit etyl axetoaxetat CH3 “%".Cﬂz - COO0OC;,Hs.
)

Clorofom ciing dugc diéu ch€ theo nguyén the tren nhung téc nhan phan Ung cé
thé thay déi, thi du : '

CaOCl
a1, KOH
CH,CHO - -—Km—) Cly C-CHO —— HCOOK + CHCl,

b} Cacbon tetraclorua, CCly

Cacbon tetraclorua 12 mot chét long, duge diéu ché nhu sau :
CH, +4Cl, —— CCl,+4HC
CS, + 301, —255 CCl,+ $,Chy

Cacbon tetraclorua 13 chat khong chdy khi ti€p xic v6i lira, bén v6i khong khi va
4nh sdng. N6 dugc sir dung 1am dung moi va chit chéng chdy.
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¢) Mot s& dan xudt diclo, triclo va tetraclo

bé6l1a2,4-D; 2,4,5-T va dioxin.

OCH,COOH OCH,COOH

¢l Cl
. Cl
Cl ' : Cl
Axit 2,4-diclophenoxyaxetic Axit 2,4,5-triclophenoxyaxetic
(2,4-D) (2,4,5-T)

BOSON
l O Cl

2,3,7,8-Tetraclodibenzo-p-dioxin-
(Dioxin hay TCDD)

2,4-D va 2,4,5-T 1a nhiing chat diét ¢6 manh. Ch4t d6c mau da cam 13 hén hop
50/50 cia hai chat 2,4-D va 2,4,5-T c6 tap chét dioxin dugc hoa tan trong cdc dung moi
hitu co. Trude Kia, khi rdi xu6ng déng ruéng vi ring ndi mién Nam nudc ta, quan doi
M1 da diing hén hop trén (khong pha lodng) vé6i lugng trung binh 13 28,06 lit/ha, tuong
dwong véi khoang 107 mg dioxin.

Chét doc mau da cam c6 tdc dung diét ¢d va 1am rung 14 cAy. D6 13 mot loai chét
doc hod hoc chién tranh. Dioxin dugc tao ra khi sin xudt PVC, son, gidy, dét ric cii,
rom, ra, thuée trir su, chdy rimg. Pioxin ciing dugc tao ra khi san xust 2,4,5-T & nhiét
d¢ cao qud 280°C. Dioxin bat ddu phan huy & 700°C va & trén 1200°C thi bi phan huy
hoan toan. Thoi gian ban huy 1a 10 - 12 nam. Dioxin 12 ho4 chat cé tinh doc cao nhét
hién nay. | '

d) Hexacloxiclohexan, CH Cl,

Khi ¢6 dnh sing mat trdi chiéu truc tiép hodc 4nh séng tit ngoai vA dun nong &
nhi¢t d¢ khodng 50°C, benzen s& ¢6 phan 1ing céng 6 nguyén tir clo vao V(’mg cho sin
- phim CHCl.

CeHq+ 3C1, ——5-556—:» CeHCl,
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San phdm cong tao thanh 13 hén hop clia 8 déng phan 13p thé. Nha bic hoc Thuy
Pién Hassel da dua ra ciu dang ca 8 déng phan 1ap thé ciia C,HCl,, cdc dong phéan
nay c6 sy sip x€p khic nhau vé vi tri khong gian cla céc nguyén ti clo trong phan tir.
D6 13 lién k€t truc axial, ki hiéu a, va lién két bién hay lien két vanh equatorial, ki
hidue.
Pongphana : aacece
Dongphanf3 : eececece
Dongphany : aaacee
Déngphand : aceecee
Dongphane : aecace
'Déngphéﬁn raaeaee
Dong phan® : aecacee
Péng phané : aeaecae

Trong cdc déng phan d6 chi ¢é
dong phan y (Gammexane hay Lindan)

~ ¢6 tc dung trit sau manh v chi€m 10 -
12% hén hop. Hién nay, thudc trir sau
C¢HClg dd bi cdm sit dung vi doc hai
va bén trong moi trudng dat.

Hinh VIII-8. Cau dang cia déng phiin ¥ (aaaeee)

3. Dan xuat cua flo

Trude kia, cdc din xudt flo cha hidrocacbon ké cé mono- va polifio it duge nghién
citu vi kho diéu ché€. Nhitng niim gén day, hod hoc vé céc hop chét co flo da duge phit
irién manh.

a) Phuong phap diéu ché

Phén img cta F, véi hidrocacbon tod ning lugng 16n va con lam phan huy hop
chat hitu co, 1am dit ca 1ién két C-C va C-H.

Thi du : CH, +2F, - C+4HF
CH, +4F, — CE,+4HF

Dé khic phuc hién tugng nay, ngudi ta di chon céc diéu kién phan tng ém diu hon :
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- Pha lodng flo trong khi tro nito' vi cho thodt nhiét nhanh bang ludi kim loai (bac
hay dong...), dong thoi luéi kim loai nay ciing 1am xic tc cho phan tng :

Cu
CiHg + 9F, ——— C/F;, + 6HF
6116 2 T 265°C CeF12

- Cho phan ting x4y ra & nhiét d6 thdp (-187°C) vi metan rin néng chdy & -184°C,
con flo 16ng soi & -188°C. Tuy nhién phan 1ing vin né manh.

- Dung hop chit cua flo (flo hod gidn tiép) : ngudi ta thudng dung florua kim loai
¢ trang thai hod tri cao, nhu CoF;, CeF,, MnF,...

2C0F2 + F2 —> 2COF3

CH,+8CoF; - CF,+8CoF, + 4HF

C;Hs+32C0oF, - C,F+ 32CoF, + 16HF

C6 thé ding hidro florua HF dé thay th& cic halogen khdc trong phan tir. HF
khan la mot hod chat ré, d& ki€m va trong phan Ung nay cdn ding xic tic nhu SbCl,,
CrF,, SbF;,... '

2CC1, + 3HF —5 5 oC,E, + CCLF + 3HC

2CHCI, + 3HF —X5 ., CHCIF, + CHCLF + 3HCI

cc CF,
@ _SoF, @ + SbCl,
AgF :

CH3(CH,),CH,Br + HE —<¥lenglicol oy (CH,),CH,F + HBr

n-Hexyl bromua n-Hexyl florua

Phén g thé H trong aren bing nguyén tir flo gidn tiép qua hop chit diazoni

NH, .- F
@ HBF,, NaNO, @NZBF4 150°C @
T 4 s 2
0°-s°C
Anilin Florobenzen
b) Tinh chdt

+ Do bén : cic din xuét flo md mdi nguyén tit cacbon chi lién két véi 1 nguyén tir
flo (CsH, F, CgH;CH,F, FCH,-CH,F) rit khong bén, dé tach ra HF.

59



-]
.%‘\‘
o ut

i T

Céc din xudt flo c6 tir 2-3 nguyén tit flo lién két v6i 1 nguyén tir cacbon thi dac
biét tro va lai khong doc, nhe CgH;CHF,, C;H;CF;, CF,Cl,, CHyCHF,... '

+ Tmh chat sinh han : Céc hop chat chi chita nguyén ti flo, clo va cacbon goi la
cloroflorocacbon, viét tit 1a CFC, ding 1am ch4t sinh han cho cong nghi¢p dong lanh va
tic nhan tao bot trong san xudt polime x6p. Chiing cdn duge goi 12 freon.

Freon-11 (CFCl,), freon-12 (CF,Cl), freon-13 (CF,Cl), freon-21 (CHCL,B),
freon-22 (CHCIF,), freon-123 (CHCl,-CF;), freon-114 (F,CIC-CCIF,)

Freon-12 thuong dugc cﬁlng lam tic nhan tao bot trong san xuét polime x6p.
Freon-12 dung 1am tic nhan sinh han trong mdy lanh. Ngudi ta thay freon-11 bang
freon-123 dilng trong san xuft chdt dép x6p va thay freon-12 bang freon-22 dung trong
ti lanh hay cong nghi¢p lz_mh.' o

" Diéu ché freon-12 :
3CCt, + 28bF; — 3CF,Cl, + 25bCl,
Freon dugc diing trong ki thuat va ddi séng (td lanh, mi phdm, son, tdy, rita).
Chiing rit tro vé§i tic nhan hod hoc va 1 hoc. _
Néu freon khuéch tén vio tdng d6i luu, chiing s& gay ra hang loat phén ing phd
huy ting ozon. Dudi tic dung clia 4nh sdng mat trdi, lién ket cacbon—clo bj dirt ra :
2cCl > PC + 1,
Géc clo nay phan huy tdng ozon bing phuong phép day chuyén :
0, == 0,+0’
Q1"+ 0, = 0,+CIO°
0"+CI0" » 'O,
Hoic C10° +0; - CI" +20,
¢) Chdt tiéu biéu
CF,=CF, : Tetfaﬂbetilen
L mot chét khi & diéu kién thudmg, cé nhiét do néng chdy -142, 5°C va nhiét d6¢
s6i ~76,3°C. Tetrafloetilen dugc diéu ché€ trong - cﬁng nghlep bing cach phiét phan

clodifiometan CICHF,.

500-1000°C

> =CF, +
Khong cén xic tic CF, 2+ 2HC

2CICHF,
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Tetrafloetilen 12 mot monome, cé thé duge tring hop bing nhiét hoic tring hop
huyén phil hay nhil tvong cho polime 12 politetrafloetilen, con goi 1a teflon.

nCF,=CF, — [-CK -CF, -],

Phan img tring hop khéi phit nhiét manh nén it duoe sir dung. Ngudi ta hay tring
hop trong nhii tuong & nhiét do 70 - 80°C, 4p suat 40 - 100 atm véi chét xiic tic tao géc
1a peroxit (benzoyl peroxit, hidro peroxit...) hay hop chét azo, diazo.

Thidu:

CH,NH-N=N-CH, : Diazoaminobenzen
NC-C(CH,),N=N(CH,),CN : AIBN ; a,’-Azobisisobutironitrin
C,H;00CC(CH,),N=N(CH,),CCOOC,H; : Dietyl este ciia axit azodiisobutiric

Tring hop nhil twong thi nhi¢t phan dng dugc giai phéng nhanh, trinh duge quéd

trinh phén tich san phdm polime.

Ciing cé thé tring hop huyén phit trong nuéc & nhiét d6 55°C, 4p sudt 7,5 - 25atm
v6i chit kich thich 1a peroxit.

Teflon 12 polime nhiét déo, ¢6 tinh bén cao véi cdc dung mo6i vA céc chét hod hoc
¢6 tinh an mon. Teflon mém déo trong gi6i han nhiét d6 réng (tir —190°C dén +300°C)
vi c6 ti khéi 16n nhat trong céc polime : 2,2 - 2,3 kg/cm’. Teflon c6 d6 bén kéo 12 245 —
315 kg/cm?, bén nhiét & 130°C, hép thu nudc rt it. Teflon 1a polime nhiét déo nhung lai
c6 nhiét d6 mém hod cao dén 327°C. & nhiét d6 cao hon 300°C, teflon bat ddu thing
hoa, khéng néng chiy, phan tich cham cho menome va mét lugng nhd din xudt flo & thé
khi. Teflon bén véi céc tic nhan hod hoc vuot tit ca cdc vat li¢u polime (tu nhién vi téng
hop), ¢6 tinh bén véi moi trudng cao hon ca vang va platin. Teflon dyoc phu lén céc d6
gia dung nhu chéo, ndi, xoong dé chéng dinh va 1am 16p 16t trong cic dién trd.

C&u héi &n tép

1. Tim céac déng phan cau tao img véi cac cong thire phan tlr, goi tén theo danh
phap IUPAC déng thdsi phan biét bac clia cac dan xudt halogen sau day.

a) C4HgBr b) C5H11Cl
OCHC  d)CHyBr
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2. Hay hoan thanh so d6 tGng két chuang dan xust halogen sau béng cach thay cac
ki higu (A, B, X, Y) bdi cac cong thic té’ng quat

Phuong ( A, —X Vi, B, Tinh

‘;{’f'p ;A == RHal Y2 . B, ;ha;

feu X, ArHal Y, 0

ché A, —=—> B, | hoc
T A .

VGi Ay, Ay, As.. la chit déu, By, By, B; 12 céc san phdm, con X, X5, X, Y5, Yo, Y3
|a cac tac nhan phan (ng.

3. Cho c4c phan ing :
a) CHy~CH=CH, + HBr —

6) {O)- CH-CHy ~CH + Br, —
Ha

¢) CH
| 2 CH-

Hy”

CHy -+ HBr —

d) CH3CH=CH, + Br, —44NeCl | ‘

€) CHy ~GH-CH, ~GH-CHy __KoH7etanol

CH, cl
f) CHs ~CH=CH-CH~CHy + HCl —
CHy

Hay b sung c4c diéu kien dé hoan thanh cac phan tng trén va trinh bay co ché
phan tmg () (b} (c) va (e).

4. Ldy 2 déng phan threo-2,3-dibrombutan va erythro-2,3-dibrombutan cho tac dung
véi Zn trong axeton, Hay tim c4c s&n pham dugc tao ra va cho biét cau hinh cla
céc san pham d6, ddng thai goi t&n theo ha théng R, S cila céc chit déng phan
dau va biéu dién bang cong thc Fise réi chuyén sang Newman (qua cong thire
phdi canh).

3. Cho cis-but-2-en va trans-but-2-en tac dung voi Br,. Héy tim c4c san pham va
~ bigu dién bing cong thirc Fiso va Newman,

6. Hay phan tich phd clia brombenzen ¢6 phé dé héng ngoai (A) va anIyI clorua cé
phd d6 héng ngoai (B).
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Chuong IX
HOP CHAT CO - NGUYEN Td

* §1. KHAI QUAT

Ho4 hoc hitu co ¢6 dién 12 hod hoc ciia cdc nguyén t6 hitu co “organogen” cacbon,
hidro, oxi, nito, lwu huynh, clo, brom, iot va photpho & dang este clia axit photphoric.

Hop chét co — nguyén t& 12 nhimg hop chat hiu co ma trong phan tir cha nd cé
chita lién két truc ti€p giira nguyén tlr cacbon véi nguyén tr cua cac nguyén t6 khac
trong bang hé théng tuin hoan Mendeleep, trir cdc nguyén t6 hitu co “organogen” (C, H,
O, N, S, Cl, Br,I) va c4c khi tro. Ngay nay, Hod hoc cac hop chit co — nguyén t8 dugc
coi nhu su t6 hgp hai nganh Hod hoc v6 co va Hod hoc hitu co. Vién si Netsmayanop
(Nesmeyanov) di cho ring “Ho4 hoc ciia cac hop chét co - nguyén 16 12 dai luc thir ba
ctia Hoa hoc ma hai dai luc kia 12 Ho4 hoc v6 co va Hod hoc hitu co”.

| - PHAN LOAI

Ho4 hoc co — nguyén t& 1a nganh Hod hoc céc hgp chét hitu co cha tdt ca céc
nguyén t& trong bang hé théng tudn hoan Mendeleep, tir<dc nguyén 16 chuyén tlé’p dén
c4c nguyén t6 khong chuyén ti€p, tit cdc nguyén 16 kim loai dén cdc nguyén t6 phi kim,
tir cdc nguyén t6 kim loai kiém, kiém thé dén céc kim loai quy hi€m, v.v...

~ Sau day ching ta s& di€ém qua céc nguyén t6 tit nhém I dén nhém VII trong bang
hé théng tuin hoan c6 kha nang tao ra cdc hop chét co — nguyén 16. '

— Nhém 1, gém céc kim loai kiém nhu liti, natri, kali...

Thidu:  C4HgLi, CgHsCHyNa, CH2—CH—L1 I-IC_C—Na

— Nhém II gém cé beri, magle, canxi, bari, kém, thuy ngan va cadimi. C6 hai dang
R,Me va RMeHal. '

Thidu: (CHj),Be, RMgHal, R,Hg, R;)Zn, CHCl-CHHgCl (CH3CH2CH2)2Cd

)
& RS



~ Nhém I gém bo va nhém, thi du :

(RCH,CH,);B, RAIH,, R,AlH, R3AL RAICl,, R,AICI, RCH,CH,BCl,.
~ Nhém IV gém c6 silic, gemani, thi€c va chi, thi du :
Hop chit co-silic : RSiHs, RySiHy, RySiH, R,Si, (CHy);SiOH, (CH;);SiNH,
Hop chit co-gemani : RGeHj, R,GeHy, R3GeH, R4Ge, RGeCl, R,GeCl,, R3GeCl.
Hop chét co-thiéc : RSnHs, R,SnH,, R3SnH, R4Sn, RSnCly, RySnCl,, R35nCl.
Hop chit co-chi : R-PbHj, RyPbH,, R3PbH, R4Pb, RPbCl3, R,PbCly, R3PbCL.
— Nhém V gdm c6 photpho, asen, stibi va bitmut, thi du :

Cac hUp chat CU'phOtphO : RPHz, RzPH, R3P, RPClz, RzPC], RPC14, RzP(:l3,
R4PCl,, R,PCl, R4P. '

Céc hop chét co-asen : RAsH,, RyAsH, R;As, RAsCly, RyAsCl, RAsCl4, R,AsCls,
R;AsCl,, R4AsCl, RsAs, (CH3)3As, CI-CH=CH-AsCl,, (CgHs),AsCl, (CH3),As=0
_ CIjNa |
Céic hop chit co - antimon (hay co - stibi) : RSbH,, R,SbH, RSb, RSbCly, RySbCl,
RSbC14, R,SbCl;, R3SbCly, R,,SbCl, R5Sb.
Cic hop chit co-bitmut : RBiHal,, R2B1Hal R;Bi, R;BiHal,, RyBiHal. .
— Nhém VI gém luu huynh, selen va telu, thi du :
Hop chét co-luu huynh, chil y&u luu huynh ¢6 hod tri 4 va 6.
R,S=CHR’ CH; - §§CH3
O CH,
Hop chit co-selen : RSeH, RSeHal, R;Se, RSeHal, R;SeHaly, R;Sel.
Hop chit co-telu : R;Te, R,TeHal,, RTeHal;, RyTeHal.
_ Nhém VII, chi yéu 1a hop chdt co-flo : ArCFy, RyCF,, CF;-CFH-CFH-CF,-CFs.
Ciéc ki hiéu da sir dung & trén : |
'R : ankyl, ankenyl, ankinyl
Ar: aryl
Hal ; Cl, Br, I, F.

Céc nguyén t6 chuyén tiép tao ra hop chét co — nguyen t6 déu 1a nhimg nguyén t&
c6 16p vd d hay 16p vo f dang dugc 1am ddy do dang khong nhiing & trang thdi ty do ma
con ¢ trang thai hop chit nita.
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T4t ca cdc nguyén t6 chuyén ti€p déu 1a céc kim loai, da s6 bén, din nhiét, din
dién 16t. Chiing tao ra duge nhiing hop chat thuan tir vi ¢é 16p vé d duge 1am ddy mot
phén, khi tao hop chit co — kim véi cdc nguyen 16 chuyén ti€p s& tao ra lién két o giita
cacbon — kim loai.

Céc hop chat co — nguyén t6 cla cdc kim loai chuyén ti€p chi bén trong nhimg

diéu kién dic biét, cic ddn xudt ankyl thi twong d6i bén hon (nhw Ti(CH,CeHs),,
RC(CH3)6)

Céc obitan d cua céc nguyén t6 chuyén tlé'p dé tao phiic v6i cdc hop chit hiru co
gidu dién tit nhu anken, ankin va aren.

Thi du : (CgH;,);Rh,Cl,, 12 phifc duge tao ra tit CgH,, (xicloocta-1,5-dien) véi
kim loai rodi, kf hiéu Rh.

Z. _
hoic (fj:» Me, 1a mét kiéu phiic chét ctia but-1,3-dien véi kim loai Me.
e

Bédng IX-1. Bic diém c8u tao cia mdt s3 nguyén t& chuyén tiép

S& tha tu : e } Ban kinh Po
trong Bﬁﬁg Chu ki ng:;éé':] . nlg(xi;lelsl: 5 'Efe l:: ttr];u: nguyén t | am dién
HTTH _ (A) (eV)
22 Titan Ti . 3d%4s* 1,47 1,5
23 Vanadi \Y 3d°4s2 1,34 1,8
24 Crom Cr 3d%4s? 1,30 1,6
25 4 Mangan Mn 3d°4s* 1,35 1,5
26 Sht Fe 3d%4s? 1,26 1,8
27 Coban Co 3d 4s? 1,25 1,8
28 Niken Ni 338452 1,24 1,8
41 Niobi Nb 4d*ss! 1,46 1,6
42 Molipden Mo 4d°ss! 1,39 1,8
43 Tecnexi Te 4d>55> 1,36 19
44 5 Ruteni Ru 4d’ss! 1,34 2,2
45 Rodi Rh 4d%55! 1,34 2,3
46 Paladi Pd 4d"%50 1,37 22
73 Tantan Ta 4f45d4%652 1,49 1,5
74 Vonfam W af14s5d%s° 1,41 1,7
75 Reni Re 4f15d8%65° 1,37 19
76 6 Osimi Os 4f'454%4> 1,35 2,2
77 Tridi Ir 4f'4547 657 1,36 2,2
78 Platin Pt 4'*sd%s’ 1,39 2,3
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Bang IX-2. Tén goi cha nhimg hidrua nén mdt nhan

Cong thic Tén goi Cong thirc Tén goi Cong thic Tén goi
BH, Boran ' NH, Azan ' OH, Oxidan
SiH, Silan PH, Photphan SH, Sunfan
GeH, | Geman AsH, | Asen SeH, Selan
SnH, Stannan . SbH, Stiban TeH, Tenban
PbH, Plumban BiH, .| Bitmutnan _ POHZ Polan

Il - DANH PHAP CAC HOP CHAT CO - NGUYEN 16

Hop chit co - nguyén 16 dugc goi tén theo hai phém : Hop chét co — Kim va hop
chat co — phi kim.

1. Danh phap hgp chét cd — kim, RMe va RMeHal

" a) Déi véi hop chdt co —kim hoan toan, RMe

Ten clia hop chét co — kim hoan toan la t8 hop clia tén géc hidrocacbon R va tén

kim loai Me.
Thi du :
CH,CH,CH,CH,-Li, ©-Na
n-Butyl liti - Phenyl natri .
(CH3CH2)2Mg N (CH3CH2)2Cd
Dietyl magie : Dietyl cadimi
(CH3)Al, CH,=CH-CH,-Li
Trimetyl nhém Anlyl liti
CH,=CH-L:
Vinyl liti

b) D6i véi hop chdt co —kim hén tap, RMeHal

Hop chét co — kim hén tap 12 hop chét trong d6 kim Toai vira lién két véi cacbon
vira lién két véi phi kim thi tén cita n6 duge goi theo tén clia mui.
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Thi du :

CH 3HgC1 s CI‘I3 MgCI

Metyl thuy ngén clorua Metyl magie clorua
CH3CdC1, : C(,HSMgBr
Metyl cadimi clorua Phenyl magie bromua

2. Danh phap hogp chét co — phi kim

Céc hop chit co — phi kim ma nguyén tir phi kim chi lién ket truc ti€p vdi nguyén
tir cacbon ctia géc hidrocacbon hay hidro hoac halogen... dugc goi theo tén clia nhiing
dAn xudt hidrua twong ing, nhu PH, 12 photphin hay photphan ; AsH; 1a asin hay asan ;
BH; 12 boran, B,Hg 12 diboran ; SiH, 14 silan,...

Photpho thudng c6 nhiéu trang théi oxi hod (-3 dén +5), vi vy trong céc hop chat
chia photpho ciing cé nhiéu tén goi khéc nhau.

Nhimng thi dy tit sy th€ nguyeén tit hidro trong photphin PH; :
CH,;PH, : Metylphotphin
CH,CH,PHCHj; : Etylmetylphotphin

(CgHs )z FCH2C6H5 . Benzyl triphenyl photphoni bromua
Br
(C¢Hs)4P : Triphenylphotphin ; (CH;CH,0),P : Trietyl photphit

+ - .
(CgH50)3 PCH3 1 : Metyl triphenoxyphotphoni iodua
(CH,CH;0), [I)— CH; : Dietyl metyl photphonat
|
(CH30), fI’OCH =CCl, : Dimetyl (2,2-diclovinyl) photphat
ClC —(IZ H-P(OCH3), : Dimetyl (2,2,2-triclo- 1-hidroxietyl) photphonat
I

OH O

H, E_OH : Axit hipophotphor¢

0O
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Hﬁ'm(OH)z : Axit photphore ;  (HO); P=0: Axit photphoric

R3 P=0 : Photphin oxit : R, P-OH : Axit photphinic
|

Rﬁ'—(OH)z : Axit photphonic ; (R O); P : Photphit ; O =P(OR); : Photphat
3 _ _

Tuong ty P trong hop chét véi hidro 13 photphin PH3, céc hop chat hidro ca asen
ciing 12 asin AsHj. '

Thi du :.

CH;AsH, : Metylasin ; (CH;3;CH,),AsH : Dietylasin

(CeHs);As : Triphenylasin ; CH;AsCl, : Metyldicloasin

(CgHs),AsCl : Diph_enylcloasin.

Ngoai ra, cdc hop chét co — nguyen t6 noi chung con ¢6 nhiing tén riéng. Ching
han nhu cdc din xuat hidrua ciia bo, thiéc, silic dugc goi 1a boran, stannan va silan.

Cac hidrua bo : BH3, RBH,, R,BH.
Boran 1a BH, cén diboran 1a B,H.

Thidu :
I 3
(CH;CH,);B [CH3 ?HCH} BH
_ CH, 2
Trietylboran bis-(1,2-Dimetylpropyl)boran

hay bis-3-Metyl-2-butylboran

Tuong tr cacbon, hop chit céa silic véi hidro SiH,, dng véi cong thic Si H,,,,,
giéng hidrocacbon CH,, ..

Thidy:  RSiH; la ankylsilan ; CH;SiH; : metylsilan ;
R,SiH; 1a diankylsilan ; (CH;),SiH, : dimetylsilan ;
R;SiH 1a triankylsilan ;
CH3Si(CH2CH3)3 : trietylmetylsilan ;
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(CH;)4Si1 - tetrametylsilan ;
CICH,SiCl;5 - triclo[clometyl]silan.

Khi thay th€ cic nguyén tlf halogen trong céc hop chat co ~ silic bing cdc nhom
nguyén tir khdc, nhu -OH, -NH,, v.v... ta s& c6 céc tén tuong ing.

Thi du : trong hop chét co — silic hén hgp, khi thay th€ nguyén tit halogen bang
nhém ~OH ta c6 silanol hay ankyl hidroxisilan : '

(CH,);SiOH : trimetylsilanol
(C¢Hs),Si(OH), : diphenylsilandiol

Khi thay nguyén tir halogen trong hop chét co - silic hén hop bing nhém -NH, ta
¢6 silazan hay ankyl silylamin.

(CH3;)5SiNH, : trimetylsilazan.

Il - DAC DIEM CAU TAO CUA HQP CHAT CO - NGUYENTO

Chiing ta ¢6 thé chia c4c hop chat co — nguyén 6 lam hai loai. Loai thit nhét 1a céc
hop chét co - nguyén t8 cha cdc nguyén t6 khong chuyén tiép. D6 1a cac phi kim (nhu
nit, oxi, halogen, v.v...) va cdc kim loai (chi y€u 1a cdc kim loai kiém va kiém thé nhu
Li, Na, K, Mg, Ca, v.v...). Loai thif hai la céc hop chit co — nguyén t6 cia cc nguyeén t6
chuyén ti€p (chit y&u & chu ki 4,chuki3, chu ki 6 nhu titan, vanadi, crom, mangan, sét,
paladi, vonfam, osimi, platin...). Cic nguyén t6 chuyén tiép déu 1a céc kim loai va c6 16p
vo d hay vé f dang dugc 14p ddy d& dang. Vi vy ngudi ta dua ca cdc kim loai clia phan
nhém phu nhém I nhu Cu, Ag va Au vao loai nay.

Ciu tao cua hop chit co — nguyén t6 nhu sau :—}C—Y. Y 12 mot nguyen t6 trong
bang hé théng tudn hoan. Tuy thudc vao do am dién chia nguyeén t6 Y ma hop chét co -
nguyén t6 c6 thé c6 nhitng c4u tao sau :

5 _Y*  hoae XC:Y
(Y 41y

Truong hop (I) 1 céc lién k€t ion, con (IT) 12 lién két cong hoé tri véi sur tao thanh
. cap electron ©. Cic hop chét co — kim ma kim loai la kim loai kiém, kiém thé thi thudmg
6 c4u tric ion. Chiing it tan trong cdc dung méi hitu co va dé phén Gng vdi nude, khong
khi, v.v...
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Thidu : HC=CNa*t, (CgHs);(Na* , (CsH;),Ca®*

Céc hop chat co — nguyén t6 ma géc hitu co lién ket véi nguyen tir kim loai khong
c6 d6 duong dién 16 hodc v6i nguyén tit phi kim bang lién két cong hod tri hai electron
thong thudng thi ¢6 nhiéu tinh chét hod hoc khédc nhau.

Thi du : cdc hop chéit cong hod tri loai nay nhu (CH;)3SnCl, (CH3CH,)4Pb.

C6 thé ding do 4m dién ciia cic nguyén t6 & bang IX-2 ¢ tinh myc do phan cyc
ciia lién két cacbon — nguyén té.

Thi du : Phén trdm ion ciia cic li¢n két
C-K:5151%; C-Na:47,06%;
C-Si:13,64%; C-P:6,38%.

§2. HOP CHAT CU - KIM

Hop chat co — kim 12 hop chdt hitu co c6 chia lién két cacbon — kim loai. Kim loai
& day 1a kim loai kiém (Li, K, Na...), kim loai kiém th8 (Ca, Mg ...) va céc kim loai
chuyén ti€p (Ti, V, Cr, Mn, Fe, Co, Ni, Nb, Mo, Ru, Pd, W, Os, Pt..). Cac -glc
hidrocacbon lién két véi kim loai 12 ankyl, ankenyl, ankinyl, aryl... '
Hop chét co — kim ciling ¢6 2 loai :
,— Hop chét co ~ kim hoan toan, nhu CgHsNa, Na-C=C-Na
— Hop chit co - kim hén hgp, nhe CH,CH,CdCl ; C;HsMgCH ...

I - PHUONG PHAP PIEU CHE

1. Tac dung ctia kim loai véi din xuét halogen

Cho kim loai (nhw Li, Mg, Zn, Hg...) tdc dung v6i dan xudt halbgcn 13 phuong
phép phé bién d€ diéu ch€ cic hgp chdt co — kim. '

Phan g cdn thyc hién trong moi tnrong ete khan (dac. biét 1a dietyl ete) va trong
khi quyén nito hodc heli hoic agon vi nuée, oxi hodc ngay CO, ciing phan img dé dang
vé&i hop chét co — kim.
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" Thi du:
CH,Br+2Li —<°XM . cyy1i+LiBr
Metyl liti

CH;CH,Br + Mg — X . CH,MgBr
Etyl magie bromua
Kha nang phan ting cha céc ankyl halogenua nhu sau : .
RI > RBr > RCl > RF

Kim loai Li va Mg khéng phan ting véi céc ankyl florua, cén Zn phan tng t6t véi
din xudt bromua vi iodua.

CH3CH21 +Zn du —> CH3CH2an

Etyl kém iodua
Hoic :
2CH3CH21 +27Zn > (CH3CH2)22H + Zrl12

Dietyl kém
Thuy ngan & dang hén héng véi natri d& phan img véi dan xuit halogen.
2CH,1 + Na/Hg — (CH,),Hg + 2Nal
Dimety! thuy ngan

2. Tac dung cua hgp chét co - kim v6i mudi ciia kim loai khac

Phuong phap nay ding dé téng hop céc hop chét co — kim khé diéu ché tryc tiép
hoac cho hiéu sudt thép. |

Thi du : Diéu ch€ hop chit co ~ thuy ngan tif hop chét co - magie.
" CH,CH,MgCl + HgCl, - CH,CH,HgCl + MgCl,
Etyl thuy ngén clorua
Hoac diéu ché€ hop chat co ~ asen tir hop chat co — niagie.
3CH;sMgBr + AsCl; — (CgHg)3As + 3MgClBr
Triphenyl asen

Diéu ché hop chét co-cadimi tif co — magie :
2C¢HsMgBr + CdCl, % (C¢H),Cd + MgBr, + MgCl,
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3. Thé kim loai trong hop chét co - kim bidng kim loai khac

Phuong phap nay dung dé tdng hop cédc hop chit co — kim ¢6 khé nang phan Gng
"cao tir nhimg hop chét ¢6 kha nang phan ing kém hon :

(CH,),Hg + 2Na — 2CH;Na + Hg
(CH;),Hg + Mg — (CH,),Mg + Hg

(CH3CH2)2Hg +Zn - (CH3CH2)22H “+ Hg

4. Trao ddi halogen véi kim loai

Mot s6 hop chit co - kim phan ting véi din xust halogen twong d6i dé dang dé
trao d6i nguyén t6 halogen trong din xu4t halogen véi kim loai trong hgp chét co — kim.

RHal + R’Li —» RLi +R’Hal

Phéan tng nay duagc su dung khi khong diing dugc phuong phip truc ti€p diéu ché
hop chat co — Kim tir dn xuét halogen va kim loai.

Phan g thudng dung dé diéu ché cdc hop chit co — liti tir cdc din xuét halogen
c6 kha nang phén tng kém nhy aryl, vinyl va etinyl halogenua. Hiéu su4t phén iing cao
khi dung cdc halogenua la bromua va iodua.

G—@-Br + CH;CH,CH,CH,Li — a-@u + CH,CH,CH,CH,Br

p-Clophenyl liti

5. Tac dung ctia hdp chit co - kim véi hidrocacbon c6 hidro linh dong

Phan tng nay rat thuan lgi dé diéu ch€ céc hidrocacbon chua no, cé mach dai hon.
Cic hidrocacbon c¢é “tinh axit” nhuank-1-in hoic xiclopentadien d& phan ing véi hop
chét co — kim. D6 13 su tuong tic gita mot axit manh (ank-1-in) véi mu6i cla axit
yéu (etan) :

CH3CH2MgBr + CH3—CECH o CH3—C..=CMgBr + CH3CH3
Moét s6 thi dy khéc : | '
CH3Na + C6H6 —> CﬁHsNa + CI'I4

CH;3Na + CgHsCH; — C4H;CH,Na + CH,
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C6H5Na + C6H5CH3 — C6H5CH2N3. + C6H6
2C,HNa + CH=CH —» Na-C=C-Na + 2C¢H,

/O\ + C4HyLi - Li+ +C4Hp
CCHZ + CH;MgBr — | :c,\

6. Cong mét s& hgp chét vao lién két boi clia hidrocacbon
a) Cong kim loai va hidro vao anken

Phan ung nay duoc sit dung dé diéu ché cac hgp chét co — nhém.

CH, CH

6  SC=CHy +2Al+3H; 2 3\CH —CH, |Al
CH, cHy” X
Isobutilen Triisobutyl nhom

b) Cong kim loyi kiém vao anken

CeHsCH=CHCgH; +2Na — CgHs~CH-CH- ~CgHs

Na Na
Hoic :
CeHs\
2 /CH=CH2 + 2Na —> (C6H5)2 C-—CH2—CH2 C(C6H5)2
CoHs ' ll\Ia Il\Ia'

¢) Phdn ing ciia mét 56 kim logi kiém véi aren

Mot s6 kim loai kiém c6 kha ning ph;'"m g véi hidrocacbon thom c6 chira lién
két x. Hidrocacbon thom chi€m 14y electron clha kim loai va tao ra mot cap ion =

[C,Ha,_g] M*v6in 26.
- Benzen chi phan ting véi kali
@ + K - [CHg K
- Naphtalen c6 thé phén ing véi natri

o (O
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_ Anthraxen cé thé phan tng v6i Li hogc Na:

H. Na
SeOREE
H Na

d) Phdn ting cong hop cua hop chdt co —kim chiea kim logi kiém vao anken

Cac hop chét ankyl (thudng gap vi ca aryl nita) cia hop chat kim loai kiém tac
dung vao lien két doi cha anken cé chifa nhan thom (a), funven (b) va dien (c) :

(CgHs), C=CHy + C4HoLi - (C6H5)2(|3—CH2C4H9 @
Li
e . H3 . e~ CH3
Q:C + C6H5Li —> Q—C 3 (b)
== H, CeHs
- Li |
CH, =C~CH=CH, +RLi > RCH, ~C= c< ©
CH3 CH3 CHle
Trudng hop (c) ¢6 thé xay ra polime hod va cho san phdm 12 cis-poliisopren.
CH,=C~CH=CH,
CH H CH CH, -1i
3>c= Ch 3>c—c< /CHZ\C C< z
R-CH CHLi R-CH; cty of,
3
CH ciLi (n-2)CH, =C-CH=CHy
3\c c< /CH?-\C c< OH,
glony
CH3 ]
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i - DAC DIEM CAU TAO VA TINH CHAT CHUNG CUA HQP CHAT CO - KIM

1. Déc diém cau tao clia hgp chét co — kim
Hop chit co — kim ¢6 hai dang cu tao sau :
 >C-Me va >C-Me-Hal
(Hop chit co — kim hoan toan hay don gién) (Hop chéat co — kim hén tap)

Trong d6 Me 1a kim loai kiém, kim loai kiém th8 hoic nhitng kim loai chuyén tiép
va > Cla gé"c hidrocacbon. Tuy thuéc vao do am dié clia cacbon (céc trang thdi lai hod
khdc nhau : sp’, sp?, sp...), ctia kim loai va ctia halogen (Cl, Br, I) ma hgp chét co — kim
c6 thé c6 nhimg loai lién két khéc nhau.

— Lién ket giita cacbon va kim loai 12 lién két ion.
+
>C_Mc+ —— %C” + Mt:_+ hay RMeHal —— R~ + MeHal

Trong céc lién két ion cacbon — kim loai thi cacbon 12 mot ddu am ciia ludng cuc.
D6 ciing 1a co s& dé chijng ta biét duge huéng cia nhiéu phan ng ciia hop chat co —
kim. Lién két cacbon — kim loai goi 1 lién két ion, né cling & mifc do nao d6, chit khong
phai lién két ion hoan toan. K€ ca véi kim loai manh nh4t vA véi cacbon & trang thai lai
hod sp ¢6 do am dién 16n nhdt (thi du d6 am dién cita cacbon lai hod sp 1a 3,5, sp® 1a 2.8,
con' sp’ 12 2.5). Cin ci vao d6 am dién clia cdc nguyén t6 (bang IX.3), ching ta ¢ thé
tinh toan d€ dénh gid mic dg lién két ion giita cacbon va kim loai nhur sau :

C 3-K : 5151% C 3-Al : 2195%
sp sp '

C 3-Na : 47,05% | C 3-Zn : 1628%
sp sp

C ;-Li : 37,50% C 3-S5 : 1628%

. sp 5p

Cgp:,' -Ca : 37,50% Csp—Na. : 59,09%

C,p1 Mg : 35,00%
— Lién ket cong hod tri : > C-Me nhu (CHs),Pb, (CH,),Hg, (CH,);Al...

2. Tinh chét chung ctia hgp chét co — kim

Vi ¢6 sit jon hod khéc nhau giifa lien két cacbon — kim loai nén tinh chét vat Ii vi
hod hoc ciia hop chét co — kim rét khdc nhau. Vé mat hod hoc, hop chit co — kim cé thé
tap hop thanh hai loai phén (ng chinh :
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a) Hop chdt co - kim dé phdn ing véi cdc hgp chdt cé nguyén tik hidro linh dgng
lout HA '

‘RMeHal + HA —— RH + Me\ﬁl
a

'HA 12:H,0, HHal, R"COOH, R'OH, R'SH, NH3,R'NH2,R'2NH,R'-(":—NH2 .

O
}E 14 mot cacbanion cé tinh bazo manh.

b) Phdn iimg céng vao hop chdt c6 lién két bgi va cdc hgp chdt khdc
Hop chit co — kim c6 kha nang phan tng cao véi oxi, luu huynh, cacbon dioxit,
hop chit cacbonyl (andehit, xeton), halogenua axit, RCOHal, hgp chat nitrin RC=N,
halogen, Hal, vi cdc hgp chat epox he CH, - CH, hoic -CH - CH - hoac
g 2 op . poxy (n 2 2 o2 SO :
HC(OC,H;),) . 0 O

Trong c4c phén tng trén > C hay R~ 14 tdc nhan nucleophin.
Hai phan iing ndy s& dugc xem xét chi tiét & cdc hop chat co — kim cu thé.
V& tinh chét vat If va hod hoc Khic, ching ta d€ dang nhan thdy nhu sau :

+ Hop chit co - kim, mic dit d4 duge t6ng hgp hon 100 nam nay, nhung van chua
tach dugc ching khoi dung moi thanh cic hop chét bén vimg. Ching bi sonvat hod rat
manh bdi dung méi thanh phiic tinh thé ;

+ Hop chit co ~ thuy ngan dé téng hop duge gom hai dang : RHgHal va R, Hg.
_ Dang RHgHal thudmg 12 chat rén tinh thé, cén R,Hg hay Ar,Hg lai 1a nhitng chat long
khong mau, khong cuc, dé bay hoi va rdt déc.

