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MG PAU

Cling v6i su phat trién clia héa hoc hifu co n6i chung, tir 1au héa hoc céc hgp chat di vdng da
dugc nghién cim va dng dung trong nhiéu nganh khoa hoc, ki thudt, ciing nhu trong ddi sdng.
Nhung chi trong khoang vai chuc nam tr& lai day né méi duge phét tri€n mét cdch manh mé va
dugc nghién cim mot cach he théng, ddy di va chi tiét trén co s tri thikc khoa hoc hién dai. Ngay
nay, s& céc hop chit di vong duge téng hop va nghién cifu dd vugt quéd xa s6 cic hop chét khong
vong va vong cacbon. Thuc t€ hang nam s6 cong trinh vé cdc hgp chat di vong a3 chiém hon nira
t6ng s6 cac cong trinh vé héa hitu co néi chung dugc cong b6 trong céc tap chi chinh thic trén thé
gi6i. Chinh vi vay ma "Hda hoc cdc hop chdt di vong" di trd thanh mot mon hoc quan trong,
khong thé thigu dugc d6i véi céc nha héa hoc hitu co, dic bigt d6i v6i nhing ngudi 1am viéc trong
c4c finh virc téng hop hitu co, héa duge, san xudt phdm nhu6m, héa thuc vat, héa sinh va nghién
ciiu céc hop chit ¢6 hoat tinh sinh hoc. ' '

Dé gitip cho nghién cifu sinh, sinh vién thudc chuyén nganh héa hoc hitu co, ciing nhu t4t ca
nhitng ai quan tam c6 tai liéu hoc tap, nghién ciru va tham khio, chiing toi bién soan va cho xudt
ban cudn gido trinh "Héa hoc cdc hop chdt di vong" nay. Trong qué trinh bién soan chiing t6i dd
tham khao chuong trinh v gifo trinh cua nhiéu nuéc va nhiéu téc gia, c8 ging dua céc thanh.-tyu
méi va nhitng hidu bigt méi v2o gido trinh nhim dam bao tinh khoa hoc, hién dai v sét véi muc
tiéu d2o t2o hin nay. Tuy nhién, trong 14n xudt ban d4u chiic chin khéng tranh dugc céc thi€u s6t.
Téc gia mong nhan dugc nhiéu ¥ kién nhén xét, phe binh va déng gép cla céc ban déng nghiép va
ban doc néi chiung dé 14n xuét ban sau hoan thi¢n hon. '
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Chuong mot
PAI CUONG VE CAC HOP CHAT D} VONG

I - DINH NGHIA, CACH GOI TEN VA PANH SO

1.1. Pinh nghia

Nhu ching ta d3 bi&, cdc nguyeén t6 khong phéi 1a cacbon cé c4c nguyén tir trong bd khung
phén tir chat hitu co duge goi chung 1a 4 16, Thi du: oxi, lun huynh hay nito,...

" Théng thudmg ngudi ta goi cdc hop chét di vong la cdc hop chdt hitu co ma phdn ut cia ching .
¢6 cdu tao vong kin va trong vong 6 chika mot hay nhiéu di t6.

Trong thuc t€, c6 mot s6 hop chét hitu co mdc d0 ciing thod min dinh nghia trén nhung lai
khong dugc ‘x& vao day céc hop chét di vong. Thi du: etilen oxit, anhidrit sucxinic, anhidrit
ph;élic, phtalimit, y-lacton, cdc lactam v_bng kin,... C4c hop chat nay dé bi v& vdng, khong bén vimg
duéi tic dung ciia nhiét hay téc nhan oxi héa vA hoan toan khong bidu 19 tinh thom. Vi viy, mot
céch wong ing ching chi duge coi nhu din xufit cla etilen glicol, axit sucxinic, axit orthophtalic,
cc axit y-halogen cacboxylic va w-aminchexanoic,...

HOCH,~CH,0H ?Hz—COOH | COOH
Glicol CH,-COOH
’ Axit sucxinic - (?0 OH
l _ : Axit o-phtalic
'O }
GH,—CH, CH,—C 20
% / l ~o0 C
~
CH,—-C 7 -~ 0
Etilenoxit 2 T o , C %0
_Anhidrit sucxinic Anhidrit phtalic
C1-CH,-CH,-CH,-COOH H,N-(CH,);COOH
axit y-clobutyric axit @-aminohexanoic
{ G
07 O NH
y-lacton - @-arminocaprolactam



Vay cdc hop chdt di vong ma ching ta nghién cifu & day 12 cdc hop chit hitu co ma phan ot
ciia chiing c6 cdu tag vong kin, cé chita mgt hay nhiéu di 16 trong vong, c6 tinh bén tﬁmg d6i
dudi tic dung cha nhiét hay tc nhan oxi héa va ¢4 tinh thom & mitc d9 nhat dinh. Ngbéi ra, céc
déin xu4t polihidro hay céc chit vong no tuong ting cha ching ciing dugc x€p vio ddy céc hop chat
di vdng.

1.2. Cach gol tén

1.2.1. Cdch goi tén thong thuong

Ciing nhu c4c hop chét hitu co néi chung, tén thong thudng cba céc hgp chét di vdng duge hinh
thanh dira trén tinh chét dic thi, phuong phép ché tao, ngudn géc thién nhién hay xudt sit lich si
cha ching. Ching han, "furan” 12 tén dj vong thom 5 canh chita mét di t6 oxi. Tén goi nay dugc
xuft phat tr tiéng Hy-Lap "furfur” nghia 13 "cdm". S& di nhu vay vi furan cé thé€ nhan dugc tir
furfural ma furfural lai duge diéu ch€ tir sy thay phan "cdm" 161 ng6, vo trfu, vo hat hay than cay
lau siy khéc. '

W.

CHO — o

1]
Bot 16i ngd  -——— :
3t 161 ng 0

furfurat furan

Trong thyc t€, rit nhiéu cic hop chét di vdng don gidn khdc déu duge goi bing tén thong thuong
nhu: Pirol, Thiophen, Indol, cacbazol. Imidazol, Piridin, Piridazin, Quinolin, Acridin,...

1.22. Cdch goi tén hé thong

Ciéch goi tén hé thong cho ta quy tic chung d€ goi tén mot cdch chinh xéc va dé hiéu t4t ca cac
kiéu di vdng. Tén goi theo he théng dugc xay dimg bing céch ghép mot tir co bdn ndi lén 56 canh
ciia vong voi mot hay nhiéu tiép ddu ngit d€ chi s0' lugng va tén cde di 16 trong vong va mét tiép vi
ngit néi lén mirc 4o bdo hoa cia véng.

Béang duédi day hé thdng cho ta nhilng tir co ban va céc ti€p Vi ngit trong tén goi clia cdc di vong
tir ba d&€n mudi canh.

Nhitng ti€p d4u ngit ghép vdo c4c tir trén d€ chi tén céc di t6 1a: oxa - chi oxi, thia - chi luu
huynh, aza - chi nita, selena - chi selen,... Ngodi ra d€ néi 1én s6 luong cdc di t6 cdng tén trong
vong ngudi ta con ghép thém vio ti€p ddu ngit trén cic rir chi 56 !ugﬁg nht di-, tri-, tetra-,... dé chi
2,3, 4.... di t6. Khi di vong chita hai hay nhiéu di t6 khdc nhau thi tiép dfu ngit phai bdr ddu nr di
18’ & nhém cao nhdt trong bang tudn hodn cic nguyeén t6 va ¢ 56 nguyén & nhd nhdt trong nhém
dy. Nhu vay thit tv goi tén phai 13 O, §, Se, Te, N, P, As, Sb, Si, Sn, Pb, Hg,...



SScanh | Tiwco | Tix co ban v tiép Vi ngit .
vong bin . Vong chia nito Vong khong chifa nito
chua bo hoa * béo hoa chura bdo hoa * Béo hoa

3 -ir- -irin -iridin -iren -iran
4 -et- -et -etidin -et _ -etan
5 -ol- -ol -olidin -ol -olan
6 -in- -in * -in -an
7 -ep- -epin ok -epin -epan
8 _ok- -okin * ¥ -okin ~okan
9 -on- -onin R -onin onan
10 -ek- -ekin * -ekin -ekan

* Chura bo hda nghia 1 tmg v6i 56 n6i ddi ldn nhit c6 thé cb trong vong.
*+ Them "pehidro” vio tir co bin vA tiép vi ngif clia céc hop chifi chua bio hoa tuang ung.

Ti€p vi ngit thay déi dé chi mic 4 bdo hoa cla vong. Ching han, vong 5 canh chita nito chua
bao hoa cé dubi -ol, nhimg bio hda lai c6 duéi olidin. Vong 5 canh khéng chira nito néu chira bao
hda c6 dusi -ol, nhung bio hoa lai c¢6 dudi -olan. Vong 6 canh khéng chita nito, néu chua bio hoa

c6 duéi -in, nhung néu bio hda lai c6 dudi -an,... Doi khi ciing diing céc tle’p ddu ngit dihidro,
tetrahidro,... d€ néi 1&n mic d9 bao hoa cha vong.

Ngoai ra, trong céc tai liéu chuyén mon ching ta ciing thutng gap cach ki hiéu céc vi tri trong
vdng ¢6 néi doi hosc di bao hda hidro nhu sau: Thi du: '

N
SN TN 2 N = 1,2, 4-Triazolin
]

(nghifa 12 & vi tri 2 ¢6 né6i 00i).

cad N

2H-azepin (nghia 14 & vj tri 2 blio hda hidro)
o
N

D6i v6i cdc hé ngung tu cia mét hay hai vong benzen Vi mot di vong thi goi tén bing cich
ghép chit "benzo™ hay "dibenzo" véi tén clia di vong. Thi du: ™

SV SRS

Benzo furan Bibenzofuran



1.3. Cach danh sd

Néu di vong chi chita mét di 16'thi s6'1 dank cho di 16 va ti€p tuc dénh 58 nguoe chidu kim déng
hé. Quy tic ndy ciing dugc 4p dung d6i véi h¢ vong kiéu benzo gém mot vdng benzen ghép v6i
mét dj vong chita mot di t6. Doi khi ngudi ta con ding cic chir cai Arap nhu o, B, ¥, & chi cdc vi
tri trong vong. Thi du: -

v 4 5
LG S e
aszlza, 67 Zla ? Nl o

ddayZ =0, S, NH.

Néu mot vong chifa nhiéu di 18 giong nhau thi phai dénh s6 nhu thé nao dé céc di t§ c6 chi s6
nhé nhat c6 thé dugc va tdng céc chi s6 ma dj t6 chiém [ mét s6 nhé nhdt. Thidu :

4
4N N
5 2 ; 6 2
N ’
X N
H
1,2.4-Triazol 1,2,4-Triazin

Néu vong chita cdc di 168 khdc nhau thi s6 1 danh cho di t6 ding trudc trong céch goi tén theo he
théng va phdi ddnh s& theo chiéu ndo d€ sao cho téng cac chi s6 ma di t6 chiém 2 mot s6 nho
nh4t. Thi du: - '

0
1

1,3-Thiazol (hay thiazol} 1,2-0xazol (hay isoxazol)

4 N3 4 3
;. [}

D6i v6i cic hé ngung tu kiéu dibenzo thi cich déoh s6 khong bit ddu 1l di 16 ma hdt ddu vk dink
trén clia vong bén phdi réi ti&n theo chiéu kim déng hé quanh hé da vong. Nhung ciing c6 ngudi
d4nh s6 bdt ddu tix dinh dudi cita vong bén phdi va tién nguge chiéu kim déng hé quanh h¢ da vong
(nhu A6i v6i cacbazol va dibenzothiophen). Thi dy : |

Dibenzofuran



1.4. Cdch gol tén va danh s6 céc hé da di vong ngung tu phiic tap
PGi véi cdc hé da di vong ngung tu phiic tap ngudi ta thudng phai dé ra mot s6 quy dinh chung
sau day:

Dé d4nh s6 dudng vong quanh bén ngoai cla cic hop chit da di vong cin biéu dién c4u tric
* clia chiing véi quy tic dinh huéng nhu sau:

- 36 16n nhat cha cic vong cdn duoc dit theo dudng ndm ngang. Thi du:

Dinh huéng ding Dinh huéng khéng ding

- Khi ¢6 mat mot vai vong, s6 16n nhdt clia ching ¢dn duge phan b6 sao cho vdng cao hon bén
phdi ndm phia trén truc hodnh. Thi du:

Bring Khéng ding

Su ddnh s6 bdr ddu tit vong duge phin b6 xa nhdt, d phia trén, bén phdi réi theo chiéu kim déng
hé, bd qua cdc diém ndi. Thi du:

8NN
&
N : : Nj
~ Phenantrodin | Preridin
£ goi ten cdc hé di vdng da ngung tu cdn theo quy tic sau:

— Chon vong co séf :

+ Cing ¢ vong thi vong ndo chifa di t6 diing trude trong he théng cdch goi tén s& duoe chon
lam co s6. '

+ Vong 16n hon duge chon 1am co sd.
+ Vong nhiéu dj t8 hon duge chon 1am co sd.
- Ki hiéu chi theo canh ciia vong co s6 ; con ki .hieu sG theo vi tri clia vong ghép vao véi nguyén
thc ddnh theo chiéu no dé c4c chi s6 c6 gi4 tri nhd nhat vA chit cdi gdn véi "a” nhat trong day a, b, c,...

g .



- Trong tén goi chung thi tén clia vong co s dugce gilf nguyén, con tén vong ghép vio duge déi
dudi thanh dubi "o". Thi du:

Benzofuran Dibenzothiophen
1 N 1 ] 1 O
T £ LY O R
L N L B e U L L
. 2 . » = » NN
Ol. ’ fN"2 > 4 072"N73 3 N73
Furan Pirazin Furan Difuro|2,3-b:2",3'-¢]- Bifuro[2,3-b:3"2'-¢]-
pirazin pirazin
4
4 4 5
5 2 5 < 2
6 9 - NN 2LN NZ7
| 1 8
H
Thieno|2,3-bjfuran; Pirolo-|2,3-b|piridin ; Piridef2,3-d|pirimidin
(Khong phaij furof2,3-b]thiophen) (Khong phai Pirimido| 5,6-¢[piridin)

IT - PHAN LOAI CAC HOP CHAT DI VONG
- C6 ba hop chdt di vong thom 5 canh chita mét di 16, d6 1a furan, pirol va thiophen.

& (L $

H
Pirol Thiophen

Furan

Néu trbng cic di vong trén day, mot cich hinh thifc, ta thay thé mot nhém —CH= bing mot di 16
nito thi s& cé céc di vong thom 5 canh chita hai di t8, dugc goi mét cich rong ing 13 oxazol va
isoxazol, thiazol va isothiazol, pirazol va imidazol:

oo o o

Oxazol Thiazo]
) imidazol
\ k: W
Zf N Z/ N 4 N
o) N s
H
isoxazol ’ Pirazol isothiazol



- Tir pirazol néu thay the ti€p cic nhém - CH = bing di t6 nito thi s& c6 céc triazol v2 tetrazol.

4 4 3
N3 N N—N
/A \ | \
5 _N2 5 _N2 _N
Ni N1 | N
H H H
1.2 3-triavol 1,2,d-triazol Tetrazol

- Cic dj vong thom 5 canh chira mot di t6 oxi (hay luu huynh) v6i hai di 16 nito duge goi 1 céc

oxadiazol (hay thiadiazol).