Dic biét hai loai cuc ki doc 13 (CH,),Hg va CH;Hg". Chiing rat khé phan huy, thi
du nuée va oxi cha khong khi khong tic dung véi chiing.

+ Hop chit co — k&m : cdc ankyl thdp clia kém 12 nhiig chét léng, tv béc chay
trong khong khi. _

+ Hop chdt co — liti : c6 & dang 16ng hodc rin d& néng chdy. Ching phan ing
manh véi oxi cha khong khi va tu béc chdy trong khi quyén.
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§3. HOP CHAT €O - MAGIE

Nam 1899, Nha hod hoc Babie (Barbier) ngudi Phdp da téng hop ra hop chét
cd — magie. Nam 1900, ngudi hoc trd xudt sic chia oéng 1a Grinha (Grignard) di dua ra
quy trinh t6ng hop hq"p chit co — magie cho hiéu sufit cao di tif din xudt halogen va
magie kim loai trong dung moi ete khan. Hop chit co — magie con duoc goi 1a thue thix
Grinha. Dua trén cg s& clia phan iing dau tién, trong phitng nam sau d6, Grinha va cic
cong su ciia 6ng da tdng hop ra hang chuc ngan hop chat hitu co khdc nhau.

Do cong lao to 16n d6 ma Grinha da dugc nhén gii thuéng Nobe! hod hoc vao
nam 1912,

T -+
RHal + Mg —S2Ki% , RMgHal hay RMgHal

(Hal : C1, Br, T va kha néng phan img : RT > RBr > RCD

| - cAU TRUC PHAN T VA PHUONG PHAP BIEU CHE

Céng thic RMgHal di duge Grinha mo ta, nhung cdu tric clia nd rét phic tap.
Ngudi ta chua tach dugc hop chit co — magie ty do, bén viing ra khoi dung moi. Diéu dé
ching td né bi solvat hod rdt manh bi dung m6i. RS rang ete déng vai trd nhu mot bazo
Liuyt. Né solvat hod hgp chét co — magie va tao phitc. Thube thit Grinha c6 mot s6 dang
can bing giita lién két cong hod tri, lién K&t ion va lien két phic. Hop chét co — magie c6
thé & dang monome RMgHal, dang dime [RMgHal], va polime [RMgHal],. Cdc dang
can bing va chuyén hod nhu sau : '

JRMgHal == RMg' + RMgHal, =——= R,Mg + MgHalp
[alr:;(]yl magie) : eéc ion oo magie .(diank)d magie) (m;\gie halogenua)
pgenua Hai: Cl, Br, I
1 | 1
Hal R Hal\
/N S TN
R-Mg Mg-R _ . Mg Mg
\Hal” | R Neal”

Thudc thit Grinha ¢6 2 dang, ngoai dang hgp chat co — magie hon hop RMgHal,
con c6 dang R,Mg duge diéu ch€ nhu sau :

RzHg + Mg du — RzMg + Hg
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Trong dung dich thuéc thit Grinha, ete d4 solvat hod hop chit co — magie, tao phiic
nhu RMgHal(C,H;),0 hoac RMgHal.2(C;H;s),0. Lién két phic hinh thanh 1a do cap
electron tu do clia oxi trong ete va obitan trong ctia magie.

T CHs CoHs ]
Ny
(CH3CH )0

CH,I + Mg CH;Mgl | H,C% —MgdH-1°"

Metyl magie iodua P
| HsC CoHs |

Ngudi ta dé tim nhiéu dung moi d€ thay thé cho dietyl ete, nhu tetrahidrofuran[oj .
amin bac ba (CH3)2N-© , v.v... C4c g6c hidrocacbon trong dan xudt halogen 12 ankyl,
ankenyl hay aryl. Céc aryl halogenua ding dé diéu ch€ thutc thit Grinha cho hi¢u sudt
cao 12 iodua vi bromua, con din xudt clorua doi hoi diéu kién khét khe hon, thi du nhiét
d6 phan ing phai trén 100°C.

Phenyl magie clorua

Mot s6 phan tng khé thuc hién dugc trong moi trudng dietyl ete, ngudi 1a phai
diing tetrahidrofuran (ki hi¢u THF) :

CH, =CH-Br + Mg — '~ CH,=CH-MgBr

Hop chét diankyl magie R,Mg cling tao phic véi ete :

R \M/R
S N

(CH,CH,),0 O(CH,CH3),

3 dang dime : [R,Mg], ; [RMgHal], ciing tao phic véi ete :
R / Br . /O(CHzCH3)z
/ Br' \ CH3

(CH4CH»);0
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hodc phic vdi ete, trong do magie c6 s6 ph6i tri 1a 6.

[HsC, C,Hs I

\0/

R | Hal
ey |

R J) Hal
|HsCy” ™ CHs |
Ngoai cic phiong phap thong thudng dé diéu ché hop chat co — kim & trén, ngudi

ta cdn ding phuong phap thé nguyén tit hidro trong hgp chét hitu co bing mot hop chét
co — magie dé diéu ch€ mot hop chdt co — magie khdc.

Thidu: HC=CH+2RMgHal — HalMgC=CMgHal + 2RH

HC=CH + RMgHal —» HC=C-MgHal + RH
- (dw -

@ +RMgHal — | CH-MgHal+RH
-

Xiclopeﬁta- 1 ,3-dien

Xiclopenta-1,3-dien c6 cdu triic vong ma hé lién hop bi ngén cach bdi nhém ~CH,.
Nhém metylen nay 6 nguyén tir hidro linh dong dé tham gia phan ing di li.

| -i-RMgHal IR +RH

H MgHal
Inden
OO « s -
H MgHal
floren :

Mot s6 hgp cht hitu ca c6 nguyén tir hidro o hay B linh dong nhu axit cacboxylic,
hoic este clia axit cacboxylic cling duge sit dung dé€ diéu ché cic hgp chét co — magie moi.

Thi du: C¢gHsCH, —C-0-C,Hs + CH3MgBr — CgHs ~CH- (1%—0'CZH5 +CH,
I .
0 - MgBr O _
CgHsCH, ~C~OH + 2CH;MgBr — CgHs ~CH-C-OMgBr + 2CH,
I S8
0 MgBr O

6-HHHCo 2
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Il - TINH CHAT HOA HQC
' a3+
Vi lién két —Ca_ ~- MgHal phan cuc manh, nén hgp chit co — magie c6 khé

nang phin tng cao. Kha nang phan @ng cao clia hop chét co — kim 14 do ddc tinh jon ctia
lién két cacbon - kim loa.

Mac dii nhitng hop chét co — liti va co -~ magie chi bi ion hod mot phan trong dung -
dich ete, nhung hgp chat nay cé nhiéu tinh chét cta hop chdt ion : R "Me" chita
.cacbanion. Chinh vi viy ching c6 kha nang hoa tan kém trong hidrocacbon va ¢é nhiét
do néng chay, nhiét d6 séi cao.

Cic cacbanion R 13 nhitng bazo manh, ching phan ¢ng nhanh véi hidro c6 tinh
axit y&u nhu H clia nhém -OH, tham chi véi ca H cia nhém >N-H dé tao ra cic bazo
lién hop (ancolat, v.v...) va hidrocacbon.

(=) (++)(-)
- RMgHal +R’OH — R"OMgHal + RH

Vi vay, véi cdc hgp chit co — kim cfing nhu hop chét co — magie khong dugc sk
dung céc dung moi proton. ' |

Céc hop chdt co — kim phén ting v6i hdu hét cdc nhém chifc khdc boi phan dng the
va cong.

1. Phan {ng thé

Phén tng hoa hoc clia hop chit co — magie néi chung 12 phén ting thé electrophin.
Phan (ing c6 thé xay ra theo co ché don phan ti hay ludng phan tir (Sg1 hay Sg2).

«) Phdn ing véi nhiing hop chdt c6 hidro linh déng

Hop chit co — magie r4t dé tham gia phén ting véi nhiing hop chéit c6 hidro linh dong.

Nhiing hop chét c6 hidro linh dong, ki higu 1a HA, dé dang phan (g v6i hop chat
co — magie. Nhimg hop chdt HA c6 thé13 axit, nuéc, ancol, amin bac I va bac II, amit,

mecaptan, amoniac, v.v... San phdm cia phan ting la hidrocacbon vi mu6i clia magie :

\Hal

. V6i H,0, phan ting x4y ra manh liét va toa nhiét
RMgHal + HOH — RH + HO-Mg-Hal
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« Véi ancol : RMgHal + CH;O0H — RH + CH;0-Mg-Hal

« V6iNH; : RMgHal + NH; — RH + NH,-Mg-Hal
. Véiphenol: = RMgHal + CéHSOH — RH + CgH;OMgHal
» V&i amin : - RMgHal + R’NH; — RH + R’NH-Mg-Hal

. Vc’ﬁ mecaptan :. RMgHal + R’SH —» RH + R’SMgHal
» V§i céc ank-1-in : RMgHal + CH;-C=CH — RH -I-'.CH3—CEC—MgHal
Phan (ing nay duoc 4p dung dé xéc dinh dinh tinh vd dinh lwong nguyén tir

hidro linh déng trong cidc hgp chit hitu co theo thé tich metan thodt ra va do do 4m clia
dung moi :

CH,Mgl + H,0 — CH,T + IMgOH

Ngoai ra, con sir dung CH;Mgl dé phan biét amin cdc bac dya vao luong CH,
thu duoe. )

RNH, + 2CH;Mgl — RN(Mgl), + 2CH,
Amin bac [ '

R,NH + CH;Mgl — R,NMgl + CH,
Amin bac II

R,N + CH;Mgl » khong cho CH,
Amin bac Il

Véi axit cacboxylic va axit vo ¢co :

RMgHal + R"COOH — RH + R’COOMgHal

74
RMgHal + HZ —> RH + Mg<H 1
a

b) Phan itng véi halogen, dén xudt halogen, dén xudt ankoxi va mud cta kim loai
« Véi halogen : san phdm 1a ddn xuat halogen

" RMgHal + I, - RI + I-Mg-Hal
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CH;

: | .

(CH,),CCHsMgCl + [, — CH3—(|3—CH21 + IMgCl
CH;

Neopentyl magie clorua Neopentyl iodua

« V6i din xudt halogen :

Trong phan g thé, thude thir Grinha RMgHal la téc nhén nucleophin vi c6 R,
Thudc thir Grinha tdc dung véi din xuat halogen cho hidrocacbon :

RMgHal + R’Hal - RR’ + MgHal,

Phan tng xdy ra theo co ch€ Sy2 clia phan iing Vuyéc nhung rdt cham, phan (ing
cén ¢6 mit xic tic CoCl,. Phan img ding dé diéu ché céc hidrocacbon cdng kénh, phitc
tap, hoac c6 lién két bai trong phan tir va phan ting x4y ra theo co ch€ gdc, dong thdi cho
nhiéu san pham phu. '

Thi du, phan tmg téng hop hidrocacbon no bac IV :
CH,

. [
CH3MgBI' + (CH3)3CC1 — CH3—?——CH3 + MgBI'C]
CH,

Neopentan
Téng hop hidrocacbon c6 lién két doi trong phan tir :

CH,;MgBr + CH,=CH-CH,-Cl — CH,CH,CH=CH, + BrMgCl

Metyl magie Anlyl clorua But-1-en
bromua

Phan img trao ddi gitta cdc dén xudt halogen véi thudc thir Grinha dé téng hop céc
hop chét co — kim hoic co — phi kim tuong dng. '

2RMgCl + SnCl, — R,SnCl, + 2Mg(l,
2CH,CH,MgBr + SiCl, — (CH3CH,),SiCl, + 2MgBrCl
« V&i dan xuat ankoxy : |
Phan ting chia hop chit co ~ magie véi etyl orthofomiat cho axetal ciia andehit va

sau khi thuy phéan cho andehit.
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0-C,H;
JH |
CH3CH,MgCl + H- c<o C,Hs — CH3CH2CH<OC H5 + C,H;0MgBr
2115
0-CyH;s Axetal
Etyl orthofomiat {+H,0

CH3CH2CH0 + 2C2H50H
Andehit propionic

Hodc: = RMgHal + RC(OR’), - R,C(OR”), + R’OMgHal
(Xetal cla xeton)
» V&1 mudi cha kim loaj ;.

2RMgHal + HgCl, — R,Hg + 2Mg(Hal)Cl
Dang chung : 2RMgHal + MeHal, = R-Me-R + 2MgHal,
Phan img xay ra véi Mg duong dién hon kim loai Me.
Kim loal Me la Cu, Hg, Cd, Si, Sn, Zn...
4RMgCl + SnCl, ~» R,Sn + 4MgCl,, hoic 2RMgCl + SnCl4 — R,5n(l, + 2Mg(l,

2. Phan itng cdng _

Hop chét co — magie d& dang cong hop vio cic hop chét cé lién k&t boi phan cuc
nhu hop chét ¢6 nhém >C%* =0%, -+ =n®- , v.v... TAc nhan nucleophin R~ ciia
thudc thir Grinha R Mg*Hal s tdn cong vao cacbon mang dién tich duong.

«) Phdr: iing véi oxi, luu huynh, khi cacbonic, epoxit...

Hop chét co — magie phan ing.véi oxi, Iuu huynh, khi cacbonic va epoxit s€ tao ra
céc lién két méi 1a C-Q, C-S, C-C.
' ' RMgHal

o 2ROMgHal —22 ; ROH
RMgHal —2 s ROOMgHal —

OH
|10, ROOH + Mg/
-70°C “Hal

S s OH
8RMgHal —> SRSMgHal — 22 , 8RSH + SMg(H
al

co
CH3—©—MgBr — 2 m3@C02Mgm JHA, @

Axit p-toluic (hiéu suft 90%)
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Hop chit co — magie tic dung véi céc epoxit (ete vong) theo co ché Sy 2 va khi
thuy phan cho ancol ting tit 2 cacbon dén 3 cacbon so véi hgp chit co — magie ban ddu.
CH, ~CH,

RMgHal —— 9, RCH,CH,OMgHal —22 RCH,CH,0H

" RMgHal + CHy ~CH~(Hy — CHy~CH-CH,R 0,
0 - OMgHal

CH3 -CH-CH, -R + Mg{ Ma
I
OH
=Gt

G0, R(CH,);0MgHal —12% 5 R(CH,),CH,OH

RMgHal |

b) Phdn vung véi hqﬁ chdt cacbonyl va nitrin

Hop chit cacbonyl va hop chét co — magic phan tng v6i nhau theo co ché Ay &€
tao ra lién két C-C méi. Phan iing c6 dang tdng quét sau :

5 5 O+ 8- I
R°"Mg°*Hal +~ C=0 — R-C-OMgHal
i ' :

Sau dé thuy phén san phdm trong méi trudng axit cho ancol.
| HIO ' I -
R-C-OMgHal —3— R-C-OH + Hal-MgOH
I I
« V&1 HCHO :

Hal
OH

i +
CH,=0 —RMgHd.cte , pH,OMgHal —22 5 RCH,OH + Mg

San phdm cho ancol bac nhit ting mot C.
Thidu:

(CH3), CHCH,MgBr + H,C=0 —2% (CH3), CHCH,CH,0MgBr
3R 2 Mg 2 372 2
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(CH3), CHCH, CH,OMgBr + H,0 — 5 (CH;), CHCH,CH,OH + Mg<g’H
Ancol isoamylic
« V§i céic andehit khdc : san phdm cho ancol bac hai.
CgHsMgBr + CH3CH,CHO ‘2));:;0; CgHs ~CH - CH,CH;
OH
1-Phenylpropan-1-ol |

« Vdi xeton : san phdm cho ancol bac ba.

7) NH,4CI, H;0
O OH

2-Metylpent-3-in-2-ol

CH;C=CMgBr + CH; —C—CH; —%¢ > (CHy), C-C=C~CH;
_ I _

« Vi céc xeton vong :

OH
1) ete . <:><
CH3MgBr + <:>=0 2)NH,CL, H,0 :

CH;

[-Metylxiclohexanol

, 0 HO CH=CH,
CH,=CHMgBr + D Q ,
2 & 2y NHLCl, H,0

« Vi cac este :

OMgBr
|
CH;MgBr ——3CH2CO0CH; ete, oy oy, CCH, —— iy CH3CH, C—CHy
. | -
OCH; & 0
+ CH,;MgBr
CH, CH,
| + J _
CH;CH,-C-CH; <32 CH;CH, ~C~CH;
|
OH OMgBr

2-Metylbutan-2-ol

« Véi lacton (este vong) :
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CH,-CH, CH;
/

' t
: ~ Det
2CH3MgBr + CH, /c:o ‘*z“)?r-;T’ CH3—(|3—(CH2)2CH20H

0 OH

y-Butyrolacton | 4-Metylpentan-1,4-diol

« V@i clorua axit, anhidrit axit :

OH
|
L)et
2C¢HsMgBr + CH;CH,COC 2;;;%) CH3CH, ~C-CgHs
CeHs

-(1,1-Diphenylpropan-1-ol)
+ V6i cic din xudt clia axit cacboxylic. : |
Céc déin xudt cla axit cacboxylic ¢6 dang chung : R-(I;—Z
O
Néu Z 1a OR”, thi hgp chat 1a este ;
" Z1aOCOR, thi hop chat 13 anhidrit axit -
Z 1a halogen (Br, C1), thi hop chét la halogenua axit,

Phén tng cila hop chét co — magie vdi cdc din xuét cha axit sau khi thuy phan
cho ancol bac I Riéng céc din xudt cha axit fomic, nhu HCOOR, (HCO),0 va
H-C-C, thi cho ancol bac II.- '

] '

O
R’
: ! ., R'MgHal
R.__?—Z‘FR MgHal—->RHC—Z m‘*g—z——)R“%"R —_—
. | )
O | OMgHal O

HiO /OH
— R7T}JC-OMgHal —— R]C—OH + Mg\
' Hal
R’ R’
Rl . R!

« V&i anhidrit axit ; -
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| |
RMgHal —RCO20, p:_coMgHal 22 R’-C-OH
| |
R R

Hop chit co — magie tic dung véi cdc din xudt cha axit (halogenua axit, anhidrit
axit, este) déu qua giai doan tao ra xeton. '

Kha nang phan ting cGa xeton kém hon halogenua axit vh anhidrit axit, nhung
manh hon este. Do dé xeton tao ra tlf este lai ti€p tuc phan tng véi hop chéi co — magie
réi thuy phan s& cho ancol béc III. Con xeton tao ra tir halogenua axit va anhidrit axit s€
ton tai, néu ti 1& mol cc chit phanungla 1 : 1.

« V&i hop chét nitrin :

Phéan ting ctia hop chat co — magie véi hop chét nitrin sau khi thuy phan cho san
phdm xeton -
_ R’
' |
RC=N + R"MgHal > R—C=N—MgHal —5205 R—C =NH + Mgl Ty
|

R!
Xetimin
Hop chit imin lai bi thuy phéan cho xeton.
R-C=NH + H;0 - R-C-R’ + NH3
Il
R’ o
Thiduy:
N-MgBr

CN
R i 5O
@ MeBr + O)© —NHzMgBr O (If

Nhiing hop chit oxo khong no c6 chifa h¢ théng lién két 7 1ién hop nhu :

a3 2 1
-C=C-C=0
R
c6 kha ning phan tng véi hop chét co — magie & vi tri 1,4 va 1,2.
CH,
1)RMgHal !
CH;-CH=CH-C=0 2—)11-3“—% CH;CH-CH, ~CCHj + CH3CH=CH-C-OH
| | i
CH; R o) R
(cong 1,4} (cong 1,2)
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Hop chit co —~ magie cong vao vi tri 1,4, sau d6 thuy phan cho xeton no :

R
- |
RCH=CH-C=0+R"MgHal —> N:>CH-CH=C-OMgHal
I .
R’ l+H20
CH-CH,—-C-R’ +M

Phan ing cong vao vi tri 1,2 cho ancol bic III khong no.

R,

"

I
--RCH=CH'——(|3=O+R”MgHal — RCH=CH-C-OMgHal

R,
l +H,0
RI
|
R-CH=CH-C -OH +M
I ”» K
R
Mot s& thi du khéc :

Ar Ar Ar Ar
(94%) (dang vét)
O
/\/\ + ALi —> (13%) (69%)
Ar Ar
CH3;MgBr
CuyBry
O
CH;
(83%)

Hop chat co — magie con cong vao vi tri 1,6.

-]

OH
Hal

4%
4.
A A

P
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(&:—

Hj

CH;
Br C—@ + tert-C4HoMgCl —>
CH3

CH,
H; CHs
C Hg-tert
— B =CX 4119 er 20
CH; CHj, OMg'C]
CHs
C,Hg-tert
e Br _\<’_‘>< 4Xig-ter
: ||
CH3 CH3 ’
¢) Phdn img cong voi mot s6 hop chdt khdc
« Cong vao amit, sau d6 thuy phan cho xeton :
CH3
2CH3;MgBr + (CH3 ), CHCH, -C-NH, °—‘°> (CHj )ZCHCHZCNHMgBr
' Il
OMgBr
11{;0

(CHs3), CHCH, —(uj—CH3

4-Metylpentan-2-on (60%) .

» Phin ting véi nito oxit, sau d6 thuy phan cho nitrozohidroxylamin :

NO
 RMgHal —2N2, R N MO, p_N-NO

N )
OMgHal S

« Phan \ing vdi nitrozyl clorua cho nitrozoankan :

Hal
RMgHal + CINO -~—» RNO + Mg<
- Cl

91



1

)
Aoy
EPLr

« Tic dung v6i cloamin cho san phdm amin bac nhat :
RMgCl + CINH, N RNH, + MgCl,
hoic tidc dung vdi O—t;,te ctia hidroxylamin :
RMgCl + H,N-O-C,Hs —— RNH; + C;H;0MgCl
Trong phan ting ndy phai ding dir hop chit co — magie.

« Tdc dung véi hop chét bazo Ship cho amin béc hai :

R
- CHAY |
RMgCl —AN=CHAT A N-GH-Ar —22, AsNH-CH-Ar
: |
MgCl R

« Téc dung v6i hop chat nitrozo va sau khi thuy phan cho san phdm [ N-diankyl
hay N-diarylhidroxylamin.

RMgHal —XN=9, R'-N-OMgHal —22» S >N-OH
' i
R

« Téc dung Vvéi azit va sau khi thuy phan cho triazen (hop chdt diazoamino).
RMgHal —XN=N=N, p» N=N-N-R —22, R'-N=N-NH-R
P
MgHal
+» Tac dung voi 'hqp chat isoxianat :

Cic hop chit aryl isoxianat cong vao hop chit co — magie rat dé dang dé cho san

phdm 13 amit.

] 1)ete CHj;
Thi du : (CHx)» CHMgCl + CcH:N=C=0 ——— C4HsNH-C-C
idu: (CH3), 8 6Hs nmio” 6 - H<CH3

0.

Isobutiranilit
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lll - S O DIEU CHE VA HOA TINH CUA HOP CHAT CO - MAGIE (Tém tit)

HA RH
RHal
RR’
HC(OC;Hs); RCHO
RHal ete khan
Hal : Cl, Br, | RSH
R : ankyl, xicloankyl,

RCOOH
aryl, ankenyl, ankinyl... ’

R(CH,),CH,O0H (n=1-2)

|
R-C-0OH
|

)
R-C-OH
|

R'COHal
hoiic (R’CO), Il

§4. MOT SO HOP CHAT CU - KIM KHAC

Hop chét co - magie 12 loai hop cht co — kim quan trong nhat. Ngodi hop chét co - magie, chiing
- ta s€ khio sidt moét s6-hop chét co — kim khic.

I - HOP CHAT CO - NATRIVA CO - UT!

1. Ciu tao cua hgp chit ¢d - natri va co - liti

Céc hgp chét nay co ban 6 dac tinh ion vi cde kim loai kiém ¢6 do duong dién I6n (xem do am
di¢n cla cdc nguyén 16 trong bing hé théng tudn hoin, bang IX-1). Ching déu la nhimg hgp chit cé
kha nang phan ting cao. Do ion (%) cita céc lien két cacbon — kim loai cing 16n thi kha nang phan tUng
cang cao, ) :

Kha nang phan ing cilia cdc hgp chét co - natri va co - liti so véi céc hop chit co - kim nhusau : .

RK > RNa > R-Li > R-Mg
Do ion (%) 51,51 47,06 42,85 35,14
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2. Tinh chét hoa hoc
Céc hop chét co ~ kim loai kiém phan ing d& dang vdi oxi cBa khong khi, hoi nudc, ete, ankyl

halogenua, v&i cdc hop chét ¢6 hidro linh dong va cdc hop chét hit co ¢4 chia lien két boi cacbon —

cacbon, cacbon — oxi, cacbon — nito.
a) Téc dyng véi cde hap chdt hitu co ¢6 hidro linh dong
— Khi din xufit anky] clia kim loai kiém tdc dung véi hidrocacbon thom, s& Xy ra sy thé nguyén o

hidro bing kim loai :

CH;Na + @ ﬂ‘—a“—{ @Na + §H4
CH;Na + @'CH3 s ©CH2Na + CH,
@Na +©’CH3 _penn ©-CH2Na +©
C4HoLi +©—OCH3 — @f iCH3 + CiHyg

C,HgLi +@| — @ + CaHyo
Li

— Téc dung vdi axetilen hay ank-1-in :
HC=CH + 2C4H;Na —— NaC=CNa + 2CgHg
P6i v6i hop chit cd — natri ciing c6 phan ing tuong ty

O CHzNe + L), cH, — (), coNa + OrCHs

Benzyl natri Diphenyl mety] nairi

(@):r)2 CHNa + (CgHs);CH —— (@)j‘)3 CNa + (@ ), CH,

Kha nang phan (g gidm trong day sau : ArgCH > AryCHy > ArCH; > ArH >RH
b) Phdn ting céng hgp vao anken

(CgHs),C=CHy + C4HgLi — (C6H5)2<I:-CHZC4'H9.

Li
| cH,
== CH
[:c=c<CH3 + CgHsLi — Q—cécm
o 3 Li  “CgHs
CH3 -
: _
CH,=C-CH=CH, + RLi - R-CH,-C=CH-CHyLi
CHs

94



¢} Phdn img ankyl hod cia hop chdt co — kim véi ddn xudt halogen (khac véi phan tng Vuyéc
(Wurtz) vd Vuyéc-Fittic (Wurtz-Fittig))

H Li H CpHs
+ 2C,HgBr — + 2LiBr
H Li | H CyHs

d) Phdn ing trao doi nguyén ti brom trong aryl bromua bdng kim logi kiém (Na, Li...) trong hop

chdat co —kim. I
' @Br + RNa ——» @Na + RBr

Br Li
©© + CH3CH,CH,Li —— + CH3CH,CH,Br

(x-Bronmaphtalen a-Naphtyl liti

e) Dung hop chdt co - liti dé diéu ché ancol bdc cao ngay & nhiét dé rdt thdp ma cdc hgp chdt ca —
kim khdc khé thue hién. ‘

2ACH3)3CLi + 2ACH3);C-C-C(CH3); —20—>
. : 600 C
O

Hexametylaxeton

——> [(CH3)Cl;COLi + [(CH3)3Cl,CHOLI + (CH3),C = CH, 129,

— [(CH3)3C13C-OH + [(CH3);Cl,CH-OH

Tritert-butylcacbinol  Diterr-butylcachinol
(81%)

f Céng cachen

. |
C4HgLi + CH,Cl, + (CHy), C=C(CH;), —= S (CH3)»G=C(CHy); + Cathig + LiCl
CHl

3. Phuong phap diéu ché (dua vao nguyén tic didu ché hop chét co - kim)

a) Cho natri kim logi hay liti kim logi tdc dung truc tiép véi hidrocachon trong dung méi
tetrahidrofuran hay dimetyl fomamit : '

+ Na — []'Na*

_2CH3C=CH +2Na — 2CH;C=CNa+H, T
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Anthraxen c6 thé cong véi hai ngﬁyén tie kim loai (Na, Li)

H Me
00 v — LI
' Me

Kim loai kiém ¢6 thé cong vio lién két doi.

CgHs —CH=CH-CgHs + 2Na — CgHs ~CH-CH-CgHs

Na Na
2CHs),C=CHy +2Na — (CgHs), C~CH, ~CH, ~C(CeHs),
- Na Na

b} Thé"kim logi kiém vao cde hgp chdt co —kim khdc

(CH;),Hg + 2Na — 2CH;Na + Hg
) Tde dung cria ki;n logi kiém (Na, Li...) véi ddn xudt halogen

2Li + CHyCH,Br — CHaCH,Li + LiBr
d) Trao doi nguyén ni halogen trong ddn xudt halogen bdng kim logi kiém trong hgp chdt co —kim -

RHal + R’Li —» RLi+ R'Hal

Il - HOP CHAT CO - THUY NGAN

Nhi¢u hop chit co — thuy ngan di duge dng hgp va duge sir dung trong thyce 1€ i hoat tinh sinh

hoc clia né rat cao. Hop chdt co — thuy ngan c6 hai dang 1a RHgHal va R,Hg. Hop chat RHgHal véi Hal
1a CI, Br, 1 12 cdc hgp chit co lién k&t cong hod tri. Chiing dé tan trong céc dung méi hitu co. Hop chét
diankyl RoHg va diaryl thuy ngan Ar,Hg la cdc chét 1ong, d& bay hoi, d6c va khéng mau, khong cuc. Ca
hai dang clia hgp chit co - thuy ngan (RHgHal va R,Hg) déu c6 cfu tao thing.

Trong thyc t€, hop chét co — thuy ngan doc, nhat 1a dimetyl thuy ngan (CH;),Hpg va dang cation

clané CH;Hg™.
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1. Phuong phap diéu ché
a} Dya vdo phdn ting trao dé¥ gita thuy ngdn clorua va hgp chdt co —magie
CH,CH,MgCl + HgCl, — CH3CH,HgCl + MgCl,
2CH;Mgl + HgCly — (CHa),Hg + MgCl, + Mgl,
Dang hgp chat co — thuy ngan RHgX c6 thé chuyén hod thanh R,Hg theo céc phan img khéc nhau
2CH3HgHal + 4KCN - (CHy),Hg + K} [Hg(CN), > + 2KHal
2CH;HgHal +4KI - (CHj),Hg + K3[Hgl, J*~ + 2KHal

2CHs;HgHal + 2NH; — (CH3),Hg + [Hg(NH;),|** + 2Hal~
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b) Tdc dung ctia ankyl halogenua véi hén hong Na

20H,1 —Na/He | CHy-Hg-CH; + 2Nal

-2@'& _ Na/bg , @Hg-@ + 2NaBr
150°C

) Phdn tng thé cia hop chdt thuy ngdn véi hop chdt ¢6 hidro linh déng (este cha axit malonic,
xianaxetic, dietyl axetoaxetat...)

- 2Hg(OCOCH;), + CHy(COOC,Hs)y —
o)
0 2

CH3—C—O—HS>C<C 0-CyHs 2CH,COOH
CH; -C-0-Hg” * “C-0-CyHs

HgO + CH,(COOC,Hs), — \CH- |Hg + H,0

CoH;0- E/
d) Cho mudi thuy ngdn céng vao hidrocachon khong no

HC=CH + Hg(Cl, — CICH=CH-HgCl
(n€u dung dd HCI cho san phﬁm trans, néu ditng hoi nuéc cho sdn phdm cis)

Hoac
Hleg\
HC=CH + 2HgHal; + HyO —» CH-CHO + 2HHal
Hleg/
CH, -CH '
CH,=CH, + Hg(OCOCH;), —12% , 272 + CH;COOH
_ OH HgOCOCH;
Hoac :

' CH, -CH,
CH2=CH2+Hg(OC0CH3)2 _CH30H | L2
CH;-O  HgOCOCH,

HgOCOCH; . " HgCl
OI + Hg(OCOCH,), —SHa0H , C{ < O:
OCH; . . OCH;

* Thuy ngén axetat ¢6 thé md vong xiclopropan

A + Hg(OCOCH3); + HyO —> HO(CH,)3HgOCCH; + CH3COOH

7-HHHCa 2 _ 97



Khi cho mudj thuy ngin (hay HgO) tdc dung vdi ete va este cha ancol vinylic cling nhu xeten sé

cho cdc din xuft andehit, xeton vi axit clia thuy ngan.

CH, =CH-OR + Hg(OCOCH3), — CH;~C—-0-HgCHCHO + CH;COO0H + ROH
' 0

2CH,=CH-OR + HgO + H,0 - Hg(CH,CHO), + 2RO
CHy ~C=CH, + Hg(OCOCHj); ~> CHyCOOHgCH,COCHj + 2CH;COOH
OCOCH;

CHz =C=0 + Hy(OCOCH3); + ROH — CH3 ~C—0-HgCH,COOR + CH3COOH

e) Diéu ché cde hop chdt ca — thuy ngdn thom
C6 thé cho mudi clia lhuj;'. ngan téc dung trec 1Ep vdi cde aren hay qua hop chét diazoni thom :
CgHg + Hg(OCQCH3)2 S CﬁHSHgO—(E -CH; + CH;COOH
O
Cho bé_:l déng tic dung véi musi aryl diazoni clia thuy ngan
, Ar-N;HgCly + 2Cuo > ArHgCl + N; + 2CuCl
AN, HCly + 6Cu + 6NHy — AnHg + 2N, + Hg + 6CuCLNH;
f) Mot s6 phurong phdp khic
— Tidc dung ciia aryl bromua véi hop kim natri — thuy ngan
2ArBr + Na;Hg — ArHg + 2NaBr-

— Téc dung cGa mudi thuy ngén véi axit sunfinic

HgCl, + @— SG;H — @—HgCI + 80, + HA

Axit benzensunfinic

— Musi thuy ngan bj phan tich bdi nhiét

N02 . N02 .
o _
ozN@ Co0™ | Hg — | O,N @ Hg + 2C0,
. N02 I . NO‘Z 2

5 .

Q
CH_?,—IC-“?H'—COOH + Hg(OCOCH3)2 t ) CH3 —(“:—(I:H—Hg—o—(":-‘CH3 + C02 +CH3C00H
| ’ _

98

O R 0O R 0
Hoic :

Hg(OCOCH3), —s CH; ~Hg-0-C-CH; + CO;

’\%
o

i
.



— Téc dung clha mugi thuy ngan véi ho‘p chét cda bo
RB(OH), + HgCl, + H,0 — RHgCl + B(OH); + HCl
~ Téc dung clla mudi thuy ngan véi hgp chat co - thiée
R,4Sn + HgHal, —» R;SnHal + RHgHal
R3SnHal + HgHal; — R,SnHal, + RHgHal
" RySnHal, + HgHal, — RSnHal; + RHgHal
RSnHal; + HgHal, — SnHal, + RHgHal -

Hoac :
2RSnHal3 + HgHaly + 120H™ — R,Hg + 25003 + 6H,0 + 8Hal~

2. Tinh chat hoa hoc

Cé hai dang hop chit co - thuy ngan 12 dang co - thuy ngan hoan toan RyHg va dang co ~ thuy
ngan hén tap, RHgHal déu 1a céc hop chét cong hod tri, tuong d6i bén vimg.

Cic hop chat co - thuy ngan chi tic dung v6i axit manh, cic halogen vi mét s& mudi halogenua
V6 0. '

a) Tde dung véi axit
Cic hop chét co - thuy ngan bén véi nude, ching chi téc dung véi axit vé co manh ;
HOCHzClizﬁgCI + HCt —» HOCH,CH; + HeCl,
(CH;),Hg + HCl —» CH3HgCl + CH,
Trong hgp chat co - thuy ngan hoan toan ma thuy ngan lien két véi ha; goc hidrocacbon khong
gidng nhau R-HgR’ thi H* cla axit s& t4n cong vao géc ndo giau dién wr hon : :

R-Hg-R’ + HCl - RHgCl +R'H
Goc R’ giau dien tir hon g6c R.

Véi R-Hg-Ar, H' s két hop véi goc thom (Ar) dé hon véi g6c béo (R). GSc thom (Ar) chia
nhém thé loai I gidu dién tir hon géc thom khong c6 nhém thé va né dé ket hop véi H' hon.

b) Tdc dunyg véi halogen, mubi halogenua va kim logi khdc
RHgl + 1, — Hgl, +RI
R,Hg+1, — RHgl +RI
R;Hg +Zn — RyZn +Hg
2R;Hg + AsCly — R,AsCl + 2RHgCl
Thi du : .

Cl
CgHsHgCl + Br, — Hg<B + CgHsBr
4

ArpHg L Ar-Ar + Hg
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Ar;Hg + ICl; = ArHgCl + ArICl,

ArHg + ArlCl; — AnICl+ ArHg(Cl
Heic :

CgHsHgCl + AsCly —» CgHsAsClp + HgCly
¢) Tdc dmrg v hidro

Cdc dianky! thuy ngan bi khu bing hidro méi sinh (Na/Hg + HZO Zn + HCI trong etanol) hay
hidro & dp sudt va nhiét d6 cao s& tao ra thuy ngan kim loai vi hidrocacbon :

R,Hg +2H — 2RH + Hg
d} Phdn img tdch

Duéi tde dung cha axit HHal hodc clorua axit, cdc hogp chat co — thuy ngan hén tap c6 nhém the dé
tach cho hcfp chdt khong no : ' '

HOCHz-CHzﬂgC! +HCl —» CHz—Cﬂz + Hzo + HgCIZ
CIHECH,CHO + CH3COCI — CH3~C-OCH=CHy + HgCly

HOCH,CH,HgCl + 31" — CHy=CH, + Hgl + HO +Cl

Cl-CH=CH-HgCl + 3] — HC=CH +2Cl + Hgl3

IIl - HOP CHAT CO - KEM

Hop chit co — k&m ciing c6 hai loai 13 hgp chit co — kém hodn toan (R,Zn) va co — k&m hén tap
(RZnHal v&i Hal : CI, Br, I). Khi cho ankyl iodua tdc dung v6i k&m thu duge RZnl va khi c4t khan mudi
nity s& cho RyZn 12 mot chét 1ong dé béc chdy trong khong khi : )

Ri+Zn — RZnl
2RZnl — RyZn +Znl,

Hoic di tir hop chét co — thuy ngan vi k&m kim loai d€ diéu ché hgp chét co — kém :
(CHyCH,),Hg + Zn > (CH3CH,),Zn + Hg

Hop chiit co — k&m c6 tinh chét hod hoc gdn giong hop chat co — magie, nhung tro hon hop chat
co — magie, khong phin g véi CO, & diéu kién thudng. '

Giéng hop chit co — magie, hop chit co — kém ding dé téng hop nhiéu hop chét hitu co khdc nhau.
Thi du : Diing hop chat co — kém dé téng hop ancol céc bac :
— Diéu ch¢ ancol bac mat tir andehit fomic :

H,C=0 + ZoR, — RCH,-0ZnR —122, RCH,OH + Zn(OH), + RH

— Diéu ché& ancol bc hai tir déng déng cda andehit fomic :

R :
RCH=0 + ZnR, *-)R,/CH oznRw 22, \CH—OH+Zn(OH)2+RH

100



Gt ey

ot

hoac di€u ch€ ancol bac hai it etyl fomiat.

H-C-0-C,Hy (CHy»Zn. H20 CH; CH-CH
OH
Ciéc dan xufl clia axit fqmic la HCOOR, (HPZO’ H%—Hal tic dung véi hop chit co — kém, sau thuy
0 o
phan déu cho ancot bic II.

— Diéu ché ancol bac NI tir xeton hoic clorua axit (trlr clorua ciia axit fomic) san d6 thuy phan.

- . R , R ,
R-C-R + ZnR; — R;)C~OZnR 0, -R—>C—OH +Zn(OH), + R'H
R . R
R |
!
CH3-C=0 + ZoR; — CH;-C-0ZnCl ~H20 CHy—5C—~OH + Zn(OH)CL
; |
CI R K

Hop chit ca — kém téc dung véi axit HA gidng co — magie.
RZZH +2HA — ZIIAZ +2RH

Cic andehit, xcton va este cha cdc axit u-halogen the s cho B-hidroxiaxit.

BiCH; ~C~0-CoHs —Z1s Br-2nCH, ~COOC,H; —gquiiacio ,

Etyl a-bromaxetat

— CH;-CH, -E: H-CH,CO0C,H; —22, CH;CH, <[:: H - CH,COOH
" OH OH
Axit B-hidroxivalaric
IV - HOP CHAT CO - THIEC VA HOP CHAT CO - CHI
1. Phuong phap didu ché& .
a) Cho ankyl halogenuu tdc dung voi hop kim ctia Na va Pb trong néi hdp 6 100°C.
| 4C,HsCl + 4PbNa — (CyHg),Pb + 4NaCl + 3Pb
b)Tae (.h_mg ctia thude thit Grinka voi mudi clorua cia kim logi thiée, chi
4RMgCl + SnCly ~» RySn +4MgCl,
ARMgC! + 2PbCl, —> R4Pb+ Pb + 4MgCl,
o) Tde dung ciia hop chdt co - thuy ngdn voi clorua thiée
AryHg + SnCl; — Ar;SnCl, + Hg
d) Tée dung cita rerraanky! thr'éi- vdi haloagen cho hop chdt co — thiée hén wp
(CH3)45n + Bry — (CH3)38nBr + CH;Br

Tetrametyl thiéc Trimetyl thi€c bromua
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2. Tinh chat hoa hoe
a) Tée dung voi Na kim loai khi dun néng

R,SnCl; + 2Na > R;5n + 2NaCl

_ R R

) i }
JR,Sn + 2Na — Na—So—Sn—Na — 2 2R,SnNay

| |

R R

R2SnNaz + 2R3SI'ICI — R3SI'I“SI]R2-SI'IR3 + 2Na(l

R R R R R R RI R
| | | { I i |
2R;8nCl + Na-Sn—-Sn—-8n-Na ——s5— R-5n-Sn—8n-8n—-Sn-R
) Loy . Tmea Lo L4
R R R R R R R R

Hoic khir hop chdt ArySnCl, thu duge hgp chat vong :

ArySn—SnAr SpAr
A ANy
A, Sn —SnAn hay ApSn  SnAp
%é Afzéﬂ SnlAr2
: /
SI'IAI'2

b) Phin img cong vao lién két bgi ctia hidrocachon

1

. R H
R4SnH + R C=CR® — c=c<‘
R3SI’1/ R,

CH, =C- C-0-CHj + (CHs)SnH, — (CyHs)SnH-CHz ~CH-C-OCH;
: _
CH;0 _ CH; O

Ho_ac:

| - OC,4Hy
RASOCH; + CHy=CH-O-CyHy —> RsSn—CH, ~CH oon
: 3

¢) Tde dung voi dung dich kiém

Céc ankyl hay aryl thiéc clorua dé tac durig v6i dung dich kiém hodc dung dich amoniac.
NaOH + (CH3CH,)38nCl — (CH3CH;)35n0H + NaCl

Hop cht co — thiéc c6 nhiéu ing dyng. Chiing 2 thanh phén cha hod chit ding dé san cho tiu bién
d€ chéng réu, ha bdm vao thanh tu. Vi ¢d hoat tinh sinh hoc, nén cdc hop chét co — thiéc, déc biét dang
R38nX (X li anion) duge dimg lam chat chéng bénh ndm cho cay, bdo quan hat gi6ng, chdng muc cho gb
vik 12 chat luu hoa cao su. .

Céc hop chat co — chi cling duge san xust véi Khéi lugng lon. Céc hop chit co - chi quan trong la
(CHz)4Pb v (CH3CH,),Pb. Chiing chit yéu duge ding dé pha vio xang, 1am chat chdng kich nd cho dong
co. Nhung sau khi nhién liéu déng co chdy di dé lai hgp chét chi it doc hai cho m6i trudng nén hién nay
da bi c4m sir dung.

Trong s6 cdc nguyén t6 & nhém IV cha bang hé thong tudn hodn Ia cacbon, silic, gecmani, thiéc, chi
hi lign két C-Si va C—-Ge c6 d6 bén nhiét I6n hon va kha nang phén tng kém hon cic lien két C—Sn va C-Pb.
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5. HOP CHAT CU - PHI KIM

Hop chéit co — phi kim 12 nhitng hop chat hitu co ma trong phan tix ¢6 chifa lién két
cacbon — phi kim nhu C-P, C-S, C-Si, v.v...

Quan trong nhét trong cdc hop chédt co — phi kim la hop chit co — photpho,
co - silic. ' '

| - HOP CHAT CO - PHOTPHO

Hop chét co — photpho 14 loai hop chét co — phi kim durge nghién citu nhiéu nhét
va duoc ng dung rong rdi nhat. Do hoat tinh sinh hoc cao nén chung duogc ding lam
thudc chita bénh, thudc trit sau va duoc coi 1a hod chdt dac hiéu trong phan tich ciing
nhu trong t8ng hop hitu cd. Trong chién tranh, cc hop chét co — photpho con dugc dung
lam chat doc hod hoc quan su rat lgi hai nhu sarin, tabun, somaﬁ, V.V...

Trong qué trinh trao déi chét cha sinh vat, khong thé thi€u dugc cdc este cua axit
photphoric. D6 1a cdc nucleotit ¢ vai tro rit quan trong trong qud trinh sinh téng hop
protein va gen di truyén.

Nito va photpho déu & phan nhém chinh nhém V. ‘Hai nguyén t& nay ¢6 nhiéu mat
giong nhau, song cling ¢6 nhiéu diém khéc biét.

Photpho ¢é cau hinh electron is 2322p 3823p va c6 nhiéu trang thdi oxi hod (-3,
-1, +3, +5). '

Céc hop chét co — photpho dugc chia lam hai lodi :

_ Hop chdt co — photpho c6 lién ket truc ti€p giita cacbon va photpho C-P, nhu cic
dan xuat ankyl hay arylphotphin (RPH,, R,PH, R;P) ; photphin oxit (R,P=0) ; axit

O
It

photphinic [R'z P—OH] ; axit photphonic (R_ﬁ_(OH)Z]-

Q

[

- Hop chit co —photpho ma nguyén tir photpho lien két gidn ti€p véi cacbon qua
nguyén tif cha nguyén t¢ khic, C-X-P, nhu cdc din xuét cha axit photphoro, axit
pirophotphono, axit photphoric, axit pirophotphoric va axit thiophotphoric.
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Béng IX-4. Trang thal oxi ho4 cla photpho trong cac hgp chit cong hoé tri

Trang thdi . Y
oxi hod Cdc hop chdt |
PH, RPH, R,PH R,P
-3 Hidro photphua Photphin bic | Photphin bic 11 Photphin bac 111
' {monoankylphotphin) (diankylphotphin) {triankylphotphin)
R, IIT_H == R,POH _ R,P=0
-1 O : Photphin oxit
Auxit photphing
_ O O
Il ;i
+1 H, P-OH ‘ : ' R, P-OH
Axit hipophotphoro Axit photphinic
© o R(OR),
+3 - HP(OH), R P(OH), Triankyl photphit
Axit photphoro Axit photphonic
~ H-0 ' _ R-O
H—?P:O R-0—P=0
+5 H- | R-O
Axit photphoric . Triankyl photphat

1. Hop chit co - photpho loai C-P

a) Photphin va cdc ddn xudt cia né

Hidro photphua PH; 13 mot chét khi khong mau, dé béc chdy va rat doc. Khi thay
th€ mét hay nhiéu nguyén ti hidro trong hidro photphua bing cac gdc hidrocacbon, ta
duge cac photphin : |

RPH, : photphin bac I, CH;PH; : metylphotphin ;

R,PH : photphin bac II, CH;CH,PH-CHj : etylmetylphotphin
R4P : photphin bac I1I, (CgHs),P : triphenylphotphin

R ,PHal™ : mu6i photphini bic IV |

+ _ - .
Thi du : @)3PCH2 )/ Br : Benzy! triphenyl photphoni bromua

Céc ankylphotphin bac mot va bac hai c6 thé duoc didu ché bang mot trong cic
phuong phép sau : ' “ :
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- Ankyl hoa photphua kim loai.

RI+H,PNa -» RPH, + Nal
Hoic :

RBr + R’PHLi — RR’PH + LiBr
- Khir hod clophotphin bing LiAlH, hoac HSiCl,

RrCl, —1 5 RPH,

— Céng photphin vao hop chét chua no :
CeH13CH= CH2 + PH; — CgHjs —(EHPHZ
CH;
Sir dung peroxit, phan ing chay theo quy tdc Kharat.

— Cic photphin bac ba duge diéu ch€ dé dang bang cich cho hop chit co — magie
tdc dung vdi PCl.

3RMgBr + PCl;, — R3P + 3MgBrCl

Photphin bac III con duge diéu ché bing cdch khit oxit photphin bac 11 bai SiHCl,
(triclosilan) :

(CeHs)3P=0 —2s (CgHs)3P
Photphin cdc bac déu dé bi oxi hod bdi oxi cita khong kh{ hay axit nitric.

Trimetylphotphin tr b&c chay trong khong khi, nhung cic triankyl cao bj oxi hod

cham hon. -
CH,CH,PH, —1°L, CH,CH, - O
1 ~OH
Etylphotphin - Axit etylphotphonic
(0] CH3CHp /OH

(CH3CH2 )2 PH —— P
CHCHY, 0

Axit dietylphotphinic

CH3CH2\

(CH3CH, )P —2L s CHyCHy— /
CH,CH,
Trietylphotphin oxit
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Cic photphin c6 tinh baz, cdn PH; coi nhu khong c6 tinh bazo :
R3P > RzPH > RPH2 e PH3
Tuy nhién, cdc photphin ¢6 tinh bazo y&éu hon amin rat nhiéu. Cic arylp-hotphin lai
¢6 tinh bazd yé&u hon ankylphotphin.

Cic photphin 1a céc chat 18ng khong mau, c6 mii kho chiu, khéng tan trong nude.

Vi con nguyén tit hidro trong phan tir, nén céc photphin bac 1 va photphin bac 1I
con thé hién tinh axit khi tdc dung véi kim loai kiém hay NaNH,.

Photphin bac ba con c6 mot s8 phan (ng khdc, ching han :

_ Téc dung v6i din xudt halogen :

| . _ |
(CeHs)3 P + CgHsCHyBr — (CeHs)3 P CHoCeHsBr _Celisli

N ' (C6H5 )3P=CHC6H5 + LiBr + C6H6

— T4c dung v6i mudi diazoni thom :

+ ‘ + :
@ N2BF4 + (C6H5 )3P - {N =N'—P(C6H5 )3}BFE —_Tz'—) (CGHS )4PBF,I

~ Téac dung véi axit
@—N— N=N+ (C6H5)3P —)©_N=N—N P(C6H5)3 &@N—P(Cﬁl‘ls)'ﬁ

- Téc dung véi mot s6 hop chit chifa nito, oxi, lvu huynh :

(C¢Hs)sP+ R3NO — R3N +(C6H5)3P—O
(CeHs )P + C( O/C g _-ohiét , Ol + CO, + (CgHs»PS

(C6H§)3P+CH CH _— /CH CH +(C6H5)_3P =0
CH3 CH’; CHj3;

cis trans
Photphm bac I dé bi ankyl hod thinh mudi photphoni bac TV

(CH3)3P + CH3l — (CHz)q 9%

Hoic :
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CeHs\_ _
(C6H5 )3 P+ CH3CH2B1' - C6H57P3-CH_2CH:°3BI‘
| CeHs

b) Clophotwhin : RPCl,, R,PCl.

Da s6 céc clophotphin 14 nhiing chat 16ng, ¢6 miii khé chiu. Chiing cé thé diéu ché
bang mot trong cdc phuong phép sau day :

~ Téc dung clia hop chat co — kim véi PCl5 :
(C,Hs),Hg + PCly; - C,HsPCl, + C,HsHgCl
~ Ankyl hod photpho :
 3CH; A +2p —S, CH,PCL + (CHa),PCI
— Nho phan g Friden-Crap :

@ + PCl; A, Pc12 + HCl

Hodc tir clobenzen, photpho va triclophotpho :
3CeHsCl+ 2P+ PCly; — 3CHPCl,

Cé thé phan ing tiép : |
2CH;PCl, —Ah 5 (c H,),PCL + PO,

- Khir hod hop chét phitc cha photpho hay hop chét chita photpho :
[RPCI;T'(AIC, ] —ME 5 RPCI, + AICI, + MgCl,
RPCly + CH3-O-PCl, —— RPCl, + CH;Cl + POC,

V¢ hod tinh, clophotphin c6 thé tham gia mét s6 phén ing theo so d6 sau :

R’ONa +0,
RPOR), < —\ RPOCI,
RPR), R MeHal RPCl, *S . RPSCI,
RPONRy), R/ ’ +Qy | RPCl,

Q

T
R o C
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Mot s6 halogenphotphin véi photpho hod tri 5 ¢4 mot 56 phan tng :

©0H + (CgHs )3P0l —10°C, @m + (CgHs)3 PO + HCI

OOH + (CgHs)3 PBry %‘2—» OBr + (C¢Hs)3PO + HBr

¢) Axit photphono va axit photphing
Khi thuy phan c4n than cc clophotphin ta duge cdc axit tuong Ung :
RPCl, +2H,0 — RP(OH), +2HCI
Axit photphono
RzPCl + Hzo —> RzPOH + HCl
| Axit photphino
Céc axit nay c6 nhém ~OH lién két véi photpho, nén réit khong bén va ching s&

chuyén hod nhu sau
OH

OH R~
R- = P=0
P<0H | H”

Axit photphono

§> P-OH == i>/?=o
H
Axit photphing
Este cua céc axit néy durgc diéu ché bing phan iing cla clophotphin véi etylat natri
hoidc cdc hgp chat tuong tu. :
RPCl, + 2NaOC,Hs — RP(OC,Hs), + 2NaCl

Hodc : .
R,PCl + C;HyOH + (CHs)sN — R,POC4Hg + (C,Hs);NHCI

Cic este nay lai dé dang téc dung v6i ankyl halogenua cling nhur vGi luu huynh :
. R’\ :
RP(OC,Hs5); + R > P=0 + C,Hsl
(OC,Hs)p R | 2H;s
OC,Hj;

Hoac : : .
R,POC,Hs + RI = R4P=0 + CH,l
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- CH OC.H
(C,H;O),PC,Hs +§ — 25 >p 273

.
¥ ™ 0C,H;

d) Axit photphoric va axit photphinic
Hai axit nay ¢6 cu tao nhu sau :. )

R -P(OH) Rpr-

Il 2 R/ﬁ' OH
_ O
Axit photphonic Axit photphinic

+ Axit ankylphotphonic c6 thé dugc diéu ché bing cdc cach sau :
- Cho este cha axit ankylphotphord tic dung véi halogenankan :
C,Hs. OCHs
POC,Hs); —S2Hsl, ™ 3¢
0" TOC)Hs

Hoic cho halogenankan tdc dung véi natri dietyl photphit :

‘ OC,H;
(C;Hs0), P—ONa + CHsI — CH3CH,-P/ + Nal
d \OC,H;

- Ankyl hod triclophotpho biing anky! halogenua c6 mét AlCl; sau d6 thuy phén :

RCI + PCl; + AICl; — [RPCIJT[AIC, T —22 RP(OH), + 4HCl + AlCl;
- Thuy phan cac hop chat RPOCI, hoic RzPOCl : |
RPOCl, + 2H,0 — RPO(OH), + 2HCI
- Pé diéu ché céc axit ciia photpho ¢6 nhan thom thudng st dung arylclophotphin :
CgHsPCly +Cly — CgHsPCl, —H29 5 C4H POOH), + 4HCI
Hoic cho triclophotpho téc dung v6i muéi diazo thom va sau d6 thuy phan
Ar 1:12[BF4]‘ + PCly — [ArPCL3]1Y[BF]™ + Nz.
[ArPCl3]+[BF4].* + 3H,0 — ArPO(OH), + 3HCI + HBF,

— Cong diankyl photphit vao cloral :

109



2%

(CH30), fI’—H + O=CH-CCl; —> (CHjO)zﬁ’—(lZH*-CCh
O OH

— Téc dung cta triélophotpho vao andehit, sau d6 thuy phan

| DPCh | o iy peOH
‘ RCHO —pp8> R-CH-P

" OH O

+ Axit anken photphonic dugc diéu ch€ nhu sau :

_ 1) 2PCl5 _ _ :
CH3CH,CH=CH, —3555°— CHyCH,CH=CH-PCl —>

_OCH,CH;
> CH3CH2CH =CH—P\
A “OCH,CHy

2CH,CH,OH
. —ZHCI

2. Hop chét co - photpho loai P-X-C
X1a0, 5 N.
a) Axit photphoro va dan xudt ctia ching
Axit photphoro c6 sy cAn biing gitia hai dang tautome :
H
HO—I:I’—OH —= HO-P-OH

I
OH

Este ciia axit photphora dugc didu ché bing cdch cho triclophotpho tic dung
véi ancol ¢

3CHCH,OH + PCl; —2% > (CH3CH,0)%P + 3HCI

Triety! photphit

Ngoii ra con c6 thé thu dwgc cic sin phdm khic nhu dietyl clophotphit,
(CH,CH,0),PCl, dietyl photphit (CH;CH,0),P-OH hay natri dietyl photphit
(CH3CH20)2P—ONEL
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b} Axit photphoric va dan xudt

Axit photphoric cé cdu tao nhu sau :

H-O
Hoopoo

H-

Este hoan toan clia axit photphoric ¢6 thé thu duge bang céch cho etanol tic dung
vdi photpho oxiclorua véi sut c6 mit clia bazo :

o~ CH3CH; -0

3CH3CH20H + POC13 3HC) CH3CH2 /P OCHzCH3 E—

Trietyl photphat

NaOH CH3CH, -0~ pct; . CH3CHRON
—> P-ONa —— P-
“CH;CH,0H © CH,CH, -0 i CH;CH,0
O

Natri dietyl photphat _ Dietyl clophotphat

¢) Ddn xudt cia axit thiophotphoric
Phéan tmg diéu ché xay ra nhu sau :

CH4CH, -0 CH;CH, -0
2T Sp_oNa 3 327 SpONa
CH;CH, -0~ CH3CH, -0 |

S

Ti dietyl clothiophotphat diéu ch€ ra thiophot, mét loai thudc trit sau :

. : S
(CH3CH20)2P< ot OZN—©-ONa — (CH4CH,0), III’~O—©>-N02,_+ NaCl -

S
Thiophot
d} Axit pirophotphoric va dan xudt

Axit pirophotphoric ¢é cu tao nhu sau :

O 0

[ l
HO-P-0O-P-OH

1 |

OH OH
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Este clia né dugc diéu ché tir natri dietyl photphat va dietyl clophotphat :
CH3CH20\P o- /OC 2 H'g

CH;CH,0), P-ONa + C1-P(OCH,CH3); — - +NaCl
(CHyCH,0), F-ONa [(OCH2CHa2 = o 1,070 ||\0

O 0O O
Natri dietyl photphat Dietyl clophc;tphat Tetraetyl pirophotphat

Sau day chiing ta s& quan sét sy chuyén hod 14n nhau giita céc hgp chét cha photpho :

H,0; hodic R-C-0O-0O-H
R3P} (I{) . {R3P=O

(RO)P LiAlH, hoac Zn (RO);P=0

3. Tinh chét va iing dung

Nhiéu hop chét co — photpho cé hoat tinh sinh 1f cao, dic biét 12 cic din xudt cia
axit photphoric, axit photphonic, axit photphinic vh cdc din xudt thio tuong Ung cua
chiing. Hop chit co — photpho dugce tng dung rét rong ri trong san xuat nong nghiép,
trong doi s6ng va ca trong qun su.

a) Thudt triv sdu va thude phong trix dich bénh

Hop chét co — photpho déng vai trod rét quan trong trong san xuit nong nghlép véi
céc loai thudc phong trir dich bénh va thudce trit sdu. -

Nhiing loai thudc ndy ¢ nhiéu vu diém ndi bat :
- Hoat tinh diét sau bénh rdt cao.

- Ham lugng s dung it nhung hiéu qua cao.

- Téc dung nhanh.

- Sau khi tac dung thi phan huy nhanh, khong tich dong lai trong cic day chuyén
thuc phim, do dé khéng gay doc hai cho méi trudng.

— C6 tinh chét chon lua cao, c6 thé diét duge sau bénh phd hoai nhung khong gy
hat cho con triing ¢é ich.

— Tinh chat mién dich ca sau bénh d8i v6i thudc khong c6 hoac c6 Tat it.
Sau day ching ta s& lay mot s6 thi du vé loai thudc trir sau.benh co — photpho.
| + Vophatoc :

Tén thong dung 1a methyl parathion
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Mot 56 tén thuong phdm : Folidol MS0EC, Wofatox SOEC, Proteon SOEC.

Day 1a hod chét khong doc véi cay tréng nhung déc véi ngudi, véi gia sic va ca
gia cdm. Thudc cé tic dung tiép xic, vi doc, xong hoi va tham sau.

Cdu tao clia vophatoc nhu sau :
CH; —O\
0@N02
CH, —o/ I

Vophatoc dugc dl‘mg dé tlf“ nhiéu loai sau gay hai cho nhiéu cay tréng khdc nhau.
Vophatoc 6 tinh doc cao d6i véi ngudi nén hién nay bi han ché six dung.

+ Dipterec hay clbrophot :
Teén thong dung : Trichlorfon.

CH; 8>P —CH-CCl3
CH, - |

OOH

Dipterec 12 loai thud¢ trir sau cé tic dung ti€p xiic, xong hoi thdm sau va c¢é tinh
doc cao.

Dipterec duge diing dé trix sau hai lia, ng6, rau cai, dua chuét, ca chua, cay thudc
14, cay che, cam, quyt... Dipterec con dugc pha véi protein thuy phan dé diét ruéi vang
hai cam, quyt. Protein thuy phan c6 tic dung din du, thu hit rudi duc qua va dipterec s&
tieu diét ruéi, |

+ Thiophot hay parathion ¢6 tic dung trir sau bénh.

+ Dithiophot 12 moét loai thu6c trit sau.

CH; -0 >P ~$-CH,CH, -S—CH,CHj
CH, -0
b) Mot 56 chdt déc hod hoc qudn su

Céc hop chét co — photpho diing 1am chét doc hoa hoc quan sir thudc loai chét doc

thén kinh. Sau day 12 mot s6 chét déc hod hoc quén su di duge sit dung trong mﬁt 56
cudc chién tranh :
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(CH3); N\ 40 v _~OCH(CH;), bt
CH: 0 v R CHy” N0 _CHC(CH, )3
d ¢y
Tabun Sarin Soman
RN - U
RO A SCH,CH, N<CH3 Véi R 1a CH;, C,Hs, C3H,, thi duge goilakhi V

CH3  Khi V con goi 11 photphory! thiocholin.

So sdnh do doc hai cia 4 chét trén : néu tabun 12 1, sarin s€ 1a 10, soman la 30 va

photphoryl thiocholin (khi V} la 2000.

Il - HQP CHAT CO - SIIC

Giéng cacbon, silic ciing & nhém IV cla bing h¢ thdng tuén hodn, nhung silic & chu ki III, con

cacbon & chu ki IL. Trong céc hop chit co — nguyén t8, cacbon va silic déu c6 hod tri 4. Trong s6 cac hop
chéil cd — nguyén 16 cha nhém IV (C, Si, Ge, Sn, Pb) thi silic vA gecmani ¢ tinh chat gdn nhau hon. Nang
lugmg lién két cacbon - sitic (214,29 kI/mol) nhoé hon lién két cacbon - cacbon (347,69 kJ/mol}, nhumg nhu
thé 13 khi 16n vi vay céc hop chat ankyl va aryl cha chiing rét bén vdi nhiét. Ngoai lien ket C-Si va Si— Si, -
silic con tao thanh cic lién két tuong d6i bén véi oxi, halogen, nito, hidro. Silic ¢6 him lugng ding thir hai
vé khdi luong & vé Trii Dat (28%), sau oxi. N6 thudng & dang hop chdt silicat vi thach anh 5i0,.

1. Phudng phap diéu ché

a) Tde dung cia ankyl hodc aryl halogenua véi hgp kim Si-Cu

(13
2CH,Cl + Si(Cu) —2C 5 (CH;3),SiCl,

Phan dng niy di duge 4p dung trong quy trinh céﬁg nghiép. C6 thé thay hop kim SifCu bing silic

kim loui va bot dong.
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Phéan (ing tao ra mot hén hgp san phém theo phuong trinh sau :
nCHLCl + Si(Cu) —22€ 5 (CHy), SiCly-,
Néu n =1 tacé san phim CH;SICl;.
n =2, (CH3),SiCly,
n =3, (CHy),SiC1
n=4,SiC,.

Br .
Hoic : @—Br _SiCw) @_-Squ + @—S:i@
Br
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h) Tde dung ctia tetraclositan véi hop chdt — co kim (liti, thuy ngdn, magie hay nhém...)

SiCl, + 4©—Li — (@)4Si + 4LiCl

SiCl, + 2(CH3CHy);Zn —> (CH3CHy),Si + 2ZnCly

sict, —SHMeD . cHSiCly + (CH3)pSiCly + (CH3)SICL + (CH3)ySi

Néu ding hop chiit co — magie, s& cho mot hén hop san phdm. Ti 1¢ cdc sin phdm phy thude vao
lugng ditng cla céc téc nhan phén img.

3 Cong halogensilan vao hop chdt hitu co khong no
Thi du :
HSCly + CHy=CH, —> CHsSiCly
Hodc :
HSiBry; + CHy'=C(CHy); -—> CH; —(!EH—CstiB@
CH;4

d) Neodi cac phiong phdp diéu ché dé tgo lién két §i—C sau ddy sé t6m 1dt mot 6 phiong phip
tae lién két C-X{X 1a H, O, Hal ..)

— Didu ché cic ankoxisilan :

Cho tetraclosilan téc dung véi ancol.

SiCl, + 4CH;0H — Si(OCH3), + 4HCI
Tetraclosilan Tetrametoxisilan
— Diéu ch€ axyloxisilan :
SiCly + 4CH;COONa — (CH;000),Si + 4NaCl
Tetraxetoxisilan

— Piéu che silan :

sicl, —uAHs , giH,

Hoac : sio, — A, gy,
150-170°C
2. Tinh chét

Dua viio d6 am dién clia cic nguyén 16 & bang IX-2, ta thdy céc lién két clla Si véi H, C, Hal ddu c6

sy phan eye nhu sau

si®* —H?, si%* % va 8% -X% (X:0,Hal,N..)
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Cic silan ¢6 cong thitc chung gidng ankan : SigHoq,o, dd tim thdy n = 1 + 6. Véin =1, 2, ching la
chat khi, véi n > 3 chiing 1a céc chdt long, ¢6 kha ndng phén tng cao hon ankan.
. Cic silan ¢6 thé t bdc chdy trong khong khi
SiH, + 20, — Si0; + 2H0
— Silan dé bi HyO phan huy, nht 13 khi c6 mat axit hay kiém.
SiH + 2H0 — S0, + 4HyT
— Silan tdc dung manh véi céc halogen :
SiH, + Cly —»  SiHCl + HC
SiH;Cl + Cly — SiCly + HCI
Khi thay th€ mot, hai, ba hay bdn nguyén tit hidro cua silan bang cdc géc ankyl, ta ¢b mono, di, tri
hay tetraankylsilan : RSiH3, R7SiH,, R3SiH va RySi.

Khi thé chua hoin toan, nghia 13 trong phan tir silan véin con lien két Si-H thi kha nang phén (g
rét cao. D6 K céic phan dng thuy phan, oxi hod, halogen hod.

RySiH —2% R;SiOH + Hy
Silanol

RySiIH —P25 R;Si-Br + HBr
— Cic anky! halogenua silan ciing dé bj thuy phan thanh céc silanol :
R,$iCl + Hy0 ——> R;SiOH + HC
R,SiCl, + 2H,0 —— RySi(OH), + 2HC}
Céc anky! halogenua silan con tic dyng véi cdc kim loai kiém
CRaSICl + 2Na —> RySiNa + NaCl
Sau d6 cac R4SiNa lai phin tng v6i R4SiCl
RySiCl + RySiNa —> R3Si-SiRy + NaCl
Phan ing xdy ra nhy phin ing Vuyéc.
R;3SiCt + 2Li — R;SiLi + LiCl
RiSiCl + RySili —> RySi-SiRg + LiCl-

Céc hop chit loai R4ySiMe (Me 1a kim loai kiém Li, K, Na) ¢6 kha nang phén g cao, nén dugc sir
dung d& téng hop ra nhidu san phdm khéc nhau. .

Céc ankylsilan it bén véi nhiét : tetractylsilan chi bt ddu phan huy & trén 500°C, con tetraphenylsilan
561 & 530°C ma khong bi phan huy.

Cic ankylsilan va ankylclosilan tic dung v6i Clp véi xiic téc AlCl; hay tia tif ngoai cho nhiéu san
phdm thé khdc nhav : '

116



h_é’!.s_

(CH3)4Si + Cly — (CH;3)SiCH,Cl + HCI
Clemetyltrimetylsilan
CH;SiCly + Cl, —2K13 5 CIcH,8iC1; + HCl
Céc silanol ¢6 thé thyc hién phan dng tritng ngung dé cho polime co - silic. Céc polime co - silic
ta loai polime c6 do bén nhi¢t va bén cd hoc cao, déng theri ching lai ¢6 tinh dan héi & khodng nhidt do
rong, nén duoce sir dung rit nhiéu trong thie t&,

C6 hai loai polime co — silic, con goi 1a silicon. Loai thit nh4t 13 loai mach hé, monome 1 silandiol.

R;SiCl, + 2H,0 — R,SiOH), + 2HCI

R R R
[ o ! | -
nHO-Si-OH + HO-Si-04 Si {OH
| -nH20 | I
R R R ™!

Loai thd hai, n€u di tir tricloankylsilan s& cho silantriol v cho polime cé cu tric khéng gian
ba chiéu :

RSiCl; + 3H,O0 —— RSi(OH); + 3HCI

OH R O R
t o | | |
nHO-$i—OH % -Si-0-8i-0-8i-0-
I
R o R o

L
—~Si—O—S|i—O—SIni—O—
|

R (l) R

il - HOP CHAT CO - LUU HUYNH

Oxi, luu huynh, selen va telu ciing & nhém VI clia bang hé théng tudn hoan.
Luu huynh cé cdu hinh electron nhu sau ¢ “
1s22522p%3523p*34°
G trang théi co ban, lwu huynh cé electron 13p ngoai 14 6 va con 1 obitan d tréng.

Trong ciic hop chat, luu huynh c6 s6 oxi hod cao nhét 13 6 va & trang thii kich thich ¢ cdu hinh
nhu sau ;

3523p4 - 3313p33d2 hay s!dez

Liru huynh c6 do 4m dién 1a 2,5¢V nén di luc cua luu huynh véi electron kém hon him oxi, va ndm
trung gian giita nito v cacbon.

Thi du : Trong axeton, lién két >C=0 va cde nhém thé véi sy xen phi py — p; ndm trén mot mat
phéng con trong CH3~S~CHj, dimetyl sunfoxit, lién két >S=0 c6 sy xen phil p; — pg V& céc nhom the
Il

0
khéng nim trén mot mat phing.
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Axeton Dimetyl sunfoxit

Theo danh phdp thay thé cha TUPAC, tén clia hop chét cor ~ luu huynh dugc goi nhu sau :

— Néu nhém ~SH giin véi goc hidrocacbon thi goi theo tén cia hidrua nén them dudi -thiol.

Thi du :

CH;SH : metanthiol ; CgHs—8-S—CgHs : phenyl dithiobenzen.

Mot 6 ion ciing duge goi theo tén he thdng :
SH : sunfanido ; s?

SO§_ s sunfit ) CgHsS ™ : benzen thiolat

~ : sunfido

— Mot 56 diin xudt clia axit chifa Tuu huynh cé tén goi nhu sau :

¢« CH3;-S5~OH :uaxit metansunfinic
I

» CH;-SO,0OH : axit metansunfonic:

« CH;CH;-8-OH : axit etansunfenic.

Béng IX-5. Trang théi oxi hoa clia hwu huynh

Trang thii oxi hod Cde hap chet cia hun huynh
5 H,S . RSH R-SR’
Hidro sunfua : ' Thiol i Sunfua
R-S- R
0 RS-OH 'ID .
Axit sunfenic Sunfoxit
. O
R-5-0H ) g R
1 5=
+2 0] 1
' O
Axit sunfinic Sunfon
O
o : 1. (")
HSO,0H R-S-0H '
+4 : I RO-S-R
O
Axit sunfurc Axit sunfonic " Sunfit
0 0
0 ] ,
HO-5-0H RO~-5-0OR
+6 1 I
O
Axit sunfuric . Sunfat
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1. Thiol

Thiol (hay mercaptan) 12 dén xuft ciia hidro sunfua {H,S) khi thay thé mit nguyén tir hidro trong
hidre sunfua bing gdc hidrocacbon.

Thidy : CH;SH : Metanthiol ; O SH : Xiclohexanthiol
u) Phuong phdp (freu ché’

+ Anky! halogenua RHal, ankyl sunfat R;S0,4 hodc ankyl sunfonat RSO3 téc dung véi muéi
NaSH (natri hidrosunfua).

C2H5Br + NaHS(du) _— CszSH + NaBr
(CH3),S0, + NaHS —> CH;SH + CH3-OSO;Na
Cé thé dimg thioure téc dung véi RHal.
INaOH

CszBl’ + NH‘Z—%*NHz ——Tza—> C2H55H +2NH3 + N32CO3 + NaBr

+ Hidro sunfua tdc dung vdi anken c6 xdc téc axit

CH; CHj
AN Ht N
/C-‘—CHQ + st _— CH37C—SH
CH3 . CH;
+ Luu huynh tic dung v8i hop chil co — magie.
OH
HiO /
8RMgHul + S ——> BRSMgHal —— 8RSH + Mg\
Hal

Hoic :

O)-Msbr + 55 — O)-sMepr LN @—SH

b) Tinh chat

Vi khong tao lién k&t hidro nén céc thiol cé di€m soi thdp hon ancol tuong img (diém s6i clla
etanthiol 12 35°C, con etanol 13 78°C). Cic thiol it tan trong nudc, dé tan trong ancol, cte..

— Cic thio ¢6 tinh axit yéu (K, ctia etanthiol 12 10" 'Y, ntamg manh hon ancol tuong tng (K, ciia
etanol 13 10”"7). Do c6 tinh axit y&u, nén thiol hodl tan duoc trong kiém.

C2H5$H + NaOH —— CszSNa +.H20
- Céc thiol téc dung véi axit cacboxylic, clorua axit cho thioeste :
CH;SH + CH3COOH e CH}COSCHS + H20

CH,CH,SH + CH;y-C-CI —Bidt, CH, ~C-$-C;Hs + HO
I

Etyl thioaxetat
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Vai trd cia piridin nhy sau

CH4SH + CH,COC1 —Brdin CH; ~C~$-CHy + piridin. HCI

Metyl thioaxetat
Hoac v&i anhidrit axit
RSH + (R'C0O)0 —-> R'COSR + R'COOH
Thioeste

— Cic thiol téc dung véi hop chat oxo (andehit/xeton) cho thicaxetat hay thioxetal tuong g -

/S-CyHs
2C;HsSH + CgHsCH, ~C- —CH, —HEK® ¢ HCH,- C<CH + H0
$-C,Hs
0 .
Berizyl metyl xeton 1-Phenyl-2,2-dietylmecaptopropan

: $-CyHs
Yo+ 2ot 5 (X + HyO
S-CyHs

Hoic :
HOY CH3\ $-CH,
HS(CH2)3SH + CH3 C CH3 —_— /C\ Hz
5 CH; S-CH,

Céc hop chit cha lvu huynh c6 hoat tinh nucleophin 16n hon oxi. Sy the bdi tic nhan nucleophin
chtta luu huynh thudng xiy ra trong diéu kién ém diu va cho hiéu sudt cao Cic téc nhan nucleophin quan
trong cita luw huynh 13 : H,S, HS |, SO,, RSH, ArSH, RS , ArS ,SCN , s

Nhém bi the thudmg 12 halogen, sunfonat, ion sunfat va nudc.

CH;SH + (CH3)2CHCH2BI —_— CH3SCHZCH(CH3)2 + HBr

Isobutyl metyl sunfua

CeHsSH + Oo-soz-©-cn3 N D—s-@ + cu,@-smu

Thiophenol Xiclohexyl toxylat Xiclohexyl phenyl sunfua

H,S + CH,-CH, — HSCH,CH,OH
- .

2-Mecaptoetanol

HSCH,CH,0H + Cll-CH, — HOCH,CH,SCH,CH,OH
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Thiol dé tic dung v6i oxit cia kim loai ning.
Thi du :
2CH,SH + HgO ~——> (CH3S)Hg + HyO

Thiol bi oxi hod cho nhiéu sin phim khac nhau. Thi du téc nhan oxi hoa nhe (nhu oxi khong khi,
halogen, axit sunfuric...) cho san phdm 1a disunfua ho#c axit sunfenic.

RsH —25 RS-SR Disunfua
RSH — 9 ,RS-OH Axit sunfenic

Néu chat oxi hod manh s& cho san phém 12 axit sunfonic

rsH —2L, RsO;H

Thiol d& cong vao lién két doi >C=C<

@—SH + CH,=CH-COOCH, — 2% , @-s CH2CH2C00CH3

2. Thioete : R-S-R’
Thioete 1a céc ankyl sunfua
a) Phitong phdp didu ché
~ Cho ankyl halogenua téc dung v6i mudi sunfua clia nalr.i hay kali
2CH;] + KS » CH3-8-CH;3 + 2KI
2(CH3),80,4 + Nay§ — CH3-5-CHj3 + 2CH;080;Na
- Cho ankyl halogenua hay ankyl sunfat tic dung véi RSK -
CH3SK + CH3CHyl — CHy-8-CpHg + KI
- Cho thiol cong vao lién k&t d6i »>C=C<;
CH,SH + CH, =CHCH,CN —&92, CH3SCH,CH,CH,CN
— Thay oxi trong ete bang hru huynh :
SR,0 + P,Ss —> 5R,S + P05

— Chung cit mecaptit chi: .

[+ ]
(CH;S),Pb ——> (CH3),5 + PbS
— Chumg cét thiol nhé xiic tde Al;O3 + Zn$S

0
2RSH ——X R,S$ + H,S
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b} Tinh chit
Thioete A cde chit long khé taﬁ trong nudc, tan dé trong cdc dung méi hitu co.
Thioete tiong i tra vé& mat hod hoc. '
— Thioete dé cong voi anky] halogenua tao ra mudi.
(CH3);S + CH3l —— (CH;3),SI
Trimetyl sunfoni iodua

— Thioete dé bi oxi hod cho sunfoxit va sunfon

’ CH3 O
20, 20; N\
H>(Q _ H20 :
{CH3), 8 CH3COOH (CH3),8=0 CH3COGH . /K
CH; O
Dimetyl] sunfoxit ' Dimetyl sunfon

Dimetyl sunfoxit 12 mdt dung moi thong dung, bén & duéi 80°C. Dimetyl sunfon ciing 12 mot dung
mai Lo, nhung ¢6 diém 501 cao va |2 chat rdn & nhigt 46 phong.

[

3. Axit sunfenic, axit sunfinic va axit sunfonic

a) Axit sunfenic RSOH la axit khong bén, khong tich ra duge dudi dang nguyén chit va dé ty oxi
hod.

Mat 56 dang din xudt clta axit nay lai tu‘cﬁg ddi bén nhu halogenua axit RSCI, este RSOR’, amit
RSNH, vi anhidrit axit (RS),0.

b} Axit sunfinic RSO;H bén hon axit sunfenic.

Axit sunfinic cling dé bj oxi hod thanh axit sunfonic RSO3H vi la axit ¢é d6 manh trung binh bing
axit sunfuro,

c) Axit sunfonic RSO3 H 14 axit bén nhét. N6 dugc diéu ché bing céc cich nhu sau :
— Oxi hod thiol :

RSH 202 CH3COOH RSO3H
— Cho natri sunfit tac dung vdi ankyl halogenua

Na,80; + RHal —chung cft R -803;Na + NaHal
- C@ng bisunfit viio anken

' CHyCH=CH, + NaHSO; —°2%20 , CH,CH,CH,S0;Na
25°C

Axit sunfonic 1a axit manh tuong duong axit sunfuric. Mu6i natri sunfonat RSO;Na 1a chét tdy rita
tof. Nhiéu chat tdy rira duge sdn xudt cong nghiép tir ddu mé cé cong thic chung :

Co.15Hy9.31 <C:>>-503T‘Jal

122

®
R



5 « _ H307 (1 mol) _ HyOp _ | RSH RSOH
RyS — a5y kcosn R28=0 -5 ka0sm R,50, ?

LiAIH,

Hindt IX-1. Sy chuyén hoé giita cic hop chit cla luu huynh

' - R'NH,
RSO,C1 5———— +ROH RCOC R, |
) +R'OH
W e |
§ j +H3:/ z \“Rcoor’ RCONHR'
: Thuy phin , < +PCLY -
R-SO,0H “—mr— RSO,NHR 3 mo
| SIS
RSO,H — RCHO —%—+ RCOOH

Hinh 1%-2. Sy chuyén hod cia céc din xufit cha axit sunfonic so sénh voi din xudt cua axit cachoexylic

Cav hdi 6n tap

1. Hop chét co — nguyén 15 1a gi ? Hop chét co — kim 12 gi 7 Hgp chét co — phi kim 1a gi ?
Cho biét dac diém cu tao clia cac loai hgp chét 86 va |8y céc thi du d& minh hoa.

2. Hoan thanh cac sa d6 phan (ng sau :

>

2) (CHa)C + Oy s x M0,y E25p HO | g

CHy ~C~CHs

b) CHyC=CH + CoHgMgBr —%2— A o ,p "%, ¢

PBy; . Mg . 1) CH;CHO

(C4Hg )2 SnCly INRY

o)
d) CH, =CH-Br + Mg > U

ele

Br
Mg €O, HiO
f) ete khan A B : C

g) CHy—C=CH + Na — ol , 7 CHCHBr L y 1y s

o) L —2 X S,y S, 7 .

h) CH3CHZCH2CH20H By X eteMk%an > Y ‘L}IT-IE?JOCZHS_) Z
' 3
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.
i) HC=CH + C,HsMgBr —<» A —NCabhPC, g

3. Hay viét céc phuong trinh phan (ng dé t8ng hap cac hop chat hiu co tir c4c hop chét da
cho, duge sir dung céc tac nhan v6 co va hitu co thich hgp khéc .

a) Propin —»> ancol tert-butylic ;
b) Stiren — @—CH=CH—COOH (axit xinamic) ;
¢) Phenylaxetilen — 1-phenylprop-1-in-3-ol ;

. d) 9-Bromphenantren —» 9-Phenantrencacboxandehit.