N N— Ne—
{/ W / \ /f A\Y 3
N Lo/ N NQ O/N ( o )
1,3,4-oxadiazol

O
1,2.3-oxad1azol 1.2 4-oxadiazol 1,2,5-oxadiazol

N N N—N
[ 'S EENS

S
[,2,3-Thiadixzol 1.2,4-Thiadiazol 1,2,5-Thiadiazol 1,3,4-Thiadiazol

- Dj vong 6 canh thom chita mot di 16 nito duoc goi 12 piridin. Néu mot, hai hoic ba nhém
_ CH = trong vong piridin dugc thay thé bing cac di 6 nito thi s& cb cic di vong diazin, triazin

hoiic tetrazin.
1
N ~-N
“n7 N~ N)

Piridin Piridazin Pirimidin Pirazin
{1,2-diazin) (1.3~-diazin) (1,4-diazin)
N N N
N Wy
| l ‘ | Y.
Nﬁ N N’/ N N ~ N Nﬁ N N ~ N
1,2,3-1razin 1,2 4-triazin 1,3,5-triazin 1,2,3,4-tetrazin 1,2,4,5-tetrazin

(Triazin d6i x(ng, Xianidin)

- Ngudi ta cling di bit mot s6 dan xudt cha di vong 6 canh chita mot di t6 oxi hodc lvu huynh,

dugc goi 1a céc piran hodc thiapiran tuong ung.

o QO QO 0

g-piran ¥ -piran a-thiapiran y-thiapiran

Day 12 nhitng hop chat khong c6 cfu trdc thom,
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- Khi mot di vong ghép véi mot hosic hai vong benzen ta cé cic hé da vong kiéu benzo- hoic
dibenzo-. Thi du: ' '

o OO o0 O

Benzofuran Benzopiridin Benzo(c|piridin Benzothiazot
{(Quinolin} {isoquinolin) :
H
‘ ' I
: ‘ N
: |
H
Benzo |c] quinolin Bibenzopirel Dibenzol b:elthiazin
{Phenanthrolin) {Cacbazoal} (Phenthiazin}

- Hai di vong ciing c6 thé ghép vdi nhau thanh céc hé da di vong ngung tu:

) @@] ) QIE

Dirhiophen hay Thiophenothiophen Thieno| 2,3-b|furan Pirolo[2,3-bjpiridin
< N
0 )
N S -
N T N"N |
H
Purin Pteridin

- Ngoai cdc di vong thom 5 v2 6 canh & trén ra, cling cdn cé cde di vong khéng thom loai 3 va 4
canh hodc 7 va 8 canh chita mot hay nhiéu di 8. Thi du:

VoA OO O

| 0
H H
Aziridin Oxaziridin Oxetan Azetidin Trimetylen-
{ctilenimin) sunfua

0 CeHs _ CeHs |~ Cets,  CeHs
QS )&N _/N
0 —C¢H 0 o :
6 =0 0O —

1,2-oxathietan ! |
COOC,H;

11



Azepin 12 mot di vong 7 canh chita mot dj t6 nito. Cic di vdng 7 canh

hodc 8 canh khdc chita mot dj t6 oxi hay lwu huynh hoac hai di t6 gidng \ /
hay khic nhau ciing 43 dugc t8ng hop. N
H
COOH COOH

]
CH,-CO ~ PPA. _ _
| - i (Z=0,8)
-5
7 N :
NH, HsC,00C 3,3-Dihidrobenz
@: + \CHz — 1,5- diazepin-2,4-
2

H;
C ‘;@rmz oo™
, S
& _2H20
] + H;N— NH, Q -

COCH, COCH;

H,C N—N CHy

C6H5—(IZ=N— NH, 0?—C(,Hs 21,0 CeﬂsI:—:ijﬁHS
. .
-CO C
Cells HoN— N7 ™CgH, CeHs™ “N- CeHs

T N ca
+ —_—
C-0 CH— CsHs c-o~H
I I CeHs
O
Phtaloylpeoxit Stiben

Thyc t€ cic h¢ di vong 7 va 8 canh hay bén vimg hon nhiéu so w&i vong cacbon tuong ing.

Ngoai ra cling con ¢6 cdc hé di vong chia céc di t6 khéc nhu Si, Ge, Sn, Pb, P, As, Sb, Bi, Se
Te,... ma trong d6 d3c biét duge nghién ciu nhiéu 13 cdc din xust cia selenophen.
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HI - PHUONG PHAP CHUNG TONG HOP CAC HQP CHAT DI VONG

Trong vai chuc nam tro lai day, nhiéu phuong phép chung téng hgp céc hop chét di vong da
duge dé xuflt va nghién ciu khé chi ti¢t. Chinh céc phuong phap ndy da cho phép md rong ding ké
pham vi diéu ché cic hop chit di vong khdc nhau. C6 thé x€p ching thusc vio ba loai: Phuong
phdp céng hop vong, phuong phdp vong héa vong electron (titc déng phan héa lién két héa tri) va
phuong phdp ngung tu ciia cdc enamin. Sau day ching ta s khio sat mot s& thi du cu thé.

3.1, Céc phan img cong hop vong

Phdn img cong hop vong 1a qud trinh ma trong dé xdy ra su cong hop cua hai tée nhan véi nhau
dé tao ra mgt phdn nr moi bén vimg. Trong qué trinh nay khong xay ra téch loai bat ki mot phén
nao cda phan tif chét phin éng ciing nhu c4c lién két o chi duge hinh thanh chit khéng bi dit vé.
Trong da s6 cic trudng hop thudng hinh thanh hai lién két ¢ méi. Co ché cha qué trinh ndy 14 sy
tao ra trang thdi vdng electron trung gian. Dya theo s& nguyén tir cia méi phan ti tham gia tryc
ti€p vao sy tao vdng va kich thude clia vdng méi duge tao thinh ngudi ta c6 thé phan loai cc phan
ing cong hop vong nhu sau: |

- Cong hop vong kiéu 2 + 1 — 3. Thi du, phén tng clia cacbetoxinitren véi xiclohexen:

O + :N—COOCH; —— (}N—COOCZHs

- Cong hop vong kidu 2 + 2 — 4: Nhém céc phan tmg cong hop vong kidu ndy 12 chiéu huéng
phét trién rat nhanh chéng trong nhitng nim gdn day. Thi du, phin 'ng cOng hop ciia cdc xeten vao
cdc imin din tGi sy tao thanh vong B-lactam.

CeHs ote CeHs
Ces ,C=C=0 + CeHsCH=N—C4H; CgHs ——Nf(_)c !
L 6Hs
CHs CH,
>C N 5 ete . CHy~— I CH; s

CHy” , G |
" 20°C ' -_ (70%)
CIO;5—N=C=0 CI035—] ClO;S—N-—xq

- Cong hop vong kiéu 3 + 1-» 4: Cho dén nay chua thdy xudt hi¢n mot thi du ndo vé kiéu cong
hop nay. :

- Cong hop vong kiéu 3 + 2 — 5: Nhém phan ting cong hop vong kiéu ndy rit phé bi€n va md
ra khi nang rong 16n téng hop céc dj vdng 5 canh. Qu4 trinh & day dugc xem nhu phin img cia céc
1,3-ludng cuc (trong d6 4 electron dugc phan bé trén 3 nguyén tir) véi céc tdc nhan "4i ludng cuc”
khong béio hoa (trong dé6 chira he 2 electron) va két qua vong 5 canh duoc tao thanh. Thi du:

13



CH @ _ C6H’

C6H5

Cic nitrinilit, nitrinimin, nitrinoxit, diazoankan, azit, azometinilit, azome-tinimin va céc nitron
déu 1a cac 1,3-Iudng cuc.

o ® CHy,  _cH, CHyo ¢ )
CHQT'—N:N + /C=C\ - [ = "‘CH3
(Diazometan) CH;00C COOCH,; | H;CO0C COOCH;
CeHCO.
] : .
SO 2000 o —
N CoHs NG H/CaHs
(Azornetinilit)

CHC=NC
Cl Et N ) t NO2
o @
CﬁH‘j_C“ N*CHZ—@ NOy = CHC=N= -NO, | —
%&w%a—@—bﬁoz

{Nitrinilit}

N
GH,CHO N ©2
CH (63%)
H

( - g
C6H5%=N—i\:I—-C6HS CeHsC=C-COOEL CHs.. C()H5
;

—N—CgH. 160°C 9 .
CE,I{S(: al s Cotls -~ ﬁ%s%:b;—N—CﬁHs Et00C 84%)

CH,=CH,

® @ —CH
| CoHsO=N—N~ CoHs %Hs'{lr CeHs
’ | 1%

{Nitrinimin}

14



N @ €,C0, Xy, CH=CH-COOE = |
N . (@HNchio N.© Ny
“NH; NH H

(Azometinimin) COOFE:
(27%)
CH,NHOH CH
Orom -2t A
(Nitron)

(Day 13 mot trudmg hop cong hop vong ndi phan tir)
CoHs-C=N—0 ~COOEt CeHs @ /@ ~COOEt CqHs COOE
by — } 4 ‘-
Cﬁﬂs% (?\/‘ \NH N--...O NH,

(Nllrmoxlt)

Yéu t6 khong gian d6ng vai trd rft quan trong trong loai phan dng nay. Cic olephin khong déi
xing c6 thé cong hop véi 1,3-ludng cuc theo mot trong hai chiéu hudng khdc nhau tiy thude vio
ban chit cua nhém & bén canh néi doi:

| NN
C4HsCH=CH, [ 9

CH;CH,NO, 6 o -CoHs (79%)
. +—| CHy~C=N-0 |~ H
CH;CH,N=C=0 CH,=CH-CN H-‘*C\EN‘O
' CN {T9%)
H

- Cong hop kidud + 1 = 5:

Thi du dién hinh cho loai niay 12 sir cong hop 1,4 cha anhidrit sunfure vio cic 1,3-dien:

25C
{trans, trans-hexadien) S02

f 3 Cham
CH; + SO, 96°cl —O_c}% + CH3'C=>‘

Bk H3C
12 gids
(cis, trans-hexadien) 1 phén 1 phﬁn
(San phdm ddng phan hod)
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Phén iing loai nay ciing phu thuodc rdt nhiéu vao cdc yéu t6 khong gian.

- Cong hop vong kiéu 4 + 2 — 6 : Day thyc chét 12 phén ting cong hop kiéu Diels-Alder, nghia
12 su cong hop clia mét dienophin ("4i dien”) c6 lién két kép vio mot dien lien hop va din téi su tao
thanh vong 6 canh:

~CH3
FH H H CH;
N\ o
CH C 180°C 0
| + — | (60%)
(CcH,
H, |
cnd " e Sen, . e ySyen
CH;3~C 0 CHs O (55%)
N
CH,

H
CH CH2 400°C ,tatm IOCN | =
C CH—CN Xt N

CH=CH,
CH
2
 COOE: CH(COOCH;),
!0 McHcoocHy), + | — % I;I—COOEI
N
~COOE: N—COOE:

Cho t¢i nay phuong phép cdng hop véng khong cho phép téng hop dugc di vong nhiéu canh
hon 6.

3.2. Phuong phap d6ng phan hoéa cic lién két hoa tri

V& bén chat, co ché cliia phuong phép nay ciing gidng nhu phuong phép cong hop vong & trén,
nhung chi khdc 12 sy hinh thanh trang thdi vong electron trung gian 12 do sir sap x&p lai h¢ théng
electron trong cting mot phan tir. Chinh vi vy ma loai phén img nay duoc goi 12 déng phan héa
lién k&t héa tri. & day khong xay ra sy chuyén ddi ciia bit ki nguyén tir hay nhém nguyén tif ndo,
ma thut chat chi cé sur phan bé lai cdc electron 7 va © trong cfu triic clia ban than phén tir va do dé
c6 su thay d8i k&m theo géc héa tri va do dai lién két giita cic nguyén tir trong phan tir. Thi du:

LTS L ol T+ o)
I

(I (D Iv)

‘(3 day su nhiét phan hop chét (I) trong sy ¢6 mit xic tdc LiCl din t6i sy tao thanh hén hop
trans-(IT) va cis-divinyletilenoxit (IIT). Nhumg chi cé déng phén cis khong bén nén dugc chuyén vi
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thanh déng phén héa tri tuong ting (IV), nghia 1 d x3y ra sy déng phan hda céc 1ién k&t héa tri dé
tao thanh vong oxepin (IV). Hop chét trans-(IT) bén vimg hon vi c4c nhém vinyl n3m trong hai mat
phéng khéc nhau v khong song song véi nhau. Vi vay mét trong céc diéu kien quan trong dé xay
ra déng phan héa lien ket héa tri 12 phan b6 cic nguyen tir tham gia vao sy ddng phan héa lien két
héa tri phai & trong esc mjt phing song song vdi nhau. Diéu ndy cdn thiét dé tao ra sy phan bs c6
lgi nhét vé cdc géc va cdc dai lugng lién keét, cling nhu vé sit phan b6 ¢6 loi nhét mét 49 electron
trén cdc nguyén tir dé. -

Phuong phip dong phan héa lién ket héa tri chit y&u duge iing dung dé téng hop céc di vong 7
canh chifa nitg hodc oxi (cdc azepin hoac oxepin) va c6 thé ca cdc vdng 16n hon. Thi du :

~-CoOCH, 2. B ~COOCH, o “SN-COOCH{ —
. Br THF s6i

— —COOCH;,
CH;
CF = 308 =2 (o] 5
0O — O @’ [ —
: ey Br ete,0°C - ‘.
CH, CH, _ CH,

3.3. Phuong phép ngung tu enamin

Enamin 1a céc amin ¢6 chita lien két 46i & vi trf @, B. Trong nhitng ndm géin diy cic enamin
duge sif dung rdt rong rai trong t8ng hop hitu co néi.chung va téng hop céc di vong néi rieng. Loai
chung nhdt ciia céc phan ing ngung tu enamin 12 sy cong hop vodng clia c4c enamin véi nhimg hop
phén c6 khi nang phan img cao dé din t6i sy tao thanh céc di vdng 4,5 hoic 6 canh.

- Ciéic di vdng 4 canh nhan duoc bing sy tuong tic chia céc enamin véi céc g6c 2 nguyén ti.

Thi du :
® N(C
: (Rcuy, @f’cnz Dioxan CN(CHs), (CHs),
\_’/*'v SO, -_— Cf\@ - SO, (13%)
S0,~CH,
'[CH3SO,Cl1+ EtzN}
. o)
GJCO N-S0,CeHs  cghg C@CO ' Q
CH-CgH; %% g"mzcﬁl'ls N--50,CgHs
(l:GHS CeHs

17
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CH3'\ ’ CH3 CH3
. /s .
L Do iz o
. * SO, Punssi  (CHspN 56, @5%)
H N(CH;), H

- Céc di vong 5 canh duoc tao thanh do tuong téc ciia cc enamin v&i cfe hop phén 1,3-luéng
cuc (nhu da trinh bay & trén).

| CeHs O | l'ljﬁPls

l N™ CeHs N
CﬁH\C,N IN:® CeHg CﬁﬂsEN SN HaSO, 10% CGHS'[I:' ;N
([jlj + I!q: Bun soi 6 ngay N'? N
ik [ (10%) (99%)
N©®
CeHs ' CeHs
CgH;
CHCL HCI 15% N
OLNC T OTOSN = O¢,
i} ' '
.

Céc thi du.trén cho ta thiy néu ché luyén sin phm cong trung gian véi axit thi c6 thé d& dang
loai bé khoi sin phdm phén géc chita nito cia hop phn enamin. Piéu ndy cho phép mé rong déng
ké pham vi ting dung cdc enamin trong tdng hop di vong.

- Céc di vong 6 canh chita oxi duoc téng hop bang phén ting clia enamin véi mot vai hop chat
' cacbonyl, thi du phan tng clia enamin véi dixeten ching han:

0
Oz O
] 2
..NKIO San O

Néu du xeten thi c6 thé nhan duge cic a-piron

- r @ :
N(CH
CHy (NccHy, cupy SAGY 2 CH
c’ . ee C""°cH ,
I * C=0————| = ] L\ 3R
: C;I\“C=\9 25°C,4316 CH (I: C
v ' N\
CeHs (I%Hz CeHs EH 0
I : ]
. CH3 U~_0
CeHs \l
CH;
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Sy ngung tu clia enamin véi cdc andehit salixylic trong dung moi tro (benzen, hexan,...) din t6i
sif tao thianh cdc O, N-xetal véi hi¢u sudt cao. Cic xetal nay cd thé bi oxi héa véi su téch loai cic
gdéc chita nito va cudi ciing chuyén thanh hgp chét loai tetrahidrooxanton. Vi vy, day cling 12 con
dudng chung t8ng hop céc dj vong chifa oxi.