4. Xac dinh cong thire cdu tao cla A, B, C, D.

: J
HCEC—O—Csz + 02H5MQBI' --—0—> A
A + (CHg)yC=0 ——- B

B+HO —> C

C + Hy (tmol) —PE0 ,

5. Hop chét P ¢6 cdng thirc phan tir C4H .0, nhung chua bigt cong thic cau tao. P phan
(g nhanh véi thudc thir Lucas (HCI-ZnCly) cho hop chdt Q c6 cong thirc phan
C4HgCl. Hop chdt Q tac dung véi magie trong ete khan tao ra mot dung dich ma khi x{ i
véi nude cho khi X 18 mot hidracacbon. Mat khac khi Q thc dung véi KOH/etanol tao ra
mét hidrocacbon & thé khikhac 13 Y.

Tim cong thirc cdu tao cla P, Q, X, Y.
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Chuong X
ANCOL - PHENOL - ETE

Khi thay thé nguyen tir hidro ciia nguyén t{t cacbon no trong phén tir hidrocacbon
bang nhém hidroxi s& cho ancol con khi thay th€ nguyén tir hidro trong nhan benzen
bing nhém hidroxi thu duge phenol, thay thé nguyén tir hidro trong nhém hidroxi cila
ancol va phenol bing g&c hidrocacbon thu dugc ete. Ngoai ra, khi thay thé nguyén t
hidro chia nguyén tit cacbon chua no trong phan tir hidrocacbon bing nhém hidrexi thu

duge enol :
CH3CH20H CGHSCI'IQOH CH2=CH—CH20H CI'I2=CHOH
Ancol Ancol thom Ancol chua no Enol
CHsOH  GHsOCH, Cetl;OCH; CH,-CH,
e , o’
Phenol Ete Epoxit

Tuy theo s6 nhém hidroxi trong phan t, ta c6 din xudt monohidroxi (monoancol,
monophenol,...), din xudt dihidroxi {diol va diphenol),... va din xuét polihidroxi (poliol,

poliphenol).
Thide: CH,OH  CH,-CHOH-CH,0H  HOCH,-CHOH-CH,OH
Monoancol biol Triol
C¢HsOH CeH4(OH), CcH3(OH),
Monophenol Diphenol Triphenol
§1. MONOANCOL

Monoancol (4 nhimg hop chat hitu co ¢6 mot nhém hidroxi lién két véi nguyén ti
cacbon no trong phan tir. Cic monoancol no tao thinh mot day déng ding c6 cong thiic
chung C H,,,,OH (n 2 1). :
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Néu g6c hidrocacbon khong no, ta c6 ancol khong no CH,=CH-CH,0OH, con néu
goc hidrocacbon thom ta ¢ ancol thom : C,Hs;CH,OH. Nhém OH dinh véi nguyén t
cacbon bac mét, bac hai hay bac ba ta ¢é ancol bac mot, ancol bac hai va ancol béc ba.
Thidu:

CH;CH,CH,CH,0H CH;CH,CHCH; (CH3)3 COH
. I :
- OH
Ancol bac mot Ancol bac hai Ancol béc ba

| - DANH PHAP

1. Danh phap thay thé
Tén ctia ancol 1 t6 hop tén cha hidrua nén chita mach chinh véi hau t6 -ol, kém
theo chi 6 chi vi tri cha nhém OH néu cén thiét.

H_oH
Thidu: C,H;OH CH;-CH,-CH,-OH Cj

Etanol Propan-1-ol ' Xiclohex-2-en-1-ol

Mach chinh trong phén tir ancol 12 mach dai nhat chita nhém hidroxi (ancol no) va
chita lién két kép (ancol khong no). Panh s6 trén mach chinh duge bt dau tir phia gin
nhém OH hon.

Thidu:
6 5 4 3 2 1
CHs —CHZ—-CH2 -CH, -—(IZH—CHon C¢Hs —CH,CH,OH
CH,
CHy
2-Etylhexan-1-ol 2-Phenyletanol

2. Danh phap loai chitc

Teén ciia ancol 1 t& hgp clia tir “ancol” véi tén clia gbc hidrocacbon tuong Ung :

CH,OH ~ CH;CHOH-CH; CH,=CH-CH,OH
Ancol metylic Ancol isopropylic Ancol anlylic
(metylancol) (isopropylancol)  (anlylancol)

" 3. Tén thudng hay tén rieng duge TUPAC liu diing d6i véi céc ancol thién nbién.
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(CH), C=CH(CH, ), C HCH,CH,0H

OH CH; OH

Mentol Xitronenlol a-Tecpineol

4. Tén goc ancol RO-

Tén goc RO- (duoc hinh thanh béing cich tach nguyén thr hldro ctia nhom OH) 1a
t8 hop tén ctia goc R va hau t6 oxi. Thidu :

CH,0- C,H50- (CH,),CHO- C¢H;CH,O- CH,(CH,;),CH,0-
Metoxi- Etoxi- Isopropoxi- Benzyloxi- Butoxi-
"I - DPONG PHAN

Ciing nhtt cdc hgp chit ¢6 nhém chie khdc, ancol c6 hai loai déng phén sau :
1. Déng phan ciu tao

a) Dong phan vé vi tri nhém OH

Thi dl._l . CHgCHzCHz(:HzOH CH3 -CH fCH2CH3
. y
OH
Butan-1-ol : Butan-2-ol

b) Pong phén vé mach cacbon
' Thi du: CH; CH,
CHCH,CH,CH,0H  CH, _CH-CH,0H  CHs—CH, _CH-OH
Butanr- 1-ol 2-Metylpropan-1-ol Butan-2-ol
) Pong phan vé vi tri lién két boi
Thidu: CH,=CH-CH,CH,OH CH,CH=CH-CH,0H
But-3-en-1-ol But-2-en-1-ol
2. Péng phan ciu hinh

a) Péng phdn hinh hoc

CH3\ _ /H CH’;\ _ /CH20H
/C—-C\ C
H CH,OH H/ H
(E)-But-2-en--ol _ (Z)-But-2-en-1-ol
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- b} Dong phan quang hoc

Thi du : CH, CH,
H+ OH HO+ H
CH; C,H;
(S)-Butan-2-o] (R)-Butan-2-ol

Il - PHUONG PHAP DIEU CHE
1. Hidrat hoa anken
u) Hidrat hod truc tiép

H;PO,, 300°C
80 atm

CH2 ‘—'CH2 <+ H20 -» CH3—CH20H

b} Hidrat hod gidn tiép (ding H,SO, dic)

CH, =CH, + H,80, —> CH3CH,0S0;H —'%J? C,H5OH + H,50,

2. Hidrobo hoa - oxi hoa anken (tao ancol bac thép)

- 1. BH, o .
R-CH=CH, —53—s R CH,CH;0H

3. Oxi thuy ngan hoa - khit anken

P 1. Hg(OAc)) H)O = v _
CH3 ~CH=CH, —fn > CH3 ~CHOH-CHj

4. Khit hgp chit cacbonyl

a) Khit andehit va xeton

Chat khir ¢6 thé ding rét da dang : Hy/Pt (Ni), nhumg t6t hon 1a LiAIH, va NaBH,
vi tdc nhan nay khir chon loc, khong dung cham dén lién két béi. Thi du :

CH;3~CH, —CH, ~CHO ; :“‘gﬁ"* 21809, CH3~CH, ~CH, ~CH, ~OH
-3

Butan-1-ol (85%)
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CﬁHll—ﬁf-CsHh L RaBHy,ctanol C6H11-(|3H—C6H11

2. H;0"
O ' ' OH
Bixiclohexylmetanol (88%)
O H OH |

1. LiAlH,, ete
+ 7 ,
2.H;0

Xiclohex-2-en-1-ol (94%)
b) Khit axit va ddn xudt
- Khir axit : '
Axit bi khir béi LiAlH, tao ra ancol véi hi¢u sudt khd cao, lien két doi trong axit
van giilf nguyén.
CH3(CH,); CH=CH(CH, );COOH %ﬂ’—‘% CH3(CH, ); CH=CH(CH, ), CH,OH

_ Octadek-9-en-1-o0l (87%)
- Khtr este :

CH3CH,CH=CH~COOCH; —;{% CH3CH,CH=CH-CH,OH + CH;OH
-1L3
Pent-2-en-1-ol (31%)
5. Thuy phan din xuit halogen

R_X H,0/OH™

S.thois 7> ROH + HX

6. T hgp chat co - magie

a) Phdn iing véi fomandehit (cho ancol bac mot)

CH,OMgBr :
OMgBr + HCHO —Stekhan | _HO, O’CHon

- Xiclohexylmetanol (65%)
b} Phdn iing véi andehit (cho ancol bac hai)

H
} .
CH; - C~CH,CHO L ‘;ﬁ}:;‘:)"f‘*" cte khan , CH,-CH-CH,CH-CgHs
.Hj | |
CH, _ CH; OH

2-Isobutyl-1-phenylmetanol (73%)
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) Phdn iing véi xeton (cho ancol bac ba)

O/,O l.Cszl\:igBr, ete khan | O<OgH2CH3
2.Hy O

1-Etylxiclohexan-1-ol (89%)

d) Phdn ving véi dan xudt cua axit (cho anco] bac ba)

R’
. | | |
R-CO-Z 1. R'MgBr, e-:e khan s R-C-OH
(Z:~Cl,-OR, ~OCOR) 2.H,0 ll{ ,
CH3CH2CH2CH2COOCI_12CH3 I‘ZCH'_}MgBr,fle khan ,
© 2.H,;0
(I)H
CH;CH,CH,CH, C—-CH; + C,HsOH
Hj

2-Metylhexan-2-ol (85%) -

OH
|
CH;3CH,CH,COCl ;;C‘;MSB" etekhan . CH,CH,CH,C—~CH; + MgCIBr
. . | .
’ CH,

2-Metylpentan-2-ol

IV - TINH CHAT VAT Li
1. Cau tric phan tit
Phén t&f ancol ¢6 c4u tric hinh hoc giéng phan tlf nudc, géc lien két C-0-H=~

108°5, géc H-C—H = 109°3, con géc H-C-0= 108°9. Nguyén tit oxi & trang thdi lai
hod sp3. '

H
e >(I:&—)—OB:€-—H§+
HH

Céu tric phan 1ap CH,0H Sy phan cyc trong metanol
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2. Nhiét 46 so6i, nhiét do néng chay va tinh tan

Vi chita nhém OH trong phan tir, nén ancol 12 hop chét phén cuc, nguyén tir oxi c6
d6 am dién 16n hon nguyen tir cacbon nén lién két C-O phén cuc vé phia oxi.

Ba chit ddu ddy déng déng 12 nhiing chét 16ng linh dong, c6 mii dé chiu. Ti C,
dén Cy, 1a nhitng chat 16ng sdnh ¢6 mii khé chiu, tir C; tré 1én 1a nhing chét ran giéng
nhu parafin. Nhiét d6 néng chay, nhigt do soi téng theo su tang din phan tir khéi cna

ancol.

Cic déng phan mach nhanh c6 nhiét d6 néng chay va nhiét d6 soi thap hon cac
déng phan mach thing. Ancol c6 nhiét d¢ soi va nhiét do nong chdy cao hon ankan
twong tmg. D6 hod tan clia céc ancol trong nuéc gidm dan theo su tang s6 nguyén tu

cacbon. Thuc chdt chi c6 ba chat ddu clia diy déng déng tan vo han trong nuéc (xem

bang X.1 va X.2).

Bang X-1. Nhlgt do s6i va d§ hoa tan

clia ancol va ankan ¢ phan t khéi tuong duong

Phdn tir

Cong thirc phan 1 Tén .. (’;f’,‘é?) :\(f;;‘;‘; gfn 'ﬁ;; gg: (g”i;g' :ﬁzo)
CH,OH Metanol 32 645 " Tan vé han
CH,CH, Etan 30 -89 Khong tan
CH;CH,0H Etanol 46 78,3 Tan v6 han
CH;CH,CH; Propan 44 ~-42 Khoéng tan
CH,CH,CH,0H Propan-1-ol 60 97 Tan v6 hén
CH;CH,CH,CH,4 n-Butan 58 0,5 Khong tan
CH,CH,CH,CH,0H Butan-1-ol 74 118 8
CH;CH,CH,CH,CHj, n-Pentan 72 | 36 Khong tan
CH,CH,CH,CH,CH,OH Pentan-1-ol 88. 138 © 2,3
CH3CH2CH2'CH2CH2CH3 n-Hexan 86 69 Khéng tan
HOCHZCH2CH2CHZOH Butan-1 ,4-di01 90 230 Tan vo han
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Bang X-2. Mot s8 hiing s& vat Ii cha cic ancol

Cong thite cdu tao Tén toe C) t, (°C) (g fﬁ)géaljz 0)
CH;0H Metanol - 97 64,5 Tan vé han
CH,CH,OH Etanol - 115 78,3 Tan vo han
CH;CH,CH,0OH Propan-1-ol - 126 97 Tan vo han
CH,(CH,),CH,0H Butan-1-ol ~90 118 8
CH,(CH,),CH,0H Pentan-1-ol - 78,5 138 2,7
CH;(CH,),CH,OH Hexan-1-o0l -52 156,5 0,6
CH,(CH,);CH,0H Heptan-1-ol 346 176 0,2
CH,(CH,)CH,OH Octan-1-ol ~15 195 0,05
CH,(CH,)5CH,OH Pekan-1-ol 6 228 -
(CH,),CHOH {-Metyletan-1-ol - 86 82,5 Tan v6 han
CH,CHOHCH,CH, Butan-2-ol | -114 99,5 12,5
(CH4),CHCH,OH 2-Metylpropan-1-ol - 108 108 9,5
{CH;);CCH 2-Metylpropan-2-ol 25,5 83 Tan t6t
(CHy),CHCH,CH,0H | 3-Metylbutan-10l | - 117 132 2,0
CH,=CH-CH,OH Prop-2-cn-1-0l - 129 97 “Tan vé han
CHCH,0H 2;';‘;522:;‘;’[’:; -153 205 40
C¢H,,0H Xiclohexanol 24 161,5 3,5

S& di cdc ancol c6 nhiét 88 s6i va nhiét do néng chay cao1a vi giita cic ancol tén
tai lién két hidro lién phan tir, con céc ancol thip cé kha néng tan hoan toan trong nudc

12 do chiing tao lién két hidro véi nude.
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Céc ancol ¢6 mach cacbon cang dai, kha nang tao lién ket hidro lién phan tir cang
y€u, do d6 tinh chat vat If cia c4c ancol nay giéng nhu tinh chat vét Ii ciia hidrocacbon

tuong imng.
3. Tinh chat phd
a) Phé héng ngoai (IR}

Dao dong ho4 tri cua lién két O-H & dang ty do nam trong khoing 3600 -
3640 cm” !, khi tao lien ket hidro lién phan tir xudt hién cyc dai trong viing 3600 -
3200 cm™, pic ¢6 cudng do manh, rong. :

Mot cuc dai khic manh xudt hién trong viing 1000 - 1200 cm ™! dic trung cho dao
dong cua lien két C-O (hinh X.2).

L3
CH,O0H FW108.14. d1.045 '
@ mp-15C  Fp213°F
Benzyl alcohol, 99+% (bp20s°C  nfi1.5403
nzyl alcohol, 99+ Wavelength, (um)
o J5 30 B 2 2T 2k dy g 5 B 388 N e M SV S L 30 L L
WJ. ? , | » A vl\_ E ; P WP a4
M ; ! . |‘r § n v\ - / L' \ f
olh - A 7 T \ {
LY l: I L ! - r .............. 1 . I " E.""
oM LIl ! M | al
EY) 'f —1. - ' E--m
\1 {ig d F ] el
= : I : L 'EE
S INEAT T I i
o....J_ |__i_ : b b i | i | Lan
SN ) N W a0 ey L __mu M Y 2800 1AM 2200 Hioe 1800 (L] 14 1’2 [Li 1) EL 1 L] 0
WAVENUMBERS (cm™) NICOLET 206X FT-IR

Hinh X.2. Ph8 IR ciia benzylancol

Trén phd d6 cia benzylancol ¢é nhiing tdn s6 hdp thu sau :

A vo-glién két hidro lién phan tir 3331 cm™'

B vy thom | 3100 - 3000 cm™!

C ey 2980 - 2840 cm’ !

D Ving hoa am | 2000 - 1667 cm™!

E  vecvong thom 1497, 1454, 1600 cmm™ !
ScH, 1471 em™ ! |

G v (ancol bac I) 1023 em !

H  ycythom 735 cm’!
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b) Phd cong hudng tir hat nhan (NMR)
* Phé '*C NMR

Nguyeén tir cacbon gin véi nhém OH cong hudéng & ving trudng yéu hon so
véi cacbon trong ankan. Pa $6 céc nguyén tir cacbon trong ancol cong huéng trong viing
& =20 - 80 ppm.

* Phé 'H NMR

D6 chuyén dich hoi hoc clia proton trong nhém OH rét khéc nhau wy thuode vao
céu tric, dung méi, nhiét do, nhung thudng nam trong khoang 0,5 - 4,5 ppm, proton
dinh & cacbon canh nguyén tlt oxi cong hudng trong viing tir 3,3 - 4,0 ppm.

) Rhé khot Iuong (MS)

Trong ph8 MS, ancol bi phan ménh theo hai huéng : mét 1a phan cit & vi tri o, hai
1a tach nudc. Trong hudng phan cit a, lien két C-C gﬁn nhém hidroxi nh4t bi phan cit
_chuyen thanh géc trung hoa

PH +. PH+
R-C,CH-R| —— |R-C, | + RCH;

Trong hudng tich nudc, trude tién cd su tdch nudc tao ra cation gdc anken.

+.

Hoo | — HO0+[>C=¢C< ]

V - TINH CHAT HOA HOC
~ Tinh chdt hod hoc cha ancol tap trung vao cdc trung tam phéan tng chinh sau : d6

12 phan tmg phan cét lién k&t O-H, phan (ing cit lien k&t C-O, va déng thdsi phan cat lien
ket C-O cling véi nguyén tir Hp. Do trong phén tir ancol, c4c nhém chic phan cyc theo
kiéu : C &> O; O - H, nén ancol tham gia cdc phan img di li. '

1. Su phéan cét lién két O - H (phan (ng thé nguyén tit H trong OH)

a) Tinh axit yéu : Phan @ng véi kim loai kiém.

Ancol nhin chung 14 nhitng axit y&u, ta xét khé nang ion hod cha metanol sau :
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Sig.

CH;-O-H + H-O-H & CH;0" + H;0"

_ [CH;07)[H;0"]

f = T{CH:0H]

Pé so sanh tinh axit cia ancol véi nuéc va mot s6 axit khac, hay xem bang X.3.

_ Bang X-3. Gia trj pK, cia mét s& an_cbl so véi pK, clia nudc va axit

Hop chdr pK,
HCI .
CH,COOH 438
CgH;OH 15,57
H,0 - 15,54
CH,CH,OH 15,9
(CH,),CHOH 5 17
(CH;);,COH 18
CH=C-CH,OH 136
CF;CH,OH - 12,4

Keét qua & bang X.3 cho thdy khi ting su phan nhidnh mach cacbon thi tinh axit
giam, vi khi mach cacbon cang phan nhénh, cdc anion ankoxi cang kém bén, nén kha
nang phan li cang giém.. Axit axetic mac ddu cé tinh axit yéu hon axit vé co nhu HCl,
HBr, song né con manh hon gap 10'° 14n so véi cc ancol don gian.

Tuy cac ancol c6 tinh axit rit yé€u, nhung ching déu tic dung dwge véi kim loai
kiém tao ra ancolat.

Thidu: 2CH;CH,OH + 2Na — 2CH;CH,ONa + H,

Ancol etylic Natri etylat
2CH;CH,OH + Mg - (CH;CH,0);Mg + H,
Magie etylat '

Ancol ¢ thé tham gia phan 1ing trao d6i v6i bazo manh
o+ :
- CH3CH20H + NaH —b» CH3CH20N3 + Hz

Céc ancolat kim loai kiém 1a nhitng hop chat ion c6 tinh bazo manh hon ion OH ,
nén chiing dugc ding nhiéu trong téng hop hitu co. Tinh bazo bién thién theo diy
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"OH™ < CH30™ < C,Hs0” < (CH3);CO"
'Céc ancolat rat dé bi thuy phén :
CH;ONa+H,0 — C,H,OH + NaOH
) Phan ting tao thanh ete

Ancol tdc dung v6i ankyl halogenua 120 ra ete, phan ng dién ra rat cham. Néu
dung dung dich ancolat trong rwou téc dung v6i din xudt halogen, phan img s€ xay ra
nhanh, va theo co ché thé nucleophin. -

C2H50H + CH3I -—_— C2H50CH3 + HI - (Chﬁm)

(=) ¢+)

WCHSONa -+ CHyl —25. C,H,OCH; + Nal  (nhanh)
(Téng hop Uyliemxon) " |
Ngoai ra, ete con dwoc san xuAt trong cong nghiép bing cich dehidrat hod ancol :

29948, ¢ H50C,Hs + H,0

2C,H;0H
245 140°C.

Phan ting dién ra theo cis ché Sy2.
¢) Phdn ting tao thanh este ctia axit cachoxylic

Ancol phan ting véi axit cacboxylic va din xuat, nhu clorua axit, anhidrit axit, tao
ra este :

HpSO.d o
CH3COOH + CyHs0H —+—*2—» CH3COOC,;Hs + HyO (cham va thuan nghich)
CH3E—C] + HOCzHS —> CH3 (I:'—OCQHS + HCI
|
O
Khi ding C;H;ONa thay cho CHsOH, phin ing s& xay ra rat nhanh.

CH3—(|3—C1 + NaOC,Hs —> CH;CO0C,Hs + NaCl
I .

2. Sy phan cit lien két C-O - Phan ing thé nhém OH
«) Phdn ting véi axit vé co manh

Ancol phan iing véi cdc axit ¢ dang dam dac nhe H,SO,, HI, HBr, HC1 déu cho
cdc este vé co. '
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Thi du :

t° '
ROH + HBr &—= R-Br + H;0
Ankyl bromua

lanh
ROH + H,S0,d (_L___ R-0SO;H + H20

Ankyl hidrosunfat

Phan {ing c6 thé xay ra fhéo co ch& SN2 véi ancol bac 1. D6i véi cdc ancol bac II
va bac 111 thudmg xay ra theo coché SN vi tao ra cation bén :

-Br~ ~ ) H* )
- SC-OH + HBr ——= —=C- -OHy &— - C(+’+H 0

48 ee LI 1L

2C" 4+ Brm &= 2C-Br
11,0 i

Kha ning ph'c’in itng cuia ancol va HX bién thién theo thi tur :
Ancol bac ba > Ancol bac hai > Ancol bac mot

HI > HBr > HCl

D¢ tranh phan ing thuy phéan, ngudi ta thu&mg ding khi HX cé kém theo chét
huit nu’Uc

Ancol bac mét phan ng véi HCl dic khi c6 chat xic tic ZnCl, (hén hgp HCI -
ZnCl, goi 12 thudc thir Luca) xay ra theo so d6 phan ting sau :

ZnCl,, 180°C
“H,0

CH3CH,CH,CH,0H + HCl » CH3CH,CH,CH,Cl (75%)

Vi ancol 1a mgt bazo Linyt va ZnCl, 1a mot axit Liuyt nén ¢6 tuong tic véi nhan :
R\ . R\ + _
,0: + ZnCl; —> /O—ZnC12
H ' H
Khi anion CI” t4n cong vio géc R, oxi mang dién tich duong s& di ra dé dang :
. Rt o+ -
G+ 0-ZnCl; —> R-Cl +[Zn(OH)Cl,]
H
Phan iing xdy ra theo co ché Sy 2 nhung twong di cham hon $y2 binh thuong.
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Ancol bac hai khi ¢6 mat thu6c thir Luca, phén tng xay ra dé dang hon so véi _

ancol bac mot. Phan ting c6 thé xay ra theo Sy2, nhimg wu tién theo Sy

"R R R
| I -
R-C-O-H —2%2 5 R_c* 4 1znoH)Cl,] - R- c ~Cl+ [Zn(OH)Cl, I
| |
'H H H

Thi du : CH3CH(OH)CH,CH, —%“e@'z—) CH;CHCICH,CH; (88%)

Phan iing theo co ch€ Sy 1 tao cacbocation trung gian luon kém theo su chuyén vi
va tao ra hén hop céc san phém :

(CH3), CHCH,OH —-}ML (CH3)2CHCH2Br + (CH3)3CBr
(80%) (20%)

Ancol bac ba phan ting v6i thuéc thir Luca rat nhay. Phan tng xay ra theo co ché
Sn1. Nhu vdy, ta c6 thé diing thuc thir Luca d€ phan biét ancol cdc bac khéc nhau.

Ancol bac mét khéng phan tng véi (HCl, + ZnCl,) & nhiét d6 thudng (khi dé yen
sau mot gidy).

| Ancol bac hai phin (g tvong d6i cham véi (HCl, + ZnCl)).

Ancol bac ba phén tng rit nhanh véi (HCl; + ZnCl,) va toa nhiét.

Kha nang phan ting véi thuéc thir Luca nhu sau : |

CeH;CH,0H ~ CH,=CH-CH,OH > (CH;),COH > (CH;),CHCH,OH > CH,CH,OH

b) Phan ing véi photpho halogenua vé thionyl clorua
Dé thay th€ nhém OH cia ancol bac rnOt' ancol bac hai hay ancol bac ba bing
~Cl, - Br hogc - I, ngudi ta thudng sir dung PBr,, PlI,, SOCI,. Hiéu suit phan ting dat khd
cao. Céc hop chit PBr; va PI; dugc diéu ché ngay trong hén hop phan ing bang cach
cho Br2 hoic I, tic dung véi photpho do.
2P+ 31, -» 2Pl
6C,H;OH + 2P + 31, - 6C,H,I + 2P(OH),
- (82%)
Ngudi ta rit it diing PCl, dé diéu ché€ ankyl halogenua tir ancol, vi PCl, chi phan
ting duge vé6i ancol bac ba, véi ancol bac hai chi yéu xay ra phan ing loai nuéc tao

anken, con véi ancol bac mét tao thanh este ciia axit photphoro P(OR),.
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Thidu :
3R,R,R,C-OH + PCl; — 3R,R,R,C-C1 + P(OH),

R-CHOH-CH,R, + PCl; - RCH=CHR, + H,0
3RCH,0H + PCl; - P(OCH,R); + 3HCI

Photpho pentaclorua (PCls) va photpho pentabromua (PBr,) phan img v6i ancol thu
duge céc dan xust halogen tuong img v6i hiéu sudt cao : |

ROH + PCi; — RCl + POCl; + HCl
- ROH + PBrs — RBr + POBr; + HBr

Ngoai ra, ancol con phan ting v6i thionyl clorua SOCI,; cho hiéu suét kha cao, vi
san phém thu dugc ngoai RCl con ¢6 céc chét khi sinh ra nén dé dang tinh ch€ san phéam.

Ry '
R2>C OH+S0Cl; —> R; >3 Cl + HCl1 + SO,
Ry Ry

Tuy vay, SOCI, chi that thuan loi d6i v6i ancol bac ba, con ddi véi ancol bac mot

va ancol bac hai s& sinh ra san phdm phu 12 este cba axit sunfuro :
2RCH,OH + SOCl, — O=S(OCH;R), + 2HCl
2R ;R,CHOH + SOCl, — O=S(OCHR,R;), + 2HCI

Pé han ché viéc tao este, cdn cho thém bazo hitu co vao hén hop phan u‘ng

RCH,0H + SOCl, Cﬁ“fg‘(;ﬂf‘*)h RCH,Cl + SO, + HCl

Trong trudng hop cho bazo hitu co vao hén hop phin ing, néu xuat phét tir ancol
quang hoat thi s& 1am thay d8i c&u hinh clia d4n xuét halogen tao thanh. '

Thidu:

CH;(CH, )5 CH(OH)CH; + SOCI, —Aminbe L, CH3(CH2)5CHC1CH3 + HC1+802
(R)-Octan-2-ol (S)-2-Clooctan
Vai trd clia amin bac I hoc piridin 1a phan dng v6i HCl dé tao mudi amoni

Q «y . Chinh ion ClI” 1 tic nhan nucleophin s€ t4n cong vao nguyen tlt cacbon tit phia
t+=I?I .C '

H
d6i dién v6i nhém téch ra, phan tng xdy ra theo co ch€ Sy2. Thidu :

139



R, R, @ R,
. N . MW " -
o€ -OH + soci, H4, Qoc-osoa 5, R>F -o-sNOy.cr >,
R, R, R,
R, ' S4n phdm trung gian
L |
B CI“C"-\R + 8O, + piridin
R,

Trudng hop khong dung piridin ma ding dietyl ete thi hdu hét HCl sinh ra duéi
dang khi, vi vy néng d6 ion Cl” trong dung dich rat thap nén chinh nguyén ti clo trong
phan tir ankyl closunfit t4n céng vio cacbon, khi d6 s& xay ra phan ing theo co ché the
nucleophin ndi phan tir ( Syi ).

Co ch€ Syi duge mo ta nhu sau :

LS

R,_. Cl . R, O
. ™
SC-OH+ s=0 U, " Oeg
R, R, Cl _
San pham trung gian
R, O R,
N e 2) N ¢
co — ~C—Cl + SO
Ry~ .8=0 R;/ ?
R; Cl R,
Trang thdi chuyén tiép

Phan iing trén 12 bac 2, hai giai doan, co ché di qua trang thdi chuyén ti€p vong. Néu
xudt phat tir ancol quang hoat s& thu dugc din xudt halogen gilf nguy2n c4u hinh, thi du :

CH3(CH, )s CHOHCH; + SOC1, —2W €, oy, (CH, )5 CHCICH; + SO, + HCI
(R)-Octan-2-ol | (R)-2-Clooctan

3. Sy phan cét lien két C-OH cing véi Hp(Phan ing tch muc tao
thanh anken) ' : '

Trong phan iing tich nwéc, nhém OH tich ra cing vdi Hp bac c'ao. hon dé€ tao
thanh lién két . - - -

B .0’- : o

R—?H—CH—R’ %o‘* R-CH=CH-R’

| =
H OH
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C6 hai céch dé thuc hién phén img dehidrat hod. Cich thi nhat cho hoi ancol di
qua Al,O, nung néng

CH,CH,OH % CH,=CH, + H,0

Céch thit hai 13 dun ancol véi axit sunfuric d4c hogic axit photphoric 85%.

Trong trudng hogp ding H,S0, dic, nhiét d¢ phan ng cdn phéi tang tir ancol
bac ba dén ancol bic mot (& ancol bac ba khi tich nuéc chi cdn nhiét d6 60°C, ancol bac
hai : 100°C, cdn anco} bac mot : 180°C).

Nhu vay, kha niing tdch nude cta ancol nhu sau :
Ancol bac I < Ancol bac Il < Ancol bac IIT

. CH3 on H3}0, THF, 60°C s
Thidu: - > @
~H,0

1-Metylxiclohexan-1-ol 1-Metylxiclohex-1-en (91%)

Phan ung dehidrat ho4 cdc ancol bac hai vi ancol bic ba (cé mat xiic tic axit) xay
ra theo co ch€ El.

Thidu: H,0+H" - H}O

CH; ~CH-CHj + H- (6) H b, CHy ~CH-CH; + Hy0
OH H S (+)0H2
CH; -CH-CHj§ am, CH; - _CH~CH, + H,0
(+)OH2
) nhan

CH{CHCH; + H,0 ﬁ CH;CH=CH, + H}O

Céc ancol bac hai va bac ba con c6 thé dehidrat hod nhd POCl, & 0°C, c6 mat
dung méi piridin :
CHy _ _POCH Ol—CH3
+ H,0
CH Piridin, 0° 2
1-Metylxiclohexan-1 -ol I-Metylxiclohex-1-en (96%)
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Phén ing xay ra theo co ch€ E2 :
Kl

0=P<Cl H/\NO
O-OH d | ' = OI
—_—> —_— >
- HC OPOClI,
Xiclohexanol ' Xiclohexen

Phan tng dehidrat hoé tuan theo quy tic Zaixep. Theo quy tic nay, nhém hidroxi
tach ra cing v6i nguyén tit Hg bac cao hon, tac anken bén :

CH;CH,CHOHCH; —3P048% , . CH-CH-CH; + CH,CH, —-CH=CH,
t . i
. Butan-2-ol But-2-en (80%) But-1-en (20%)

Diém ddng chi ¥ 12 khi dun néng ancol bac mot véi ax1t sunfuric dac, c6 thé xay
ra phan ing thé giifa hai phan tir ancol tao thanh ete. Thidu :

CH;CH;0H + CH;CH,OH —‘iﬁ"'—> CH3CH2 ~O-CH,CH; + H,0
Dietyl ete

Déi véi nhitng ancol ¢6 g6c hidrocacbon phan nhanh, khong con H & cacbon bén
canh nhém C-OH, phan ting dehidrat hod s& chuyén vi tao anken c6 néi doi dich vao
phla trong mach. Thi du : '

CH,4
| |
CH;~C~CH,0H 129, (CHj),C=CH-CH,
L

Co ché phan ¢tng nhur sau :
CH,
+ . —'.
(CH3)3C~CH,0H — (CH;);C~CH, OH, —io~ (CH), € _T(I:—H
1 H
t+)

(CH3)2C=CH“CH3 (_—H+—-~ (CH3)2 C-—CH2CH3

4. Phan (ng oxi hoa

Ancol bi oxi hod tao thanh hop chét cacbonyl, ngugc lai khi khit hop chit
cacbonyl lai tao thanh ancol. Qud trinh oxi hod 1a qud trinh nguge lai v6i qué trinh khi:
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Oxl hod 0

_C_OI_L/

Khir hod

Cac chat oxi hod thuing ding 14 : KMnO,, CrO;, K,Cr,0,, Na,Cr,Q,, HNO,d,
H,0,, v.v...
| «) Oxi hod ancol bdc mor
Chat oxi hod ancol bac mét thudng diing 12 KMnO,, CrO; va Na,Cr,O, véi H,S0,.
Oxi hod ancol bac mot tao thanh andehit, nhung andehit d& bi oxi hod hon ancol

nén andehit s€ bi oxi ho4 tiép tao axit cacboxylic.

RCH,0H —2; rcHo —9), RCOOH

Muén dtr_ng & andehit, c4n diing céc bién phép sau day :

- Chumg cat andehit ra khéi hén hop.

- Kiém tra nghiém ngt nhiét do va thdi gian phan ing.

Dé thuc hién phian img oxi hod ancol, ngudi ta thuong ding chit oxi hod
clocromat piridin trong dung mdi diclometan (CH,Cl,), hén hop nay c6 ki hiéu 1a PCC
({ON-HCr04C1)

Chat oxi hoa PCC thudng dugc sir dung d6i véi nhimg ancol nhay «cam, boi 1€
chat PCC oxi hod ancol mét cdch nhe nhang va chi cin nhiét d6 th4p nhung vén dat hi¢u

suat cao.
Thi du :
CH,
CH,OH
CH; CH, CH, kCHT{
Xitronenlol | Xitronenlal (92%})

Chat oxi hod con dugc sir dung d€ oxi hod ancol bac mét thanh axit cacboxyllc la
CrO, trong H,S0,.

o Cr03,H2504 N
Thidu:. CH3(CH2)8CH20H H,0, axeton

Pekan-1-ol Axit dekanoic (93%)

CH;(CH, )y COOH
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b) Oxi hod ancol bdc hai
C6 thé diing SO, trong piridin cling véi DMSO dé oxi ho4 ancol béc hai.

+
(CH3), SO + SO3 —> (CH3)2 $_080,0 —RiR2CHOH,
R, M
Dol |
Ry s - |
2 OS(CH3)2 HSO4 —_ Rl —(If—Rz
0
Xeton

- Hoac c6 thé ding hén hgp SO,, DMSO, pmdm cing v61 amin. Thi du : ding hén

hqp nay dé oxi hod cholesterol.

w 803 p‘ndln (QHS}3N OM{

Cholester-3-on (83%)

Cholesterol

Con c6 thé oxi hoa ancol bac hai thanh xeton bang _phén imng véi axeton (du) dudi

tac dung xuc tic ciia nhom isopropylat :

R CH3~ ANOC;H;); . R CHj
, JCHOH + £=0y) OGTh , i ):0 + >CH—0H
R CH; CH, _

rieng cho ancol bac mét va bic hai, cdn c6 cic

Ngoai nhimg chét oxi hod ding
ol bac mot va ancol bac hai, d6 1a Cr (VI) nhu

chat oxi hod ding chung cho ca anc

Thidu:

RI\ -Rl\ 3+
,CH-OH + 2CrO; + 6H" —> 3 C=0+2Cr"" +6H0
R; - Ry

3

hay

Rl\' Ry :
3 CHOH + 2H,CrO4 — 3 . C=0 + 2Cr(OH)3 + 2H,0
/
R{ : : R~
Axit cromic
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_ Ngodi ra, céc ancol bac mot, bac hai con tham gia phan ting oxi hod bang Cu &
- nhiét do cao c6 mat oxi khong khi tao ra andehit hodc xeton.

C,H,0H + CuO Y, CH,CHO +Cu+H,0

CH,CHOHCH, + Cu0 —— (CH,),CO + Cu + H,0

Trong trudmg hop ancol bac mét va ancol bac hai di qua déng kim loai & nhiét do
cao va thi€u oxi khong khi s€ xay ra phan ting dehidro hod. Thi du :

Cu

CH;CH,0H - — CH;CHO +H,
450-550"C
Cu
CH;CHOHCH; ———— > (CH3),CO + H
3 3 Taso_ssoec (32 2

¢) Oxi hod ancol bdc ba

Ancol bac ba khong tham gia phan ing oxi hod trong moi trudng bazo. Néu oxi
hod trong méi trudng axit, ancol bac ba c6 thé bi tich nudc tao thanh anken. Chinh
anken nay mdi tham gia phan img oxi ho4. ‘

VI - CHATTIEU BIEU
1. Metanol, CH;0H

Metanol 12 chét ddu tién clia ddy déng dang ancol no, don chitc. Thoi ¢6 xua,
ngudi ta thu metanol bing cdch chung khan gé. Ngay nay trong céng nghiép, metanol
duge diéu ché bang hai phuong phép sau :

* Tit khi than téng hop ra metanol theo phuong trinh phan tng :

CO + 2H2 300 C_" t200atn'1

> CH3OH
Metanol
Chat xtc tic duge dang 12 Cr,0; va ZnO.

* Tt metan va oxi ¢ dp sudt cao va nhiét 46 cao :

2CH, + 0, —2W°C.200am . 5oy of

Metanol 12 chat 16ng, khéng mau, rat doc, khi di vio co thé s& gay mu loa va tham
chi con gay tir vong.
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Metanol la dung méi trong cong nghiép va 12 nguyen lidéu quan trong dé€ san xuat
fomandehit, dimetyl sunfat, tert-butyl metyl ete (TBME). Fomandehit v TBME dugc
" diéu ché tir metanol nhu sau

2CH30H + 0, —232210 , HHCHO + 2H,0

CH;OH + CH, =C-CH; ——> CH3;0C(CHz); (TBME)
CHy
TBME la chét chéng kich nd, ngay nay TBME duoc sir dung thay cho chat chi
tetraetyl, vi chi tetraetyl da gay 6 nhiém nghiém trong dén mei trudng song.
2. Etanol, CH;CH,OH

Etanol dugc diéu ch€ trong cong nghlép bing phuong phdp lén men va bﬁng
phuong phap tong hop.

«) Phuong phdp lén men

bay la phan ting hod hoc c8 dién nh4t ma nhimg ngudi Hi Lap cé biét dén. Khi cé
mit cia vi khuédn saccdaromyces cerevisiae, glucozo va cdc hexozo khdc s& 1én men tao
thanh etanol.

CeH 05 —SM4M 5 2C,H,OH + 2C0,
Trong thyc (€, ngudi ta ding cdc nguyén héu ré tién, sdn c6 nhu gao, ngd, khoai,
sén d€ diéu ch€ etanol..

Tuy nhien, phwong phap 1én men chi chi€ém phdn rit nhd so véi phuong phéip
t6ng hop.

b) Phuong phap téng hop

* Hidrat hoa etilen :

CH,=CH, + H,O >
2 2 2 300°C, 80 atm

* Khir andehit axetic :

CH;CHO + H, —*, C,H.OH

Trir etanol diing 1am rugu uéng, véi t4t ca muc dich sir dung khac nguoi ta ding
ancol ~96°, d6 12 hén hop ding phi chia ~ 4% nudc vé thé tich. Muén c6 etanol nguyén
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chilt, ngudsi ta cho ancol ding phi téc dung véi CaO rdi voi C,HSONa hoac dem chung
cat hén hgp dang phi gém 3 cdu ti : etanol, nude, benzen.

Etanol nguyén chét 12 chit 1ong khong mau, soi & 78,3°C/760 mmHg. Hén hop
26m 96% etanol va 4% nuéc s6i & 78,15°C/760 mmHg goi 12 hén hop dang khi.