- . Q
H HQ. H H
/
O{/N._. _ch CeHg CrO;
L jﬂ-p 0 8 Pdin RO
OCHs OCH; OCH,
-0 [ [ (42%)
(100%)
H |- O - 0

G day cdn Iwu ¥ ring tinh nucleophin cao clia nguyén tir Cp trong enamin lam cho qud trinh
C-ankyl héa tré thanh wu th€ hon so véi cic phan ing khéc:

=)
NSy ! [ \@ | phiig
N=—C=C -— N=C—C
v g B\ / a B\

Tinh chdt nay duoc tng dung dé md& rong cdc hé di vdong v6i siic cing 16n hon nhu
N-cacbankoxiaziridin ching han: '

('_3 | '?ooa () §O°R | Q

. COOE
AN Xilen li‘fa -
L:'I (?Nz — — o —_— [ i N ] (65%)
Pun soi 4 gidy .

Céc enamin ciing dugc ding 1am ch4t ddu dé téng hop qua hai giai doan mét loat céc hcrp chat
di vong. Thi du : Tuong téc clia enamin v6i benzoylisothioxianat dén t6i sy tao thanh trung gian
déin xuit benzoylthiocacbonyl, ma sau d6 né d& dang duge déng vong trong tetrahidrofuran thanh
din xuft caa pirimidin:
\_NH

CHCON=C=§ C'/N THF
O 50 (X, oo =% i, o
- N elc,. NH Pun s6i

. I N "CeHs

-
CeHs . CeHs CeHs

Tuwong ty, san phdm ngung tu ciia enamin véi phenylisothioxianat khi twong tdc vdi hidrazin hay
amidin s& chuyén thanh c4c aminopirazol hay aminopirimidin tuong ing:

Et .H Bt ~-NHCoHs Et NHCsHs
CgHsNCS é H,NNH,.H,0 - Z \(N o1%)
CH /CH EtOH \
N/ N Dun sbi 2 gi¢r H

7 o
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NHC¢H;

| -
: CgH3NCS C%S = . |
— | N7 CeHs
N /\' .3

Su t&an_g téc cha cdc enamin bic nhdt véi céc andehit hay xeton clia ddy axetilen tao ra cdc din

xudt ctia piridin:

: COOE! COOEt COOE!
. -
CfﬁHr+\(|fH .~ C,HOH ﬂ . -H,0 (I 50%)
. C
2

0
CH
| ,d t o m
H3C NH2 _ H3C N

Pic tinh nucleophin cao clia nguyén tir Cp trong céc epamin ciing duge tng dung trong téng
hop céc hop chét da vdng chifa nito bing céch axyl héa noi phan tir cdc enamin d6. Thi dy:

o
OEt

' COOEt - |
Ty '
NH Toluen N HOG'I:CH20H
+ CF,CO0H 170—-180°C, 15 gid
. . Pun s6i 16 gic

0 ]_jOEt 9]

(74%)

Trén day 1a cdc phuong phép chung nhét, cé thé van dung dé 18ng hop nhiéu loai di vdng khic
nhau. Nhung trong thyc t€ mdi loai di vong lai c6 rét nhiéu phuong phép 18ng hop cu thé, m2 khi
nghién citu mai loai di vong do chiing ta s& xem xét ddy do va chi tiét hon.
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Chuong hai
NHOM D} VONG 5 CANH 1 DI TO

Nhom di vong 5 canh 1 di t6 bao gdm céc hop chélt vong sau day:

0 (> 0 SIS

\ N}
H
Furan ~ Pirol Thiophen Selenophen Teluaphen
Su G; ' Epj As:
7N\ ! Lo
R R H H
Silol . Gecmol - Phoxphol - Arsol

Tuy nhién duge nghién ciu nhiéu va phé bién chi Ia ba di vong ddu tién. Vi viy trong chuong
niy chiing ta cling chi tap trung nghién citu c4c di vong furan, piro! va thiophen ma théi.

1- CAUTAO VA PAC TINH THOM

: 4n3 B 4—3 B 4,3 B _ .
520 2 a 5( §2a 5{ }.20_ . D
! S N
Furan Pirol Thiophen ' Xictopentadien -

C4c di vdng 3 canh chita mot di t6 oxi (Furan), nitg (Pirol) va luu huj‘mh.('l'hiqphcnj_mac du vé&
mit hinh thifc ciing chifa phén cis-dien nhu phan tlr xiclopentadien, nhung vé ban chét cdu tnic va -
dic tinh héa hoc lai khéc hén nhau. Ching han, xiclopentadien 12 h¢ dien lién hop nhung khong c6
cfu tao thom, trong khi d6 cdc di vdng furan, pirol va thiophen & mic d6 ding ké déu thé hién tinh
thom, mic dil ngay giita chiing ciing c6 sy khéc nhau khé 16n. \ - o

Theo quan diém ciia thuyét obitan phan tir thi cdc phan ti¢ furan, pirol va thiophen dugc mé ta
nhir cdc hé théng cfu tao phing v6i 4 nguyén tir cacbon & trang théi lai tao sp? va mot di 16 oxi,
nito hay lvu huynh. :
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M3i nguyén tit cacbon sit dung ba obitan lai tao sp2 € tao lién két o véi hai nguyén tlt cacbon
bén canh (hoic véi mot nguyen tir cachon va moOt nguyén tir di t6) va voi nguyén ti hidro. Dj 18
nito ciing sit dung 3 obitan lai tao kifu sp?‘ dé tao lién két v6i hai nguyén tit cacbon bén canh va véi

nguyeén tir hidro. Nhu vy m6i nguyén tit cacbon con 1 electron p niim & obitan vuéng géc véi mét
phing vong; dong thyi trén di t8 nitar con mot cdp electron ty do. Tat ci 6 electron ndy hop thanh
mot mach dién kin, bao trdm lén toan b6 phan tir (xem hinh v&). Tinh hinh ciing tuong ty d6i véi
furan va thiophen. Chinh hé thong 6 electron © nay dugc gidi tod trong phan tif nén lam cho vong

&n dinh va thod man cong thijc tinh thom chia Hucken (. eg=4n + 2).

F
’
.
L “
@4‘
H—C/. )
e ~ N
“‘ 2
‘\‘- 'l
- -
N
A0

Cin lru ¥ ring & cic nguyén tit oxi (trong furan) va luwu huynh (trong thiophen) ngoai cap
electron tham gia vio h¢ thom cdn c6 mot cap electron nita khong tham gia vio hé electron thom
ma ndm & obitan lai tz_io_spz, nghia 12 ndm trong mat phing cia vong.

Con theo quan diém clia phuong phép so 6 héa tri thi céc phan tir nay duoc xem nhu céc dang
lai tao cong hudmg clia mot day cic cAu tric giGi han:

e " R B — S

X ]
[43] m (1 Cav) )

Quan niém ndy mo ti 3 rang ket qué 1am mat dinh xi¥ cva cép electron khong chia xé & dj t6
va ghn lién v6i sy xudt hign dién tich am phdn trén nguyén tir cacbon cla vong (bing dién tich
duong phdn xuét hién trén di t6). & day cdu tric (1) mang sy déng gop co ban, vi né khong co su
phan bg dién tich. Ciu trc (1) va (III) quan trong hon cdc c&u tric (IV) va (V) vi chiing ¢6 su
phan b6 dign tich nhd hon. N6i cdch khic, ba dang cdu tric cong hudng nay phai c6 cic miic nang
luong khéc nhau va t4t nhién sy déng gép clia mbi mét trong ching vao cu triic lai tao phai ti lé
v6i d¢ 6n dinh tuong d6i cha chiing, ma mét céch tin tudng dugc phan b theo tht ty sau: I > II,
=1V, V. '

Nhu vdy, véi cu triic electron dic biét, cic di vong furan , pirol va thiophen déu co tinh thom,
tuy ring vé mitc 36 chiing déu nhd hon so v6i benzen (phan ti benzen c6 thé duge biéu dién bang
hai cong thitc ma trong d6 khong c6 sur phan b6 dién tich). Nhung do thom giita ba di vong nay
ciing khac nhau, ma thif tv c6 thé x&p nhu sau: Furan < Pirol < Thiophen. Diéu ndy ching nhitg
duge chiing minh bdi dac tinh héa hoc mé con duge thé hién qua gi4 tri nang. luong én dinh héa
cia ching :
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qu chét Furan Pirol Thiophen
Ning lugng 8n dinh (kJ/mol) 92,4 109,2 - 1302

Gdayta thy d Am dién cua céc di t6 thay ddi theo ddy sau: O > N > S, béi thé cho nén furan
déng goép vao su tén tai clia cic cdis tric cong hudng (I1) - (V) nhd hon pirol vi cla pirel nhé hon
thiophen. N6i cich khic oxi trong furan cho d6i electron ciia minh tham gia vao lién hop héa véi
cdc electron x nhé hon so véi nito v luu huynh, do 46 d6 thom cia furan nhé hon ciia pirol va do
thom cta pirol nhé hon cla thiophen.

Mt khic do dai lién két trong céc phan ti furan, pirol va thiophen ciing ¢6 gi4 tri trung gian
gitta cdc lien k&t don va d6i thong thudng.

144 A 143A 0
| 142 A
o 4]
135A . o
[Lk . (N& L37A —1,37A
0™ 137A 1,382 0
1'{ SN 171A

Diéu nay ciing ching b sw mat dinh xi ciia c3p eletron khong chia xé trén dj t6 va sy déng gép
ding ké clia céc cdu triic cong hudng phan cyc vao sy t6n tai cia ching.

Nhu vay rd ring ring 4o thom cita cdc di vong nay phy thude vio cip electron khong chia xé
ma di t€ déng gop vito h¢ electron m cha vong.

I - CAC PHUONG PHAP TONG HOP

2.1. Diéu ché trong cong nghiép

2.1.1. Furan

Furan ¢6 thé nhan duge mot c4ch tuong d6i don gian tir furfural, ma furfural lai dugc diéu ché
d& dang bing sy thiy phan trong moi trudng axit céc polisacarit (chia trong v6 tréu, 16i ngé, ba
mia, than lan sdy,...) hay céc ch4t thién nhién khéc c6 chia dudng pentozo.

Sy thily phan duoc ti€n hanh bing céch dun s6i bt c4c phé lieu thuc vat d6 trong dung dich axit
clohidric hay axit sunfuric 12%. Trong diéu kién binh thudng tir c4c nguyén liéu trén cé thé nhan
duge khoang 10-13% furfural.

Tir furfural ¢4 thé nhan dugc furan bing sy nhiét phan & tuéng hoi véi xic tic Ni (& 180°C) hay
voi toi xiit (& 350°C):

Ni/280°C : |
Pheé lieu thuc vat "'"[l ﬂ +CO
0 "CHO (hay voi 16 xiit/350°C) o
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Tir furfural cling o6 thé qua phan émg Cannizaro, hojc t6t hon, qua sy oxi héa bdi oxi khong
khi trong dung dich kiém véi déng () oxit hay bac oxit s& phan dwgc axit furoic, ma sau do
decacboxyl héa axit ndy s€ dugc furan: ' '

ST (-
ocHo T CHOH * COOH

O 0
_co, ﬂ
ﬂ 0,/NaOH @ 5 5
o’ “CHO Cu0/Ag0 o ~COOH |

2.1.2. Pirol

Cé thé nhan duge pirol khi cat nhua than dé hay nhya xuong hodc bdi tic dung cia furan véi
amoniac trén nhém oxit & 400-450°C (phan img urev):

Al O
é § + RNH; — . l g

O 400°C lxl]
R
Pirol ciing c6 thé nhan duge mot céch thudn tién khi nhiét phan mu6i amoni mucat hay phan
huy nhiét dudng galactoze: :
OH\ H
!
H ﬁ §
OH Glixerin N (37_40%}
0
H H ! }ll .
H,NOOC OH HO COONH,

2.1.3. Thiophen

Trong cong nghi¢p thiophen dugc téng hop dua trén sy d6ng vdng héa butan, butadien hay
buten véi luvi huynh. Céic hop phén dugc dun néng so bo dén 600°C 16i nhanh chéng duge chay
qua 15 phin ing. Sén phdm phén dmg di ra khoi 106 duge 1am lanh dot ngot. Khi d6 thiophen. duge
ngung lai thanh chat 1éng, cdn hén hop khi chua phan tng lai duge dua vao déng vong ti€p theo.
Cu6i ciing sau khi ¢4t c6 thé nhan duoc thiophen ¢4 do tinh khiét t6i 99%.

Thiophen ciing c6 thé dugc diéu ché bing cdch dun néng h6n.hqp mudi _nafri clia axit sucxinic
véi photphotrisunfua:

CH,COONa ©

i + P253 —_— 4 S B (25-30%)

CH2COON&

Phuong phép néy c6 thé cho ta cc thiophen v6i nhém thé & vi tri xdc dinh néu nhu di tir céc axit
sucxinic thé twong ung.

24



2.2. Téng hop Paal-Knorr

Mot trong nhimg phuong phdp chung nh4t 48 téng hop vong furan, pirol hay thiophen 12 téng
hop Paal-Knorr. Ban chit clia phwong phép nay 1a thc dung cha céc hop chét 1,4-dicacbonyl c6 kha

ning enol héa véi céc tic nhan dehidrat héa c6 tinh axit (H,S0,, PyOs, P.P.A., ZnCl,...) hodc véi
amonisc hay amin bac mot, hoic véi cdc sunfua v6 co. Thi du:

®
cl)jH H C6H5 CeHs
C
? CeHs PPA. ) H "H, 62%)
3C20 140-150C
i
H C6H5 C6H5 C6H5
CHy—Cy
l O (NH,),C0, YH, ~2H,0
C¢O 100-115°C oM — /Q\
CH,— < 6 N @H H,C CH;
| CH H
CH, 3 ]
_ H (81 86%)
CH,—CH, HQCH_CW
i | Py5;
L& L (CH)CO0CH; — — (CH,COOCH;
Cel; 0O C_6H5 Q)}f)

.
H — H20 /ﬂ\

—>  CgHs & (CH,),COOCH; CeHS 87 T (CHp»COOCH;
OH frs (50%)

Su én dinh clia cdc hop chét trung gian do xu hudng tao thanh di vong thom 1a yéu t6 quyét dinh
cic phan img nay.

2.3. Téng hop furan theo Feist-Benari va téng hop pirol theo Hantzch

Phan iing cha o-halogen xeton hay «-halogen andehit vdi B-xeto este hay B-dixeton .trong sy ¢
mat clia cédc bazo nhu natri hidroxit hay piridin dfn t&i sy tao thanh vong furan. Phin ng nay
mang tén Feist-Benari:

Piridin E1QOC CH3
CH,COCH,;COOEt + CICH,COCH; — ] g
CeHy , 25°C H;C™ 'O

Vé ca ché€ cé 18 & day xdy ra qué trinh O-ankyl héa truée réi méi xdy ra sy déng vong héa
C; —Cy4 tiép theo:
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EOOC_ O CH
| 18] EQO R EO .
oK RN CcH CicHcocH;  GH Ko OC)_SCI'Ia

CH; | | -HO

| -_— I C H2

C=0 L  CH) N K HsC
CH3/ CH; 3 0

Néu dua vao phén ing loai ndy cdc bazo nito nhu amoniac hay amin bac mot chiing han thi hic
d6 s€ nhan dugc cédc pirol tuong dng va phan ing mang tén Hantzch.
BOOC Er00C

H, NH,
I + CCH,COCH; —*
C=0 HsC r?r CH;

H

( day phén tng ciia bazo nito véi xetoeste thong thudmg xay ra true réi méi dén phan tng cba
enamin trung gian véi hop phdn halogen cacbonyl va hic d6, enamin bi C-ankyl héa. Cuéi ciing

mdi xdy ra sy tao lién két N-C, dé déng vong thanh pirol:

CH3/

Et00C, EtO0C E00C EO
CH, TH  wm CH cicH,cocH, C Ch
co T S @) & A
CHy’ cw” oM cHY NH 7 Ni, 6""C ‘cm
H
Etooc\(if EéH CHO ExOO(jl
— i e sman
C C H:C” N° CHs
~
H,C” Nﬂq) “CH; L

2.4, Tong hop vong pirol theo Knorr

Phan iing bao gdm sy ngung tu cia céc a-aminoxeton (hay o-amino-B-xetoeste) vdi cic xeton
(hay xeto este) trong su c6 mit clia axit axetic (théng thudng hon) hay kiém (thudmg it hon). Két
qua cdc pirol dugc tao thanh véi higu suét cao.