Etanol dugc skt dung véi s& luong 1ém dé ché rugu céc loai, ngoai ra con 1am dung
mai trong y hoc, trong mi phim, trong huong liéu ciing nhu trong cong ngh¢ tong hop
hitu co nhu ete, este, cao su, v.v...

3. Ancol khéng no
) Enol

Khi nhém hidroxi lién két truc tiép v6i nguyén tir cacbon khong no, ta ¢ enol.
Cic enol thudng khéng bén, d& déng phan hoa thanh hop chat cacbonyl tuong ing.

Thi du : Enol don gian nht 11 etenol (ancol vinylic) déng phén hod thanh

axetandehit, con prop-1-en-2-ol thanh axeton.

CH,=CHOH —& CH3;CHO
Axetandehit
CH,=C(OH)CH; —— CH;COCHj;
Axeton
Hién tugng déng phan hod giira enol va hgp chat cacbonyl 13 hién tugng tautome

hod. Nguoc véi céc enol, céc enolat kim loai cling nhu cac ete va este ciia chiing kha bén
vitng. Etyl vinyl ete dugce diéu ch& bang cdch cho ancol tic dung véi axetilen c6 mat
kiém hoic axit. '

C,HsOH + CH=CH —%;, C,H;OCH=CH,

Etyl vinyl ete

Dé diéu ché vinyl axetat ¢6 thé di tir axit axetic va axetilen
CH;COOH + CH=CH —*» CH;COOCH=CH,
Phuong phdp hién dai dé diéu ch€ vinyl axetat 1a oxi hod etilen trong axit axetic.
Theo phuong phdp tudng 16ng :

* CH,=CH, + [PdCl4)*~ + CH;COOH —;—25-9?% CH,=CH-OCOCHj + Pd+2H" +4CI”
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Theo phuong phdp tuéng khi, phan ing thuc hién & nhiét do 160°C va 4p sust
5 atm, ¢6 chat xic tdc paladi trén chat mang '

CH, =CH, + CHy;COOH + %02 ‘6";5'5““_“ » CH,=CHOCOCH; + H,0

b} Ancol anlylic, CH;=CH-CH,OH

Ancol anlylic 12 chdt don gian nhét trong cdc ancol khéng no c6 nhém hidroxi
khong lién két truc ti€p véi cacbon chita ndi doi.

Trong cong nghiép, ngudi ta didu ché ancol anlylic bing cich thuy phan anlyl
clorua thu duge khi clo ho4 propilen & nhiét dé cao khoang 400°C.

CH, =CH-CHj + Cly —2%°C ., CH, =CH-CH,CI T’ CH,=CH~- CHZOH

Ancol anlylic

Tinh chét hod hoc ctia ancol anlylic vira bao gém ca tinh chét cha lién két déi va
tinh chét clia nhém hidroxi, hai nhém chic ndy cling ndm trong mét phan tir nén chiing
¢6 anh hudng 1dn nhau, nhat 12 khi chiing & gdn nhau. Lién ké&t d6i trong phan tlt 1am cho
nhém OH tr& nén hoat dong hon. Khi oxi hod ancol anlylic s& thu dugce acrolein hoac
glixerol tuy thudc vao chét oxi hoa.

KMHO4

Se54 s CH,OHCHOHCH,OH
2 .
CH2=CH_CH20H — 0C Glixerol
———=—> CH,=CH-CHO
3. B Acrolein

Ancol anlylic tidc dung v6i PCls, PBr, tao din xuit anlyl clorua.

CH,=CH-CH,OH + PCls — CH,=CH-CH,Cl + POCI; + HCI

4. Mét s8 ancol trong tu nhién

Mot s6 loai ancol trén co s& ngudn géc ti nhién ¢é ving dung réng réi trong cong
nghé nudc hoa va trong thye phdm. Mot s6 loai ancol 13 nguén nguyén liéu ban ddu dé
téng hop chat thom va nhimg chat c6 hoat tinh. Duéi diy 1a mét s6 ancol ty nhién.

a) Hop chat c¢6 tén bombicol 12 mot loai ancol khéng no, dugc tdch ta tir con ngai
cai clia budm, tim. Chét nay cé tic dung din du buém dyc tham chi & khoang céch rét xa.

Bombicol ¢6 ciu tao :

CH3 (CHZ )CH=CI'I—CH=CH(CH2)8CH20H
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b) Tecpineol ¢6 mii hoa tir dinh huong, gém ba d6ng phan cdu tao dugc diéu ché

tir a-pinen, (ng dung trong mi phidm va frong cong nghiép tuyén lua quang. Chiing dugc
diéu ché theo so d6 sau : :

2304 1P0¢ 85%
t —H20

a-pinen Tecpineol

Tecpineol soi & 215°C / 760 mmHg, d3° = 0,935.
c) Geraniol va nerol 13 hai dang déng phan hinh hoc ciia nhau, ching ¢6 mui hoa

hdng, dugc tich tir tinh ddu sa, tinh ddu hoa héng. Geraniol 12 déng phan trans, con
nerol 12 dong phan cis.

CH'; CH3\

_~C=CH-CH,CH, - ~C~CH, C=CHCH;CH, ~C~CHj
CH CH

: H-C~CH,OH 3 HOCH, -C-H

Geraniol Nerol

Geraniol ¢6 t, = 229°C & 760 mmHg, d3° = 1,462.

Nerol dugc san xu4t bing cdch déng phan hod geraniol, hozic khir hod xitral :
CH; | '

| , CHj
>C=CH-CH2.—CH2—(":—CH3 _CoHsONa ),C=CHCH2CH2—~EII-CH3
CH ©® " CH
: H-C-CH,OH "3 HOCH,-C-H
Geraniol Nerol
CH3 ~C=CH-CH,CH, ~C=CH~CHO %‘%‘}L‘i‘% CH;-C=CH-CH,CH,-C—CH;
| : . ;
CH, CH, ’ CH;  HOCH,-C-H
Xitral Nerol

Nerol la chat long ¢6 mui hoa h6ng nhung, mdi thom hon geraniol, t; = 224°C,
= 0,8813, n

= 1,462 ; duge st dung trong cong nghé nuéc hoa, thuc phdm,
. Xa phong.

d) Xitronenlol cé cong thiic c4u tao nhu sau :
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CH -C=CHCH)CH; CH~CH,CH,OH
H, CH,

Xitrolenol 13 chat 16ng ¢6 miii hoa héng, t, = 118°C & 17 mmHg, d3° = 0,855,
nD = 1,436. N6 duoc tch ra tir tinh ddu s va tinh ddu hoa hdng.

e) Linalol la ancol ty nhién bac ba, cé tinh quang hoat, ¢6 trong hdu hét cac loai
hoa thom va ¢6 cong thifc cdu tao nhu sau :

OH
|
CH; -C=CHCH,CH, ~C-CH=CH,
I I
CHy; CH,

Linanol 1a déng phan ciu tao clia geraniol vi nerol, cé thé duge diéu ché& bang
cédch hidrat hod mirxen. '

OH
CH;— c CH(CH, ), - c CH=CH, -3119-+ CH3—~C CH(CH2)2C —CH=CH,
Xt, t
CH3 CH2 ’ CH3 CI‘I3
Mirxen ' Linalol

Este cha linalol véi axit axetic 1a linalyl axetét, duge ding trong cong nghé nudc hoa.

§2. POLIANCOL

| - ANKARIOL (GLICOL)

Diol 13 nhitng hop chat chita hai nhém hidroxi. Trong phin tir, néu hai nhém
hidroxi dinh vao mot cacbon, ta ¢6 gem-diol. Gem-diol chi tén tai trong dung dich nuéc,
khi phan lap chiing s€ bi dehidrat hod thanh hop chéit cacbonyl. Néu hai nhém hidroxi
dinh vao hai cacbon lién nhau, ta c6 vic-diol hay 1,2-glicol, loai nay quan trong nhat.

1. Danh phap

a) Danh phdp thay thé”

Tén clia ankadiol duge hinh thanh giéng nhu tén cha monoancol song cin thém
tién 16 chi do boi di- vao trude hau t6 -ol.
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Thidu : CH,0H-CH,0H , CH,CHOH-CH,0H
Etan-1,2-diol Propan-1,2-diol

b) Duniy phap thiong dwoce IUPAC lwu dung
CH,OH-CH,0H , CH3CHOH-CH,OH (CH3)2(|3 - (’:(CH3)2’
' ' OH OH

Etylen glicol | Propylen glicol Pinacol

2. Phuong phap diéu ché

a) Thuy phdn etilen oxit

.
CHy=CHy + Hy0 -2 CH,0H-CH,0H

b) Thuy phan ddin sudt 1,2-dihalogen

CICH, —CH,Cl + 2H,0 %259 , HOCH,-CH,0H + 2HCI

1,2-Picloetan

c) Khit este cria axit dicacboxylic (phuong phip Buvon-Bling)

ROOC(CH,), COOR —2*C28s0% , HOCH,(CH, ), CH,OH + 2ROH
d) Ngimg tit pinacol |
2CH;),C=0 8L (CH;), COH-COH(CH3),

Pinacol

¢) Oxi hoa anken

3CH2 =CH2 +2KMI’104 +4H20 — 3HOCH2 —CHon + 2KOH +2Mn02

3. Tinh chat vat li

Cic ankadiol 12 nhiing chét 16ng sdnh, tan nhiéu t.rong nude, cé nhiét do soi cao va

ti khéi 16n hon monoancal. Céc ankadiol c6 nhiét d6 déng bang thap nén duge ding 1am
chét chéng dong.
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Béng X-4. Mot s& hiing s& vat Ii clia cac diol quan trong

Céng thitc Tén goi t,.°C . 7%;21 He) a3°
CH,OHCH,OH Etan-1,2-diol -174 197,2 1,1155
CH,CHOHCH,OH Propan-1 2-diol - 189 1,040
HOCH,CH,CH,0H Propan-1,3-diol - 214 1,0526
HOCH,CH,CH,CH,OH | Butan-1,4-diol i6 230 1,020
(CH;),COH-COH(CHy), | 2.3-Dimetylbutan-2,3-diol | 38 172 10,9672
trans-CgH o(OH), trans-Xiclohexan-1,2-diol | 104,0 236 -
cis-CgHo(OH), cis-Xiclohexan-1,2-diol 98,0 225 -

4 Tinh chat hoa hoc

Tinh chét hoa hoc ciia ankadiol chi yéu do hai nhém hidroxi quyét dinh. Cic
nhém hidroxi tham gia phan \ing giéng nhiw monoancol, ngoai ra 1,2-diol cdn tham gia
nhitng phan ing riéng.

«) Phdn ting thé 0 nhom OH

Cic glicol ¢6 tinh axit manh hon monoancel vi anh ﬁuc‘mg hiéu ng cam @ng am
cta nhém hidroxi bén canh.

~ Phén ing véi natri kim loai :

CH,OH-CH,0H —~&3CC , CH,OH-CH,ONa a —NelC , NaOCH, -CH,ONa
..._Hz ——H2
2 2

Pinatri etylen glicolat

_ Phan ing tao phitc véi Cu(OH), :

H
CH,OH CH,-07  0-CHy
2 | + Cu(OH), — | o’ 1+ 2H;0
CH.20H . CHZ—O/ .'O—CHZ
|
H

Péng (1) etylen glicolat
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Phic chdt dong (I) etylen glicolat tan trong nudc cho dung dich mau xanh dam.
- Phan tng nay diing dé nhan biét 1,2-diol.

~ Phan ing v6i H;BO, :
@
- CH,OH CH,-0. ,O-CH, ® _
21 + B(OH); — | | B ! H¥ + 3H,0
CH,OH CH,-07 N O-CH,
Phan ting nay ding dé nhan biét cdc vic-diol ¢6 cdu hinh cis, phic nay c6 tinh axit

~manh.

- Phan tng véi axit tao este vo co va hifu co

CH,OH~CH,0H —C5 CH,Cl-CH,OH —“C'—'g;’g—‘:) CH,Cl-CH,Cl
~a, -

Phan tng este hod glicol ¢6 thé tao ra monoeste hoéc dieste. Tuy theo ti 1¢& giita
glicol vA axit cacboxylic s& thu dugc san phdm nao dé wu tién hon.

Khi dun etylen glicol véi axit terephtalic, ta thu duoc polieste mach dai ¢6 tén Ia
poli{etylen terephtalat), dugc diing ché tao sgi téng hop :

nHOOC'@‘COOH + nHO-CH, -CH, -OH —2%°C
Axit terephtalic
H-{OC@ COOCH; -CH; -O):-H + (Zn-1)H,0
Poli(etylen terephtalat)

Hoic tir glicol c6 thé di€u ché& céc polieste khic, duge dung lam chat déo va sei
téng hop.

- Phan iing dehidrat ho4 :

Cho glicol tic dung Vvéi tic nhan dehidrat hod nhu H,S0, hoac ZnCl, s€ xay ra
phan ting tich nudc tao hop chét cacbonyl

CH,OH~CH,OH Z"Cl_zfll(:gi ", [CH,=CH~OH) —> CH;CHO

Ddi v6i pinacol, dehidrat hod kém theo chuyén vi tao pinacolon

(CH3), COH-COH(CHy), —— il , iz, c-co-chy

Pinacol Pinacolon
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b) Phdn ting oxi hod
Khi tic nhan phan -{mg Ia axit periodic hodc chi tetraaxetat, lién két giita hai
nguyén tif cacbon mang nhém hidroxi s& bj diit ra tao thinh hctp chit cacbonyl.

ch CR2 + HIO4 —> 2R2C O+ Hzo + HIO3
OH OH

RzC—-(IZRz + Pb(OCOCH3 )4 — 2R7C=0 + 2CH3COOH + Pb(OCOCH;3),
|
OH OH

Nhimg phan ting trén duge ding d€ xéc dinh cau hinh ctia 1,2-glicol. Theo quan
diém hién nay, phén ting oxi ho4 glicol béng HIO, xay ra qua mot este periodat vong :

R2C CR2 + HIO4 —-ﬁ——) RzC CR2 —_—> 2R2C O + HIO';
I

OHOH “ O O
- \V4

I0;H

Béng cdch ding nguyén tir oxi d_éinh dau dé 'nghién ctu co ché€ phan iing, ngui ta
thay ring nguyén tir oxi ciia hop chét cacbonyl R,C=0 c6é nguén géc tir glicol.

Phin uing vGi chi tetraaxetat ciing xay ra theo co ché vong :

R;C~CR, PROOCCH )4, R, C~CRy ~ 2R,C=0 + Po(OCOCH);

OH OH ;)
N .
Pb(OCOCH3),

i - ANI(ATRI_OL VA CAC POLIOL KHAC
Hau hét cic poliol quan trong déu 13 vic-poliol.

1. Danh phap
a) Danli phdp thay thé
Tén cia poliol duoc hinh thanh gidng nhur tén cia ankadiol.

Thidu: CH,OH-CHOH-CH,0OH - CH,OHCHOHCHOHCH,OH
Propan-1,2,3-triol ' Butan-1,2,3,4-tetraol
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b) Danh phdp thieong dweoc IUPAC luu dﬁng
CH,OHCHOHCH,OH CH,OHCHOHCHOHCH,0H
Glixerol Eritritol
2. Glixerol
a) Phutong phdp diéu ché
~ Téng hop.tit propilen :
Ngay nay, lugng 16n glixerol trén thé gidi dugc téng hop tir propilen

CH3-CH=CH, —2:4%°C, oy c1-cH=CH, -%2*120, cH,C1-CHOH-CH,Cl—>

0, cH,0HCHOHCH,0H

Glixerol
- Thuy phan ddu mé& dong thyc vat : _
Khi dun néng diu m& dong, thuc vat véi axit hodc kiém s& thu dugc san phim la

glixerol va céc axit béo cao. .

CH,OCO0R CH,OH RCOOH
| e e
CHOCOR® + 3H,0 1%, cyoy + rcooH
| ©
CH,OCOR” CH,OH R’COOH

b} Tinh chdt vat I

Glixerol 1a chat long snh, khong mau, cé vi ngot, nhiét d6 s6i 290° C va nhiét do

néng chay 17°C, né duge dimng 1am chit chéng dOng rat tot.
¢} Tinlt chdt hod hoc
- Phan Ung vai kim loat
Tuong tu nhu etylen glicol, glixerol phan dng véi kim loai kiém giai phéng hidro.
— Phén (ing tao phitc véi Cu(OH), : _
CH, —0’( c .~ 0-CH,
_ | Cu’ |
2CH,OHCHOHCH,0H + Cu(OH)y — CH-0—" ~—0O—CH
| |
CH,0H - HOCH,

Déng (II) glixerat
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~ Phan ting tao phic véi B(OH); :
CH,OH | - [CH-0__0-CH, |
l [ B |

2CHOH + B(OH); —=—— |CH-0-" >MO-CH | H®

! —3H0 l
CH,OH CH,-OH  HOCH,

— Phan uing tao este v6 co va este hitu co :

Glixerol phan ing v6i HCI c6 thé tao ra hén hop hai monoclohidrin, trong d6 déng

phan o nhiéu hon ddng phan p. ' '
CH,0OH-CHOH-CH,0OH + HC1 — CH,Cl-CHOH-CH,0H + CH,OH-CHCI-CH,OH

o-Monoclohidrin p-Monoclohidrin

Céc diclohidrin c6 thé tic dung véi kiém tao epiclohidrin.

CH,Cl-CHCl~CH,0H

| —— Chy —-\CH ~CH,Cl
CH,C1-CHOH - CH,Cl

Epiclohidrin
Cé ¥ nghia quan trong 12 phan {ing este ho4 ctia glixerol véi axit nitric, sén phidm
duoc goi glixerol trinitrat.

CH,OH CH,0NO,

CHOH  + 3HNO3d Hi;f]?éd CHONO, + 3H,0
|

CH,OH CH,0NO,

Glixerol trinitrat 12 mét chét nd quan trong va khéng nguy hiém, thudng dugc tron
vdi bot silic oxit x6p thu duge san phdm c¢é tén 12 diamit.

Gixerol tdc dung véi anhidrit phtalic tao thanh polieste cé tén I nhua gliptan :

oo

/0 + nCH,OHCHOHCH,O0H ——
Anbhidrit phtalic Glixerol

0O

— HO{0OCOC¢H,,COOCH,CHOHCH,0OFLH
Gliptan '
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Polime nay rat bén, cé tmg dung trong cong nghiép ché tao son téng hop, loai son
nay dugce goi 1a son ankit.

~ Phan ting dehidrat ho4 :

Bun néng ancol véi chat hit nuéc nhur KHSO,, MgSO, khan, v.v... tao thanh hop

chit cacbonyl.
CH,OHCHOHCH,0H —K—}:fm—) [CH,OHCH=CHOH] ~ CH,OHCH,CHO —»
— CHy=CH-CHO
Acrolein

— Phan dng oxi ho4 :

Néu oxi hod glixerol bing céc chét oxi hos nhy hidro peroxit va oxit sit tlr, brom
va natri cacbonat, v.v... thi thu duoc hén hop andehit glixeric va dihidroxiaxeton.

— CH,OH-CHOH-CHO
CH20H—CHOH—CH20H —JQ)j Andehit glixeric '
Glixerol —— CH,0H -C0O-CH,0H

Dihidroxiaxeton

3. Cac poliancol khac

‘a) Eritritol (butan-1,2,3 4-tetraol) cé mot cdp dong phan d6i quang va mot cap

mezo.
CH,0H CH,0H CH,OH
HO——H H——O0OH H—— OQH
H —({ _OH HO——H _ H—— QOH
CH,OH CH,0H CH,OH
D-Eritritol L-Eritritol Mezeeritrito]

b) Pentitol, CHQOHCHOHCHOHCHOHCHZOH c6 4 dong phan khéng gian déu
14 nhitmg chat rén, ¢6 vi ngot. Andonitol! va D-Arabitol ¢ trong ty nhién.

¢) Hexitol, CHOH(CHOH),CH,OH c6 10 déng phan, phan 16n cdc déng phan
dugc tim thdy trong tu nhién hodc bang cdch tdng hop, nhw D-manitol D-socbitol va
D-iditol.
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OH H
v
_eH—cn |
d) Inozitol HO/C{(;H_C LA OR viét thu gon .
OH

t¢n khoa hoc 1a 1,2,3,4,5 6-hexahidroxixiclohexan.

Cé 9 dong phan c4u hinh, trong dé c6 myo-inozitol cé tic dung tang luc :

SR

§3. PHENOL

Phenol la nhig hop chit hitu ¢c6 mot hay nhiéu nhém hidroxi dinh tryc ti€p vao
nguyén tif cacbon cita vong thom. Chl tiéu biéu 1a CgHsOH c¢6 tén 1a phenol.
| - DANH PHAP

1. Danh phap thay thé

Teén cia cdc phenol xudt phit tix t&n ciia hidrua nén 1a hidrocacbon thom, ¢6 hau t&
-0l cling vdi tién t6 chi d6 boi va chi vi tri ctia nhém OH, néu can thiét.

Thidu : OH | OH
o, o
. OH
OH
Benzen-1,3-diol Benzen-1,2,4-triol Naphtalen-1-ol

2. Danh phap thudng dugc TUPAC luu ding

OH .
OH OH /@,CH(CPB);:
Q O

CH3
Phenol ‘0=, m-, vi p-Crezol ' Thimol
(benzenol) (cdc metylphenol) (2-isopropyl-5-metylphenol)
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OH

o &, O

OH
Pirocatechol -Resoxinol ' - Hidroquinon

(benzen-1, 2-diol) (benzen-1,3-diol) {benzen-1,4-diol)

Goéc CcH4O- duac goi 1a phenoxi.

It - PHUONG PHAP DIEU CHE
1. Diéu ché phenol trong cdng nghigp
u) Oxi hod cumen

Cumen phan iing vé&i oxi khong khi & nhiét d6 cao s& tao thinh cumen hidroperoxit,
sau d6 cho phan Gng ti€p véi axit tao thanh phenol va axeton. Phan iing xay ra theo so
d6 sau : :

OOH
' i
CH(CH3) . CH3z-C-CHj4 * OH
372 _Opkhongkhi | TP TS H0 @ + CH,COCH;
75°C { ] 100°C ’
Cumen ; Cumen hidroperoxit Phenol Axeton
Phan ting xay ra theo co ché g6c
CH,  CH, PNz
Cob-n -9, [@’U‘o’&\r{ HO, @’ 0“9‘*’—(}13]
Qo cn,
OH
@M o
@’ @” N + CH,COCH,
(g') CH,
Phenol Axeton
l{-‘:oﬂz

Diéu ché phenol theo phuo‘ng phip ndy rit cé loi, vi ngoai phenol con thu duoc
axeton cé rit nhiéu dng dung.

b) Tach chiét wx nhya than mo

Chung c4t nhua than mé, phan doan c6 chita nhiéu phenol 1a déu trung s6i &
170 - 230°C. Ngudi ta ché hod du trung bing dung dich NaOH dé chuyén phenol thanh
dang phenolat tan trong nuéc, sau dé diing CO, ¢ ddy phenol ra.
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) Thuy phdn ddn xudt halogen

Trong céng nghiép, ngoai nhimg phuong phédp diéu ché phenol nhu trén, con cé
thé diéu ché bing cich thuy phan clobenzen béng dung dich NaOH dam dic, & dp sust
cao va nhiét do cao : '

Cl ONa OH

@ NiOHH,0 @ H,0° @
a
370°C, 300atm .
d) Dun néng chdy muéi natri benzensunfonat

o +
C6H5803H NaOH, 300°C > CGHSONH ‘—H3'9—) C6H50H

2. Diéu ché phenol trong phong thi nghiém

Phuong phép diéu ché phenol trong phong thi nghiém hay dugc ding nhat 1a di tir
anilin tao musi diazoni, sau dé thuc hi¢n phan ing véi hoi nuéc. Phén ing dat hiéu sust
kha cao. ' |

+ -

'NH, N'=N.HSO, OH
@ NaNO,, 5°C @ -H,uo @
No, H:S0/H.0 NO, t NO,
ni-Nitroanilin m-Nitrophenol (86%)
It - TINH CHAT VAT Li

1. Cau tric phan ti

Phan tir phenol nim trén mit phéng, véi goc lien k&t C—-O~Hbéang 109°, gdn
bang géc tif dién va khéng khdc nhiéu so véi goc C-O—H ciia metanol. Mat khéc, do
cap electron clia oxi lién hop vao trong nhan 1am cho d¢ dai lién két C-O trong phenol
nho hon lién két C-O trong metanol :

Og, @g

109° H 108,s° H

2. Nhigt d¢ sbi va nhiét dé nong chay

Céc phenol 1a nhimg chét rdn & nhiét 46 thudmg, trir m-crezol.
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Phenol don gian nhit 1a CgH;OH néng chay & 43°C, s6i & 182°C. Dé ngoai khong
khi phenol bi chay rita do tao thanh hidrat néng chdy & 18°C. Céc phenol déu c6 nhiét do
$0i cao.

Do ¢6 nhém OH nén phenol c¢6 thé tac lién két-hidro giita cdc phan tir va tao lién
ket hidro véi nue, vi vay pherrol c6 nhiét d6 néng chay va nhiét d¢ séi cao hon dén xudt
aryl halogenua c6 phan tlr khéi twong duong.

/
H---Q H---G H
N /
©; e
" Lién két hidro giita cic phéan tir phenol Lién két hidro giita phenol va nuée

Tuy tao dugc lién ket hidro véi nudc, song da s6 phenol tan it trong nuée (xem bang
X.5), phenol CgH;OH & nhi¢t d6 phong c6 do tan trong nude 1a ~ 9,95 g/100g H,O. Khi
dun néng dén 70°C thi do tan dat t6i vo han.

Bdng X-5. Hing s& vat |i cia mét 6 phenol

. Dé tan 1.4
Cong thirc £y, °C t.,°C (/100 H,0) (é‘;jgc)
p-0,NCgH,OH | 115 279 17 7,15
0-0,NCxH,0H 97 214 0,2 7,17
m-0,NC,H,OH 45 216 1.4 828
p-ICgH,OH - 94 - 1,4 9,30
p-BrC H,OH 66 238 - 9,35
p-CICH,OH 43 220 2,7 9,38
CeH;OH 43 182 9,95 9,89
p-CH,C,H,OH 35 202 2,3 10,17
p-CH,0C,H,OH 57 23 - 10,21
p-H,NCgH,OH 186 - 1,0 10,46
0-C4H,(OH), 105 240 45,1 9,4
m-CH,(OH), 110 277 229.0 9.4
p-CoH,(OH), 171 286 6,0 © 100

Céc dong phéan meta va para cha nitrophenol c6 nhiét do séi va nhiét do néng chay
cao hon déng phan ortho. Vi dong phan meta va para c6 kha nang tao lién két hidro lién
phén tr, con déng phan ortho c6 lién két hidro néi phan tu.
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H O-H... O-H..
o’ o i o
N
@ Yo o
' N0 ..
O
Lién két hidro Lién két hidro . Lién két hidro
ndi phan tir lién phéan iy lién phan tir
te,°C: 45,7 ‘ 97 115
t,,°C 2145 - 194 279

3. Tinh chat phd
a) Phé héng ngoui (IR)

Nhom hidroxi cha phenol hdp thu tia héng ngoai trong viing tir 3610 - 3600 em L
Khi ¢6 lien két hidro, dao dong hod tri ciia nhém hidroxi hép thu & ving nhé hon tir
3600 - 3200 cm™ ', song pic ¢6 cuong d6 manh va rong. Dao dong hoé tri cha lién két
C-O xut hién trong ving ti 1200 - 1250 cm™ ' (xem hinh X.3).

OH
Fw 94,11 d1.07
mp 39.5-41.5°C  Fp175°F
bp 181°C
Phenal, 99+% P :
Wavelength, (um)
SO Foo _f AT S iy LA W S ST SR 0 A O o S R,

TN i\

C
ool HAl N | V \ A
hY L A
At |
SN UMM S BN TR NP N SHOO 260k 24K DN Xy 130 1o LI o T2 ) [T W <00
WAVENUMBERS (cm™!) NICOLET 206X FT-IR
Hinh X-3. Phé IR cha phenol
Trén phd d6 IR cita phenol xuit hién céc tin s§ hdp thu sau :
A vgy lién két hidro lién phan ttr 3373 cm™
B v.,thom 3045 cm™
C Ving hoa am 2000 - 1667 cm™'
D v vong benzen 1595, 1499, 1470 cm™
E v, ddng mat phing 1360 cm™
F v, . 1224cm”
G Yo thom 810, 752 cm™
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b) Phé it ngoui

4
Nho ¢6 su lién hgp n-n giita cép electron ty do cia nhém OH va vong thom, nén
phé tir ngoai ctia phenol ¢6 cuc dai hdp thu & 210 nm va 270 nm, 16n hon so véi cuc dai
tuong itng cua benzen 13 200 nm va 260 nm.
) Phé cong huong tit proton

Proton trong nhém hidroxi ctia phenol céng hudng trong viing 8 = 4 - 12 ppm,
dich chuyén vé trudmg y&u hon so véi proton clia ancol.

IV - TINH CHAT HOA HQOC

Do trong phan tir phenol cé su lién hgp n — = lam
tang su phéin cuc cia nhém hidroxi, déng thoi lam giam su .O—<H
phan cuc cua lién két C-O va tang méat do electron trong (©
vong benzen dic biét tai cdc vi tri ortho va para. Véi >

- nguyén nhan trén nhiing phan ng lam ddt di 1i lién két

O-H xay ra dé dang, trai lai phan vng dit lién két C-O lai
khé khan do lién két C-O bi ngin lai vi ¢6 sy lién hop.

1. Cac phan itng thé nguyén tit hidro clia nhém OH va thé nhom OH
a) Tink axit

Phenol ¢6 tinh axit manh hon so v&i ancol, nhung lai y&u hon so véi axit
cacboxylic : pK, (CH,0H) = 16, pK, (CH,COOH) = 4,8 va pK,, (phenol) = 10.

3 - (+) { =)
@—0+H = H" + @Q | oK, = 10

Phenol Anion phenoxi

S& di tinh axit cha phenol 16n hon ancol 1a do 4nh huéng clia vong benzen nén dd
phan cyc ctia nhém OH trong phenol 1én hon trong ancol. Mt khdc, tinh 6n dinh cia
anion phenolat bén hon so véi anion ancolat.

Céc nhém thé ¢6 hiéu ng -I vd -C & trong nhan s& 1im tang tinh axit clia phenol,
con cdc nhom cé hieuiing +1 va +C s& 1am giam tinh axit. Ngodi ra, cic nhém thé & vi
tri khdc nhau s€ gy anh huéng dén tinh axit khic nhau.
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Bang X.6. Sy phu thudc cha tinh axit vao vi tri cac nhém thé clia pheno!

Nhom thé PK, (625°C)

Ortho Meta Para
H 10,0 10,0 10,0
CH, 10,29 10,09 10,26
Cl 8,49 9,02 9,38
CH,O 9,98 9,65 10,21
CN - - 7,95
NO, 7,17 8,28 7,15

Ca ba déng phan o, m, p-nitrophenol déu c6 tinh axit cao hon phenol, trong d6
p-nitrophenol ¢6 tinh axit cao nhét do dién tich am & anion phenolat duoc gidi toa nhd
¢6 hiéu tng -1 va —C ctia nhém NO,.

OH o 0
@ e @ Q
(!N: - //N: - L s : -4

o 0 o 0 ‘0 O:

Phenol khong nhiing tic dung duoc v&i natri, ma cdn téc dung véi NaOH tao mu6i
natri phenolat tan trong nuéc

CgHsOH + NaOH —— CgHsONa + H,O
Phenol Natri phenolat

Anion phenolat 13 mot bazo y&u, nén c6 kha ning tic dung duge vdi HyCO; 12 axit
manh hon phenol, pKa; (H,CO;) =35.

CqHsONa + H,CO3 —> CgHsOH + NaHCOj3

Phenol khong tic dung véi natri bicacbonat vi natri bicacbonat 14 mot bazo yéu
khéng thé téc dung vdi axit yeu.

Tinh axit ciia phenol con biéu hién & phan img véi FeCly dé tao phic c6 mau tim
dam (Fe(OCH,)Cls. |
b} Phdn iing ete hod

O phenol, lién k&t C-O rdt bén do &nh hudng hi¢u ing +C chia oxi nén khéng thé
tao ion aryl can cho viéc hinh thanh ete. Vi vay, cdc phenol khong thé ¢ phan ing ete
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hoa truc ti€p bang cdch tich nudc tir hai phan tir phenol. Mit khéc, do tinh bazo clia oxi
phenol yéu nén kha ning ti€p nhan cacbocation cha oxi khéong cao, vi vy cic phan ting
ete hod phenol bing ancol trong méi trudng axit khong thuan loi (trir naphtol). Vi nhiing

1€ trén phan (ing ete hod phenol thudng qua phenolat. Thi du :
CeHsONa + CHy =CH~CHyCl —ega—> CgHsOCH; ~CH=CH; + NaCl
Natri phenolat Anlyl clorua Anlyl phenyl ete

Hoiic c6 thé cho phenolat tédc dung véi ddn xudt clia iot -
CgHsONa + ICH; —— CgHsOCH; +Nal
Metyl iodua Metyl phenyl ete
C4HsONa + ICgHys —> CgHsOCgHg + Nal
Phenyl iodua Diphenyl ete

Chd ¥ rang néu xuat phdt tir din xudt aryl halogenua tac dung véi natri ancolat thi
phan ing s& khong xdy ra. B 1€ phan Ung ctia aryl halogenua khong dién ra theo co ché
thé S, 1 hoac 5.2 ma theo co ch€ aryn (tich - cong).

C6 thé diéu ché metyl phenyl ete bing cich cho phenol tic dung véi dimetyl
sunfat trong mai trudmg kiém :

2C¢HsONa + (CH3),50, —OH.CH:Ch , 5C¢HsOCH; + Na,SO,

¢) Phan g este hod .

Khac véi ancol, phenol khong tdc dung truc ti€p voi axit éacboy.(ylic tao thanh este.
Muén dicu ché este clia phenol phai ding anhidrit axit ho#c clorua axit cho tic dung véi
phenol trong moéi truomg bazo (NaOH hoic piridin).

Thidu:
OH COCl
. NaOH
* @ ~TH,0 @O + HCI
Benzoyl clorua Phenyl benzoat (96%)

Clorua axit dugc dung nhiéu hon anhidrit axit, dac biét ding clorua axit thom ¢o
nhiéu thuan loi vi este tao thanh it tan va ket tinh t6t. Trong phan tng este hod c6 thé
thay NaOH, KOH bang piridin vi diing piridin phan ting xay ra nhe nhang va tranh duoc
kha nang xa phong hod este.
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d) Phdn itmg thé’ nhém OH

Lién két C-O trong phenol chit ché ho‘n C-O trong ancol rat nhiéu, nén phenol
khong tiac dung véi HX trir khi trong nhan c6 nhém hiit electron. V6i PCls phenol co
phan ting, song hiéu suat rét thdp, cdn véi PCly, phenol chi tao ra este clia axit photphoro
ma khong tao ra CgHsCl :

3C6H50H + PCl:; — P(0C6H5)3 + 3HCI

Néu trong phenol co nhiéu nhém hit electron thi c6 thé phan ting voi PCl;

oH Cl
OzN\@,NOZ b, 02N©,N02
. —_—

NO, NO,
Axit picric 2.4,6-Trinitro-1-clobenzen
&5 dang este véi axit photphoric (CsHs0)3P=0, lién két C-0O c6 thé duoc thay thé
bang lién két C-N.
CN™
(CeH50)3P=0 ——> Cglls -CN
Tripheny! photphat ~ Benzonitrin

S _
2. Cac phan ting thé nguyén tif hidro ciia vong benzen

Do cé nhém OH déy electron (hiéu ung +C) nén mat do electron trong nhan tang
len, dac biét ¢ céc vi tid ortho, pard, do dé céc tic nhan 1a nhimg cation hodc phan tr
- trung hod thi€u hut electron dé dang tén céng vao trong nhan benzen. Phan ting dugc goi

Ia phén iing thé electrophin. '

«) Phdn ting brom hod Sg(Ar)

- Mat do electron trong vong benzen cia phenol rét 16n nén phén {mg brom hod xé};
ra mot céch dé dang. Chi cdn & nhiét do phong, brom trong nudc da cé thé thé mot ldn

viio ba vi tri trong nhan benzen. Thi du :

OH o Br OH Br
[i] + 3Br, —=— |: :| + 3HBr
E 25°C F
Br
m-Flophenol 2 4.6-Tribrom-3-flophenol (95%)
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Con khi phenol tic dung véi dung dich brom béo hoa s& tao ra 2,4,6-tribromphenol,
néu du brom sé tao 2,4,4,6-tetrabromxiclohexadienon.

OH OH O
‘ + 3Br, Br©Br “+ Brydu BI'\Q(BI’ ‘
o — =
Br B “Br
( tring) (< ving)

2.4.4.6-Tetrabromxiclohexadienon

Néu brom hod trong dung méi kém phén cic, nhu clorofom, cacbon tetraclorua
hoac cacbon disunfua san phdm s tao thinh monobromphenol :

OH H OH
o Br
@ Br, C8,,0°C @’
—HBr . " +

Br

Brom hod trong 1,2-dicloetan s& wu tién tao san phim p-bromphenol

OH OH
@ + Bnp CICH,CH,C @ + HBr
0°C
Br

p-Bromphenol (93%)
b) Phdn ting nitro hod Sg(Ar)
Phin tng nitro hod phenol xay ra trong diéu kién nhe nhang hon nitro hod benzen.
Phenol bi nitro hod ngay & lanh béing HNO, lodng (19%) tao ra san phim o- va p-nitrophenol.
OH H OH
@ HNO; 19%,0°C N @r NO,
-HBr -

NO,

p-Nitrophenol o-Nitrophenol

H OH
BT 4
CH,CoOH + H0
CH; _ CH;
p-Crezol 4-Metyl-2-nitrophenol (73 - 77%)
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Phéan ng nitro hod phenol duge chi y nhat Ia phan img diéu ché trinitrophenol
(axit picric).

Axit nitric dic rat dé oxi hoa phenol nén t6t nhét la sunfo hod phenol trudc dé tao
thanh disunfoaxit, sau d6 cho tic dung véi hdn hgp HNO, + H,S0,d, khi d6 ca hai nhém
sunfo dugc thay thé bing nhém nitro va gan thém mot nhém nitro nita vao nhan :

OH H H

@ 2H,50, d SOsH  HNO;+H,50, O;N NO,
i Lof TN > +

SO;H NO,
2.4,6-Trinitrophenol (axit picric)
¢} Phan dng sunfo hod S; (Ar)

Phan ting sunfo hod phenol ti€n hanh dé dang, san phim la déng phan ortho hay
paru, tuy thudc vae nhiét do. Thi du : & nhiét d¢ thudmg s& thu dugc déng phén ortho,
con khi dun néng dén 100°C thu duge dong phan para.

Thi du : OH

H,S0,, 20°C SO,H '
) > Axit o-hidroxibenzensunfonic

OH
@ J1o0°c
OH

H,S0,, 100°C Axit p-hidroxibenzensunfonic
R

SO:H

OH
CH3©CH3 50, N en,
100 'C

Axit 4-h1drox1-3,5-dimetylbcnzensunfonic (69%)
d) Phdn itng -aukyi hoa Sg (Ar)

Phin Umg ankyl hod phenol dugc thuc hién véi ancol hoac anken va ¢6 mat axit
lam xiic téc (khong diing AlCl; vi tao ra mudi khéng hoat d(‘mg ArOAICL)..

Thidy: 2N
CHj H3PO4
+ (CH3)3COH + H20

C(CH3)3
o-Crezol tert-Butylancol 4-tert-Butyl-2-metylphenol (63%)
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Phan ing ankyl hod bang isoankan ciing xay ra theo co ch& Sg(Ar).

OH
@ + CH,-C=CH, —22%> (CH_Q_,C—@—OH
CH

3
Isobutilen p-tert-Butylphenol

Phan ting nay c6 gia tri cao trong cong nghiép son va vecni, vi day 12 nguyén lieu
dé ngung tu v&i fomandehit tao polime tan trong ddu. Phan dng ankyl hoé tao ra hop
chat ionol 1am chét én dinh cho vat liéu polime va ddu m& vi ionol ¢6 tic dung chéng lai
sut phan huy oxi hod va phin huy nhiét. _

H ' H
(CH3),C C(CHa )3
+ 2(CHz),C=CH, % 37
CH; CH;
' Ionol

~ Nh& phan ing ankyl ho4 crezol ma ta ¢6 thé diéu ché€ dugc chat 6n dinh chéng oxi
ho4 13 antioxidant-2246 trong cong nghiép.