G day cdc a-aminoxeton thudng lai c6 th€ nhin dugc tir cic B-xetoeste hay B-dixeton qua giai
doan nitro héa véi su tao thanh oxim tuong tng va sau d6 duge khir héa ti€p theo boi kém trong
axit axetic:

CH;COCH,COOE i”‘)—z-cng—co -COOBt——22— CH;~CO-CH-COOR:
3C0’0 & -OH CH3CO0H NH2
CH; COOF
CH3COCH,COOE! E § (57-64%)
CH;COOH E0OC™ N ‘CH;
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CH H;C CHs
cg—c=0 /0w 7 M 40-44%)
l + CO—CH CH,COOH

CHs—C=N-OH \co-CH, H,C N CHy
H
CH '
CH3_$=O ' o C/‘ 2 NaOH H,C
+ =
N 28°C, 10 nga Z k (30%)
CH,NH;.HCI CH; i N "CH;
H

T8ng hop ndy duge thuc hién trong mot giai doan ma khong cin tich ra g-amino Xxeton trung
gian, b vi cdc diéu kién khir héa clia qué trinh khong anh huéng gi dén téc nhan thi hai, do dé6 rit
thuén tién.

Co ché ciia tdng hop Knorr chua duge nghién ctu chi ti€t, nhung c6 thé giéi thiéu mot céch khd
tin tudng bing so d6 sau day: '

COOEt
iy CHy~COOE HC. G0 /
C= ) —H,0 C/‘...../'\CH
| + C=0 — H.] ! —
s/ . 'Y N CH
E0OC H\NH2 CH; gooc” ?
OH H
—— : --H,0
Et00C E:00C” "N” "CH
H NjCh o

2.5. Téng hop cac thiophen theo Hinsberg

Téng hop thiophen theo Hinsberg dua trén phan tng cla a-dixeton, a-halogen este hoic cic
este ciia axit oxalic v6i dietyleste cua axit thiodiaxetic trong diéu kién clia ngung tu Claisen (thong
thudng trong su ¢ mit cla ancolat natri trong ancol). D4y 1a phuong phép chung téng hop c4c din
xudt ciia thiophen véi hiéu suit cao:

CeHs, ~  Cells BOOC ~ COOBt )cHyONa/CHyOH CGHMGHS (74%)

Cc—C CH,
CH s
Wl o+ N~ HH;0.1 HOOC” s~ ~COOH
3yHCI
EO0C CH:O0  OCH
COOE: N COOEt ) CrpoNa/CHIOH ’
T Ch  cn 2) (CH3), 50
COOE: N2 (.+ 332504 HOOC” s~ “COOH
IH

(59%)
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Phuong phdp niy cho phép téng hop dé dang cic thiophen c6 hai nhém th€ khéc nhau & vi trf 3
va 4, boi vi cdc axit dicacboxylic nhan dugc d€ dang bi decacboxyl héa khi dun néng.

Mat khdc, né€u thay th€ luu huynh trong phan tir ciia hgp phéin este bing oxi, selen hay nhém
NH thi c6 thé nhan dugc c4c din xuit cla furan, selenophen hay pirol tuong img.

Ngay nay ngudi ta da xdc dinh rdng monoeste cla axit dicacboxytic 12 san phdm trung gian déu
tién, ma co cheé tao thanh né trong tr co ché ngung tu Stobbe.

CHCOOE: EtO_
: CH3)3C-OK .
' 0l ECH3;;C—OH di—}c N
CeHsCOCOCeHs + C 3 o CH—
COOEt

e
GeHs00” | 1, Mcook:

O ,CeHs
C
K o

FO> —€0c,Hy S

—— COC H; -
o S f-cook: CeHs f_COOE:
H DCCH)
i
C6H5-—c":~c—C6Hs -H0  Cells z § CGHSQ (93%)
BOOC—C._ _CH~COO ¥ BOOC coo¥

2.6. Téng hop tir este clia axit axetilen dicacboxylic

Céc este cua axit axetilendicacboxylic khi phén \ing v6i tdc nhan nucleophin c¢6 thé tao thanh
céc din xuft cha furan, pirol va thiophen. Giai doan d4u tién cha phin ting 12 sir ¢dng hop theo kidu
Michael va ti€p theo la su déng vong sin phim trung gian thanh san phdm cuéi ciing nhu duoe chi
Ta dudi day:

COOCH o §OOCH;
P
CeHs—C? 0 c” ?  cuscooNa CeHs—C” C-H
[+ N  TOmoRe T CoHC Lo
CoHs—CH C~coocH;, "N~ ooocH,
NH,.HCl H.
H
o toH CO%CH3 CeH 00CH,
— &5 .....Hz()
Cetls CeH. 80%)
COOCH N OOCH;
N \) 3 ' I|~l
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Pé chimg minh cho co ch€ nay, ngudi ta da tich ra duoc cic san phdm hidroxidihidro trung
gian va sau d6 ti€p tyc "thom héa” né mot cach doc 14p thanh cde di vong tuong img. Giai doan sau
ciing nay nhic ta nhé téi co ché ciia phan ing téng hop pirol theo Knorr & trén:

0 COOCH; OH COOCH;
CeHs —CH * ll:l Axeton, t° H CH,0H
~oH COOCH; CH ™0~ “COOCH;
CeH; OOCH;
_‘H‘zo
(95%)
CsHsy” 0" COOCH;
1 - TINH CHAT

Ca ba di vong furan, pirol va thiophen déu t6n tai & trang thai 1ong trong cdc diéu ki¢n binh

thudmg:
(S (3 (>

H

2 32°C 2 131°C {2 84°C
d2° 0,9366 a2’ 0,948 d3° 1,0644
n® 1,4216 n® 1,5035 | nZ 1,5287

3.1. Phan img thé electrophin ( Sg)

Furan, pirolva thiophen c6 kha nang phin dng khd cao d&i véi céc tic nhan electrophin, téi mic
tuong duong véi phenol va anilin.

Nhu d3 biét, trong céc di vdng ndy c6 sy phan b6 bét d6i ximg dién tich, 1am cho trén céc
nguyén tir cacbon clia vong tich di¢n am ldn hon trén nguyén tir cacbon cla vong benzen. Day
chinh 12 nguyén nhan gay ra tinh nhay cim cao ciia cdc di vong furan, pirol va thiophen di véi su
thé electrophin.

Ngay trong day di vong ndy ngudi ta cling th&y kha nang phan tng th€ electrophin giam dén ti
furan dén pirol réi thiophen. Thi du sau day chimg minh diéu dé:

0.0
D‘ﬁ‘@ 1.CH,COONO, ~10%C Q—(":_QN% 51%)
0

S 2. Piridin
O
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Duéi tic dung ciia axit, thiophen té ra bén vitng hon furan va pirol. Diéu nay cho phép si dung
rong rai cic tic nhan axit khi lya chon diéu kién thuc hién phin tng th€ electrophin & véng
thiophen. Trong khi d6 d6i véi furan va pirol lai phai hét sic trdnh céc tdc nhan axit manh, béi vi
trong diéu kién nhu th€ chiing dé dang bi polime héa.

Cic tac nhan the electrophin chil y&u tan cong vio vi tri 2 clia vong furan, pirol va thiophen, bdi
vi trang thdi chuyén tiép xusit hién trong trudmg hop ndy c6 ning lugng thip hon (nhd sy én dinh
héa do cong hudng 16n hon) so véi trang thai chuyén ti€p déin téi sy the & vi trf 3:

9 =\ H H |
R ¥
H
&E ﬁE —H® UE
¢ g’} X

—

ﬂ_

X

—»

3.1.1. Sunfonic héa

Thiophen dé dang duge sunfonic héa béi axit sunfuric 95% & nhiét d6 phong véi sy tao thanh
axit thiophen-2-sunfonic (hi¢u sut 69 - 76%):

U + H80, == Q—so;n + HO0

S

Phan itng ndy x4y ra d& dang hon nhiéu so véi benzen. Dua trén tinh chit d6 ngudi ta c6 thé loai
thiophen ra khoi benzen cét tir nhua than d4.

Pai v6i furan va pirol khong thé sunfonic héa truc ti€p bing axit sufuric duge. Trong trudng
hop nay ngudi ta thudng sit dung piridinsunfotrioxit lam tdc nhan sunfonic héa va khi dé ciing
nhan duge cdc din xuft 2-sunfoaxit twong Gng véi hiéu sudt cao. Thi du:

D; .
g § + 0 'S 03 1cloetan ﬂ—SOBH 90%)
o I‘lle O .-

100-110°C
8-10 giv
sof
(Piridinsunfotrioxit khong sunfonic héa dugc benzen, nhimg c6 thé tic dung duogc véi anisol vi
thiophen dé cho din xufit’sunfonic tuong Ung v6i hiéu xuit cao).

3.1.2. Halogen hda

Halogen héa truc ti€p furan bing halogen phan tir thudmg dién ra véi t6c do rdt cao, déng thdi
hidrohalogenua thodt ra lai gay nén sur polime héa nhanh chéng toan bo san phdm, bdi thé cho nén
khéng thé tich ching ra duge. Nhung trong céc diéu kién nhe nhang hon brom ¢6 thé cong hgp vao
vdng furan dé tao thanh hgp chét trung gian kém bén vilng nén dé bi phan hty bdi dung méi thanh
céc san phdm khdc nhau. ' |
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CH30H,25°C H 52.76%)
CH;0 O OCH;

Br, H H | ]
U — [ B?©<Br ] CH,COOK | H>(=><H (70%)

CH;COOH,10°C  CH;COO O OCOCH,

Nhiumg t6t hon ca 6 thé brom héa furan bing phitc dioxandibromua
( BrO C>0.Br) . 0°C va khi d6 nhan dugc 2-bromfuran véi hiéu suit cao.

Pirol cling dé déng phdn 1ing véi cdc tdc nhan halogen héa, nhung thudng cho cdc san phim
polihalogenua.

Thiophen phédn tng vé6i clo vd brom rit nhanh chéng va sin phim thudng 13 hén hop
monohalogenua ciing véi polihalogenua, ma rat khé téch thanh ting hop chét riéng biét. Nhung iot
héa thiophen lai dién ra r&t cham. Tuy nhién cé thé nhan dugc 2-Totthiophen v&i hiéu sufit cao
n&u thém vao phén iing iot héa mot lugng oxit thity ngan trong benzen (hiéu suét 75%) hay trong
mrde (70%). '

3.1.3. Nitro héa

Khong thé nitro héa furan, pirol hay thiophen bing tac nhan va diéu kién thong thudng nhu d6i
v6i benzen, bot vi d6 axit cao clia moi trudng s€ gy ra sy phé v& phan tit va tao thanh nhira, Téc
-nhan thich hop d€ nitro héa céc di vong ny 12 axetylnitrat - mot loai anhidrit hén hop, nhan dwuoc
tir axit nitric khéi va anhidrit axetic. Phin ing dugce thire hién & nhiét do thap va cho két qua tét.

cH,cofno? NO;
S QNOz +
F; 5°c ; (5-7%)

y H (83%)

H H
O CH;COONO, U—NO UNOZ
—————————t 2
5 10c (10%) * ST (5%)
: ®
4 S CHSCOC?NOZ ."". H Pnndln! S
0" _10%t CH3C00 3 NOz "CH;C00 07 "NO, 07 "NO,
(60%)

Qua céic thi du nay chéng ta ciing c6 thé thdy su khdc nhau kh4 6 rét vé xu huéng va kha nang
phén ing cia céc dj vong furan, pirol va thiophen. Trong khi su the electrophin & pirol va thiophen
dién ra binh thudng va gén gi6ng véi benzen thi & furan thuc chit dién ra phan ing cong va két qua
tao thanh céc din xuit 2,5-dihidrofuran.

3.1.4. Phdn img Friedel - Crafts
Dai vdi furan va pirol khong th€ thuc hién duge phan ting ankyl héa theo Friedel - Crafts vi xiic
téc axit ding trong phin iing ndy ddng thoi ciing xiic téc cho ca qué trinh polime héa cac di vong d6.
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Thiophen do bén viing hon vdi tic dung cla axit nén cé thé€ ankyl héa theo Friedel - Crafts
dugc va két qué nhan dugc hén hop céc déng phan 2- vi 3-ankylthiophen véi ti 1¢ mol thay déi tir
11 1den3: 1ty thudc vao téc nhan va xdc tic duge sir dung. Nguyén nhan cla tinh chon loc yéu
nhur vy 1a do kha nang phén ting cao ciia cation ankyl khi tan cong vao dj vong.

Khac véi phan ting ankyl héa, furan rit d& dang duge axyl héa theo Friedel - Crafts trong su cé
mat clia c4c axit Li-uyt. Thi du:

é § BF, (75-92%)
+ (CH:COR0 —mm —»
Y ’ (CH,COOH) COCH;

2-Axetylpirol ¢6 thé nhan duge khi dun néng true tiep pirol v6i anhidrit axetic ngay ca khi ving

mait xic tic
gl\} + (CH,COR0 —m QCOCI—@
|
H H

Thiophen do bén vitng hon trong méi trudng axit nén ¢6 thé duge axyl héa theo Friedel-
Crafts véi hiéu sufit cao khi st dung cic xiic tdc khac nhau:

( } SnCly / (79-83%)
R @cocm

3.1.5. Cdc phdn iing thé electrophin khdic

Furan, pirol va thiophcn cdn ¢6 thé tham gia céc phan ting thé electrophin khic duge din ra qua
cdc thi du dudi day:

* Phdn iing thity ngén héa :
CH3COONa )
é % H
o’ * gCh H,0, CyHgOH QHgCl + Cll-Ig/Q\HgCl :

(33,5%)

Phan ing nay ciing xay ra d& dang véi thiophen.

* Phdn iing axyl héa theo Winsmeier :

POCI, ® H,0 |
+ (CH3pN-CHO — - CH=N(CH;s), {}
CH,COONa CHO

|
H n o i ®o%)

Furan va thiophen cho phin g tuong tu.

* Phdn iing fomyl héa theo Gatterman (d6i véi furan va pirol):

3 = [Qontuler 22 3

Q" 'CHO

32



* Phdn ttng clometyl héa:

Phan ting ndy dic biét duge thyuc hién véi thiophen:

U + HCHO + HCl — U\

5 $” “CH;Cl
Néu trén cic vj tri o di ¢é nhém the thi tic nhan electrophin vin ¢6 .thé_ tan cong vao vi tri B:

HCHO/HC) X CEH%\ (92%)
ZnCly, CHCl, 25°C CH;” ™S~ "COOCH;

+ H;O\

- CHy”™ 8™ “coocH;
"% Phin ting Mannich:
" Phan ting nay chung cho ca furan, pit"ol' va thiophen.
LY 4 HCHO + CHyNH ZHO 0\
. o L . g CH;N(CHs),;

N

)
' 3.1.6. Quy lugt thé

Nhu quy luat chung, chiéu hudng ciia su thé electrophin phu thudc vao cdc yéu 16 dién tir nghia
12 dwgc quyét dinh bdi su tao thanh trang thai chuyén ti€p véi mitc nang lugng nhd nhét. Thi du :

CH3c0NH—0’—cooczﬂs

HNO;| (CH,CO)0

NO, M gNo: i NO2
{ 1 i 1_5\ i @ 11
CH;CONH™ 08" COO0C;H;s CHZ:;CO}}IH ®'Q” "COOC;Hs CH;CONH” ~0” ~COOC,H;
Kém 6ndinh _ ' én din]_1 hqn
ey = |-u

NO, O,N
CH3CONH—£;§-COOC2H5 . cmcow@—cooczﬂs

Dé6i véi céc din xust chifa nhém the & ci 2 vi trf o thi trong sy the electrobhin c6 thé xdy ra ci
su thay th€ nhém sdn c6 bing tdc nhan electrophin.
[CH; @0 “COOH CH— -~ COOH
) 0 Sin phdm chinh .
(:h!_\\}{ R
D - -H
CH; B NO, Y —_— CH3j(}\N02

-COy
Sin phdm phu

HNO;
ﬂ (CH3C0),0
CHyY O COOH _jooc

;
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Br CH, 1) HON/HC Br CH;
cn_;ﬂcoo;& Z’ g\ (20%)

N 2)H,0 CH;” 'N” "CHO
II-I H
) CH>CH;,
o an
—_—— . +
CH3’[S—B\CH3 AIC1/CS, CH3CH2IS_}\CH3 CH;” "S" CHy
(9-10%) (40-50%)

Diéu nay c6 thé gidi thich bAng hai nguyén nhan: Mot mit do kha nang phan ing cao clia céc vi
tri o trong cdc h¢ di vdng nay duéi inh huéng én dinh héa cha di t§ & céc hop chat trung gian. Mt

khdc do sy én dinh héa néng lugng ciia trang théi chuyén tiép diin t6i su thé trén céc vi tri P dudi
anh huéng ciia nhém thé ¢6 sin trong nhan di vong.

Bdi v6i cde di vong furan, pirol va thiophen, nhém th€ d3 c6 mat trong vdng déng vai trd quyést
dinh qué trinh th€ ti€p tuc ; nhung dj t6 cling gay ra dnh hudng ding k€ dén sy dinh huéng cia

nhém th€ duge dura vao tiép theo. Tuy nhién, dnh hudng dinh huéng a ciia céc dj t6 oxi, hr huynh
va nito cling khdc nhau kh4 r6 rét.

* Nhom thé hiit electron dvitri 3

UA 2=0,5,NH;

yA A =nhém hit e

Trudng hop nay anh hudng dinh huéng o cita di t6 va inh hudng dinh hwéng meta ciia nhém A
1a cing chiéu va ciing quyét dinh cho nhém th€ mdi t4n cong vao vi tri 5. Thi du :

NO ® %”0 ?J”O
{ § 2 § ~ G £=§ ~ NO,
N (CHBSJ o H)[‘iﬁ 0.e N N Tt /Q-
| 3920 1cHco | CHy,CO ] CH,CO™ ™
CHy 1ove CH;, CH; CH,; (60%)
UCHO - DBNO3ACH3C0)»0 UCHO
) S 2)H2304 l(ﬁ-ﬂg 02N S
COOH Br /CH3COCH COOH
é g ~ ' l S 69%
S 250C Bl' S ( )

* Nhém thé ddy electron & vi tri 3.

/ SA Z=0, S, NH;
' A =nhém ddy e
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Trudng hop nay dnh huéng dinh huéng o cia di t6 quy dinh nhém the mdi vao vitif 2 vd 5. Con
anh huéng dinh huéng ortho cia nhém A quyét dinh cho nhém th€ méi tdn cong vao vi tri 2 va 4.
Vi vy téng hop ¢ hai anh hudng din t6i sy thé ti€p theo uu tién hon vao vi trf 2 ciia vong. Chi
trong trudng hop nay hop ch#t trung gian mdi c6 ning lugng nhd nhét so voi cac hgp chit trung
gian khic c6 thé duge tao thanh trong sy t4n cong electrophin & cdc vi tri khdc.

®
Br
iBr Br B
Br HNOs | HHQiH"""\ HH":,_{:@rO
[sE (CH3COR0 1787 NO, $7 NO, 7 NO; s” NO
(55-60%)

Nhung trong trudng hop khi & vi tri 3 c6 nhém ankyl thi su khdc nhau trong kha ning phin ing
gifta vi tri 2 va 5 khong ddng ké. Khi d6 ti 1& cac d6ng phan phu thuéc mét céch quyét dinh vao sy
4n ngit khong gian do thd tich 16n cda nhém ankyl & vi tri 3 va vo ban chét cha tic nhan
electrophin.

* Nhém thé bt electron g vi tri 2

@A Z =0, S, NH;

yA A =nhém hiite

Nhém A& vi trf 2 c6 anh hudng dinh huéng su thé electrophin v3o vi tri 4; con anh huimg dinh
hiréng ciia di 16 quy dinh nhém the 1i€p theo vao vi tri 5. Trong trudng hop nay xdy ra sy canh tranh
gilta hai chiéu huéng va do d6, c6 thé tao ra hén hop hai déng phan, ma ti 1¢ gifta chiing phy thudc
vao tuong quan ciia hai anh huéng canh tranh d6 va vao tinh chon lya ca tic nhan electrophin.

Thidu :
. ® ’
NO,
(o, oo o,
®: ON

— + 1i18:85: 15
57 NO, §” "NO; OzNQNO;g (e )

NO, )
é 5\ —_— + Coile: 4t
l\ll NO, g Z:\‘I_EKNOZ OZNQNOZ wle )
H : H H

Qua céc thi dy trén c6 thé thdy 15 rang ring & céc din xudt clia furan thi 4nh hudng dinh huéng
a ciia di 16 déng vai trd quyét dinh sy dinh huéng ciia tdc nhan electrophin. Nhung d6i véi pirol va

thiophen thi dnh hudng cila nhém th& chi€m wu thé trong su dinh hudng tin cong «cha téc nhan
electrophin. :
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- * Nhém thé ddy electron & vi tri 2

'U_A Z=0,S,NH;

y A =nhém ddy e

Dé xem xét tridmg hop ndy cé thé din ra s dé phan tich ning lugng & dudi day:

H -
NO; _ H" N02
o oy~ g
S ®

S .

O-N
HNO; Aan O;N 5 :_-l'_l: 2
(CH3COR,0 Ho S Br* " t 3 r ZS}‘BY
Br _
® _)
HA i 2
Br & oles Br

O,N° 'S O2N
(57%)

Tir su phan tich dic tinh ning lugng & trén ©6 the két luan ring su th€ electrophin dién ra theo
chiéu huéng A va C c6 lgi hon vé mit ning lwong do sy 6n dinh hon cia hop chat trung gian.
Nhung ciing nhu trudng hop ciia cdc nhém th€ ankyl (nhém A 12 ankyl), hiéu img dinh huéng cta
halogen & vi tri 2. y£u hon nhiéu so v&i anh huéng dinh huéng o cla di t6. Bdi th€ cho nén, trong
thi du néu ra & trén thi thuc t€ chiéu hudng C 12 chii y&u va két qua din xu#t 5-nitro duge tao thanh.

Tuy nhién, né'u dvi tri 2 nhém the A c6 inh huéng manh hon (thi du A 13 céc nhém -OCH,,

-SCH,, -NHCOCH3, ching han) thi sy the electrophin chi y&u xdy ra & vi trf 3, nghia 1A chidu
huéng A chiém wu the.

Ngoai ra ban chit cia tdc nhan electrophin tdn cong ciing gdy ra anh hudng ding ké dén ¢ 1¢
cdc déng phan tao thanh.

3.2. Phén img th€ nucleophin (Sy) va th& géc (Sp)

Céc phan iing thé nucleophm va th€ gbc & day di vong nay rét it dugc nghién ciu, dic biét dsi
v{i pirol.

Mic di céc din xudt halogen cia furan va thiophen tuong d6i tro d&i véi sy th€ nucleophin (thi
du: 2-brom- va 2-iodofuran khoéng phén iing v6i CH;ONa & 100°C) nhung khi ning th& nucleophin
& chiing vin cao hon cdc din xuft halogen tuong \ing & benzen. Didu niy duge gidi thich ring hitu
itng cam dng 4m cia dj t6 trong cdc di vong ndy da gay ra su ting thém dién tich dwong phdn trén

nguyeén tir cachon gin véi halogen. Do vy nguyén tir halogen trong céc trudng hop nhy dé bj thay
thé nucle0phm hon so véi & day benzen

Tuy nhién Anh hirdng néy ciing khong ding ké 14m vi bén canh d6 con c6 hiéu tmg lien hop
ngugc lai cia halogen véi di vong thom (cling nhu & diy benzen) va c6 thé xdy ra sy va cham cba
tAc nhén tén c6ng nucleophin mang dién tich 4m véi céc electron p trén dj t6 oxi hay luu huynh.
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Ciing nhir trong diy benzen, khi dwa nhém th& hiit ¢lectron manh (nhw nhém -NO, ching han)
vao phan tir cdc di vong ndy s& 1am d& dang hon cho sy thé nucleophin. Thudng cic dfin xuft
halogen ciia di vong thom 5 canh dugc hoat héa bsi nhém hiit electron nhu vay s& c6 kha ning
phin iing thé nucleophin 16n hon rét nhiéu so véi céc diin xudt benzen tuong ing. V6i tinh chéat
nhém hoat héa ngudi ta hay dua vao di vong nhém cacboxyl hay nhém este, vi sau d6 lai loai
ching di mot cich dé dang bing céch thily phan va decacboxyl héa. Dudi day din ra mot vai vi du :

ﬂ CH3ONa/ CH30H ﬂ 1) NaOH 10% ﬂ—
Br’ 0" "COOCH; 100°C; 1581 cH,0” "0 "COOCH,; 2 Cu-Quinelin; ™0y OCH;
(42%) Dun s6i

(36%)

Quinolin '
LN+ casc <> 0w
0" "COOH ’ Q_

B 200°C; 4-5 gir

Trong c4c diéu kién ning né hon thi ngay ca cdc din xust halogen cua furan va thiophen khong
chita nhém th€ hiit electron (nghia 1 khéng c6 nhém hoat héa) vin c6 thé tham gia vio phan ing

thé& nucleophin dugc:
| S - ﬂ (3%
Piridin ; Bun soi 8 gidy H:C™ °S" CN

H;C' S Br

Csc phan tng thé g6c thudmg xdy ra & vi tri 2 cba cdc dj vong ndy. C6 thé néu ra mdt s6 thi du
sau day:

{ } @ NaOH @ | Dong phan 2: 29%
o’ <2 NP 5-10C {DéngphanB:O,'?%

O

CuCl,

fg\ + R<S—RNcf

0" CHO

NO
éN§ + <(S>-N—COCH; —— S >~CgHs
1

COOE:
@
D QN;CIB CH3COONa
+ H->0
) NO, 2

Nhu d3 biét, phin iing cila thiophen véi N-Bromsucxinimit trong diéu kién nhiét do cao hodc
chi€u séng 12 qué trinh th€ g6c. Nhimg brom héa 2-metylthiophen bing tic nhan ndy trong diéu
kién nhu halogen héa mach nhénh cia toluen lai din dén st tao thanh 5-brom-2-metylthiophen,
nghia 12 chil y€u xdy ra qué trinh th€ g6c & vong thiophen (2-brommetylthiophen dugc tao thanh
véi lugng khong déng ké) : '
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0
CCl.
. —Br _-.—4F.
H3C/Q + \:%N g H;C’Q‘Br

Qué trinh nhu vay phan 4nh kha ning phin dng 16n (so véi benzen) clia vdng thiophen trong sy
th€ g6c dong li.

Su twong tAc cia furan vi thiophen véi cacben ciing dién ra thong thudng theo kiéu phan g
cong hop:

hv X=0, 33%
[} +NCHCOOR —— Wcoo& X =8, 23%

X
~ CaBr X=0, 50%
éxy + CHN; Q X=S8, 22%

Trong khi d6 su tuong tdc cha pirol véi céc este cha axit diazoaxetic véi sy c6 mit clia xvc tc
déng din t6i sy tao thanh sin phdm binh thudmg cia sy the electrophin. & day su the c6 thé xay ra

Gvitrf avacdovitrifB:

2

| 100°C 1?;
H H
CHj; CH; CH,COOEt
I—L + N,CHCOOEt —— |
CHs l}[ CH; 1ou°c CH; N CH,
H H

Pirol cling tham gia vio phan ing Reimer-Tikmann (phan tng véi CHCl; trong ki€m manh va
khi dé tac ra diclocacben) dé tao thanh 3-clopiridin, hodc pirol-2-andehit, hodc hén hgp ca hai san
phdm 46 ty thugc vio tic nhan va diéu kién sir dung. Nhung trong ca hai truong hop pirol déu
phan \ing véi diclocacben va tao thanh hop chél hai vong trung gian.

CHC1,/KOH - Cl
m :JK F}\?‘( H Cl (j' 128%
N

N
H
ma,mon ~~Cl ho '
() P<Cl oH® Q‘CHC]: — Q—CHO (127%)
H H H | H |

38



3.3. Phén img kim loai héa

Furan va thiophen dé ding tdc dung véi n-butyllithi dé€ cho cdc din xudt 2-furyllithi va
2-thienyllithi v&i hiéu sudt cao. Khi vi tri 2 clia vong thiophen di bi chi€m thi su kim loai héa s&
xay ra & vi tri 5. Diéu ndy chiing td tinh chon loc cao clia su tin cong vao vi tri & clia kim loai:

n—C4HgLi CHaCH»CH = CH(CH; )3 Br W
_._._..._.0_.._. -
CH; THE, - 15°C CH/Q\ L cH

3

LY. [ resseoss [ o
cle

CH:O S —CH30 S Li CH;0 S CHs

Khi ca hai vi tri o d4 bi chi€m thi tinh chon loc hién nhién khéng con duge tuyét d6i héa, va lic
dé, su kim loai héa sé& phu thudc viio ban chéit ctia c4c nhém thé da ¢6 sin & céc vi tri «. Ching
han: 2-metoxi-5-metylthiophen dugc metyl héa & vi tri 3 (thong qua kim loai héa trung gian), trong
khi 46 2,5 dime-tylthiophen khong tham gia vio phan (mg ndy. Két qui nghién ctu phan tmg kim
loai héa céic din xust th€ & vi tri 3 cla thiophen ciing chi ra ring cdc nhém thé ¢ sdn c6 thé gay 1a
anh hudong dinh huéng trong qud trinh nay. Thi du: Trong khi 3-metylthiophen duge kim loai héa
dé dang & vi tri 5 thi phadn dng kim loai héa nhu th€ déi véi 3-metoxi-, 3-metylthic- vA 3-brom
thiophen lai xay ra & vi tri 2. C4c dirkién ¢6 thé dugc gidi thich trén co s& dnh hudng cim tng cia
céc nhém thE d&n 46 axit cha cic nguyén ti hidro & vi tri 2 vd 5. RS rang ring do anh huéng ddy
electron cia nhém metyi & vj tri 3 ma hidro & vi tri 2 ¢6 46 axit nhd hon cta hidro & vi tri 5, va nhu
vay su kim loai héa tat nhién xady ra & vi tri 5. Hon nita thé tich 16n cia nhém metyl & vi tri 3 ciing
1am han ch€ sy tAn cdng cla tdc nhan kim loai vao vi tri 2. Cn trong trudng hop & vi tri 3 ¢6 nhém
thé véi higu ing cam tmg am (hiit electron) thi tinh hinh dugc thdy nguogc 1ai, nghia 12 khi d6 su
kim Joai héa xay ra & vi tri 2.

Pirol ciing d& dang phén yng véi tdc nhan Grignard d€ tao thanh c4c hop chat co kim. Ciu tric
cua cic hop chét co kim nay duge xéc dinh dudi dang ion

B[R~ = e

MgX

Ciéc piryl magié halogenua khi tdc dung v&i c4c tdc nhan anky!l héa nhu ankylhalogenua chéiig
han s& tao ra hén hgp 2- vd 3-ankylpirol (trong d6é déng phén 3 13 chh yéu) cling véi mot it
poliankyipirol. Nhung axyl héa pirylmagie halogenua bing cdc axylhalogenua hay cic este lai chi
tao thinh céc din xudt 2-axylpirol.

Pirol ciing ¢6 kha néng. tao musi kim loai trén di t6 nito. Ankyl héa cdc mudi magié hay lithi
ciia pirol chil y€u nhan duge N-ankylpirol. Nhumg anky! héa mu6i natri hay kali ctia pirol thi hoan
todn tao thanh din xust N-ankylpirol.