OH OH OH OH
a  (CHIG neho_ (CHG CH (CH,)
+ (CH;),C=CH, — — 2 33
CH, CH, CH, CH,

Ngoai ra, anken cao tham gia phin ttng ankyl hod phenol dé ch€ tao chét hoat
dong bé mat khéng dién tich :

OH CH,~CH,
) H 9()
@ + CH, —22, C H,n+1—@—01-1 W c HM-@-O{ CH,CH,0 3, H
n=8-12) Chat hoat dong bé mit khong dién tich

» Phuong phép orthoankyl hod bing anken

Nho xiic tdc nhém phenolat (ArO);Al dua cation ankyl vao vi tif ortho (ngay ca
trudng hop vi tri pura codn tréng) tao ra hén hop mono va diankylphenol :

OH ' OH OH

@ R’ (ArO),Al @R R’ (ArO),Al R~©ﬁ
—_——> —_—
-H, 100°C ~H. 100°C
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Co ché phan (ing ankyl hod nh¥ xiic téc (ArO);Al x4y ra nhu sau -
- OH

(ArO)Al + = (ArO)AL--0" ... ¥ —_ Anken

————

(Phic ¢6 tinh axit)
Anken nhan proton ciia phic & tao R* va chinh R* tdn céng vao vi' tri g4n nh4t 12
vitri ortho trong nhéan benzen. '
¢} Phan ing axyl hog ve fom vl hod

— Phén iing axyl hog phenol bing axyl clorua ¢6 mit nhém clorua lam xiic téc :

H
é __Hyc0a1 ércocm
AICI3 t% s6i

COCH,

p-HidroxiaxetophenoI (74%) o-Hidroxiaxetophenol (16%)

~ Phan @ing fomyl ho4 phenol 1a gin nhém ~-CH=0 vao nhan thom ciia phenol theo
cac phuong phép sau :

* Phuong phép Gattecman (Gattermann) :

HCN + HCi
HO~(D) _HON+Ha i HO@- CHO

» Phén ting fomyl hod theo Gat

tecman ~ Edam (phuong phdp Gattecnan cij ti€n).
Thay HCN bing hén hop Zn(CN)2 va

HCI (d& doc hon). Thi du :

H - OH
/é’ COOCH,; - Zn(CN), +HC) COOCH;
AR
HO 3 HO two
- Fomyl ho4 pheno} theo Vinsmaicg (Vinsmeier) :
HCO-N(CH, N
- POC]3 + (CH3 )2 NH
CHO (80%)
~ Fomy! ho4 theo Raime - Timan (Reimer - Tiemann)

Muc dich 14 g&n nhém
170
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H H |
é + CHCl; + 3NaOH —> 6/(3“0 + 3NaCl + 2H,0

Phan ing nay cé '[5_10. mot luong nhé ddng phén para.

3. Mot s phan (ng khac

a) Phdn ting Konbe - Smit, tong hqp axit salixylic

OH ONa OH
@ NaOH 0, [@0 o” ] H™" @COOH
150°C G
. H O

bh) Phdn iing véi fomandehit

Phenol tham gia phan Ung dé dang véi fomandehit khi c6 axit hoac bazo lam xic
t4¢ tao thanh hgp chat cao phan tf, dugc goi 12 nhya phenolfomandehit.

Tuy theo chét xic tic 12 axit hay bazo ma giai doan dau 1a thé electrophin vao
benzen (xtc tic axit) hodc cong nucleophin clia anion phenoxi vao fomandehit (xiic tic
bazo) tao ra c4c san phdm trung gian la ancol o- va p-hidroxibenzylic :

H H
CH,0H .

CH,OH

Trong trudng hgp phan ng xiic tac axit va du phenol, san phdm 1a polime mach
thing goi 12 nhua novolac.

H H OH
(n+1) é +nHCHO — CH,,
n .

Nhya novolac c6 kha nang nong chay va hoa tan trong cdc dung moi hifu ca.

Néu ding dv fomandehit va xidc téc kiém, phan ting s& tao thanh nhua rezol, ¢
céc nhém metylol tu do & vi trf 2 hoac 4 so véi nhém OH.

Nhua rezol c6 phan tir khéi khodng 700 - 1000, c6 kha nang néng chay va hoa tan
trong dung moi. Vdi diéu kién 4p sudt cao, nhiét d6 cao, nhua rezol chuyén thanh nhya
rezit ¢6 phan tir khéi 1én, céu tao mang ludi khong gian. Nhya rezit khong con kha nang
néng chay va hod tan, loai nhya nay khé bén ving.
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4. Phan tng oxi hoa — khu

a} Phdn ting oxi hod

Oxi hod phenol bing kali bicromat tao thanh 1,4-benzoquinon.
H O

KzCl’zO-‘r
H,50,

0]
1,4-Benzoquinon (p-quinon)

Phan tng oxi hod duge tng dung trong ki thudt anh, d6 la phan ing oxi hod
hidroquinon bang ion Ag" dé chuyén thanh p-benzoquinon :

H 0
+2AgT +20H0 —> @ + 2Ag + 2H,0
0]

Ciing nhu hidroquinon, catechol ciing bi oxi hod cho 1,2-benzoquinon.

'OH

Ngay nay, ngudi ta hay diing cht oxi hod 14 nitrozo dikalisunfat (KSO5),NO. Uu
diém ciia loai chét oxi hoa nay 13 phan ting xay ra trong diéu kién &m diu, song van dat
hiéu sudt cao.

| OH o]
@ (KSO3),NO
0,0

O
(Hiu sulit 79%)

b) Phdn ting khu

Giong nhu benzen, phenol ciing c6 thé bi khir tao thanh xiclohexanol :

OH |

e | oH
o™ - Q

Xiclohexanol

Phan ting ndy duoc img dung d€ diéu ché nilon-6,6 theo so d6 :
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OH
0
@ O, Of _HNO | HOOC(CH,),COOH —3

Xiclohexanon Axit adipic

HyN-C~(CHy); ~C-NH —”2911—*25—> CN—(CHp),-CN —8Ls HyN-(CH,)s-NH,
| -
o) 0o

Adipamit Hexametylen diamin

nHOOC(CH,)4COOH + nH;N(CHj;)sNH; ~Be,

HO{= C—(CH, )4 -C-NH—(CH;)g—NH —+H
fcll) (CHa)q 6 (CHa)e 4]» + (2n -HH,O
n

Polithexametylen adipamit)

V - CHAT TIEU BIEU
1. Phenol, C.H;OH

Phenol 14n d4u tién duoc tich ra vio nam 1832 tir nhua than d4, phenol néng chay
& 41°C, s0i & 181°C, d2° = 1,072. G dang nguyén chat, phenol c6 thé 1am béng da, c6
tinh sét tring, nhung khéng dugc sir dung 1am chat sit trung.

Phan (ng mau dic trung ciia phenol 1a tao phitc mau xanh tim véi d'ung dich Fe(Cl; :
6CgHsOH + FeCl; — [Fe(OCgH5)g]>™ + 6H' + 3CI”

Day 13 mot phan ting dé nhan biét phenol.

Khi dun néng phenol véi bot kém tao thanh benzen :
CeHsOH + Zn —2°C, C4Hg + ZnO

2. Diphenol (benzendiol)

Diphenol ¢6 ba déng phén ciu tao :

H
H H .
OH
' OH OH
Pirocatechol Resoxinol Hidroquinon
(benzen-1,2-diol) (benzen-1,3-diol) (benzen-1.4-diol)
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Pirocatechol tim duoc 14n ddu tien qua viéc'chlmg cit nhua cay catechie, tén goi
cling xudt phét tir cach diéu ché. N6 cé thé duoc téng hop tir o-clophenol :

_ H NaOH, 196°C H
Cl CuSO, OH

Pirocatechol

Resoxinol dugc diéu ché bing cich dun nong chay natri m-benzendisunfonat.

‘;Na OH
: 2NaOH, t°
- 2NdHSO4
SO3N3 OH

Resoxinol ¢6 nhiéu tng dung dé diéu ché cic loai nhya nhu nhya resoxinfomandehit,
nhya trao dodi ion. Ngoai ra resoxinol con dugc dung 1am chét s4t triing va 1am nguyén
liéu trong san xudt duge phim.

Hidroquinon ¢6 thé diéu ché bing cdch khir p-benzoquinon.
_o=<:>=0 SEL N H&@OH
| Hidroquinon
Hidroquinon dugc dl‘lﬁg lam chit dc ch€ trong phén g tring hop va 1am chit
hién hinh trong nhiép anh. '
3. M6t s8 phenol thién nhién

Trong thién nhién gap rat nhiéu loai phenol, da s6 chiing déu ¢6 hoat tinh khéng
khuén va dugc g dung nhiéu trong dai s6ng.

a) Eugenol, [2-metoxi-4-( prop-2-en-1-yl)phenol]

Eugenol 1a thanh phén chinh cia tinh ddu huong nhu (60 - 72%), 1a chit long, s6i
0 254°C, rat it tan trong nudc, cb cong thifc ciu tao :

OH
OCH,

CH,; -CH=CH,
Eugenol
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s€ tao thanh arictol c6 cong thiic :

Tir eugenol c6 thé didu ché cic chat ¢é ung dung rong rii trong noéng nghiép va
dvi song.

Thi du : Tit eugenol c6 thé diéu ché ra metyleugenol lam chit din du ruédi vang
hai cam

H Hj
OCH,; 1. NaOH 10%, 25°C N OCHj;
2.CH,Br
CH,; -CH=CH, CH, -CH=CH,
| Metyleugenbl

Hoic tir eugenol ¢6 thé didu che vanilin lam huong li¢u cho banh keo.

OH OH
© OCHj; l.KO+H 40%,1° OCH;4 Clj;;l({:gCI
2.H;0
CHz -CH=CH, CH=CH-CH3
Isoeugenol
OCOCH; . COCH; H
N OCHj4 _oxi hod phe | OCH; H_zoo) é’OCH;;
t
CH=CH-CH; CHO CHO
Vanilin

h} Thimol, (2-isopropyl-5-metylphenol)
| OH
Thimol ¢6 cong thitc cdu tao : CH(CH,3), , t6n tai phé bién trong céc
CHj
tinh ddu, duge tdch ra bing dung méi m-crezyl isopropyl ete.
Thimol ciing nhu eugenol duge s
dung lam thuéc chita bénh viém ring.

CH, CH,
Thimol rét it hoa tan trong nudce, khi tham I O____O I ’
gia phan tng iot hod trong méi trudng kiém OO

CH, CH, CH; CH,
Chit nay duge sir dung trong y hoc
1am phan sdt tring thay cho iodofom. ' Arictol
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§4. ETE

Ete c6 thé duge xem nhu 12 din xudt clia nuée khi thay thé hai nguyén tir hidro
bang géc hidrocacbon, hodc xem né nhu 13 din xust cila ancol va phenol khi th€ hidro
cua nhém hidroxi bang gdc hidrocacbon :

R-O-R,R-O-R’, R-O-Ar, Ar-O-Ar

Néu hai gdc hidrocacbon gidng nhau, ta ¢6 ete d6i ximg : CH;0CH,;, C,H;OC,H;

Néu hai goc hidrocacbon khdc nhau, ta cé ete khong déi xting : CH;0C,H,,
C,H;OC4H,. '

Trong trudng hop nguyén tir oxi chia ete ném trong vong, ta ¢6 ete vong :

d ‘o

Q. Q. Q.G

Tetrahidrofuran  Tetrahidropiran 1.4-Dioxan  Ete-12-crao-4

Nhimg ete vong ba canh dugc xé€p vio loai riéng goi 12 epoxit :

CH;-CH, CH; -CH-CHj;
N/ N/
0 0
Etilen oxit Propilen oxit

| - DANH PHAP

1. Danh phap loai chitc (gdc - chiic)
Teén clia ete gdm tén cia hai géc hidrocacbon va tit “ete”.

Thi dy : (CH;),0 dimetyl ete ; (CHs),0 dietyl ete ; CH;0C,H; etyl metyl ete.

2. Danh phap thay thé
Tén clia ete 1a t6 hop tén clia ankoxi RO- véi tén clia hidrua nén.
Thidy : CH3;-O-CH; metoxietan; C,H;-O-C,H; etoxietan ;
CH,OCH,CH,CH; 1-metoxipropan
CH,
CH3O—¢—CH3 2-metoxi-2-metylpropan
CH,
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I| - PHUONG PHAP DIEU CHE

1. Dehidrat hoa ancol

Diety.rl ete vh cic ete don gidn d6i xing dugc diéu ché€ trong cong nghiép bing

cdch téch nudc tir hai phan tir ancol.
S CHACH,OH —12%2¢¢, CH;CH,OCH,CH; + H20
3z 140°C 3y sLHy + Iz
Dietyl ete

Phan img xay ra theo co ch€ Sy2 theo so d6 co ché nhu sau

PN

. H*
CH3CH?_0H pav—— CH,CH; OH, HO%H32CH3 N
™
H

— CHqCHzOCHzC}{?, + H?_O
(+)

CH;CH,0CH,CH3 + H3o(+’

Phuong phép nay bi han ché bai viné chi thuﬂ_m loi khi hai gdc hidrocacbon 1a nhu
bac hai hodc bac ba s& xay ra phan Gng

nhau, va ancol phai 1a ancol bac mot, néu ancol

dehidrat tao anken.

2. Tac dung ctiia ancolat ho#c phenolat véi dan xuat halogen (tdng
hop Uyliémxon) :
nam 1850.

Phuong phdp nay dugc Alecxando Uyliémxon phat minh vao

Khi cho anky! halogenua tic dung véi natri ancolat hoac phenolat thu dugc ete.

R-X + R’ONa — ROR’ + NaX

R-X + ArONa — R-OAr + NaX

Biing céch nay c6 thé diéu ché duge ete d6i ximg ciing nhu ete khong d6i xdng.
Pé diéu ché aryl metyl ete, ta ¢6 thé ding tic nhan metyl hod 12 dimetyl sunfat

thay thé cho metyl halogenua.

©~0Na + (CH3),804 — <C:)>—O-CH3 + Na(CH3)S04

Anizol

177
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Phan img Uyliémxon 14 phan ing th€ Sy2, jon ancolat va phenolat vira la mét
bazo manh vira 12 mét tic nhan nucleophin manh. ' .

Trong trudng hop téng hop cic diankyl ete khong d6i ximg, tuy theo dic diém cia
gdc ankyl ma phéan iing c6 thé tao ra ete hoic tdch HX tao anken.

Thi du : Néu di tir ancolat bac ba tdc dung v6i ankyl haloéeﬁua bac mét s&€ thu
duoc ete. '

CH; CH;
] |
CH3~C~ONa + Br—CyH5 — CH;~C~OC;Hs + NaBr
i
CH; CH;

Con néu di tir ancolat bac mét ma téc dung vdi ankyl halogenua bac ba sé cho
ta anken :

CH,

4T
Br~C~CHj —CHON.E2 , oH,-C=CH, + HBr
|
CH, CH,

Kha nang phan ing téch ctia cdc din xuat halogen giam din theo trét ty :
Din xuﬁ.’t.hé]ogen béc ba > bac hai > bac mét.

Ankoxi dang vong phén tng véi din xuat halogen ciing cho ete. Thi du :

DONa +ICH, —HE, D—O—CH3 + Nal

Metyl xiclopentyl ete (74%)

Ngay ¢4 phan iing clia a-D-glucozo véi metyl iodua cé mit bac oxit cﬁng cho
penta-O-metyl a-D-glucozit

CH,O0H-Q CH,OCH, _
HO CH,] CH,O + Agl
H OH Ag0 CH,0

OH _

a-D-Glucozo «-D-Glucozo pentametyl ete (85%)

3. Ankoxi thuy ngan hoa
Anken phén ting v6i ancol va thuy ngan axetat sau dé khir thu duoc ete. Thi du :
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CH=CH, OCH;

Hg(O’COCH';)Z N . NaBH4
CH;O0H & 7~ @CH<CH2HgOCOCH3 B

CH-OCH;
-—> i 1-Metoxi-1-phenyletan (97%)
CH; .

Hay trong phan tmg duéi day véi hiéu suat khd cao :

1. Hg(OCOCH3),, CH;CH,0H CH,CHy
2. NaBH, 7

Xiclohexen Etyl xiclohexyl ete (100%)

4. Cong ancol vao anken

Thi du :
CHj;
+ I
CH3-C=CH, + CH;0H —1  CH;-C- OCHj;
| ]
CH, CH,

2-Metoxi-2-metylpropan

Co ché phan ting xay ra nhu sau :

+ (+ A
C¢Hs—C=CH, — CH3 - C ~CH, _ CHOH ,
|
CH; CH;
CH, CH,

| (+} :

]
—— CH3-C~-0O-CH; ——— CH3—(|2—0CH3 + H™
| i
CH; H CH;3

Tuy nhién, phuong phdp nay chi 4p dung d6i v6i ancol bac mot vi véi nhimg
anken c6 thé tao ra cacbocation bén. '

NI - TINH CHAT VAT Li

1. Cau trac phan tix

Trong phan tir ete, nguyén it oxi lai hod sp3 lién két véi hai g6c hidrocacbon. Mot
trong nhitng obitan lai hod sp3 clia oxi chifa cip electron khong phan chia. Dudi day mo
ta cdu tric Linyt (Lewis) va dang kh6i cdu - thanh néi clia dimety] ete.
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i
H*'(F—'Q—(F—H 110°3
H H

Gée lien két C—O-Ccna dimetyl ete 13 110°3, gin bing goc lién keét trong t&
dien 1a 109°5.

2. Cac héng sd vat li

Ete 13 nhimg hop chat phan cuc y&u nén céc ete, dic biét 12 nhiing ete thap, c6
nhiét d6 soi thap hon nhiéu so véi cdc ancol twong tng, mac diu phan tir khai cta ete 16n
hon ancol (xem bang X.7).

Béng X.7. Mt s hiing s vat li cla ete
s0 vdi ancol ¢6 phan tf khdi tusng dudng

 Cong thitc Teén o ;‘l“(’;“fé | e (gflf())i;;:z())
CH,CH,OH' | Etanol 46 78 tan vo han
CH,OCH,3 Pimetyl ete 46 | -24 7
CH;CH,CH,OH . Propan-1-ol 60 97 tan v6 han
CH,OCH,CH;4 | Etyl metyl ete 60 11 ¢6 hoa tan
CH,4CH,CH,CH,OH - | Butan-l-ol | 117 8
CH;CH,0OCH,CHj, Dietyl ete 74 35 8
CH,CH,CH,CH,CH,0H | Pentan-1-ol 88 138 2,3
HOCH,CH,CH,CH,OH | Butan-1.4-diol 50 | 230 tan vO han
CH;CH,CH,CH,OCH; | Butyl metyl ete 88 71 tan rét it
CH,OCH,CH,0OCH; Etylenglicol dimetyl ete 90 84 tan v han

3. Tinh chat phd
«) Phd héng ngoai (IR)

Phd IR ciia ete rét khé xac dinh miac ddu c6 céc pic dic trung cho dao dong hod tri
khong d6i ximg C-O-C & 1247 cm™' va dao dong d6i xing & khoang 1040 cm”’,
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WAVENUMBERS (cm™") . NICOLET 206X FT-IR
Hinh X4. Phé IR cha metyl phenyl ete '

Trén phé d6 IR chia metyl phenyl ete c6 nhimg tdn s6 hép thy déc trung sau :

A veythom 3060, 3000 cm™
B vy nhém CH; 2950, 2835 cm'™'
C  Ving lien hop phu (ving hoa 3m) 2000 - 1650 cm™
D  vecvong thom - 1600, 1498 cm™
E  ve-o-c khong d6i xiing 1247 cm™"

F v o-cd6ixing 1040 cm™

H  yo—y thom (benzen thé mot 14n) 780 - 750 em™

b) Pho cong huong tix hat nhan NMR

- "H NMR : Proton trong géc hidrocacbon dimg canh nguyén tit oxi cong huéng
trong trudng y€u hon so véi ankan, thudng nim trong khoang & = 3,4 - 4,5 ppm.

- 13C NMR : Phé cong hudng tir hat nhan clia nguyén tit cacbon canh nguyeén tit
oXi cong huodng trong viing 8 = 50 - 80 ppm.

IV - TINH CHAT HOA HOC

Ete 12 nhimg chat trung tinh, tro vé mit hod hoc twong tu ankan. Lién ket ete rét
bén d6i v6i téc dung cha cac bazo va cdc chat khir. Tuy vy, ete c6 thé tham gia mét s6
phan {ing quan trong nhu phan tng th€ nucleophin va phan tmg oxi hod.

1. Phén iing phan cit bing axit HX dic

Lién két ete bi phan cit khi cho ete tic dung véi HI dam dic (57%) hoac
HBr (48%). Thi du : dietyl ete phan ing v6i HBr tao ancol etylic va etyl bromua.
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CH3CH,OCH,CH; + HBr —“—» CH;CH,OH + CH;CH,Br

Dietyl ete Etyl bromua

Néu du HBr, etanol sinh ra phan tmg véi HBr tao thanh CH;CH,Br.

Axit HCI dac (38%) khong c6 kha ning phan ciét lién két ete, bdi 1€ ion CI™ 1a mot
téc nhan nucleophin yéu hon Br vaT.

Co ché phéan iing phan cit bing axit c6 thé mo ti nhur sau :

+) ()
CH3CH2 “O“CH2CH3 + H-O-H (:)'CH:J, —CHZ_CI)_CH2CH3' + H20
| .

H H

AT T ) ) Su 2
Br + CHs—CH,—O~CH,CH; —25 CH,CH,Br + HOCH,CH;
| . .

H

Phan tng theo co ch€ Syl hay Sy2 phu thude vao cu tao clia cdc géc hidrocacbon.
Néu hai géc hidrocacbon déu 1a bac mot hoic 14 g&c phenyl, phan dng s& xay ra theo co
ché §y2. :

Thidu: CgHsOCH; + HI —N%5 CgHsOH + CH;l

Pai v6i nhiing ete ma mét trong cic géc hidrocacbon 1a bac cao, phﬁn Ung xay ra
theo co ch& Sy1 va luén kém theo phin ing tich H' tao anken (E1). Thi du :

CH, CH,
CH, —Ov(:I;CH3 i, CH3—((:)]~(:J»CH3 — CH30H + (CH3)3(8
CH;  H CH;
. — 5 (CH3);C—Br
(CH3):C" —— _:;
—gr > (CH3),C=CH,

2. Oxi hoa 6 Cq tao thanh hidro peroxit

Ete dé lau ngoai khong khi bi oxi hod thanh hidro peroxit khong bén :

CH3CH20CH2CH3 + 02 o CH3CH2 —0—?H—CH3
' OOH
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Phan ng xay ra theo co ch& géc. Cic peroxit nhu dietyl ete, tetrahidrofuran,
dioxan rat nguy hiém, véi ngay mot lugng nho chiing c6 thé gay n6 manh khi chung ct.
Vi vay, chiing c4n duge phan huy trude khi chung cét. Muén kiém tra c6 peroxit hay
khong, ta lic mot it ete véi dung dich KI va hé tinh bot, néu ¢6 peroxit gifly thir s& cé
mau xanh dac trung.

Dé loai bo peroxit, c6 thé ding FeSO, hoic dun véi NaOH rén.

Ngoai hai loai phan iing cla ete di dugc néu & trén, ete con cé thé tham gia céc
phan ing khdc & géc hidrocacbon nhu thé electrophin & nhan thom, cong vao géc khong
no, v.v... Riéng d6i vdi anlyl phenyl ete ¢6 phén ting chuyén vi Claizen :

OCH,-CH=CH, H
_> .
@ &mz —CH=CH,

Anlyl phenyl ete 2-Anlylphenol

Phan (ng dién ra qua mdy budc sau :

/CH'Z\.. C]-I\z C\l—12 I C\{{Z
(I%H O "E(IZH O (FH HO (FH
@ CH, _t., . CI-E2 SN ED(CH2 — @’CHE
H
Anlyl phenyl ete 2-Anlylphenol
V - CHAT TIEU BIEU

1. Dietyl ete, CoH5;0CoHj5

Dietyl ete 1a chat 16ng khong mau, rdt d& chdy, dé bay hoi, it tan trong nudc va ¢
kha ning hoa tan rit nhiéu hop chét hitu co. Dietyl ete duge diéu ché cha y&u bang cich
dun etanol véi H,80, dac & 130 - 140°C. N6 duge tng dung 1am dung moi va gay mé.

2. M6t s8 ete thién nhién
u) Anetol, {4-(prop-1-en-1-yl)anizol]
OCH;4

CH=CH-CH;
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Anetol 1a thanh phﬂn chinh cta tinh ddu hdi (cat tir qua héi) cé miti rat thom, dugc
sir dung trong mi phdm va ché tao 1am ddu xoa bép trong dugc phdm. Ngodi ra anetol
con ¢6 ting dung trong téng hop hitu co.

b) Sufrol
CH2 ""CH=CH2

A,

/
0-CH,

Safrol thudng gip trong tinh ddu long ndo va tinh ddu x4 xi, khi dun véi kiém
safrol chuyén thanh isosafrol

CH,-CH=CH, CH=CH-CHj
NaOH
t° /o
0-CH, 0-CH,

Tir safrol va isosafrol cé thé chuyén ho4 thanh c4c d4n xuit quan trong khéc.

- EPOXIT

Epoxn; 1a loai ete vong 3 canh trong dé nguyén tir oxi 1a mot trong nhiing nguyén
tir chia vong, chiing ¢é kha nang phén img rét cao.

1. Danh phap

6 ba céch goi tén epoxit :

a) Tén anken twong tng cong thém tir oxit.

b) Epoxi céng tén ankan tuong iing.

c) Tén g6c hidrocacbon cong 6xiran, néu cin thiét phai ghi thém s6 chi vitri.

Thidu:
H_ JH
CH,— CH, ”’c — C“‘
~2 0} CH3/ 5 N~ CH,
a) Etilen oxit a) cis-2-Buten oxit
b) Epoxietan b} ¢is-2,3-Epoxibutan
c¢) Oxiran ¢) cis-2,3-Dimetyloxiran
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2. Phudng phap diéu ché
«) Oxi hod anken bdng oxi khong khi

Cho hén hop etilen va oxi qua chét xiic téc 1a bac kim loai.
Ag

2CH,=CH, + O —-—-) 2CH, -CH
2 2 2 300°C \20/ 2
Etilen oxit |

Day 12 phuong phép diéu ché trong cong nghiép. () Mi, hang nam san xudt 3 - 4 ti
tdn etilen oxit theo phuong phdp nay. - _

b) Oxi hod anken bdng peraxit cacboxylic

Trong phong thi nghiém epoxit dugc diéu ché bing céch cho anken tic dung véi
peraxit theo s¢ dé phan ting chung : '

‘ O\
Sc=cg RCOOM , ~¢ &< + RCOOH

A
Cl a2
Q) TooH
@ O:o . @
CH,Cl,, 25 c COOH

Xiclohepten 1,2-Epoxixicloheptan (78%)

Thi du :

Trong phan iing nay, peraxit chuyén nguyén tir oxi dén anken theo kiéu ¢is

\““‘ H‘\
\C N O
— / . ™~ |
(F( -— / o + C-R
/c\_/ ~0” R ¢ / o
v
Anken Epoxit

¢) Chuyén anken thanh halohidrin réi tdeh HX

Cho anken tic dung véi clo hay brom trong nudc tao thanh halohidrin, sau dé cho
tac dung véi bazo dé tich HX. Thidu =

CHy-CH=CH, —2:129 , CH;- CH-CH,Cl —0—0-—> CH; ~CH-CH,
OH | 0
Propilen oxit
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Tir halohidrin chuyén thanh epoxit phai qua giai doan th€ nucleophin néi phan it

‘c—c(:CI — 5 x—cl + ¢

IUJ\ Syi /\O/\

Tuong ty nhu vay, c6 thé tao ete vong rong hon :

OH ' 0
@ @E , —= O
CH,CH; CH -c1 -

CH,CH,CH,CI

3. Tinh chit vat ki

a) Cdu triic phan nr .

Nguyén tir oxi ndm trong vong cling véi hai nguyén tir cacbon, goc lien két
C-0-C =61, C—C-0 = 59°2. Ching bi ép lai va nhé hon rit nhiéu so véi goc
dién binh thudng. Do dai lien k&t trong phan tir epoxit c6 su khac nhau. Thi du : trong
etilen oxit, goc lién két va do dai lien két c6 cac gid iri sau :

Géclienkst: C-0-C =61°5

Cl{zc_f 2 |  C=Cc-0 =592
Etilen oxit Do dai tién két : C-C = 147 pm
C-0 = 144 pm.
b) Tinh chdt phé
- Phé hong ngoai (IR) :

Epoxit dic trung boi dao dong hod tri cia lien két C-O-C trong viing 1198 -
1176 cm !, dao déng ho4 tri khong d6i xing ciia vong & ving 1250 cm
vong & vimg 3050 - 2990 cm !

- Pho6 cong hudng tir NMR :

“CNMR : Epoxit cong hudng trong ving 6 = 40 - 95 ppm.

"H NMR : Proton cia cacbon canh oxi ct}hg hudng trong ving & = 2,5 - 3 ppm.

4. Tinh chat hoa hoc
Epoxit ¢6 ciu tao giéng nhu xiclopropan, cdc vong déu c6 sifc céng 1on, nén cd xu

hudng md vong trong cic phan ting hod hoc.
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") Phdn tmg md vong bdng xic tdc axit va bazo
— Phan tng m& vong nhd xic tc axit :

Phan (tng m& vong epoxit xay ra trong diéu klén ém diu, san phdm thu dugc 12

1,2-diol duge goi 12 vicial glicol.
/({ O ol
>e- % c- C-
|
OH OH
Etylen glicol
Thidu:

o  __OH i
o8 O I i Clg 0
2 -
\__) l_f‘*r\li/

Xiclohexan-1 ,2-diol (86%)

D6i v6i epoxit bdt d6i xing, sy md vong xic tdc bing axit tao ra hén hop céc san
phdm, tac nhan nucleophin wu tién tan cong vao cacbon it nhém thé hon:
Thidu:

CHq«C/ \CH2 S cHs- —CHOH-CH,Cl + CH3CHCl-CH,0H

I—I : 1-Cloprepan-2-ol 2-Clopropan-1-ol
(90%) (10%)

Co ché phan ting m& vong bang axit phu thudc vao cu tao cla epoxit va co thé
xdy ra theo co ch€ Sy1 hodc Sy2.
- Phan img md vong nhd xic tic bazo

- Khic vdi ete, epoxit c6 thé m& vong bing bazo theo so d6 sau :

OH™ - H,0 OH
P — — 2
O<2H2 100°C [OQHzOH] —-OH™ CH20H

1-Hidroximetylxiclohexan-1-ol
(70%) -

Huéng m& vong epoxit bit d6i xiing phu thugc vao cAu triic clia epoxit, diéu kién
phéan ting va luc nucleophin clia tic nhan. Néu tac nhin ¢6 luc nucleophin manh, phan
g xay ra theo co ch€ Sy2, tic nhéan s& uu tién tan cong vé phia nguyén tir cacbon it
nhém thé.
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Thidu :
CH; O
\ H
\c———c< TLOLOH | oy, ~CH-CH,0CH,CH,
) ! H  CH0 |

OH

1-Etoxipropanol-2-o} (83%)
b) Phdn iing mg vong bdng hop chat Grinhg

Khi cho etilen oxit tic dung véi h

op chat Grinha tao ra ancol ¢6 nhiéu hon hai
nguyeén tir cacbon. Thi dy ;

- CHyCH,CH,CH, MgB} + CH, -CH, —E, CH3CH,CH,CH,CH,CH,OMgBr —»
_ o .

H,0*
““MgomB; > CH3CH,CH,CH,CH,CH,O0H |

Hexan-1-o] (72%)
¢) Phdn iing kit epoxit -

CoHs ~CH—CH, —AHs ol —CHOH - CHj,
d) Phdn iing ngimg tu giity epit.'fohidrs'fz véi bisphenol

NaOH
(n+2) H2C — CHCH Cl + (I'H'.l) HO@-C© —(I'l+2) HCL

Eplclohrdrm Blsphenol (dian)

CH,

/ ~ |

CH2~—-CHCH2~[~ O©_::':H OCHZCHCH 0—@4;—@00{ -CH CH,
3

Polime dianepoxit

Loai polime nay c6 nhiéu tmg dung trong thyc 1€,
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5. Ete crao

Ete cé chita nhiéu oxi goi la ete crao. Hop chét nay 12 loai polime vong cha etylen
glicol (-OCH,CH,-),, ¢6 tén : ete [x]-crao-y vdi x 14 téng s6 nguyén tir ctia vong (c&
vong) va y 1 tdng s6 nguyen tir oxi cé trong vong. Thidu : "

Ete [18]-crao-6

Ete [18]-crao-6 ducgc téng hop khi dun néng hén hop trietylen glicol véi din xuét
diclo tuong ing. '

a
HO
¥ KOH,
R
| L .

Ete [18]-crao-6

Ete crao c6 kha nang tao phic vdi mudi vé co. Nhiéu mudi (bao gém KF, KCN,
NaN; va R NHj3) khi tao phiic véi ete crao tao ra loai phic ¢6 kha ning hoa tan trong
cdc dung moi khong phan cuc. | '

Thi du : |

Ete [18]-crao-6 Phitc ctia K* va ete [18]-crao-6

+
Phic chét cha ete crao véi amoni R N Hj; cé ing dung dé€ ché tao tinh thé 1ong :
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Thi du : Khi ta cho este metylphenylalanin clohidrat (1) tic dung véi din xudt cha
ete [18]-crao-6 (2) thu dugc phifc chat. Loai phiic nay ¢6 kha ndng thay d6i mau sic phu
thuoc vao ban chét clia amin.

CH,0C- (IIHCHZ@ F

O NHL!

h

Phén cudi cta tinh thé long
(1) (@)
— = Phifc (dwgc goi 1a tinh thé 1ong)

Mot s6 hop chit ete vong di tim thay trong ty nhién cé chifa oxi hay nitd trong
vong c6 kha nang tao phiic véi cation kim loai. Céc ete nay cé vai tro chuyén téi cdc ion
xuyén qua mang sinh hoa.

6. Chat tiéu biéu
Etilen oxit hay oxiran 12 chat khi, s6i ¢ 12°C, tan 16t trong nudc, trong rugu va cte.

Etllen oxit 12 nguyén liéu dé tdng hop glicol, céc cte cua gllcol va nhiéu san phdm khéc.
Ngoal ra, etilen oxn con la chat sdt trung.

Céau hoi dn tép

10.1. 1) Chung ciit phan doan ancol etylic 90° {§ 760 mmHg) s thu duge nhing sén
phém gi ?
2) So sanh nhlét do s6i va do hoa tan trong nude cda propan-1-of va n-bufan.
10.2. 1) Viét cac phuong trinh phan (g xay ra khi cho propan-1-ol 1an lugt tac dung
véi timg tac nhan sau _ |
a)Na; b) CH;COOHH,S0,; ¢) PCls;  d) HyS04, 140°C;

g) H,50,, 180°C;  f) CHyMgBr; g) HBr ; h) Al,O5, 400°C.
2) Viét cd ché phén (g e).
10.3. Nhimg s&n phdm nao tao thanh khi cho etylen glicol tac dung véi cac tac
nhan sau .
a)Na; b) Cu(OH)p;  ©) HaBOs: d)HCI;
e)HNOy; ) HIO,; 0) pCHdCOOH).
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10.4. Trong c4c chéat dudi day, chat nao cb thé phdn (ng véi dung dich klém hidro
halogenua, nudc brom, thionyl clorua, sét (IIf) clorua.

a) CgHgCHOHCH,
b) CgHsCH,CH,OH
¢) p-CHyCgH,OH
d) o-CH30.C5H4OH

10.5. Tim céng thitc clu tao cla cac hgp chét thich hop thay thé cac chit cai A,
B, C,... trong cAc phan (ng sau

CHy ~C=CH + H0 %% , 4
A+H N, B

B + SOCl; ——» D + S0, + HCI
C+D —-> E + NaCl
E+2Hl — s 2F + H0
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Chuong XI

Andehit va xeton la nhitmg hop chét hifu co c6 chita nhém cacbonyl >C~:O.

Néu nhém cacbonyl lién két v6i mét gée hidrocacbon va mot nguyén tir hidro, ta
¢6 andehit, cdn néu nhém cacbonyl 1ién két véi hai géc hidrocacbon, ta ¢é xeton.

R R
Ne=0 >c=0

H” R

Andehit Xeton

Nguwi ta chia cdc hop chit andehit va xeton thanh nhiéu loai khdc nhau tuy theo
$6 lugng nhém cacbonyl va ban chét ctia g6c hidrocacbon trong phan tir.

+ Theo s6 luong nhém cacbonyl trong phdn i, ta phan biét :

— Hop chat monocacbonyl : bao gém nhitng andehit va xeton chi ¢6 mét nhém
cacbonyl trong phan t&, con géc hidrocacbon cé thé 1a nhimg géc no, khéng no hoic
thom. Thi du :

CH; -CH=0 C(H3-C-CH,  CgHs-CH=0 CGHSCH;_—(HZ—CH3

Axetandehit Axeton Benzandehit Benzyl metyl xeton

— Hop chiét di va policacbonyl : 12 nhiing hop chét chifa tir hai nhém cacbonyl tro
1én trong phan tir, dé 12 nhitng diandehit, triandehit, dixeton, trixeton. Thi'du :

0=CH-CH=0 O=CH-C¢H4-CH=0  CH3-C-CH; —(":—CH3
Il '
.0
Glioxal Andehit phtalic Axetyl axeton

+ Theo ban chdt géc hidrocacbon, ta co :
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— Hop chit cacbonyl no : trong phan tit ¢6 chifa gbc no (loai béo hay loai vong
no). Thidy: '

CH,-CH= O CH,;-C —-CHj G o
il
0O
Axetandehit Axeton Xiclohexanon
C6H11-—CH=O CGH“—C—CGH“
il
' Xiclohexylfomandehit Dixiclohexyl xeton

— Hop chit cacbonyl thom : nhém cacbonyl gén véi géc thom. Thi du :
CegHs —CH=0 . CgHs -C—CgHs CeHs -(“: —CH;3
Il

Benzandehit Benzophenon Axetophenon

_ Hop chiit cacbonyl khong no : trong phan tir c6 chita lien ket oi C=C hodc lién
két ba C=C cling v6i nhém cacbonyl. Thi du '

CH,=CH -CH=0 CH;-C=C-CHO CH, =CH-C-CHy

Acrolein But-2-inal Metyl vinyl xeton
| - DANH PHAP
1. Andehit

Co hai cich goi tén thong dung nhit 1a tén thong thudmg va tén thay the (IUPAC).

Theo céch goi thong thudng, tén ctia andehit dua theo tén thong thuo‘ng cla axit

cacboxylic ¢6 cing mach cacbon, chi khéc U ché thay tit “axit” bing tlr “andehit”.

Theo cich goi tén thay thé ciia [IUPAC, tén clia andehit dua theo tén cia hidrocacbon
tuong tng c6 thém hau 6 -al. Cich dénh s6 mach cacbon bat ddu tr nhom ~CH=0 cua
mach. '

Thi du & bang XI.1.
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Béng XI-1. Tén clia mét s& andehit

Céng thirc ' Tén thong thuong Tén thay thé'
HCHO Andehit fomic (fomandehit) Metanal
CH;CHO Andehit axetic (axetandehit) Etanal
CH; CH-CHO '

(L,H_; Andehit isobutiric (isobutirandehit) 2.-Metylpropanal
CH,=CHCHO | Andehit acroleic (acrolein) Propenal
CeHsCHO Andehit benzoic (benzandehit) | Phenylmetanal
CeHsCH,CHO .Andehit phenylaxetic (phénylaxetandeh it) | 2-Phenyletanal

Khi nhém andehit -CHO dinh truc ti€p vao mot vong hoac mach phic tap, c6 thé
col né nhu nhém thé cia vong hodc mach d6 va goi 12 nhém fomyl (tién t8) hoic
cacbandehit (hau tg). '

Thi du : .
CHO CHO CHO
Fomyixiclohexan Fomylbenzen 9-Fomylantraxen
(xiclohexancacbandehit) (benzencacbandehit) (antraxen-9-cacbandehit)

Ngoai ra, nhém =0 ciia nhém cacbonyl cén ¢6 thé goi 14 nhém oxe, nén cé thé goi
tén andehit theo tén nhém nay, nhat I d6i véi diandehit va hop chat policacbony! néi
chung. Thi du : '

CH; -CHO OHC-CHO OHC-C-CH, —-CH, ~-CHO
I :
1-Oxoetan 1,2-Dioxoetan (glioxal) 1,2,5-Trioxopentan
2. Xeton

Thong thudng tén cita xeton dugce goi theo tén g8c — chifc va tén thay thé. Tén g6c -
chifc hop béi tén clia cée gée hidrocacbon dinh vao nthém cacbonyl, kém theo ti xeton.

Theo céich goi tén thay the, tén clia xeton duge dya theo tén cia hidrocacbon twong
iing, c6 them ti€p Vi ngit -om cling véi s6 chi vi trf ¢lia nhém cacbonyl trong mach. Ciing
nhu cdc loai hgp chidt hi co khic, cic xeton thudmg dwgc dinh s6 sao cho nhém
cacbony! & gdn ddu mach cacbon hon, thi du :
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Bdng X1.2. Tén clia mdt s& xeton

Céng thire Tén goc — chitc Tén thay thé

CH;-CO-CH,4 Dimetyl xeton Propanon
| CH,-CO-CH,CH; Etyl metyl xeton Butanon
CH; -CO-CHCH; Isopropyl metyl xeton 3-Metylbutan-2-on
CHy |

CH,-CO-CH=CH, Metyl vinyl xeton But-3-en-2-on
CH;-CO-CgHs Metyl phenyl xeton *
CgH—CO-C¢H, Diphenyl xeton ' - *

* Nhém CH;-CO- du@c goi 13 nhém axetyl, nhém CgHs-CO- dugc goi 13 nhém
benzoyl. Khi cdc nhém dé dinh vao vong hidrocacbon thi c6 thé goi tén nhu cdc dén
xudt axetyl hay benzoyl ciia vong 6. Thi du :

C4Hs-CO-CH, CH,-CO-CgHs | Q-co—cﬁﬁj
Axetylbenzen Benzoylbenzen Benzoylxiclopentan
{axetophenon) (benzophenon)

Ngoii ra, ciing nhu andehit, xeton ¢6 thé duoc goi tén theo tén nhém oxo. Thidy :

. 0
CH,-CO-CH, CH,-CO-CO-CH; O—CH;
2-Oxopropan 2,3-Dioxobutan 1-Oxo-2-metylxiclohexan,

Il - PHUONG PHAP DIEU CHE

1. bitr hidro_cacbon

«) Oxi hod ankan, anken va aren

Khi dét chdy cham n-ankan & tuéng khi, sinh ra luong nhé andehit. Pun néng hén
hop metan véi khong khi & 600 - 700°C, ¢6 them mot lugng nhé nito oxit lam x(c tic,
s& tao ra fomandehit theo so d6 phan ing :
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CH4 + 02

S0-T0 € » HCHO + Hy0

Trong nhiing diéu kién thich hop, ngudi ta c6 thé oxi hod nhidu hidrocacbon khic
nhau thanh hop chat cacbonyl twong.iing. Thi du : xiclohexan bi oxi hod béi oxi khong
khi (cé mit muéi coban) & 1 00°C thanh xiclohexanon va xiclohexanol.

(H =25 02 Co” { o + ( )ou

Etylbenzen trong nhiing diéu kién twong ty hodc véi MnO,/H,SO,4/t° ciing bi oxi
hoa thanh axetophenon :

C¢H; —CH, -CH; ——% C4H5-CO-CHs
Muén oxi hod toluen thanh benzandehit phdi ding cromyl clorua :
3CHs~CH; + 4Cr0,Cl, — 3CgHsCH=0 + H,0 + r(OH)Cl,

Cic anken bi oxi hod - dit mach thanh hop chat cacbonyl nh& tdc dung ciia ozon :

1) 0,
2) Zn/CH,COOH

CH3CH=C-C,H;
I
CH;

» CH;—CHO + CH3-CO-C,Hs

Piéng chui ¥ 1a hién nay ngudi ta c6 thé oxi hod truc tiép etilen thanh axetandehit
véi hiéu suét cao téi 95%, nhé chét xiic tic hop boi paladi clorua va dong clorua :

' 1
CH,=CH; + =0, — = CH -CH=0
2 2. 72 S0°C 3°

b) Hidrut hod unkin

Phan iing hidrat ho4 axetilen va céc déng dang tao ra axetandehit (tlx axetilen) va
cdc xeton nhd tic dung xic tic cia muéi thuy ngan (II). Phan tng nay dugc dp dung
trong cong nghiép san xust axetandehit :

H,0 (H,50, 20%)

CH=CH 5
Hg“*; 90°C ; 1,5atm

> CH3 —-CH=0

Ngudi ta c6 thé hidrat hod axetilen & tuéng khi khi c6 mat canxi photphat va
cadimi photphat.

¢) Hidrofomyl hod anken

Khi dun anken véi hén hgp cacbon monooxit va hldro (co mat chﬁt Xic tac
dicobanoctacacbonyl) ta sé& thu duge andehit. Thi du:
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CH, =CH, + CO + H, 'C"ifo)‘*h > CH;—CH,-CH=0
» P i

Tix céc déng déng cia etilen, ngudi ta thu duoc hén hop céc andehit déng phan cla
nhau. Thi du : '

CO +H,

CH;-CH=CH, [Co(CO% Ty

CH3 "'CH2 —CHz ~CHO + CH3 ‘-CH(CH?, }-CHO

Céc xicloanken ciing nhu cdc ancol, ete vi axit chua no déu c6 thé tham gia phan
ting hidrofomyl ho4.
2. Di tir ddn xuat gem-dihalogen

Bat ki mot din xust gem-dihalogen nao ciing ¢6 thé bi thuy phan trong moi truong
kiém tao ra hgp chat cacbonyl theo so dé : '

R.  Hal : R OH R

N\ /7 H,0, HO™ No
N - /C\ T-H0 /=0
R Hal R

Tuy vay, phuong phép ndy chi c6 ¥ nghia l6n khi din xust dihalogen 1a chat dé
kiém. Thi du : trong cong nghiép, ngudi ta diéu ché benzandehit bing cach thuy phan
benzyliden clorua Ia chét dé& diéu ché tir toluen.

CgHsCHCl, + H0 —29 5 C4Hs—CH=0 + 2HCI

3. bi tir ancol
a) Dehidro hod hodc oxi hod monoancol

Phuong phép quan trong nhédt dé diéu ché nhiéu hop chat cacbonyl diy béo 1a
dehidro hod hoac oxi hod ancol bac mot (tao ra andehit) va ancol bac hai (tao ra xeton).

Phan tng dehidro hod xay ra khi cho hoi ancol di qua chét xic tic kim loai (Cu,
Ag), qud trinh nay thu nhiét.

Trong cong nghiép sén xufit fomandehit tir metanol, ngudi ta thudng thuc hién
dong thoi hai qué trinh dehidro ho4 (thu nhiét) va oxi hod béng oxi (phat nhiét) vdi ti 1&
sao cho giit duoc nhiét do t6i wu (500 — 700"(:) ma khéng cdn dun thém.

 CH;0H —<%5 HCHO + H,

1®
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2CH;0H + O, —C“—> 2HCHO + 2H,0
Bing cdch tuong tu nhu trén, ngudi ta san xudt axetandehit tir etanol (& nhi¢t do
450 - 550°C). '

Sut oxi hod ancol ¢6 thé thuc hién nhd cdc chét oxi hod manh, nhu axit cromic sinh
ra tir anhidrit cromic CrO;, hoic kali bicromat K,Cr,O5. Phuong phdp nay dugc ding
phé bién trong phong thi nghiém. Thi du :

CH; ~CH-CHy —SQa/H CH; ~C~CH;
| |
OH o
' +
CgHyj ~CH-CH —22% /0, Coltyy —C—CH;
|

OH

Pé oxi hod ancol thanh hop chit cacbony! tuong iing, ngudi ta con c6 thé sit dung

axeton (hoic xiclohexanon), cé mit nhém ancolat, thudng 14 nhom isopropylat :

Al(O-iC;H
R-CH-R’ + CH;—-C-CHj O, |, e (n: -R’ + CH3~CH- ~CH;
I ] '
OH 0 o) OH

Dé can bing chuyén dich theo huéng tao thanh hop chat cacbonyl, ngudi ta ding
du axeton va dun néng dé chung ancol isopropylic ra cing v6i mot phin axeton, con
ancol ban dau vi hop chét cacbonyl méi sinh ra 14 nhitg chdt kém bay hoi hon €  lai
hén hgp phan ing.

Chiéu thuan cta phén img trén duge ding dé diéu ché hop chét cacbonyl, goi la
phdn img oxi hod Openauo (Oppenhauer). Con chiu nghich cha phan ing ding dé giéu
ché& ancol tit hop chat cacbonyl, dugc goi la phdn ing khie Mevai - Pondoc - Vecldy

(Meerweir - Ponndorf - Verley).

b) Oxi hoa 1 ,2-diol

Phéan umg oxi hod 1,2-diol bing natri periodat hay chi tetraaxetat tao ra hgp chét
cacbonyl v&i hi€u suit khd cao.

| i
-C-C- + NalO; —— >C=0+0=C{ + NalO3 + H,0

OH OH

-—C c + Pb(OCOCH3); —> >C=0+0=C+ Pb(OCOCH3)2 +2CH;COOH
OH OH
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4. Di tur axit cacboxylic va mudi ctia ching
a) Nhiét phan mudi canxi ciia axit cacboxylic

Khi cat khan muéi canxi hodc muéi bari cia axit cacboxylic, ngudi ta duge hgp
chat cacbonyl theo so d6 :

(RCO0),Ca — RCOR + CaCO,

Thi du : nhiét phan canxi axetat sinh ra axeton, nhi¢t phan canxi benzoat sinh ra
benzophenon ; mu6i canxi cia mot diaxit, thi du canxi adipat khi bi nhiét phén sinh ra
xeton vong : '

O

Z .
CHQ—CH2~C\O o CH, -CH,
I O> Ca — | =0 + CaCO3
CH, ~CH, -C% .. CHy—-CH,
A
O .
Canxi adipat ' Xiclopentanon

Phuong phdp tdng hop hop chat caébonyl tir mudi clia axit cacboxylic néi trén
dugc goi la phitong phdp Piria (Piria). Ngudi ta c6 thé diing phuong phép Piria trong
viéc dicu ché xeton khéng d6i xing (néu ding hén hop mugi canxi cha hai cacboxylic
khdc nhau) hoic diéu ché andehit (né€u mot trong hai mudi duge diing 13 canxi fomiat) :

(RCO0),Ca + Ca(COOR"), — 2R-CO-R’ + 2CaCO;,
sdn phdm phu: R-CO-R va R’-CO-R’

(RCOO),Ca + Ca(OCOH), — 2R-CHO + 2CaCO,
san phdm phu : R—CO~R. |

b) Nhiét phan axit cacboxylic

Phét trién phuong phép Piria, Sabachié (Sabatier) di diéu ché€ hop cht cacbonyl
bang cich cho hoi chia axit cacboxylic di qua chét xic tdc (mangan oxit, titan oxit, thori
oxit, ziriconi oxit, v.v...), & nhiét d6 300 - 400°C. Thi du:

2CH; -COOH — > CH;~CO-CH; + CO, + HyO
CH,-CH,-COOH  ,  CH,-CH,

| — SC=0 + CO, + H,0
CH, ~CH, —~COOH CH, ~CH,

CH3~COOH + HCOOH - CH;CHO + CO, + Hy0
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Ngudi ta cho rang, cdc phan tfng trén xay ra qua glal doan trung gian 1a tao thanh
céc mu6i giita axit va chat xiic tac.

5. Di tit dan xuét cua axit cacboxylic
* a) Khit din xudt cia axit cachoxylic dé diéu ché andehit

Ngudi ta ¢6 thé khir cdc diin xudt cha axit thanh hop chét cacbonyl (hoac thanh
ancol) nhd cdc chit khir khic nhau.

7

Clorua axit bi khir thanh andehit bang hidro nhd chat xiic tic “den paladi” ¢ nhiét
dé ~ 130°C:
Pd, S

R~ C C1+H2 _ISEEE__)R -C- H+HC]

O O
Vi andehit sinh ra dé& bi khi ti€p, nén nguoi ta phai cho thém mot lwong nhé luu
huynh vio hén hop phan img nhim 1am gidm bét hoat tinh xic téc cha paladi, do dé
ngin chan qua trinh khir andehit.

Phuong phép khir néi trén duge goi 1a phuong phdp Rozenmun (Rosenmund)

Ngoai clorua axit, nitrin v3 amit céia axit cacboxylic ciing ¢ thé bi khir thanh
andehit nh& chat khir LiAlH,. Thi du :

CH, CeH;
- D\\\\ ) LIAIH, D\\
2 H0
" ean ’ =0
CgH;y ~CO-N(CHy), —2He , c H -CH=0

b) Tdc dung ciia hop chdt co —magie va ddn xudt cia axit

Mudn diéu ché andehit, ngudi ta cho hop chit co — magie tic dung véi ankyl
fomiat hoac ankyl orthofomiat.

R ,OMgBr R ' '
RMgBr+H—C< — 129, "\0=0 + C,H;OH + MgBr(OH)
0C2H5 H OC,;H; H
Etyl fomiat
~ OCyHs /0C2H5 H.0
RMgBr + H-C -0C2H5 » R—CH —2—»R-CH=0 +2C,Hs0H
-C,H;OMgR
OCH, | sOMER ~ OC,H;
Ety! orthofomiat Ankanal dietyl axetal
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Muén diéu ché€ xeton, ngudi ta cho hgp chét co — magie tic dung véi clorua axit
hoic nitrin : '

R-MgBr + R’COCl — R-CO-R’ + MgCIBr

R-MgBr + R'C=N » R-C-R* —22, R-CO-R’ + MgBrOH
I

NMgBr

6. Nhitng phuong phap riéng diéu ché andehit va xeton thom
d) Andehit thom o

Ankylaren tic dung vé6i cromyl clorua trong cacbon tetraclorua sinh ra andehit
(hoiic xeton), dé 13 phan tmg Eta (Etart). Thi du :

+2Ci02C|2

CgHs ~CH; C¢Hs ~CH(OCICL,0H), —H220; ¢ H ,CHO

Khi cho aren tic dung véi cacbon monooxit va hidro clorua c6 mét AlCl; khan,
cacbon monooxit s& k&t hgp véi hidro clorua tao ra fomyl clorua 1a chét khong bén v tin
c6bng ngay vao nhan thom, tao ra andehit thom [phuong phédp Gattecman — Cc¢ (Koch)].
Thi du : -
_ H
CO+HC » C=0

_ Cl
H

C6H6 + >.C=0
Cl

Al |, CgHs-CH=0 + HCl.

Phan ting fomyl hod trén xay ra theo co ché the electrophin, cho nén tir toluen sau
khi fomyl hod ngudi ta duoc andehit p-toluic, p-CI-I3C6H4CHO tir naphtalen duogc
andehit a-naphtoic C,;H,-1-CHO.

Mu6n fomyl hod phenol va ete cia né, ngudi ta dp dung phicong phap Gattecman,
twrong tu phuong phip Gattecman - Céc, nhung thay CO bang HCN hodc NaCN va doi
khi thay AICl; bang ZnCl,. Thi du phan iing fomyl hod anizol xay ra nhu sau :

H
>C=NH
al

cH,0<O) + c NH o CH3O—©—CH—NH e C&O—@CH;O

Andehit salixylic

HC=N + HCl —»
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Trong trudng hop mudn dua nhém fomyl CH=0 vao vi tri ortho d8i v6i nhém
—-OH cua phenol nguoi ta dung phiong phdp Raimo — Timan (Reimer-Tiemann), ndi
dung 13 cho dung dich phenol trong kiém tic dung véi clorofom.

OH

@ NaOH @ HCCL, @CHG 1) NaOH @CH:O
N‘lOH 2 HCL

Phenol Andehit salixylic

Phuong phip nay c6 thé dung dé fomyl hod cic poliphenol (pirocatechol,
hidroquinon...) va naphtol.

Trong phitong phdp tong hop Vinxmayo (Vilsmeier), ngudi ta dung tdc nhan fomyl
hod 1a dimetylfomamit (CH;),N-CHO hoac metylfomanilit C¢Hs(CH,)N-CHO, cé
mat photpho oxiclorua, cho tac dung v&i cdc nhan thom giau electron nhu phenol,
anizol, N,N-dimetylanilin, antraxen, piren, v.v... o

Ar-H + Ry;N-CHO —224, Ar—CHO + R,NH

b} Xeton thom

P& diéu ch€ xeton thom, trong mot s6 trudng hop ngudi ta ¢é thé dp dung mot s6
phuong phdp diing cho andehit thom. Chang han, néu nhén thom cé tinh nucleophin cao

(poliphenol va ete clia chiing) ngudi ta.c6 thé axyl hod nhéan thom theo phicong phdp Hoeso

(Hoesch), tuong tu phuong phdp Gattecman, nhd tdc dung cha nitrin va hidro clorua :

R\
R-C=N + HCl —— C=NH
H Cl/ )

) ZnCl H.O . /R
CH;O. ‘. c...NH L CH o@c 9, cngo@c\\ + NH,
NH 0

Tuy nhién, phuong phdp axyl hod nhan thom c¢ tinh tdng quat v thuan tién hon
ca la phitong phdp Friden - Crap (Friedel-Crafts) : cho clorua axit hodc anhidrit axit tic
dung v&i hgp chat thom, ¢6 mat AlCl; khan. Thidu :

CgHg + (CH3C0),0 —AB 5 cH,-CO-CH; + CH;COOH
CeHg + CgHsCOCT —2h, CoH-CO-CgHs + HC
AlCl;

C6H6 + Cl- C Cl + C6H6 —) C6H5 -CO- C6H5 + 2HC1
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Ngoai AlCl;, ngudi ta cé thé ding nhimg axit Liuyt khéc, nhung hoat tinh xiic tac
cia ching thuong kém AlCl,.

Khidc véi phan img ankyl hod theo Friden — Crap chi cdn mét luong nhd AlCl; lam
xtc tdc, phan ung axyl hod chi dat dén két qua t6t khi 14y lugng AICl; 16n hon nhigu so
v6i luong xeton thu dugc. '

Phan ting axyl hod c6 thé 4p dung d8i vdi céc hidrocacbon thom khdc nhau nhu
benzen va cdc déng déng : biphenyl, naphtalen, antraxen, v.v... cling nhu cdc din xuét
ctia hidrocacbon thom : phenol, ete ctia phenol, dén xuat, halogen, v.v...

Phenol tic dung vdi clorua axit hodc anhidrit axit tao ra este, chat nay abi chuyén vi
Frizo (Fries) (khi ¢6 mit AlCl,) tao ra hidroxixeton :
OH
<100°C |

QCOR
AIC COR

H
>100°C COR

Khi axyl hod ankylbenzen, din xuAt halogen hay ete clia phenol, nhém axyl thudng
thay thé nguyén tit hidro & vi tri para, rdt hi€m khi tao ra hén hop hai déng phan ortho
va para va khéng khi ndo sinh ra déng phan meta.

Naphtalen bi axyl hod c6 thé tao ra 1-axetylnaphtalen (trong dung moi cacbon

disunfua) hodc 2-axetylnaphtalen (trong nitrobenzen). Antraxen thudmng chi bi axyl hod &
vi tri $6 9 sinh ra 9-axetylantraxen.

Clorua cia axit arylaliphatic v6i mach nhadnh chita hon hai nguyén tir cacbon chiu
tdc dung cua AlCl, tao thanh xeton vong. Thi du :

O
a-c? Q
C
¢H, AICL “CH,
CH, ~HCl CH,
3-Phenyl propanoyl clorua Indan-1-on

Trong mét s8 trudng hop, sy déng vong c6 thé x4y ra ngay khi dun néng khong cé
chat xic tac.
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I - TINH CHAT VAT Li
1. Tinh chét vat li théng thudng

+ Chét ddu diy déng ding clia andehit (fomandehit) 1a chat khi & diéu kién
thudng, cic dong déng trung binh 1 nhiing chit long (xem bang XI.3). Cic xeton ciing
1a nhitng chat 16ng hoic ch4t rén (xeton cao). N6i chung, andehit va xeton s6j & nhiét do
cao hon din xuat clo bac mét va bac hai, nhung lai thap hon ancol bac mot va bac hai ¢6
cling s6 nguyén tl cacbon, vi andehit vi xeton c6 momen Iuéng cuc Ién hon din xuat
clo va khéng c6 lién két hidro nhur ancol. Thi du:

Chdt 1, °C Chdt 1, ,°C Chdt t,,°C
CH;CH,CH,(1 | 47  |CH,CH,CH,-OH 97,2 |CH;CH,CH=0 49 |
CH;CHCICH; | 34,8 |CH;-CHOH-CH, 82 |CH;-CO-CH, 56

Xeton thutmg s6i & nhiét d6 hai cao hon andehit déng phan. Tuong tr nhu cic day
hop chit hitu co khic, trong didy cdc hop chat cacbonyl su phin nhdnh & goc
hidrocacbon 1am cho nhiét d6 s6i ciing nhu ti khéi gidm di (xem bang X1.3).

+ Xét d6 tan trong nuéc, ta thdy nhitng chdt ddu diiy nhu fomandehit c6 dé6 tan
55%, axetandehit, axeton tan vo han, con cdc ddng ding cao hon chi tan it ho#c khong

tan (xem bang XI.3). '

+ Mui cia cdc andehit va xeton thudng khdc nhau. Fomandehit ¢é mij x8¢ manh,
axetandehit cé mili x8¢ nhe hon, axeton ¢6 mui tuong déi dé chiu, benzandehit va nhiéu
andehit thom khéc cé miii dic trung ctia hanh nhan.

+ Da s6 hop chat cacbonyl c6 momen ludng cyc vao khoang 2,7D. Gid tri nay bién
ddi theo ban chét ciia nhém the & nhém cacbonyl. Thi du :

H CH, , CH,
>C=O : 2,40D ; C=0 : 2,49D : /\C=O . 2,78D
H H” CHj4

Do momen luéng cuc nhd nén fomandehit ¢6 do6 tan trong nudc kém axetandehit
va axeton. Ngugc lai, benzandehit va axetophenon ¢6 momen ludng cuc 16n nhung cé
phan tir khéi 16n nén tan rat it trong nudc :

CGHS\ C6H5

C=0 :2,77D; - >C-—-O : 2,97D
H C¢Hs
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Bang XI-3. Hing s& vt li cGa mét s hop chat monocacbony! no va thom

5 Ti khoi, | DPétan
Céng thitc Tén goi 9 fs: ’
ong thirc én goi thee C (6 760 mm Hg) dio trong H,0
. (%)
HCHO ' |Fomandehit -920 -210 0,815 35
CH,CHO Axetandehit - 1235 21,0 0,780 @
CH,CH,CHO Propionandehit -31.0 48 8 0,807 . 20
CH,CH,CH,CHO Butirandehit -990 757 0,817 7.1
(CH-),CHCHO Isobutirandehit - 66,0 61,0 0,794 11
CH;(CH,);CHO Valerandehit -915 1034 0,809
(CH,),CHCH,CHO Isovalerandehit -51,0 93,0 0,803!7
CH3(CH2)4CHO- Capronandehit - 131,0 0,834 0,1
CH;(CH,)sCHO Onantandehit ~150 1550 {0850 0,02
CH4(CH,),(CHO Laurandehit 445 | 1850/100tr | g g35!5" | 002
CH3(CH2) | GCHO Stearandehit 63,3 261,0/100tor -
CgHsCHO Benzandehit - 26,0 179,5 1,050'%° 0,3
0-CH,CH,CHO o-Tolylandehit 195,5 1,039
m-CH,C H,CHO m-Tolylandehit 1990 1,019
p'CH3C6H4CHO p-TOlylandehit 2010 1,020
a—C l OH'}ICHO O:-Naphlandehil 21 9,6 1 y 148
BC, H,CHO B-Naphtandehit - 60,5 - 1, 0?8990
CH,COCH, Axeton (Dimetyl xeton)] —95,0 56,5 0,792 a0
CH,COCH,CH, [Metyl etyl xeton . — 86,4 79,6 0,805 25,6
CH,CO-CH,CH,CH; Metyi n-propyl xeton ~77.8 101,7 0,8 121% 5,5
CH;CH,COCH,CH, Dietyl xeton -420 102,7 0,816 48
CH;(CH,),CO(CH,),CH, |Pin-propy! xeton -326 1440 0,817
G 0 Xiclohexanon ~45,0 155.0 0918 15
CH,COC¢H; Axetophenon 19,7 202,3 1,026 0,5
CH,CH,COCGH; Propiophenon 21,0 218,0 1,012
CcHsCOCH4 Benzophenon (o) 49 396,0 1,098
- - B) 26 - 1,108
I - W 45 - -
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2. Tinh chat phd

+ Phé IR : Dao dong hod tri cia nhém cacbonyl trong andehit va xeton trén phé
héng ngoai bi€u hién thuong trong khoang 1720 - 1740 em L. Khi ¢6 su lién hop giffa
nhém cacbonyl va vong thom hodc néi doi C=C thi s6 séng do giam di. Thi du d6i véi
céc arylandehit ve_o ; 1715 - 1695 cm ™, arylxeton v¢-o : 1700 - 1680 cm .

Nhém th€ ddy electron & nhom cacbonyl thudng lam cho vc—o giam di, con
nhém the hiit electron thi nguoc lai, lam ting gid tri voo. Thidu veeo cua CH;CH=0 :
1720 em”', (CH5),C=0 : 1710 em™', CH,CI-CH=O : 1745 em | ; CCl-CH=0 :
1765 cm .

Khi nhém cacbony! tham gia lien két hidro véi cac nhém -OH, -NH... khong
nhitng Vo hodc Vy-y gidm mi veeo cling giam. Chéng han trong khi veo clia
arylxeton 121700 - 1680 cm L, veq cda o-hidroxiarylxeton chi 1a 1655 - 1610 om .

+ Phé UV - Phé tir ngoai clia nhém cacbonyl duoc dac trung bang hai cuc dai,
trong d6 cuc dai séng ngén tuong Ung véi sy chuyén mic 7 - x , con cuc dai séng dai
hon (he s6 tit rt nhé) twong iing vdi sy chuyén mic r - n . Ngoai ra, con ¢6 thé xudt
hién cyc dai tmg véi sy chuyén miic 7 - o . Thi du, phé clia xeton c6 ba cyc dai : 280 nm
(n~ n, yéu), 190 nm (n - G , yéu)va 150 nm (1 - n*, manh}.

Vi tri cua cuc dai n - « cha nhém cacbonyl bién ddi theo ban chit cha cic nhom
thé dinh vio nhém > C=0. Thi du, cuc dai hép thu 7 - 1 clia mbi s6 hop chat cacbonyl

trong n-heptan cé gid tri nhu sau

Aaxs 1112 Emax
CH,-CHO 291 11
CH,-COCH; 276,5 12
CH;-COCF; . 2775 40
C¢Hs-CO-CgH5 348 110

GO 290 16

Trong cic dung moi Iphan cuc nhu ancol va nudc, nhém‘cacbonyl hdp thu & budc
s6ng nho hon vi ¢6 lién két hidro.

+ Phd NMR :

Trong phé 'H-NMR, d6 chuyén dich hod hoc (6) cha H trong nhém -~CHO 1a gifta

9 va 10ppm, khic xa § cua cac nguyén tit H & géc hidrocacbon (2,4 ppm véi Hy va cang
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xa nhém ) C=0 cang dich vé phia trudng manh hon). Tuong tac spin-spin (J) ciia cdc
proton trong géc hidrocacbon dao déng vio khoang tir 1 dén 5 Hz.

Trong phé "*C-NMR, d6 chuyén dich ho# hoc cda C trong nhém >C=0 khoang
200 ppm, khéc xa § clia nguyén tir Cq (~ 30 ppm v6i nhém a-CH,, ~ 40 ppm véi nhém

) 0(._—CH2—~). Thi dll .

CH;-CH,-CH,-CH=0 CH3—C0-CH2—CH2—CH2—CH2—CH3
5H {ppm): 0,9 1,5, 24 98 Sc(ppm): 30 208 44 24 3] 23 14
+ Phd MS -

Trong phd MS, andehit va xeton thudmg tich ra thanh g6c ankyl va ion axyli &
trang thdi cong hudng :

O * + . .
I —> [R-C=0 & R-C=0"] + Rj
R-C-R, ; -

St phan ménh clia xeton thuong theo huéng tao géc R* hay R} bén hon. Thi du :
phé MS clia butanon cho cAc pic ¢6 m/z nhw sau : 72 (M+), 57 (M - 15, 15%), 43 (M - 29,
100%), 29 (20%). |

Viy su phan manh ¢6 thé theo haj huéng sau :

o) T :
I : — CH3-C=0" + CH;-CH, (1)
CH;3 —C—CH,CH; T
m/z 72 m/z 43 29
0 : |
W — CH3CH,;-C=0" + CH; &
CH; ~C~CH,CH, .

m/z 57 15

Vi gbc etyl bén hon g6c metyl, nén su phan manh chi yéu theo hudng (1) va pic
m/z =43 12 pic co ban (100%).

Su sdp xép lgi Mac Lepfeti (Mc Lafferty) : Khi phan tir andehit hay xeton c6 H, thi
su phan manh xay ra & giita C, va Cp kém theo sur chuyén vi H, dén O. Thi du : Phé MS
cha butanal cho cic pic ¢6 m/z sau : 72 (M"), 44 (M - 20, 100%), 29 (M - 43, 55%),
43 (80%), 28 (60%). Su phan manh c6 thé nhu say '
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0 t .
I - H-C=0" + CH3CH,CH, (1
H-C-CH,CH,CH;
m/z 72 m/z 29 43
0 H B O-H |*
I —> - M + H2C =CH 2 (2)
H-C- CH2CH2CH2 | H-C-CH;,
m/z 44 28

Su phan manh chd yéu theo huéng (2), vi tad ra phan tir trung hoa bén hon géc

(CH,=CH, bén hon CH3CH2('3H2 ). Su chuyén vi Hy xdy ra nhu sau :

0\\ /H : HO\ /H : H\ /H . ' HO\C/H :
1 > BN q | T4 o
o A 2 2
H/ H™ “ch, i ¥

IV - TINH CHAT HOA HOC

Déc diém clia nhém cacbonyl

Trong phan tir andehit va xeton, nguyén tir cacbon ciia nhém cacbonyl & trang théi
lai hod sp2 véi cac goc hod tri 120_0. Hai nguyén tir cacbon va oxi n6i véi nhau bing mot
lién két ¢ va inf;t lién k&t =. Nguyén tir oxi hu nhu & trahg thdi lai hod spz. Vi vy, hai
ciip electron chua lién k&t ciia nguyén tir oxi chi€m hai obitan sp2 (xem hinh XI.1.b).

i 1,28)& 1
H a
1 m 1
120 I(C_j—r 0O
H 120°
a)

Hinh XI.1. Cliu triic phan tor H,C=0

Lién két C=0 ludn phan cuc vé phia oxi vi oxi ¢é dé am dién 16n hon cacbon. Su
phan cuc d6 biéu hién & gid tri momen ludng cuc kh4 1én clia nhém C=0 (~ 2,7D). Néu
dem so v6i pu clia nhém C-O trong cédc ete (~ 1,2D), ta thdy sy phan cuc cla nhém
cacbonyl phén I6n do lién két m gay nén. Do d6, ta c6 thé moé ta nhém cacbonyl nhu sau :
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Su ¢6 mét nhém cacbonyl trong phan tir andehit va xeton quyét dinh tinh chét hod
hoc cia cic hgp chét d6 vi céc yéu t6 sau :

+ Mot 1a, nhom cacbonyl c6 tinh chat khong no va phan cuc da tro thanh trung
tdm tén cong ddi voi céc tic nhan nucleophin.

+ Hai 14, su phan cuc clia nhém cacbonyl ¢6 anh hudng 16n dén géc hidrocacbon.
Néu cé goc thom, nhém cacbonyl s& phan hoat hod vong thom lién két tric tiép véi né
va dinh hudng meta trong phén ting the electrophin. Néu ¢é géc no, nhém cacbonyl s&
hoat hod nhitng nguyén tir hidro & vi trf & dén t6i can bing xeto-enol :

CH; -—EIT—CH_g 2 CH, =(|3—CH3
OH
Da.n’g xeto Dang enol
tao diéu kién cho phan L’rng enol hod va cic pﬁén tng th€ ionic nhitng nguyén ti
hidro dé.

Nhiing phan ting cGa hop chat cacbonyl rat phong phii, ching bao gém ba loai
chinh : phan @ng cong & nhém cacbonyl (cong don thudn va cong cé kém theo phan ting
tich, tao ra san pham thé nguyén tl oxi-cacbonyl) ; phan itng th€ & gdc hidrocacbon, va
phén ting oxi ho4 - khi.

1. Phan ﬁ’ng cong nucleophin Ay

Hop chat cacbony! ¢6 thé tdc dung v6i nhiéu tdc nhan nucleophin khic nhau tao
thanh sén phidm cong theo so d6 téng quit sau

R ' R OH
Bt fi— B+l B
=0 + H-Y —
R' = R’ Y
(hoic X'~ Y)

trong d6 HY la H-OH, H-OC,H;, H-CN, H—SO3Na v.v...,, ¢on XY thudng la cic hop
chat co — kim nhu CH;-MgBr, CH=CNa, v.v..
Thidu:

CH} CH'%
>C=0 + HON — \c<
CHy” cHy”

14-HHHCY 2 . 209



Cac két qua nghién citu thuc nghiém cho thdy ring nhimg phan ung cong dé Ia

luGng phan tlr va gém hai giai doan chinh : giai doan céng phdn mang dién am cia tdc
nhan vao nguyén tir cacbon mang dién duong cha nhém cacbonyl (cham) va giai doan
proton ho4 san phdm trung gian (nhanh) :

R . L R O . R OH
3+ 6 i+ &
>C——'h O + H-Y —>°ha’f’ >c< -—-—-—-—>’;Hh >C:
R’ ' -H R vy nhan R” Y

Ta goi dé la phdn iing céng nucleophin, vi giai doan chim quyét dinh t6c dé cla
toan b¢ phan ting céng 1a sy tin cong cla tdc nhan nucleophin. Do d6, muén cho phan

ling cdng xay ra dé& dang, phdn dién tich duwong 8" & nguyén tir cacbon-cacbonyl phai-

16n, va nguyén tir d6 khéng bi cdc gdc th€ R va R’ 4n ngir khong gian. Néi cich khic,
kha ning phén g ctia nhém cacbonyl cén ban phu thuoc vao ban chit cdc goe lien két
voi ngd.

Muéhn cho dién tich 8" & nhém > C=0 1én thi R va R’ khong thé 12 nhitng nhém
ddy electron nhu CH3, CH;CH,, v.v... vi chiing c6 hiéu déng +I. Vi thé cic xeton néi
chung kém hoat dong so véi cic andehit ; trong ddy cdc andehit béo, fomandehit c6 kha
ning phan ng cao nhat :

R R
H\ AN \C

C=0 > C=0 > s =0

H’ i R
Tréi lai, cdc nhém hiit electron (hiéu tng -I) nhu CH,Cl, CCl,, CF;, NO,, v.v..
lam ting dién tich §* a nhom> C=0, do d6 lam cho phan ing cong nucleophin trd nén
* dé dang hon :

O)N« CH;« CH=0 > Cl« CHy~« CH=0 > CH; ->-CH=0

Déi v6i cdc hop chit cacbonyl thom, dnh hudng cha cdc nhém th€ & nhitng vi tri
metd va para trong vong dén téc do cla phan ung cong tuan theo pero‘ng trinh Hammet
(Hammett) vé6i p > 0.

Xét kha nang 4n ngit khdng gian cia R va R’ d6i véi phan img ciia nhém >C=0, ta
thay R va R’ ¢6 kich thuéc cang 1on, su 4n ngit cing tang, vh do d6 phan ng cang kho :

CH, CH CH (CH3)3C_

I 3 373

C=0 > =0 » Ne-0 > Cc=0
H CH; (CH;3):C" (CH3)3C
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D6 1a mot nguyen nhan nita khién cho cac xeton néi chung c6 khé nang phén ing .
kém céac andehit, vi hiéu dng electron va hiéu ing khéng gian cing tic dung. Trong
phan Gng cong v6i HCN, diters-butyl xeton téc dung cham hon axeton t6i ~ 30 l4n.

Vé phuong dién hod 1ap thé, phan ting cong vio nhém cacbonyl khéng c6 tinh dic
thi, vi nhém nay c6 céu tric phéng. Tuy vay, van dé s& tr& nén phic tap néu nhém
cacbonyl lién két v6i mot trung tam bat d6i. Bay gid phan ting cong s& tao nén hén hop
hai déng phdn quang hoc khéng déi quang (threo va erythro) ; mot trong hai déng phan
d6 s& chiém wu the hon. P dur dodn c4u hinh clia ddng phan chiém wu thé dé, tic la du
dodn hudng tédn cong chii y&u clia tdc nhan nucleophin, ta dia vio quy téc Cram.

No6i dung ctia quy tdc Cram cin ban nhur sau :

Néu ba nhom thé & nguyén i cucbon bdt déi dink véi nhém cacbonyl ¢6 kich
thiée khde nhau (kn hiéu L : nhém 1én, N : nhém nhé va Tb : nhém trung binh), thi khi-
phan img, nhém> C=0 sé chiém vi tri xen ké gitta hai nhém Th va N, sau dé tde nhdn
rucleophin sé tdn céng vao nhém cachonyl wu tién tir phia it bj gn ngit khéng gian hon.

L -
R ~ Y
Tb N
e
Thi du : trong phén img giita 3-phenylpropan-2-on véi phenyl magie bromua, sén
pham cong theo quy tac Cram (I) nhiéu gép 5 14n sén phdm trai véi quy tic d6 (1) :

C,H, CH1 .
CH; CH, w2 - H
~83% | = ‘ M
é&% C(lHﬁ CH ‘.“\(\\}, i CGH'i —— -:“:* —=OH
iy e i
. ‘%; W& | (]) CH,
y C,HMgBr 3
HH,0" -
CH; H CH, %
~17% — ‘ i
—
CH, H HO e . —=C.H,
OH E
(1 CH,

Quy tac nay chi diing véi phan img cong hop chit co — magie va hidrua kim loai.

Dudi day chiing ta s& xem xét cu thé mét 56 phan ng cong nucleophin don gidn
va phan img triing hop ciia hop chét cacbonyl.
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«) Phan iing cong niée

Khi hoa tan andehit va xeton trong nudc s& xay ra tuong tic gilta nudc vl nhém
cacbonyl (phan ing hidrat hod) theo mét can bang :

R R OH
Sc=0+HOH — £
R R’ OH
Hop chit cacbonyl Hop chét gem-diol

Fomandehit bi hidrat hod gdn nhu hoan toan, nghia la trong dung dich nude né ton
tai chu yéu dudi dang hop chat gem-diol CH,(OH),.

Thay thé nguyén tir hidro trong HCHO bing cic nhém metyl (hay ankyl néi
chung) 1am cho kha nang hidrat hod gidm di nhiéu (xem bang XI.4). Trdi lai, nhilng
nhém hiit electron nhu ~CCly, —CF;,... dinh vao nhém > C=0 lam cho kha nang hidrat
hod tang thém.

Bang Xi-4. Mirc do hidrat hoa cua mdt s8 hgp chat cacbonyl
(dung dich loang & 20°C)

Hop chit Mitc dg hidrat hod, %
HCHO 99,99
CH,CHO 58
CH,COCH, ~0
C4HsCHO Vet
CCl3,CHO 100
CF3CHO 100

Vi vay, trong khi cdc gem-diol néi chung 12 nhitng chat khong bén, dé€ b téch nudc
trG thanh hop chat cacbonyl ban ddu, thi gem-diol cla mot s6 chit nhu cloral
(CCI,CHO) lai bén vitng, ¢6 thé tich ra & dang két tinh véi t,. 57°C. Hidrat clia cloral
duoc goi 1a cloral hidrat, khi dun t6i 100°C méi bi phén tich thanh cloral va nudc,
nhung dé ngudi chiing lai k&t hop vdi nhau.

Phan iing hidrat hod hgp chét cacbonyl dugc xiic tién béng axit hoac bazo.
b) Phan iing céng ancol

Ancol ¢6 thé cong viao nhém cacbonyl cia andehit tao ra san phdm goi Ia
hemiaxetal. Dé 14 nhitng chit it bén, tuong tif cdc hidrat. Thi du :
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____OH
CH3 —-CH=0 + HOC2H5 e — CH3—CH.\
0C,Hs

Khi dun véi lugng du ancol, lai ¢6 mat hidro clorua hemiaxetal s& téc dung véi
mot phan tif ancol nia (ete hod) tao thanh axetal 12 loai hop chat bén vimg c6 tinh chat
fitong 1y ete, nhung khé nang phan ting cao hon ete nhiéu

/OH : HC /OC2H5 _
CH3-CH\ + HOC2H5 _———— CH3—CH\ + Hzo
OC,Hs 0OC,H;4
Hemiaxetal Axetal

Mitc d6 tao thanh hemiaxetal va axetal phu thudc nhiéu vio ban chat va kich thudc
clia céc goc hidrocacbon & nhém cacbonyl cling nhu géc hidrocacbon trong ancol. Noi
chung, mic do tao thanh hemiaxetal va axetal cang giam khi géc hidrocacbon cang lén
va cong kénh.

Nhimg hop chét trong ty axetal ctia xeton duoc goi 12 xetal. Thong thuong nguoi
ta khong thé diéu ché xetal bing cich cho ancol téc dung truc tiép v6i xeton dugc, ma
phai ding este clia axit orthofomic.