Sy tuong tdc cia dn xust brom hay it cia furan va thiophen vdi n-butyllithi hay phenyllithi 5
cho céc din xudt lithi tuong dmg cta furan hay thiophen.
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CsHs

C"Hs)—g\Bf Dn~CgHgli/ete MCOOH L
- (65%)
CeHs Q" CeHs 2)C0y, i H .CgHys" O CeHs Lo

/ﬂ\ n—CgHsLi/ete ' ﬂ . '(53%)
17871 2)C02 6 Hooc S~ COOH

Nhimg chuyén héa nay c6 ¥ nghia quan trong, dic bigt d6i voi su téng hop céc din xudt véi
nhém the & vi tri 3 tit cée diin xudt 3-halogen tuong (g, bdi vi cdc dan xudt 3-halogen cta furan va
thiophen khong thé tao ra céc tdc nhan Grignard. :

3.4. Céc phan img m& vong va cong hop

Furan, pirol v thiophen rdt khic nhau vé kha ndng bi m& vong. Sy md vong furan dat duge
bing c4ch sit dung cdc tdc nhan khic nhau nhu axit v6 co ching han. Trong nhiéu muc dich téng
hop khéc nhau ngudi ta d4 stt-dung 2,5-diankoxi- va 2,5-diaxyloxidihidrofuran, vi c4c diin xudt nay
dugc tao ra d& dang véi hitu susit cao trong céc phan tng cong hop kiéu 1-4 vio vong furan.

: ' CHO
i E Py{OCOCH3); H “\_H . 'EE)’@ .
@~ CHCOOH iy ong O OCOCH: ~CHO

NHj3 / CH;COOH g § - (53%)

- N
H, /Ni ] o ' H
CH,0 © "OCH; CH3OH 5 O° OCH; ﬂ
CeHsNHy 1} '
CH;COOH g@ - (78%)
Pun séi

Pirol dudi téc dung clia axit hay bazo khé bi v& vong hon. Nhung khi dun séi véi dung dich
rugu ciia hidroxylamin clohidrat thi pirol dugce chuyén thanh sucxindiandoxim:

CoH<OH CH,—CH=N-OH
£N§ + 2HN-OHHCI 13 1 (80%)

—prp— .
NagCOs3 CH;~CH=N-OH

Con sy khir héa céc din xuft cba pirol b&i k&m trong moi trudng axit dﬁp.téi su tao thanh

A3-pirolin : _ . . :
zma, LN+ ﬂ (rie 3501y
— 1 . R
cHy N° "CHy CHj IIE‘I CH;  CHY 1}7‘1 CH;

H
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Thiophen bén vitng hon pirol va furan trong céc phan img m& vong. Mot trudng hop quan trong
v2 duy nhét d6i véi thiophen 12 mé& vong desunfua héa duéi tic dung cia Ni-Raney. Thi du:

Ni Raney
Q—CH(Oczﬂs)z :
¢te, Pun 54

(,:H3 . : Ni Raney

CH, 100°C

CHs(CH,)3CH(OCHs)2

(50%)

CH;

i
HOOC(CH2)4—Cl—(CH2)4COOH :

CHs  (g3%)

Kha niing phin (g khdc nhau cta furan, pirol va thiophen ciing dugc quan sét thiy qua phén
tmg cong hop. Khi d6 furan va céc dén xuéit cia né duge coi nhu phin ti dien trong téng hop Diels-
Alder; cdn cdc din xudt clia pirol tham gia vio phan dng nay hét strc khé khan va thuc t& lai tao ra
sin 'phém thé v6i anhidrit maleic: :

0
-

N

' '0 ete, 30°C _ O 95%)
g % gy — NH
o + [l:?N H p o’ o )
Q ete, 90°C
' NH
0
/0
[y + DO —  { M} cu-coon
N O N
) .
H

" CH, -COOH
Thiophen khong tham gia vao phan ing cong hop véi cdc tdc nhan "dienophin™ phu trén.

(%)

H

Furan ciing cong hop d€ dang véi dehidrobenzen d€ cho san phdm cong bén vimg v&i higu sust

cao.

NH, CH30CH,CH,OCH3, Pun sai
Nhung sur cong hop tuong ty cia pirol the lai dén t6i sy tao thanh céc din xuat N-thé cla a- va
fB-naphtylamin, ma khong phai 1,4-imin tuong dng. C6 18 & day phan tmg cOng kiéu Diels-Alder
lic ddu da dién ra va tao thanh cdc imin, nhung ngay sau d6 céc imin dugc chuyén vi nhanh chéng
thanh din xut clia naphtylamin. Diéu nay hoan todn dugc xdc dinh vi thyc t& d3 tdch ra duoc cic
imin trung gian :

N-CH,C
CH; CH; KCells
CHs B grrar CH;
cH N CH; Foobmwi con
v c 38 3 un 5
(I:Hsz.Hs- >
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N-COOC(CHs)s

Br Mgf’I'HF
é § U (35-41%)
Dun 501

COOC(CH3)3

IV - GIGI THIEU MOT VAI LOAI HGP CHAT RIENG BIET

4.1. Mot s6 dan xudt cha furan, pirol va thiophen

4.1.1. Cac andehit

* Furfural, cdn duge goi 12 furfurol hay furfuraldehit, chinh 12 furan-2-andehit. N6 duge diéu
ch€ bing cich thiy phan trong méi trudng axit c4c phé liéu thyc vat chira dudmg pentozan nhu bd
mia, 16i ngd, vo triu, than lau say,...

nH,O CHOH—CHOH -
(CsHOg)y —v 1 ] | 20, L X o
H CH,OH CHOH-—CHO 0
Pentozan Pentozo (Xilozo) furfural

Thong thudmg thiy phén trong dung dich HCl hay H,SO, 12%. Trong cong nghiép cé thé thay
phén bing hoi nuée & 4p suflt cao, va tiry theo thi€t bi ma cung vdi furfural con ¢6 thé nhan dugce ca
metanol, axit axetic va axeton,...

* Pjrol-2-andehit va thiophen-2-andehit (2-thenaldehit) déu c6 thé€ nh4n duge bing phan ing
fomyl héa theo Vinsmeier (hfc phan timg v6i POCl; va dimetylfomamit hay N-metylfomanilit):

CH. CH3
0 + 3\'N—CHO R &CHO /NH{Z 5, NH

Z C 6H5/ Z

* Riéng 3-thenaldehit (téc thiophen-3-andehit) dugce diéu ché bing phan ing clia
3-bromometylthiophen véi urotropin (tifc hexametylentetramin} :

CH;Br CHy—CgHi2Ng|®
! S + CeHipNy  — [é ; . B

S S

L B e

S

© Céc andehit ndy mang d4y da tinh chat cia mét andehit thom, nghia 12 tdt ci cdc phan ing dic

trung cho benzandehit. Riéng c4c pirol andehit khong tham gia vio phan (ng ngung tu Perkin va

- phan wng Cannizaro. Cic andehit cia céc di vong nay dugc sit dung rong rii 1am chit ddu trong
nhiéu téng hop hinu co.

4.1.2. Cdc dan xudt axyl

Cic din xufit axyl cla furan, pirol vA thiophen déu nhan dugc bing phan iing axyl héa thong
thudig theo Friedel-Crafts véi cdc tc nhan va didu kién khic nhau. Thi du :
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: BF;
e : + CH;COOH
+ (CH:CO)»0 Q‘COCI’h 3

CH,COOH
K /
+ (CH;CO)RO Do QCOCH; + CH;COOH

I—Z@ 03

AlCly
f § — + HCI

S

Cac dén xufit axyl cla furan, pirol va thiophen 12 nhitng hop chat bén vimg, khéng bi polime hoa
va khong tu oxi héa. Ching ¢6 thé d& dang dugc khit héa dén ankyl twong img va bi oxi hda thanh
axit cacboxylic. Ngoai ra ching con ¢é day di tinh chét cla céc xeton béo thom hay xeton thom.

4.1.3. Cdc axit cachoxylic
* Axit furoic, tiic 14 axit furan-2-cacboxylic, ¢é thé nhan dugc bing céch nhiét phan axit muxic,

hoac di tit furfural qua su oxi hoa hay qua phén ting cannizaro.

GHOH=HOR S M +CO, + HO
HOOC—CHOH CHOH—CHOOH o~ ~COOH
axit muxic
(O]
Z_y‘CHO Agr0 hay KMnOy Q‘COOH

o

KOH
2 Q*CHO — Q\CHQOH * Q*cooa

* Cic axit pirol cacboxylic ¢6 thé nhan dugc bing su oxi hoa c4c din xuflt axyl tuong dng hodc

(]
QCOCH; KMnOy COOH

1

qua con dudng co Kim.

H H
f E 1Co,
23H" COOH
|
Mg’I }11

* Axit thiophen-2-cacboxylic duge di€u ché tir céc dan xuft axyl' tuong dng qua con dudng oxi
héa hozc di tir cdc hop chét co - kim cba thiophen :

0]
Q\ COCH;, NaOCl hay KMnOy Q\ COOH
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_ Na-Hg 1)C02
is} C2H5Na!C6H6 U‘Na Q\COOH

2) H“

*Riéng axit thiophen-3-cacboxylic c6 thé nhan duge tir 3-iodothiophen qua phan iing th& nucleophin
vdi xianua réi thiy phén tiép theo:

UI KCN+CuCN UCN 2H,0 UCOOH
S &ng han kin S ancol S

Ciéc axit loai ndy mang ddy dd tinh ch4t clia mot axit thom. Ching ¢6 thé dé dang dugc este
héa, decacboxyl héa va tao mudi véi cic ion kim loai.

Mot diéu déng chii ¥ la trong céc phén g thé electrophin nhém cacboxyl thudng dugc thay the
bdi chinh tic nhan electrophin nhu nhém nitro hay brom chéng han.

4.2. Mot vai di vong no 5 canh 1 di té tuong dng

- Khi hidro héa xiic téc furan vi pirol d& ding nhan dugc tetrahidrofuran (THF) va pirolidin

trong tng:
H3 /Ni
3 e

Furan THF
D Hy /Ni
I?I 200-2507C Q
_H .14 H 3
Pirol (K= 10 ) Pirolidin(Ky,= 10 )

Wi thiophen ddu doc da s6 cdc loai xic téc nén khong th€ khir héa thiophen nhy trén thanh
tetrahidrothiophen dugc. Mu6h t6ng hop né phai déng vong tir cic hop chét mach thing, thi du :

BrCH;CH,CH,CH;Br + Nap§  — Q + 2NaBr
Ngoai ra ciing cé thé thuc hién sy chuyén héa theo Iurep:

() + ws — £ {z-snm

(hay NH3) Z

. Cér hop chét di vong no ndy khong con tinh thom va vé mit héa hoe chiing tuong ty nhu ete,
amnin béo bac hai va diankylsunfua. Chinh vi vay ma pirolidin c6 86 bazo 1on hon nhiéu so véi pirol.

- Tetrahidrofuran duoc sir dung rong rdi 1am dung méi trong téng hop hitu co, dic biét dung moi
phan ng Grignard va trong phan (ng khir héa nhém cacbonyl bing LiAlH,. Tetrahidrofuran con

duge ding trong cong nghiép loc ddu vA Iam nguyén lieu sdn xudt soi t6ng hop nhu nilon-66
chiing han :

Tetrametylen sunfon {cdn goi la sunfolan) - Sin phdm oxi héa Tetrahidrothiophen - cling duge
sir dung 1am dung méi trong téng hop hiu co.
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" 4.3, Céc di vong S canh 1 di t5 trong thién nhién

4.3.1. Cdc hgp chat chita bg khung porphin

Nhu d biét porphin 12 he phan tir bao gém 4 vong pirol duoc lien ket { N1=CH G

véi nhau bdi céc cfiu ndi metin. N6 ¢6 céiu tao phing va c6 tinh thom “u
CH CH
Porphin ¢6 chita c4c nhém the khéc nhau thi duge goi 12 cdc porphirin. N H
Chinh porphirin 1 b khung co ban cha nhiéu phan tit hop chét thién nhien CH-N
duéi dang phiic v6i cic ion kim loai khéc nhau. Nhung trong céc hop chat
ndy, chinh ban than kim loai quyét dinh ¥ nghia hoat tinh sinh hoc cia Porphin

chiing. Duéi day chiing ta xem xét mot s6 hop chét do.
* HEMOGLOBIN

Hemoglobin 12 mot mu6i phic clia porphirin véi ion sit. N6 chinh 1a thanh phén co ban tao nén
héng cdu trong mdu va 1am nhiém vu chuyén ché oxi tir phdi dén cic t&€ bao. Cdu tao cla hemin
(ttic 12 porphirin tao ra hemoglobin véi ion sit) duge x4c dinh chinh xdc bing con dudng téng hop

toan phin né vao nam 1929.

CHy=CH CH; T
oY ( CH=CH,
e ¥ oH cr
2N
N
H,C N CH;
[HooCCH CH; CH,CH,COOH |
L Hemoglobin
* CLOROPHIN
R=CH; :clrophin A CH;=CH ¥

R = CHO : clorophin B
ropl H3CA<’\N(C ( CH,CH,
7

H;C OYHZC
CH; CH; CH; CH; O
Caotzg

COOCH; O

Clorophin chinh 12 hop chat phifc clia mot loai porphirin v6i ion magie. N6 13 chét tao ra mau
xanh trong 14 cay (diép luc 16), d6ng vai trd quan trong trong qu4 trinh quang héa, nghia 1a chuyén
ning lugng dnh sdng mat trdi thanh dang héa ning (1éng hop tinh bt hodc xenlulozo tir nude va
khi cacbonic dudi tc dung clia 4nh séng mit trdi). Téng hop toan phén clorophin A va B duge thuc

hién vio nam 1960,
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* VITAMIN By,

CH;CH,CONH,
: CH; CHs
HZN-(‘J- CH; § |-CH,CONH;

""‘CHZCHECONHQ

H; CH,CH;CONH;

h i

K i
CH, =
l N CH
CH-CH; /{ Q ’
| N CH;
0 o° )
~ 5

S

0/ OH

Vitamin By
HOCH; 0/

Phén tit vitamin By, gém hai phdn co ban:

Phén nucleotit vA phdn mang mau. Chinh phdn mang mau nay dugc xay dung tr mét vong
porphirin da duge khit héa mot phin va trong dé thi€u mot cdu metin. C4c nguyén tir nito clia céc
vong pirol trong porphirin lien ket phic vdi jon coban, déng thoi ion coban lai lién két vdi mot

nhém xianua. Do d6 vitamin By cdn dugc goi 1a xiancobanamin. _
Cfiu tao ciia phin tit vitamin By, dugc xdc dinh vio nam 1955 dua trén co s§ nghién ciu céc sin

phdm phan huy né va céc dif kién nghién céu tinh thé hoc. Sau d6 vitamin By, d& ducc Woudwoad
t6ng hop téan phén, va chinh nhd thanh céng nay cling véi céc thimh tich vi dai khac trong linh virc
téng hop hitu co ma nam 1965 Woudwoad da dugc nhén gii thudng Noben vé héa hoc.

Vitamin B;, déng vai trd quan trong trong qué trinh trao déi chat trong co thé con ngudi, dic
biét trong qué trinh sinh t8ng hop axit nucleic trong co thé.
4.3.2. Cdc hop chdt chita vong pirolidin va bo khung tropan.

Nhém céc hop chét nay phin 16n 13 cdc ancaloit ¢6 trong thyc vat. Mot s6 chét dién hinh duoc
gidi thieu duéi day:

* GIGRIN
Day Ia mot trong nhimg ancaloit don gidn nhdt. Né dvge tach ra tit 14 [—)_
cay “Coca” & Nam My. Gigrin 12 mét din xuit cia vdng pirolidin. G lidu CHZ-C CH;

cao né rét doc, nhung vdi liéu nhd thich hop né cé téc dung kich thich

éH o
hoat dong cia toan co thé néi chung. ’ -
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Ngodi ra ciing c6 thé x&p nicotin vao nhém nly (s& gidi thiéu & chuong piridin).

Tropan 12 mdt hop chit vong cfu ma chinh nguyén tir nito gilt vi tri cdu ndi giita hai vong:
pirolidin va piperidin. Nhimg chat dién hinh clia nhém nay 13 atropin va cocain.

H H__CcooCH;
o- C-CH-C H.
i o OCOCHs
Atropin 0 Cocain

* ATROPIN

N la din xu4t cha tropan, c6 doc tinh cao, nhung vin duge sir dung trong y hoc lam thubc gidm
dau (gay té cuc bo), vi dic biét duge ddng trong khoa mét vi né c6 tic dung lam md rOng con
nguoi mit.