CH3 CH;__OC;Hs

N
>C=0 + H-C(OC,Hs)3 ==
~ CHj |

+ HCOOC2H5
CHy “OC,Hs

Etyl orthofomiat Xetal Etyl fomiat

Tuy viy, xeton ¢ thé tdc dung tryc tiép véi 1,2-diol tao thanh xetal vong

[
0-C-
>0
R No-C-
|

R

) Phdn iimg cong hidro xianua

Hidro xianua cong duge vao nhiéu andehit va xeton tao ra xianhidrin. Thidu

CHj CH;._ ,OH
c=0 + HON —= &
CH; | ~ cHY CN
,OH

C¢Hs—CH=0 + HCN == CgHs-CH
- “CN

Nhimg phén tmg trén duge xic téc bang baza, Vi bazo 1am tang néng do ion CN°
trong hén hgp phin ing. Khong c6 bazo, phan ing khong xdy ra hoac chi xay ra rat chm.
Xianhidrin dugc dung d€ diéu ché axit a-hidroxicacboxylic.
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d} Phdn timg cong natri bisunfit (natri hidrosunfit)

Andehit va metylxeton tic dung véi natri bisunfit (dung dich dam dic trong nudc)
tao thanh sin phdm cong & trang théi tinh thé goi 13 hop chdt cong bisunfit. Thi du :

OH
CeHs ~CHO + HSO3Na —=> CgHs~CHY
) SO3N&
_OH
(CH3)2C=O + HSO:;NEI _"(..T) (CH3)20\
SO3N&

Hop chét cong bisunfit thuc chat 13 nhimg muéi clia axit a-hidroxisunfonic.
Nguyén tlr luu huynh cé tinh nucleophin manh téc dung véi nguyeén tir cacbon ciia nhém
cacbonyl : :

R /. O R /o‘Na" R OH
C=0 +<5-O'Na" == C = C _

+ | r/ N l/ ~ h +
R OH R" SOH R"  SO,Na

Céc hop chat d6 d& bj dung dich axit phan tich thanh hgp chét cacbonyl ban diu va
SO;. Do nhing dic diém n6i trén, phan ving cong bisunfit duge ding d€ tich céc andehit
(hodc xeton) ra khdi hén hop véi cic chat khic khéng tham gia phén ing cong nay.

Andehit phdn tng véi dung dich axit fucsinsunfuro khong mau thanh san phém
- €ong c6 mau dé tuong ty phan ing cong natri bisunfit. Phan @ng ndy diing dé nhan biét
andehit :

H,N HCI
c<O)-NH-SOH + 2RcHO —HEL,
H,N &0
CH,
Axit fucsinsunfure | (JJH
R-CH-SO,NH
OH c=<:>=1ﬁH2 cr
R—CH-—SOZNH—©/
CH;

San phdm cong mau do’
€) Phdn ing céng hidro halogenua

Hidro clorua va hidro bromua cé thé céng vao nhoém cacbonyl tao thanh clohidrin
hodc bromhidrin. Thi du :
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/OH
CH3CH=O + HCl &—_ CH3CH\ a1
Cic halogenhidrin néi chung c6 kha ning phan ing rdt cao va cin béng trén dé
chuyén theo chiéu nghich dén mic khong thé tich cdc halogenhidrin ra & trang thai
riéng ré duoc. Tuy vay, ta c6 thé nhan bi€t n6 bang cich thyc hi¢n phan iing cong trong
ancol, khi &y halogenhidrin sinh ra tic dung véi ancol thanh o-halogen ete 1 chat bén
hon va c6 thé phan 1ap duge.

Thidu: . -
CH,0H CH,0H
HCHO + HOl == ) CH, —OH <=2== CI-CH, -OCH; +H0
£} Phdn iing cong hop chdt co —kim

Phan ting cong hgp chét co — kim vao hqﬁ chét cacbonyl cé ¥ nghia rit quan trong
trong téng hop hitu co. Ching han tir hop chét co - magie va cdc andehit hoic xeton, ta
téng hop ra cic ancol cé bac khéc nhau (xem chuong X). Trong nhiing phan ting cong do6,

: o— 8+ '
hop chét co - magie tac dung nhir mot chdt phan cuc R MgHal dé tao ra cacbanion.

Ping chi ¥ nita la phan tng cdng natri axetilua vao hop chét cacbonyl tao ra
etinylcacbinol, ancol nay bi hidro hod trén chdt xtic tde Lindla (Lindlar) (paladi di bi

ddu doc mét phin) va chuyén vi nho tic dung cba axit s& 120 ra ancol loai anlylic ding
trong téng hop hitu co |

R + = R /OH
>c=o + NaC=CH —%%—» >c\
R’ - 2 R’ C=CH
H2 xt
R\ H® R ,OH

) C=CH-CHZOH chuyén vianlylic * g /"NCH=CH,

g) Phan iing trang hop |

Phan ung tring hop chi xay ra & mét s6 andehit khong vong diu diy dong dﬁng(*)
Vi trong phan tir cha chiing hiéu tmg khong gian khong déng k€ ; khi ay tuy theo diéu
kién phan (ing s& tao ra san phim mach khong vong hay mach vong. '

Fomandehit & trang thdi khi c6 thé ty oligome hoé thanh trime dang vong goi la
trioximetilen (t,, 62°C) : '

(*} Cde xeton khong tham gia phan (ng tring hop ; chi mai gdn day ngudi ta mdi thanh cong trong
viéc tring hop axeton thinh polime mach khong vong.

215



L

»+9 AN
H,C (H:H2 2c{‘ (F:H2
+ —
0 O. .0
3 N

Trioximetilen (Trioxan)

G trang thai dung dich 40% trong nuéc (fomalin), fomandehit ciing tu tring hop
tao thanh polime mach hé c¢6 dang két tia tring, goi 1a polioximetilen hay la
purafomandehit :

nCH,=0 — (-CH,0-), n=10+100
Thuc ra khi tao thanh polioximetilen ¢é phan tlr nuéc tham gia phan ing, do dé &
ca hai ddu mach polime déu c6 nhém -OH
nCH,=0 + H,0 —» HO«CH,O}H
Polioximetilen tan dugc trong nuée. Khi dun trong dung dich kiém, né b1 phan
triing hgp tao thanh fomandehit.
Khi tring hop fomandehit khan nhe téc dt_lhg ciua BF;, ngudi ta dwoe polifomandehit
¢6 phan tir kh6i rédt 16n, khodng 150000 ; ti Khéi 1,4 ; néng chdy & 175 - 180°C.,

Axetandehit khi c6 mit axit cling c6 thé oligome hod thanh trime goi 13 purandehit
(t, 124°C). Néu thuc hién oligome hod & nhiet do du6i 0°C, axetandehit s& tao ra tetrame
goi la metandehit, ding 13m chat dét rin mang tén “cén khé”.

(i:Hs (!:Hs
CH : CH—0O
?/. ~ (I) (lj/ \(I.?H—CI'I;
CH CH CH,~CH o)
cH;y o7 TcH, O—CH”
CH,
Parandehit Metandehit

Khi dun véi vai giot axit sunfuric, ca hai san phdm trén déu cé thé bi giai rung
thanh axetandehit.

2. Phan iing ngung tu vdi cac dan xuét thé mét ldn clia amoniac

Céc din xuat mot l4n thé€ cia amoniac R”NH2 tic dung tuong d6i dé dang véi
andehit va xeton tao ra san phdm ngung tu chifa lién két d6i C=N 1a nhimg dan xudt &
nhém chute cia cdc hop chat cacbonyl d6 :
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R, ...................................... R,
Thidu:
CH3\ H\ CH3\
/C =0 + /N—OH —-_'—I_'I—B—) : /C=N—OH
CH H 2 CHj;
Axeton Hidroxylamin Axetoxim

Theo nhitng quan niém hién nay, ta c6 thé mo ta co ché cha phan ing ngung tu &
trén nhu sau :

S R ' R

\c"*m + HN-R" — c-NH-R” — C-NH-R'
R R' (')— R” OH
R_ R_
C-NH-R" —p=>  C=N-R"
H’ZO v
R OH R

Nhu vay, vé thyc chit day 12 phan iing cong nucleophin vao nhém cacbonyl, tao ra
san pham cong trung gian rt khéng bén va bi tich nuéc ngay thanh san phim ngung tu,
hay la san phdm thé nguyén tir oxi-cacbonyl. '

Téc do cua phan ing phu thudc vio pH ciia méi trudmg. Thi dy, d6i v6i phan tng
gilta axeton va hidroxylamin, pH thich hop nhdt 13 ~ 5, 0 khoang d6 axeton dugc hoat
hod kha manh nhé axit :

CH

{ '3 +
\c“ £3". HA hoac  C:2OH

con hidroxylamin phdn 16n vAn & trang théi tu do.

Trong moéi trudng axit manh hon (pH < 5), s6 phan it axeton da du’oc hoat
hoa ting 1én, nhung hidroxylamin hdu nhu bi proton hoi hét tao thanh H3NOH khé

phan ing.

Trong moi trudng axit yéu hon (pH > 5), tuy hidroxylamin & trang thdi ty do nhi€u
hon nhung axeton lai khong duoc hoat hod manh. '

Giai doan tich nuéc chia phan dng ngung tu thudng nhanh hon giai doan cong
nucleophin va ciing xidc tic bing axit (hodc bing bazo). C6 thé mé ta chi tiét qud trinh
tich nuée trdng moi trudng axit nhu sau :
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R | | R R
OH R *OH,

a) Tde dung véi amin bdc nhat

Andehit tic dung kha dé dang vdi amin bac nhét (thudng khong cin chit xiic tac)
tao ra azometin hay con goi 1a buzo Ship (Schiff). Thi du benzandehit téc dung vdi anilin
tao ra benzylidenanilin :

. C6H5 -CH=0 + H2N—C6H5 e C6H5 —'CH=N—C6H5 + Hzo

Bazo Ship dé bi thuy phan trong méi trudmg axit trés 1ai andehit va amin ban déu.

Cin chd ¥ ring, chi nhing baze Ship sinh ra tir andehit thom va amin thom méi
bén vitng. Céc bazo Ship diéu ché tir andehit v amin béo thuong khong bén, dé trime
hod thanh hop chit di vong. Thi du

o
e,
H,C=0 + H,NCH,— 3 CH.=NCY, _trime hod
2 2 3 -H,0 2 3 . CHs—Nv N-CH,

1,3,5-Trimetylhexahidrotriazin -

Céc xeton rat khé phan tmg véi amin bac mét, thuong phai ding nhitmg chat xtic
téc manh nhu ZnCl,, HCl, v.v...

b) Tdc dung véi hidroxylamin
Andehit tdc dung véi hidroxylamin tao thanh andoxim, con xeton tao ra xetoxim :

R-CH=0 +H;N-OH —» R-CH=N-OH + H,0

Andoxim
R\ AN
C=0 + H,N-OH -~ C=N-OH + H,0
R 2 R’

Xetoxim

Ngudi ta thudng thyc hién phan tng trong moi trudng axit yéu. Céic axit manh
phén tich oxim tr¢ lai cdc hop phan ban déu.

¢) Tac dung véi cac hidrazin
Hidrazin tdc dung véi hgp chat cacbonyl tao ra hidrazon hodc azin tuy theo ti 1¢

cdc chét tham gia phén img :
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9!3

R\ R\
/C=O + HzN—NHZ —> /CIN"NHz + H20
R’ _ ' R

Hidrazin . Hidrazon

R, R Ry, R
C=N-NH, + 0=(< — /C=N—N=C< + Hy0
RV 24 R 4

Azin
Ngudi ta phan biét andazin va xetuzin. Xetazin khé tao ra hon andazin, cho nén phan
ung gilta xeton véi hidrazin thudng dimg & giai doan hidrazon (do 4n ngit khong gian).
Hidrazon va azin déu 13 nhitng chat rin, ket tinh véi nhiét d6 néng chay dic trung,
lai d€ bi thuy phan (moi trudng axit) tao ra hgp chét cacbonyl ban diu. Vi vay, ngudi ta
c6 thé ding phan ng véi hidrazin dé nhan biét hop chat cacbonyl.
~ Tir hidrazon, ta c¢6 thé diéu ch€ ra hidrocacbon (phén \ing Kizne-Vonfo (Kishner-
Wolff) xem muc 4.b).
Phenylhidrazin cling dé dang tdc dung véi hop chit cacbonyl sinh ra phenythidrazon :
R R\

C=0 + H;N-NH-CgHs —>
R

\/ C=N—NHC6H5 + H20
R
Phenylhidrazin Phenylhidrazon

Phenylhidrazon ciing 14 chat rin, két tinh, d& bi thuy phén trong moéi trudng axit
tao thanh hop chat cacbonyl ban diu, va do dé thudng duge dung dé nhan biét hoic 12
phan ting dac trung cho hop chét cacbonyl. Véi muc dich d6, bén canh phenylhidrazin
ngudi ta hay ding p-nitrophenylhidrazin va 2,4-dinitrophenylhidrazin.

d) Tdc dung véi hemicacbazit va thiohemicachazit

San phdm ngung tu sinh ra dugc goi 1A hemicacbazon va thiohemicacbazon

' C=0 + H)N-NH-CONH,;, —— C=N-NH-CO~NH
R 2 27107 g 2
Hemicacbazit . Hemicacbazon
R\ R
C=0 + H,N-NH-CSNH, ——  C=N-~NH-CSNH,
R/ “HQO R,/ .
Thichemicacbazit ' Thiohemicacbazon

¢) Tac dung voi amoniac
Phan iing giita hop chat cacbonyl v6i amoniac phic tap hon so véi céc din xuat clia né.
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Andehit béo c6 thé tham gia phan o

g ©0ng vdi amoniac tzo thanh sén phdm it bén
la andehit-umoniac’™, Thi du:

_OH
CH;-CH=0 + NH; —» CH; CH\

NH, _
Axetandehit-amoniac (e 97°C)

- Andehit-amoniac dé bj tach nudc va trime hod thanh hgp chat dj vong loai triazin :

NH
OH
CHJ_CH/ BN CH3CH:NH Lrime hod CH_;_(I:ﬁ E%‘I—CH.!
“NH, H:O HN NH
~ (I-:H -~

Andehit thom tic dung v6i amoniac tao than

h hidrobenzamit ¢6 18 ciing qua giai
doan tao thanh andehit-amoniac vi andimin :

OH
. H,

[2C6H5~CH =NH + O=CH-~C¢Hs] 5~ (CeHsCH=N), CHC4H;

Hidrobenzamit
Fomandehit tdc dung v6i amoniac lai sinh ra

N
hexametilentetramin hay con goi 13 urotropin c 1-/1/ ™~ CH
. 2
6HCHO +4NH; - CgH|,N, + 6H,0 [ CH, ,
Urotropin . *
CH
Urotropin tic dung véi axit nitric trong anhidrit
axetic tao ra hexogen (xiclonit) 13 mét chat né manh CI-I2
duge dimg nhiéu trong dai chién thit hai :
1?02 Urotropin
N
CeHpN,y + 3HNO, —— r W

, + 3HCHO + NH,

O.N-N_N-No,

Xeton ciing ¢6 thé tic dung véi amoniac
trudng hop xeton phan g,

~ nhiing chat nay cong thém ph

qua nhi€u giai doan phic tap. Trong
thoat tién tao ra mezityl oxit va phoron (xem muc 30)
an tif amoniac tao thanh dlaxetonamm va triaxetonamin :

(*) C5 mét s6 andehit-amoniac wong déi bén, thi dy tricloaxetandehit-amoniac Cl;CCH(OH)NH,.
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2CH,—CO-CHj3 — (CH3), C=CH-CO-CH; N5 (CH); C-CH, ~CCH;

NH, O
Mezity! oxit Diaxetonamin
i
. CH, N CH
AN S > ‘\C:CHS
3CH,CCH, —o» C=CHOCH=C, N, CH [~CH:
]
0
Phoron Triaxetonamin

Ngoai nhiing phan ¢ng thé nguyén (it oxi-cacbonyl bing nguyén ¥ nito nhu vira
trinh bay & trén, ngudi ta cdn ¢6 thé thuc hién cdc phan dng thé nguyén tir oxi dé bing
nhimg nguyén ti khac nhu cacbon (xem phan ing croton ho4, 3.2), hidro (xem phan iing
khir 4.b) hoac clo.

~ Mu6n thay thé nguyén tif oxi bing clo, ngudi ta cho hop chat cacbonyl téc dung
véi photpho pentaclorua, khi 4y c6 1€ cling tao ra san ph4m cong trung gian :

R R OPCly R 1

>C:O ey — > — s pocy,
R’ R Q R C

Hop chit cacbonyl San phdm cong trung gian Din xuét gem-dihalogen

3. Phan tmg vai cac hgp chat c6 nhém metylen linh dong

Andehit va mot s6 xeton cé thé tic dung véi nhimg hop chét c6 nhém metylen d&
duoc hoat hod bdi nhém thé hiit electron & vi tri o nhu > C=0, ~COOH, —COOC;Hs,
—C=N, -NO,, v.v... Nhimg hop chat do dugc goi 12 hop phdn metylen.

Phan (ing giita hgp chét cacbonyl v6i hop phan metylen c6 thé x4y ra theo ba kiu,
tao ra ba loai san phdm Khac nhau. |

+ Mot 13, hop chat cacbonyl tdc dung véi hap phan metylen tao ra san phdm céng

AN 7 N OH

CH<{,

Nhitng phan ing nhu vay dugc goi 1a phdn ting cong andol hay 1a phdn ting undol
hod, vi san phdm cong hai phan axetandehit (trudng hop don gian nhdt) c6 tén la
andol, ¢4 nghia la vita c6 nhom chitc andehit 1ai vita c6é nhém OH arncol
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' CH;-CH=O + HCH,CHO —> CH;-CHOH-CH,-CHO
Andol

+ Hai 13, hop chat cacbony! tdc dung véi hop phdn metylen tac ra san phdm thé’
nguyén tir oxi bing cdch tich mot phan tir nude :

>0=0 + H,e - >c=c{ +H0
That ra, phan Gng trén ciing phai qua giai doan céng andol, ti€p sau dé 12 giai doan
tach phan t nuée tao thanh néi doi :
| OH

N /~  cong N tdch
) ~

Loai phan dng nhu ydy duoc goi 14 phdn iimg ngung tu croton hay 1a phdn tng
croton hod, vi trong trudng hop don gian : ngung tu hai phan ti axetandehit tao ra

andeliit crotonic.

2CH3CH=0 —> CH3~CHOH~-CH; ~CH=0 ——> CH3 ~CH=CH-CH=0
. LY

Andol Andehit crotonic

+ Ba 14, hop chat cacbonyl téc dung véi hai phan tir hop phidn metylen tao ra san
phdm th& nguyeén tir oxi theo so d6 :

P _
H,C{, v

Nc=0 AN /CH‘\

C=0 + —>  JCJ + H,0
H,c{ CH‘**-

Phan (ng nay dugc goi 1a phdn img Maicon (Michael). Thi du :
CGHSCI'I=O + 2CH3—COC6H5 — C6H5CH(CH2COC6H5 )2 + H20

Ngui ta nhan thdy phan iing Maicom xay ra qua céc giai doan andol hod, croton
hoé va sau ciing 13 cong mét phan t&r hop phén metylen vao san pham cha sy ngung tu
croton. '

OH ' CH
‘ thch _ \ s +H, X N~
— C=C —— C

-H,0" 7 - cong ’ / \CH<

>C= 0+ H K =6 3
CEN
— Coché phan imng andol hoa

Nhitng phan Gng trinh bay & trén c6 thé dugc xic tdc bdng bazo hodc uxit.
D¢ hidu 18 co ché clia cdc phan ting dé, ta chi cdn fim hiéu co ché cong andol va co ché
tach nudc. :
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Vuai tro ciia bazo trong phan éng céng andol 1a hoat hod hop phin metylen dé cho
hop phéan nay dé dang céng vio nhém cacbonyl. Thi du trong trudng hop phan ting giita
benzandehit va axetophenon trong méi trudng kiém : thoat tién bazo tic dung véi
axetophenon (hgp phdn metylen), tac ra cacbanion lién hop : |

_ -H,
HO™ + HLCH}C-CJH, —— THMC-CH, = ‘CH~C-CH,
o 0) '

2

Cacbanion nay cng vao nhém cacbonyl clia benzandehit thanh B-hidroxixeton (hinh X1.2)

B+ [ )
CiHy-CHEO + E@—";}—QHS-—> C,H,CHCH,CCH, o,
O) -

—— CH,~CH-CH~C-C,H,

OH O
g
"
-= 1=
2 CH,COC,H, |
CH,CHCH,COC, H,
1o
) .
HGP + HCH,COC, H, . cbﬂﬁgic:ﬂzoocﬁﬂ,
Tién trinh phéin img

Hink XI 2. Giin dd mang lugng caa phan ing andol hod:

Vai tré ciia chdt xic tde axit 1a hoat hod nhém cacbonyl clia andehit va enol hod
hop phin metylen.

CgHs—CH=0 + H* & C¢Hs—CHZIOH
CH, ~("3—C6H5 +H" &2 CH3;-C-CgHs =2 CH,=C-CgH; + H*
+4 |
0 OH "OH

Enol s€ cng vao andehit da dugc hoat hod, san ph4m cong bi tich pfOtOl'l thanh
B-hidroxixeton.
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CﬁHsCH;OH + CHQ(I:—CGHS _ C6H5 *(I:H—Cﬂz _(|;+_C6H5 —

OH OH CH

CGHS —CH—CH2 _E_CGHS + H+
]
OH

- - Co ché phan ving croton hod :

B-hidroxixeton sinh ra s& bi tich nudc ngay bang bazo hoic axit tao ra san pham
khoéng no.

Trong méi truong buzo manh, phdn Gng tich ctia B-hidroxixeton Xay ra theo co
ché'Elch (cb - cacbanion), tic 1a di qua mét cacbanion trung gian :

CeHs ~CH-CH-C-CgHs + HO™ —> CgHjq -(:H-»'d{-cujﬁcﬁH5 + H,0
i I Il )
OH H 0 OH 0

C6H5—~CH—(EH—C—C6H5 —> CgHs~CH=CH-C~C¢Hs + HO"
| 0} Il
(on o | o}

Trong méi truomg uxit, B-hidroxixeton bj enol hod, chinh enol sinh ra méi bj tach
nudc thinh san phdm cu6i cing

H+
CoHs ~CH~CH, ~C~CgH; £ CeHs ~CH-CH, ~C-CeHs =2
Il +

OH O OH OH

: : -H,0,-H*
— CHs~CH-CH=C-C¢Hs z—2%———» C6H5-CH=CH—<":—C6H5
i I
“OH, :OH e

- Sau day, chiing ta s& xem xét cu thé cdc phén ung gita hop chat cacbonyl va
nhitmg hop phan metylen khéc nhau.

a) Phdn iing gita cdc andehit véi nhau

Phan iing giita hai phan tir andehit axetic tao thinh andol cé thé thue hién nh¢ tdc
dung ctia chat xidc tdc bazo (NaOH, Na,CO,, KHCO;, v.v...) hoac chat xdc tic axit
(HCl, H,80,, v.v...). Andol thu duge (6 thé 16ng) rat dé bi dehidrat hod tao thanh andehit
crotonic do dun néng hodc do tic dung ciia chat xiic tic cé sin trong méi trudng phan
Ung. Vi vdy, trong nhiing diéu kién khic nghiét hon (ding dur xic t4c, nhié¢t d6 cao) phan
ing ngung tu khong dimg & giai doan andol ho4.
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Cic déng déng cuia axetandehit ciing tham gia cdc phdn ing ngung tu. Thidy :
CH;CH, -CH=0 + H,C-CH=0 — CH;CH, -CH-CH-CH=0 M0

| | | B

CHj; ~ OH CH;

~—> CH3CH,CH=C~CH=0
CH;

Hai andehit khic nhau c6 thé tham gia ngung tu v6i nhau, mién 12 mot trong hai
andehit ¢6 chita nhém C-H linh déng. Thi du : ‘
CHa-
H-CH=0 + __">CH-CH=0 —> HOCH,-C-CH=0
: 3 |
CH;
Chd ¥ ring fomandehit dé phan éng d&n myc né ¢6 thé tic dung vdi tat cd céc
nguyén r hidro linh déng & hop phan metylen tao ra diol hodc triol. Thi du :

K,CO4
hodc Ca(OH),

3H-CHO + H;C-CH=0 » (HOCH,);C-CH=0

Trihidroximetylenaxetandehit

Trihidroximetylenaxetandehit lai ¢é thé tdc dung vdi mét phan i fomandehit nira
theo kiéu phan tng Cannizaro (Cannizzaro S.) (xem muc 4.d) tao ra pentaeritritol C(CH,OH),,
ding 1am nguyén liéu diéu ché ra chat né pentaeritrityl tetranitrat C(CH,ONO;),.

~Cac andehit thom dé dang ngung tu vdi cc andehit khdc cé chifa nhém metylen
linh déng, tao ra andehit khong no do si ngung tu croton. Thi du :

CgHg~CH=0 + CH;~CH=0 —» CgHs ~CH=CH-CH=0 + H,0
Andehit xinamic

b) Phdn itng gitta andehit va xeton

~ Andehit ¢6 thé tic dung v6i xeton c6 nhém metylen linh dong. Thi du :

CH;-CH=0 + CH3COCH; —> CH3-CHOH-CH, -COCH3 —5”

—» CH3CH=CH-COCH;

Ngudi ta cé thé ding du andehit d€ tao ra san phdm ngung tu tir hai phia cla
xeton. Thi du :
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C6H5 —CH=0 + CH3 —C-—CH3 + 0=CH—C6H5 ‘TO-—)
1l —<Hy

— CgHs ~CH=CH~C-CH=CH~CgHs
. |
- 0

Dibenzalaxeton

0O i O .
Dibenzalxiclohexanon
Andehit thom dé dang phan timg v6i xeton thom tao thanh san phdm croton hod :
CeHs5—CH=0 + CH3—CO-CgHs 2%, ¢ 1y CH=CH-CO-CgH; + H,0
Benzalaxetophenon
¢} Phan iing gifiu cde xeton véi nhau
Néi chung cic xeton khé ngimg tu véi nhau, vi nhém cacbonyl trong phan tir
xeton khong nhiing kém hoat déng ma con bi 4n ngit khong gian béi hai nhém thé.

Trudng hgp axeton, khi ¢6 mat chét xic tic bazo s& cé6 mo

bt $6 phan tif tham gia
phdn {ing céng andol :

(CH3);C=0 + CH3-CO~-CH; % (CH;3), C—CH, —-C—-CHj;
(I)H Il
Ancol diaxetonic
Néu dun néng véi axit, ancol diaxetonic s& bi téch nudc thanh mezityl oxit
_(CH3)2(I'.‘——CH2 —EIZ-CH3 —> (CH3), C=CH—("3-—CH3 + H,O
- OH O
Mezity!] oxit

Néu dun néng axeton trong méi trudmg axit thi ngoai mezityl oxit ra ngudi ta con
thu dugc phoron theo so d6 phan ing :

- (CH3),C=0 + CHy-C~CH; + 0=C(CHy), H,
|

—_—> (CH3 )2C=CH—C-'CH=C(CH3 )2 + 2H20
il .
O

Phoron
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Trong truéng hop ding axit sunfuric dam dic lam chét xiic tdc, c6 thé xay ra phan
ing ngung tu dong thai khép vong thanh mezitilen :

o,
O/C\CH CH,
CH, + o - HS0,4d @ + 3H,0
CH. -c /c CH, CH; ~CH, .
Yo dh, _
Mezitilen

d) Phdn vng giita andehit va ddan xudt ctia axit cacboxylic

~ Phdn vmg Peckin (Per.kin). Khi dun benzandehit (hoac mot andehit thom khiéc,

nhat 14 khi ¢6 nguyén tir clo hoac nhém nitro trong véng) véi andehit axetic va natri
axetat, ngugi ta duge axit «, p-khong no.

CeH5CH=0 + (CH;C0), 0 —CO0N , o 1y CH=CHCOOH + CH;COOH + H,0

Axit xinamic
Phan {ing véi anhidrit propionic va natri propionat ciing xay ra tuong ty nhu viy :

> C6H5 —CH=C(CH3)—COOH+
Axit a-metylxinamic
+ CH3CH2COOH + H20

Vai trd ciia cic mudi natri trong phan tmg Peckin nhu 12 mét chét xidc tac bazo. Ta
6 thé mé ta co ché phan {ing nhu sau :

CH,CO0™ + H—CHZCO—O*COCH3 = ~CH,-C0-0-CO-CH; + CH;COOH

H+
CeHs~CH=0 + "CH,~CO-0-COCH; = CHs CH——CH2 -CO-0-COCH; =—
. O_ _

& CgHs~CH~CH) ~CO~0~COCH; —p—> CgHs ~CH=CH-CO - OCOCH; == 9,
OH | )

—» CgHg—CH=CH-COOH + CH3;COOH
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So d6 phén ving trén duge ching minh bang di kién 1 c6 thé thay natri axetat
bang moét bazo khac ma phan tng vin xdy ra duge. Hon nita, trong nhiéu trudng hop
nguoi ta da phan 1ap duoc nhiimg sin phdm trung gian nh (I).

Chi ¥ rang cdc andehit ddy béo khong tham gia phan ting Peckin.

- Phdn ting Knoevenagen (Knoevenagel). Andehif thom ciing nhir andehit thudc
diy béo, khi c6 mat xic tic bazo déu cé thé ngung ty vdi axit malonic va cdc hop chat
khdc ¢6 chita nhém metylen linh dong, nhu CH3;-CN, CH;NO,, v.v... theo kiéu ngung tu
croton. D6 12 phan iing Knoevenagen. '

Thi du : khi ¢6 mat amin hoac piridin, benzandehit tdc dung véi axit malonic tao
thanh axit xinamic theo so dé

COOH . COOH"
C6H5—CH=O+CH2< —h5 CGHS—CH=C< —o
COOH ~2 COOH 2

— C¢Hs-CH=CH-COOH

Su ngung tu benzandehit véi etyl Imalonat CH,(COOGC,Hs),, etyl o-xianaxetat
NC-CH,CO0C,H;, benzyl xianua NC-CH,C¢H; tao ra cac san phdm khong no twong
tng dudi day :

COOC,H; CN CN
, CgHs~CH=C{ , CgHs~CH=C{

C6H5 ——CH=< .
COOC,H; COOC,H; CgHs

Ngoai ra, khi ¢c6 mat nhimg chat xic tic bazo rat manh, andehit (va cd mot s6
xeton) cé thé tham gia nhimg phin tng ngung tu phic tap v6i este clia axit sucxinic
(phan ting Stopbe — Stobbe), este ciia axit cloaxetic (phén tng Paczen - Darzens), v.v...

 _Phén ting benzoin hod va axyloin hod '
~ Kbhi ¢6 mat kali xianua, andehit thom tham gia mot phan tng dac trung rat gifng
phan ting cong andol vé mat hinh thic. D6 Ia phdn iing benzoin hod.

H O HO
I i CN- i
C6H5 —% +C—C6H5 —) C6H5 —(I:—C—'CGHS i
] .
OH
Benzandehit - _ Bepzoin
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Trong phan img trén thoat tién anion CN~ cong vio nhém cacbonyl cta andehit
tao thanh xianhidrin, tuong tu trong phan tmg giita andehit véi HCN, sau d6 Xay ra sy
cong hop xianhidrin vho nhém cacbonyl clia phan tir andehit khéc.

« % oH
CHaC-H = CH~C-H <= CHs c
¢ "IN &3y
CN
Q
CGHS_C[
H
O OH 0j OH OHO
CHC-C-CH;, —  CHy —c c CH, == C(,Hs—C c—c H,
H (N H CNH

CN

Céc andehit béo khéng c6 Hy khi c6 mat KCN thuong tham gia phan (ing axyloin
hoa. Dac biét, fomandehit khi c6 mit Ca(OH), hoac TIOH cé thé axyloin hod thanh

a-hidroxiaxetandehit, nhlrng san phim nay lai andol hod ngay thanh hén hgp hexozo goi
la fomo : :

H_CHO + HCHO —2®inhod | yocy, CH=0

HOCH,CH=0 + HOCH,CH=0 + HOCH,CH= o —andolhod ¢ H,,06

Butlerop (Butlerov) 1a ngudi ddu tién thuc hien phén img nay vao nam 1879. |

- 4. Cac phan itng khit va oxi hoa
a) Cac phdn tmg khu thanh ancol

Phuong phép khir don gian nhat &€ chuyén hoa hop chit cacbonyl thanh ancol véi
quy mé 1én 13 hidro hod trén bé mat chdt xic tic kim loai :
R\

R/C=0 +Hy — R’>CH ~OH

Chét xtic tic thudng diing 12 niken, paladi, platin, déng cromit, v.v... Thidy :

E>=0 +H, —N, O(H
2 50°C OH

Phan tng hidro hod nhém cacbonyl (a) xdy ra cham hon phan ung hidro hoa
néi doi C=C (b) va cin nhitng diéu kién khic nghiét hon, vi AH cia phan tng (b)
(30 kcal/mol) 16n hon cta phan ing (a) (- 12 kcal/mol). '
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>c=c{ +H, N >cH-CcHK ~ AH=-T0kcal/mol (b)
>c=0{ +H, —*, >CH-OH AH = —12kcal/mol (a)

.Nhfrng chat khir ¢6 ¥ nghia quan trong ndi bat duge ding nhiéu trong nhiing nam

gin day la cdc hidrua phic kim loai nhut LiAIH,. So dé phan ing khir fomandehit bang -

cdc hidrua nhu sau :
4HCH=0 + LiAlH, + 4H,0 — 4CH;-OH + LiOH + Al(OH);
4HCH=0 + NaBH, + 3H,0 —> 4CH;OH + NaH,BO;

Phan tmg khir nhém cacbonyl bang cdc hidrua thuc chat 12 mét phan Ung cong
nucleophin. Ion phitc AIH ching han, déng vai trd mot chit nhudng ion hidrua va la
tic nhéan nucleophin. '

R s R + R
e~ - Li AIH ... HO
CML0" ——* COLiAH, — > C-OH
R’ ' R' ]EI ' Ry
Trong phong thi nghiém, ngudi ta cén 4p dung phan ng khir hop chit cacbonyl
theo Mevai - Pondoc - Veclay nhe nhom isopropylat trong ancol isopropylic
R R

5C=0 + (CHy),CH-OH —A2==20 5 SCH-OH + (CH;),C=0
R | R

Muén khir hop chat cacbonyl thanh ancol, ta con c6 thé diing natri kim loai hodc
hdn héng natri trong nuéc hay trong ancol.

Tuy nhién, néu khir xeton bing hdn hong clia cdc kim loai nhu Mg, Al, v.v... trong
moi trudng nudc hay kiém ta s& dugc cic a-glicol. Thi du :

2 3>C"‘"O | Mlgl({ljlg)a 3>(F_"(|:<CH3

CH CH CH

3 13 OH OH 3
Pinacol

b) Phdn ting kihur thanh hidrocacbon

Muén chuyén hoa nhém C=O thanh nhém CH, c6 thé dung phuong phdp
Clemmensen, tic 12 diing hén héng kém trong axit clohidric dam dic 1am chat khur :
R p R '
>C=O Zn (Hg); HCI | >CH2
R | R’
Néu phan tir hop chét cacbonyl c6 nhém thé€ khong bén trong moi trudng axit
manh thi ngudi ta ding phuong phdp Kizne-Vonfo. Khi 8y, hop chat cacbonyl trudc hét
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dugc chuyén thanh hidrazon (xem muc 2.c), sau d6 dun hidrazon véi natri etylat trong

n6i hap
R\ R C,H,0Na . R\
SC=0 + HyN— NH, —75~ SC=N-NH, —=200, " Sey, 4N,
Rs/ —H‘ZO R-,/ ) — 1800 R,/

¢} Plidn iing oxi hod thanh axit cachoxylic
Andehit va xeton rat khdc nhau vé kha nang phén ting d6i véi céc chat oxi hod.

Andehit-c6 thé dé dang bi oxi ho# bdi cdc chat oxi hod manh nhu kali bicromat,
kali pemanganat, hoac cic chat oxi hod y&u nhu thudc thit Tolen (Tollens) (cation phiic
[Ag(NH3)2]+), thuéc thir Felinh (Fehling) (phitc cia Cu®* véi ion tactrat), v.v...

So d6 chung clia cdc phén {ing oxi hod nhu sau :
H OH
R-c§ -2 r-c
O 0

Co ché cha phan {ing oxit hod bing axit pemanganic, axit cromic,... 13 tao ra este
cla céc axit d6 nhu nhimg sén phdm trung gian

OMnO3 OH
RCHO+H++MnO4-~+RCH —>ch) + HMnO,
OH

Co ché cha cdc phan iing oxi hod bing nhimg chat oxi hod yéu nhu phiic ctia Ag”
hodc Cu”* chua that sy rd rang. Tuy vy, nhimg phéan iing d6 thudng cho nhiing ddu hi¢u
dinh tinh dic trung, nén duge ding rat phé bién dé nhan bi€t nhém chitc andehit :

R~CH=0 + 2[Ag(NH;),JOH —00518 , p_COONH, + 2Ag{ + 3NH; + H,0

_ guong bac
COOK COOK _— [COOK
H-O ‘}) CH e CHOH
R-CH=-0+ 2| }: + NaOH + H,O —— RCOONa + 4| + Cu,04
| ICH -0 o (ke tita d)
COONa COONa COONa’

Phiic dé.ng tactrat

Trong cdc phan g trén, chi cé phan ing vdéi [Ag(NH;;);!]+ 1a dung duge cho cé
andehit béo 1an andehit thom, con phirc ctia cu® véi cdc ion tactrat hay xitrat chi oxi
hod andehit béo.
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Andehit néi chung dé tham gia phdn img i oxi hod khi ti€p xiic vdi khong khi, khi
duge xic tién bing dnh sing hay moét s6 ion kim loai nhu Fe**, Mn**. Thidy :

. 2CH,CH=0 + 0, — 2C4Hs~COOH

Andehit axetic cling tr oxi hod tuong tu andehit benzoic, nhlmg fomandehit trong
dung dich nudc rat bén vi né t6n tai & dang hidrat.

Khéc v6i andehit, xefon chi bi oxi hoé khi dun néng véi cdc chit oxi hod manh.
~ Khi 8y mach e¢acbon ciia phan tir bi dit ra & hai bén nhém cacbonyl tao thanh hdn hop
cdc axit cacboxylic. Thi du :

CH;CH,CH,CH, + C - CH,CH; —°Ls CH4CH,CH, ~COOH + CH;CH,COOH +
T
+ CH3(FH2CH2CH2COOH + CH3COOH
Néu diing chdt oxi hod 1a mét peaxit, thi du CgH;COOOH, CF,COQOH, ta c¢ thé

oxi hod xeton thanh este (phan ing oxi hod Bayo - Viligio (Bayer-Villiger)) :

R_C_R _R'COOOH

i —R'COOH ~ R"E_OR

Phan 1ing dién ra theo co ché€ chuyén vi géc ankyl sau khi cong :

GOCOR’ RO OR
N RCOO- . q |
RCR+RCOOOH-—>RCR ——-+R—Cea———-—>R—(lli
i
OH OH 0

Thi du : Nhos phan ting trén ngudi ta dé oxi hoa xiciohexanon thanh y-caprolacton.

Ngoai phan dng oxi ho4 1am dit mach nhur trén, nhitng xeton ¢6 nhém CH, & canh
nhém cacbonyl cé thé bi oxi hod thanh hop chit dicacbonyl nhis selen oxit. Thi du :

CH;COOH

CgHs—C-CHj + SeQy ——————— CgH5-C-CH=0 + Se + H,0
I il
O
Axetophenon - Phenylglioxal

d) Cdc phdn ting oxi hod - khut di hod cua cdc andehit khéng c6 Hy

- Phan img Cannizaro. Cic andehit thom nhu benzandehit khi cé téc dung cua
kiém dam dac s€ oxi hod - khir 14n nhau tao thanh axit va ancol thom tuong Ung (goi 1a
oxXi hod - khir di hod) theo so d6 phan ing :
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CgHs—CH=0 + C¢Hs~CH=0 —22_5 CgH5COO™ + CHs—~CH,-OH
Andehit benzoic Anion benzoat Ancol benzylic
D6 1a phan img Cannizaro.

Cic andehit diy béo n&u khong c6 nguyeén tit hidro & vi trf o, thi du nhu HCHO,
(CH4);CCHO..., ciing c6 thé tham gia phan {ing Cannizaro. Thi du :

HCHO + HCHO -2, HCOO™ + CH;0H
Hén hop hai andehit khéc nhau ciing c6 thé tham gia phan img duoc. Thi du :
HCHO + C¢HsCHO —2° 5 HCOO™ + CgHsCH,OH

~ Ban chit ctia phén gng Cannizaro la sur chuyén dich ion hidrua tl‘:rph.an tir andehit
nay sang phan tir andehit khac. Ta c6 thé mé ti co ché phin iing bang so d6 :

i R
CH=C=0 —> CH-C-0
“OH ~ OH
- (Hy H H
CGHS—‘¢’—0“ + “C-CH, — CH~C=0 + H-C-CH;
OH o) OH

Loy

|
o} OH

Pé chimg minh cho s chuyén dich truc tiép ion hidrua tir phan tir andehit nay
sang phan tir andehit khic khong qua dung moi, ngudi ta ding D,0 lam moi trudng thay
cho H,0. Ké& qua cho thiy ancol benzylic sinh ra khong chia doteri. Trdi lai, khi ding
benzandehit chita doteri va thuc hién phan g trong nuéc thudng, thi lai thu duge ancol
benzylic chia doteri :

2C4HsCD=0 -2 C,H;C00™ + CgHsCD,OH

— Phdn img Tisenco (Tischenko). Nhiing andehit loai béo c6 chita Hy khong tham
gia phan ting Cannizaro dugc (vi trong dung dich kiém phan ng cong andol chi€ém wu
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thé) s& tham gia phan (ing oxi hod — khir }in nhau tao thanh este, néu c6 tic dung cha
nhém ancolat hoic titan ancolat. Thidu : |
CH;~CH=0 + CH;CH=0 202k, CH,-COOC;Hs

Axetandeh