* COCAIN
Cocain 12 mét ancaloit chii yéu c6 trong ¢ay "coca” va ciling 1a mot din xudt cha tropan. N6

duge Niemann téch ra 14n d4u tién vdo nam 1860 tir 14 cdy "coca” & Nam M§. N6 duge sir dung
trong y hoc 1am thuéc ngi, shabc gdy mé vi gay té cuc bé. Nhuge diém ciia cocain la gay nghién

va do d6 né 12 mot trong nhimg chét ma tiy manh. O liéu cao né doc va gay tdc dung manh dén h¢
thin kinh trung vong.

4.3.3. Cdc hgp chdt thién nhién c6 chita vong furan

Vong furan ciing thudng gip trong phan tit ciia mot s6 chét thién nhien, ching han 2-metylfuran
¢6 trong ddu thong, S-metylfurfural vi ancol furylic c6 trong ca phé rang,... Dic biét cic din xuft
cua furan trong thién nhién thuimg tG_n tai & dang lacton. Cic hop chét phic tap hon chira vong
furan ciing dugc tim thdy trong mot s6 loai qua, hat vi hoa.

4.3.4. Cac hop chdt thién nhién ¢6 chita vong thiophen

Ciéc din xudt cua thiophen thudng it gip trong thién nhién. Tuy nhién ngwdi ta cling tim thdy
trong mot s6 Joai hoa cic chit a,a-trithienyl va mety! (2-fomylthienyl-5) axetilen.

HN/?\NH
s~ (CH,),COOH

Sthi Metyl{2-fomylthienyl-5)axetilen
o~ trithienyl yli2-fomylthieny!-3) Vitamin H (Biotin)

Vitamin H (hay con goi 1 biotin) 13 mdt hop chit thién nhién c6 chita vdng tetrahidrothiophen.
Vitamin H dugc tao ra ngay trong co thé con ngudi va né giit vai trd 16n trong qud trinh 1éng hop
purin.Vi vy né c6 ¥ nghia 16n trong qua trinh hoat dgng séng.
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Chwong ba
HE NGUNG TU CUA CAC DI VONG THOM 5 CANH 1 DI T0

He ngung tu chia c4c di vong thom 5 carth 1 di t6 bao gém: Benzofuran, indol, benzothiophen vi
cic dibenzo tuong Ung: '

4 4
2 2
7 P 7

1
1
Benzofuran Indol H
5 4 :
T
2
N
. H
Dibenzofuran ' : Cacbazol - - Dibenzothiophen

I- VAI NET VE CAU TAO CUA BENZOFURAN, INDOL VA BENZOTHIOPHEN

V& mat hinh thic néu & cac vi tri 2va 3 cua vong furan, plroi va thiophen duge ghép lién véi
mot vdng benzen thi ta s& ¢6 c4c he di vong kiéu benzo cuia cic di w‘mg thom S canh 1 di t6:
Benzofuran, indol vi benzothiophen.

£
Vé& mat tinh chét héa hoc cdc hop chit kiu benzo nay

ciing ¢6 mot vai diém khic vdi cdc don di vong tuong imng. N
Diéu nay do ciu tric chia chiing quyét dinh.

Theo thuyét obitan ph&n tit (MO) thi cfu tao cla
benzofuran, indol va benzothiophen rédt giéng véi cic ciu tao
cha don di vong tuong tmg vA cling rit gidng vai naphtalen.
Trong cdc hé ngung tu kidu benzo ndy c6 10 em, nghia 1a o4l
tho& man cong thitc Hucken vé tinh thom.

Hinh vé duéi day ciing cho thdy dang phd tir ngoal clia
indol va naphtalen rdt giéng nhau. Diéu dé phén 4nh su
giéng nhau v& cfu tric electron gilta ching.

10°L__,
2000 2400 2800 5 &
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Theo quan di€m ciia phitong phép cap héa tri thi cdc h¢ di vong kiéu benzo ndy c6 thé dugec mo
ta bang sir lai tao cdng hudng clia cdc ciu triic gi6i han dudi day:

OUOUGCU

“an
(IV)
(X=0,NH, §)

Trong s6 nay su déng gép cia cédc cu trde [ va IT 12 quan trong nhat, béi vi & cic cdu tnic con
lai (III, IV va V) su cOng hudng cha vong thom benzen bj phé v va c6 su phan bo dién tich 1én hon.

Tir so d6 trén day c6 thé thdy ring su tang mat do electron & vi tri 3 dudng nhu mau thuin véi
su ting dic tinh 4m dién & vi trf 2 trong cdc don di vdng tuwong ting va cho phép cic tdc nhén
electrophin tédn céng vao vi tri 3 1a chi y&u (trir benzofuran). Nhung diéu ndy duoe giai thich ring
c6é nhur vay thi ciu triic thom clia vong benzen mdi duge blo toan va trang thdi chuyén tiép trung
gian trong su the electrophin méi t6n tai & mifc nang lwong thip hon.

Mt khdc, cling tuong tu cdc don vi vong thom 5 canh 1 dj t6, do thom, va do d6 ca d¢ bén clia
benzofuran, indol va benzothiophen con phu thuéc ca vao su déng gép cha cap electron trén di t6
vao hé electron m trong toan phan tilr, nghia 12 phu thudc vao mic d6 cia c’flung tham gia viio sy

thom héa cia toan hé di vong. Chinh diéu nay s& gidi thich vi sao benzofuran cho su thé electrophin &
vi tri 2 12 chii yé&u.

Rieéng vé6i indol 6 thé n6i thém ring c4u triic electron clia né 12 sy tap hop.clia hai vong benzen
va pirol, ma su tap hop ndy 1am che indol 8n dinh hon v& mit phan b8 dién tich va kha ning phan
(ing nhd hon mot chiit so véi pirol. Cau tric ctjng hudng va su phan b electron cia vong indol ¢c6
thé duoc gidi thiéu nhu sau (trong diéu kién gidi han bao toan tinh thom ciia vdng benzen):

-0,023
0,708 0‘5730,508 0,170

! ® '@ 0,072 ? 508
H H H 0,037 ||+0.§79
(VD) (VI) (VIII) . H

Céu tric (VIII) {t tin twéng hon, bdi vi & d6 he lién hop thom bi pha huy. Ciu tnic VII cho phép
giai thich rd rang sy tdn cong electrophin vao vi tri 3 ciia vong indol.

Tir sir phan b& mat do electron v moé hinh phan tir cdn thiy ring vong pirol biéu thi dic tinh cho
electron: Pa s6 nguyén tir cacbon cia vdng benzen dugce dic trung bai sy du electron, con trong
vong pirol thi diéu d6 chi thé hién & cacbon vj tri 3.

Nhung day chi 12 trang thai co ban. N6 khic xa véi su phan b8 mat dé electron trong trang théi
chuyén ti€p xut hién trong qué trinh phan ing. Cho nén sy phan bé mat do electron dugc tinh todn
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& trén da khong duge x4c nhan bing con dudng thuc nghiém. Nhung di sao né ciing cho thdy su
phit hop v6i thyc t€ 12 céc tdc nhan electrophin chd yéu tén cong vao vi tri 3 cha indol.

I - CAt. PHUONG PHAP TONG HOP BENZOFURAN, INDOL VA BENZOTHIOPHEN

N 15 ta ¢6 thé 14y benzofuran, indol v benzothiophien tir nhya than da. Trong s0 cac di vong
nay tni indol duge nghién ctu nhiéu hon ca vi sy phé bién clia né va din xudt trong thién nhién,
ciing nhu su ¢6 mat cia n6 trong nhiéu hop chat ¢6 hoat tinh sinh hoc. Chinh vi vay trong phén nay
chil yéu chiing ta khéo s4t cdc phuong phdp téng hop vong indol.

2.1. T6ng hop indol theo Fischer

Mot trong nhitng phuong phap t8ng hop indol quan trong v phé bién nhat 1a sy chuyén héa
arylhidrazon clia c4c andehit hay xeton thanh din xudt cta indol bing cdch dun ndng cic

arylhidrazon ndy trong stt ¢6 mit cdc xic tdc axit nhu ZnCl,, BF3.(C;Hs),0, axit poliphotphoric
(PPA),... Phuong phap nay mang tén Fischer. V& mit hinh thifc tdng hop indol theo Fischer bao
g6m sir chuyén vi phenylhidrazon k&m theo sy déng vong va tich loai phan tir amoniic. Thi du:

Q\YQ BF3. (CoH4)0
~N CH,COOH 65 (93%)

. N
H H
CH;
,
Q — Cells P.P,j, @[’J\ 3%
NN 160C - N” "CeHs
H H
CH CsH;
N CH,CH, CuCl 3
i 02500 (31,4%)
NH-N “ l\.] CHs
H

Co ché chia phan img nay da duge nghién ctu nhiéu. Nhung trude diy da s8 y kién nghitng ve
co ché theo kiéu chuyén vi o-benzidin:

H
Q9 = TG0~ -
S NH-N NN NH - NH

b 1
H H
H
—~ — 0 = (0
| ) S
NH, NH N H N
H QH, H
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Co ch€ nay dugc xac nhan bai cdc If do sau day:
- Phan tng duge xiic tdc boi cdc tac nhan axit (nghia la trong tu xic tic chuyén vi benzidin).
- Phan tmg dién ra binh thudng khi them cdc amin thom khéc vao hén hop phin dng.

- Xeton cang d& dang enol héa thi su chuyén héa phenylhidrazon clia né thanh indol ciing cang
dé dang.

- Trong qua trinh phan tng nguyén ti nito xa vong thom hon trong arylhidrazon bi tach ra &
dang amoniic.

CH3'-..

13 [ I | + NH
E_N - N ~CéHs ?

H

- Trong mot vai trudng hgp ngudi ta tich ra duge hop chét trung gian trong qué trinh chuyén
héa theo co ché trén.

00

O NJ:\?()HCI—CH;COOH HCl—CHgCOOH(I_\
NN O  60-90°C NH NH™ 60.00% NJWO
) N l

(90%) H O
Ngay nay v6i phuong tién hién dai ngudi ta chimg minh riing sy tao vong pirol trong indol theo

phuong phép Fischer gin lién véi sy chuyén dich o cla lién két o va su xudt hién cfu tric trung
gian bén trung tam dang ghé:

. N@ =<N§D — /D
N 5 N3 -

Chuyén dich & [3,3] trong trudng hop nay bao gm su dit v dong thoi lien két ¢ 3.4 v&lsg tao
thanh lién két ¢ & vi tri 1,6 kém theo ca su chuyén dich lién két .

lj {5 1 6
zws o 2 5
S 3 4
V6i cich gidi thich su tao vong nhu vay thi su phan bé mat do electron trong he théng khong c6

¥ nghia ma gi4 tri co ban clia co ch€ phan ing bao gém & su bdo vé tinh d6i xung obitan.
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2.2. Tonghgp indol theo Madelung

Phuong phép ndy bao gém sur déng vong loai nuéce cic N-axyl-o-toludin bing tac dung cha céc
bazo manh ¢ nhiét d6 cao. Phuong phip ndy quy gid & chd dé dang cé duge cdc chit dau.

CH; (CH3);C-OK =
- . JJ (79%)
NH-CHO 350-360C, 20 ph N
H
CH; NaNH
Q /CH3 _“"_02"__’ OT[\ (R0-83%)
NH-CO 240-260°C, N~ “CH;
H

Co ch€ cua phan iing nay vin cdn nhiéu van dé cdn nghién citu. Mic di c6 thé hiéu vai trd cla
bazo & day la d€ tach proton ra khéi nhém metyl va chuyén né thanh cacbanion dé di vao ngung tu
v6i nhém cacbonyl theo kiéu Claisen. Nhumg thue t& cic giai doan trudc vii sau khi tach proton
dién ra phic tap hon nhidu. Diéu ndy duge xdc nhan béi cc su that sau day:

- Mot nita s6 N-axyl-o-toluidin thudng dugc tich ra & dang o-toluidin (nghia 1a xay ra deaxyl
héa hay thiy phan nhém anilit).

- Trong qué trinh phadn \ng ¢6 tich ra oxit cacbon (CO). Nhung néu thém vio hén hop phan
mg mu6i kali fomiat (HCOOK) thi sy tich oxit cacbon gidm di déng ké.

- Néu nhu N-axyl-o-toluidin khéi ddu c6 nhém thé & nguyén tit N (thi du nhém ankyl ching
han} thi hi¢u sut caa indol tao thanh rat thép.

Gin day c6 thong bdo vé sur ci tién phuong phip tdng hop indol theo Madelung bing cich
déng vong cdc fomamidin trong N-metylanilin dun soi véi sy ¢6 mat cia natrimetylanilin. Phan
ting 6 thé duge gi6i thieu bang so d6 sau day:

E3 93?3

CH; CeHgN(CH,Na CH;{ N
. 7N _ vy YN —
N=CH CgH;s CgHNHCH; N=CH CgHs
H H
CH; H/‘ © bazo

I @
— -Cel; — H H, I @65%)
T, 5 ~ ~ T
N¥ “H N N
© H

2.3. Tdong hgp indol theo Reisert

Bén chét ctia phuong phép 1a sir khir héa déng vong axit o-nitro phenylpiruvic va ciac din xu4t
clia né bang cédc téc nhan nhu k&m trong axit axetic ching han, hoic st sunfat trong dung dich
amoniic hay natrihidrosunfit. O day qua trinh khir héa kém theo st loal nuGe déng vong axit
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o-aminophenylpiruvic trung gian thanh céc axit indol-2-cacboxylic, ma sau dé dé dang decacboxyl
héa dé cho indol :

CH3OD:CH3 (CH3)1,CO0K CH3OKICH2COCOOH FeSO,
CH, No, (COOENCeHs NO, NH,OH 17 %

CH,0 CH,COCOOH cn;om _co, maoﬁj
3 — S |
CH; N N
H

CH; NH, COOH 250-260C CH; .
(71%) H

Phuong phdp nay dac biét thuan tien d6i véi syt di€u ché cde indol c6 nhém thé & vong benzen,
boi vi cde axit phenylpiruvic twrong ing dé dang nhan duoc khi ngung tu cdc o-nitrotoluen véi
dietyloxalat trong su cé mit cha xdc tic bazo.

2.4. Téng hop indol theo Nhenhixescu

Phuong phip nay dua trén su ngung tu enamin clia I,4-benzoquinon véi céc este ciia axit B-
aminocrotonic. Phan fing dugc thuc hién bing céch dun s6i hén hop céc chat ddu trong cic dung
moi nhu axeton ching han, Cic este tao thinh ¢6 thé dé dang duogc thity phan va decacboxyl héa
khi dun séi trong axit clohidric 20%.

0
' H .
CH3 - ~ (H:, COOE¢ rxetay HO COOE HO COOE:
_C Bun s6i m + Jo I
O CH3 \NHCH3 CH3 N CH3 N CH3
CH; (224 CHiy CH;, (10%)
4 H
Eit )
CH;3 . \ﬁ_,/COO CH3COCH; HOmCOOEI i
C Pun s6i i {63%)
CH3;CH; ~NHCH; CH30 N” "CH,CH;
O CH;

Trong trudng hop cic 1,4-benzoquinon 6 chita nhém the & vi tri 2 (nhur & cdc thi du trén) thi vé
mat If thuy€t phan 1ing ¢4 thé cho 3 déng phan (twong ting vi nhém the & vi trf 4,6 va 7 clia vdng
indol tao thanh). Nlumg thuc t& phan dng dién ra mét cach dac biét, tao thanh chdi yéu déng phan
vOi nhém thé & vi tri 6, va ¢6 thé véi mét lueng nhé dong phan ¢6 nhém thé & vi tri 7. Ti 1& gitta
hai dong phan nay phy thuoc thé tich nhém the trong véng benzoquinon. Riéng déng phan véi
nhém the & vi tri 4 thuc t€ khéng duoe tao thanh.

Su quan sit ndy ciing nhu céc dit kién thyc nghiém khéc xdc nhan mot co ché cho ring trong
giai doan ddu clia phan img xdy ra su cong hop cia nguyen tir Cp ¢6 tinh nucleophin cao trong hop
phén enamin vao benzoquinon theo kidu cong hop Michael. day do duh huéng diy electron ciia
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nhém thé trong benzoquinon (nhém CH, hay CH40- & trén chiing han) nén sy cong hop truc tiép
ctia hop phén enamin mot céch thich hgp hon s& x4y ra & phia d6i dién v6i nhom thé trong phén tr
benzoquinon. Vi vay cé thé biéu dién nhu sau:

H H

e.
R, M, H{_COOEt O, :| GH‘,COOB H COOE
‘/;\_. oS _ —
R-CGgre R 08 g R o HN R

o ¥

Co ché tuong tu d6i véi su tao thanh d6ng phan v6i nhém the & vi tri 7 cla vong indol.

Mot céch tin tudng ti 1¢ giita cdc déng phan v6i nhém th€ R & vi tri 6 va 7 dugce quyét dinh bdi
y&u t6 khong gian trong giai doan cudi cling cla sy tao thanh vong indol.

Phuong phép nly ¢6 uu diém & chd cho ta cdc vong indol ¢ nhém hidroxi ¢ vi tri 5 (dé nghién
ciru céc hop chét indol ¢6 hoat tinh sinh hoc) nhumg ¢6 nhuge diém 12 cho san phdm véi higu sudt
thép. '

2.5. Tdng hop indol theo Bisler

Phuong phdp téng hop indol theo Bisler dira trén sy twong tic cha céc arylamin véi cic
a-halogen- hay a-hidroxicacbonyl trong diéu kién ciia xidc tdc axit.

NH,

= CH
CH -. CH3 3
’ (j—COOCH -HBr | M ! ('é:
COOCH; COOCH;
H
. H* CH; -H,0 CHy
NH'f; CHy N” “CHy
COOCH, CH,00C H
NHCH
CeHsw 3
T'O @ C¢HsNHCHy HCI i [Csﬂs
+ —_—
- ; . D .01
cats oM s Cels
3
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Trong trudng hop clia cac xeton khong ddi ximg phén dng c6 thé tao ra hén hop hai déng phén:

NH,

CsH:sCH‘“(ro @ CeHsNHNHz HCI @j}:CGHS+ EJQ[CHzceﬂs
+
- Dun s6i .
. W CHCeHs CeHs
1~ CHNHCHs iy P
(32%) {18%)

San phim trung gian ddu tién cla phan (ng ndy ma c6 thé tich ra dugc & nhiét do thdp la
o-xetoamin, Nhung do sy chuyén héa tuong hé nhanh chéng cla cdc xetoamin dudi téc dung clia
axii hay nhiét nén thyc t€ da tao thanh hon hop cdc xetoamin. Ngudi ta cling thay téce do cia nhimg
chuyén vi nhu th€ phu thuéc rat ddng ké vio cdu tao ciia cac chét tham gia phan dng. Chinh vi vay
M cdu tao thyc cla cdc anilinxeton khong thé xdc dinh chinh xdc dugc:

CsHsCHy~ (i:H-Br CoHsCHy~ CH-NHCH CesCHy~ C=0

CeHs—C=0 CeHs—C=0 CeHs—~CH—NHCgH;

Su chuyén héa twong hé nhanh chéng ndy 12 nguyén nhan din 161 sy tao thanh hén hop hai déng
phan.

2.6. Tong hop benzofuran va benzothiophen

* Phuong phép téng hop benzofuran kinh dién nhung rit thuan tién va duoc ng dung rong rai
12 di tlr cumnarin. Theo phuong phap nay ngudi ta brom héa cumarin rdi ché bién ti€p theo sdn phdm
dibrom cumarin bing kiém va cudi ciing decacboxy! héa axit cumaric tao thanh:

Br
o N0 CHC3 S ™~g7 N0 KOH/EtOH @:d;; 21w -

T0%

T k O‘) '
- S0l - (L e (7
~ 0" (Br 21@ 0" ~cooH '° 0

(82-88%})

* Phuong phip tdng hop benzothiophen trong cong nghiép rdt don gian, dya trén su phéng hén
hop cha Stiren va hidrosunfua qua xiic tic (FeS + Al,S4) & 600°C.

CH=CH, FeS + Al,S;
+ Hgs o
660'C S

Tuy shién phuong phidp déng vong dehidro héa cac o-ankylthiophenol & 4459C trén xic tic oxit
déng va oxit crom 1a con dudng chung nhit cla sy téng hop cdc benzothiophen:
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Sl

SH 445°C
* Ngodi ra ciing con nhiéu phuong phdp khic dugc sit dung dé téng hop benzofuran va

benzothiophen. Thi du: déng véng céc hop chét «-phenoxi- hay a-thiophenoxicacbonyl trong céc
diéu kién nhe nhang cda phan tmg Friedel-Crafts:

CH, O CH
1) SOCl, \Uj i OH
CHy<)—OCH,COOH ——r S \OFOT
1) SOCl, 0 OH
SCHCOOH 2 AlCly s o s
C CHs CHz

H;

Téng hop benzothiophen bao gém sy tao thanh lién ket 2-3 duogc coi nhu céc thi du cha phan
iing ngung tu Claisen hay andol noi phan tit clia céc xeton hay andehit thé.

Phuong phép ndy tim thdy sy ing dung rong rdii d6i v6i sy téng hop benzofuran va
benzothiophen. Nhung nhuge diém duy nhét cha né Ia phai di tit cac chat ddu rét khé kiém.

(ICHO 1) NaOH, CICH,COOH CI—J\ Ca(OH), Oj
su 2 W 57 COOH Y S
Oy ' )NaOH
_ $/CH3 H,50, CH; DN CH,
-COORY-7C ETa J
O/CH COOE 0O~ 'COOH O

III - TINH CHAT
g% g% O
0 N S
: H

t0= 174°C 9, =530C 0 =221°C; 15, =32°C

Nhr d néi & trén, cdc di vong ngung tu benzofuran, indol va benzothiophen c6 kha ning phan
dng th&p hon céc don di vong twong img. Mat khic trong ciing mot diéu kién, bin than cdc di vong
ngung tu kiéu benzo nay ciing biéu 16 tinh chét héa hoc rat khic nhau. Ching han, benzofuran tuy
vé mitc d6 phan tng c6 kém hon furan, nhung vén thé hién nhitng tinh chét dac trung d6i v6i mot
vinylete, trong khi dé indol khong cé tinh chit nay vA con rit d& tham gia vio phan {ng theé
electrophin; cdn benzothiophen, trong sy khéc véi thiophen, di khong dugc fomyl héa theo
Winsmeier va cling khong tiép nhan phén ing Mannich.
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Ngodi ra céc di vong nay ciing kém bén vitng trong méi trudng axit manh. Thi du, duéi tic dung
cua hidro clorua trong dung moi khong proton héa indol d& dang dugc chuyén thanh dang dime:

5 @U HCI
N

H

3.1. Phan umg the electrophin Sp

Bing phuong phap phd it ngoai va phé cong hudng tir nhan, céing nhu bing su trao ddi dotori
n3uoi ta da xdc nhan ring sy lién két cia axit duge quyét dinh bdi sy proton héa chii y&u & vj tri 3
clia vong indol:

] D;S04 0,005N (ITD H,0 @L—]—D
SSN7 D,0; bun soi 12giv N

; Dun s6i 3 gity
H D H

Tir 46 cén thay réng sv thé electrophin & indol Xdy ra trén vi tri 3 nhu didu ndy da dugc tién
dodn mot cich If thuyeét, Benzothiophen trong cdc diéu kién nay ciing biéu 16 tinh chat tuong tu
indol, nghia 12 ¢ling cho cdc din xuit the & vi tri 3 la chil yéu; dong thii ¢6 tao thanh moét Tugng
nho déng phan thé€ & vi tri 2. Riéng d6i véi benzofuran sy the electrophin xay ra mét cdch dic biet
6 vi trf 2. C6 1€ yéu t§ chil yéu quyét dinh su dinh huéng khic nhau trong cidc phan ung thé
electrophin clia cdc di vong ndy chinh 13 mic dd am dién khdc nhau giia O, S va N. Mot 58 thi du
vé phan ting thé electrophin dugc din ra dudi day:

SnCl
C T, (CH;CORo  ———* O\_—/IL (40%)
0 0" “COCH,4
+ (CHy),N-CHO ©7%)
N N

H H
| i CH;N(CH;),
+HCHO + (CHy),NH — (40%)
N N
H H

| CH,CI
o HCHO +HC] &—— J (56%)
S

Néu nhr vi tri c6 kha néng phin ng cao nhit trong céc qud trinh thé electrophin cfia céc di
vong nay da bi chi€ém bdi mét nhém ddy electron thi phan Ung vén c6 thé xdy ra & vi tri khic :
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HCl dic

© <30°C

CHs O CH,COOH
N + I—;/ -Br T
C
o 0
NHCOCH;
@j + mNo; XS
S
C2Hs AICl;
l + CH;COCl .
S 5,30°C

CH,C)
I (69%)
O CH:
i (45%)
N° "Br

mNHCOCH3
§7 TNO,
57 “COCH;

Str ¢6 mit nhém the hiit electron trong phdn di vong s& 1am mat hoat tinh & nhan di vong va khi
d6 sy the electrophin s& x4y ra & bén vong benzen cia phan ti:

CH;COOH

TCHO
+ HI‘IO3
N
H
®COOC2H5
+B
N E
H .

CH,COOH

H550,
20-25°C

N0
Sj + KNO;

(28%)

mcooczﬂs

NO;
NO, NO,
| + |
S O:N S

Né&u nhu bén vong di vdng ¢6 2 vi tri bi chiém bdi cdc nhém the thi su thé electrophin tiép tuc

ciing chi xdy ra & bén vong benzen ma thoi:

Bry/CH;COOH

I‘\I Ce¢Hs Xiclohexan, 0°C CeHs 25°C N CHs
H

(78%)

(47%)

Ciing nhu & furan, pirol va thiophen, trong mot vai trudng hop cla sy thé electrophin (dic bigt
nitro héa) di xay ra su thay th€ nhém thé ¢6 sin trong cac di vong nay béang tac nhan electrophin.

Thi du :
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H
CH
CHBUI o, o, |B CeHls 3( I_I! CeHs
o Br CH,COOH X9 2 o7 ~NO,

T

CH; CH;COOH, H,COOH, 0°C CH 02 CH;
H

(32%) (27% (1 2%)

Khi ¢6 mat nhém amino hay hidroxi bén vong benzen cla phan t{r thi su th€ electrophin cling
chi xdy ra & bén vong benzen, ngay c4 trong trudmg hop bén vong di vong con c6 cdc trung tdm
phén tng cao khic dwoc tu do:

CH; 1) ZnCl, CeHsCO
I + CgHsCN
O 2)H0

HO
S
HO
\O:—] Bry/CH;COOH | lii’j (52.75%)
g CH4,COONa

Sau day ta nghien ctu chi tiét hon hai phan iing the electrophin: Nitro héa va halogen héa indol,
benzofuran va benzothiophen.

(63%)

* Nitro hda

Nitro hda benzofuran bing axit nitric dac trong axit axetic din tdi sy tao thanh 2- nitro, trong khi
d6 tir benzothiophen ta lai nhin dugc déng phan 3-nitro-. D61 v6i indol, chiéu huéng ca qud trinh
nitro héa phu thude nhiéu vao moi truomg phan fng. Ching han, khi nitro hoa trong axit nitric 4dam
dic hay trong axit axetic két tinh thi su the xdy ra & vi trf 3 va 6, phung khi nitro héa trong axit
sunfuric thi hdu nhu chi tao thanh din xudt S-nitroindol:

| HNO; E H‘ NO;
(39%)
( IN:L 50°C O;N N7 CH

CH 3
0o H

N” "CH; 0°C N~ "CHs

H H

59



Ngudi ta gia thiét ring & giai doan ddu x4y ra sy cong hop cla axit (tic proton héa) vao vi tri 3
va trong hop cht tao thanh trung gian nay su thé electrophin cé thé x&y ra & vi tri 5 mac du rét khé
khan. Nhung diéu khong thé hiéu duge 12 tai sao & giai doan cu6i sy tin cong cla ion nitro lai xdy
ra O vi tri para- déi véi nguyén tir nite bac bén mang dién tich duong?

N Hp804 N CH3 N CHs
H

* Halogen hoa

Halogen héa tryc ti€p benzofuran bang clo hay brom thudng din téi su cong hop chiing vao lién
két C,-C4 va sau d6 dudi tdc dung cha bazo hay nhiét, sin phidm dugc tao thanh trung gian nay cé
thé téch loai hidrohalogenua dé chuyén thanh hén hop 2- va 3-halogen benzofuran. Nhung khi
brom hda hay 16t héa benzothiophen thi chi c6 din xuit 3-halogen duge tao thanh.

Déi véi indol qué trinh brom hoéa phu thuoc nhiu vao ban chat dung méi. Ching han, khi sit
dung axit axetic két tinh hay dioxan 1am dung méi c6 thé xdy ra sy th€ thong thudng ; nhung trong
cic phan tng halogen héa indol véi dung méi ¢6 tinh nucleophin cao nhur nude hay tert-butylancol
thi lai dién ra cd qud trinh oxi héa va két qua oxindel dugce tao thanh. Thi du :

H
Oj—CHZCOOH 0 (CHy),C- OH CH,COOH
N + éN'Br =~
0

b 20C N0 (g
H H

Ngudt ta gid thiét ring trong tit cd cic trudng hop san phdm trung gian déu 1a din xuft
3-bromindolenin. Nhung khi cé mat nude hay cde tdc nhan nucleophin thi chinh 3-brom indolenin
c6 thé chuyén thanh din xust oxindol:

R Dung méi khéng phén cuc O\_'DH _ut |: ]:TI Br
( I z - & -
N (R=H) N N

H
R ~HBr R R
H | —
N N "OH N” 70

Ngoai cdc phan tng the electrophin da duge néu & trén, indol c6 kha nang phén ng cao, cdn ¢6
thé tidc dung véi cdc tic nhan electrophin y&u nhu nitroetilen, chi tetraaxetat,... va ciing nhu dé
dang bi oxi héa : '
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@1—1 CH=CH-NO Benzen @—TCHZCHzN(b
+ CHx=CH-NU;
N~ CH, 25 N (58%)

H H
CH3;CO0) 3
| Pb(CH,CO0),
N. CH PL o 25°C N N
v L ]
C‘)HMOJ CH 1403 CoH 405
CH | QOH
2115
N "CiHs ete ddu héa N% ~CH,CHj

H

3.2. Phan img thé nucleophin (Sy) va thé goc (Sg)

Ciing nhv & cdc don di vong tuong dng, céc phan ing the nucleophin va the géc § benzofuran,
indol va benzothiophen rét it dugc nghién ciu. Ngudi ta biét ring néu & trong nhan ctia cdc di vong
benzo nay khéng c6 nhém hiit electron lam hoat héa thi sy thé nucleophin true ti€p cdc nguyén tir
halogen dién ra rat khé khan. D6i khi ngoai phan img th€ nucleophin con ker~ theo ci nhitng
chuyén héa phc tap.

| Br c (CN Piridin | CN
+ L )2 — {(76%)
(I;[NO 220-235°C, 12 gid CIOINoz

7]
Br @
I + — l
07 N0, N 0~ "NO,
p sowenon (713 (0
S 220-250"(: 50atm

(62,5%) (15,4%)

Benzofuran c6 thé phan tng véi diclocacben trong hexan, nhung benzothiophen lai khéng tham
gia phan Wng nay. Ciing trong diéu kién cda phan ing Reimer-Timan (tifc phan ing véi diclocacben
hinh thanh tir clorofom trong kiém manh) indol ¢6 thé cho céc sin phdm indol-3-andehit hodc
3-cloguinolin (twong tu nhw phan éng cla pirel véi clorofom trong kiém).

Cl
Cl,C-COOEYCH ON
O hcxan,OQC 0 Cl
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N C,Hs0H N NT
H H

Mic dd phan éng cla benzofuran, indol vi benzothiophen v4i este cha axit diazoaxetic
(N,CHCOOEY) da dugc thye hién, nhumg co ché cia nd chua 16 rang nén doi hoi phai co sy nghién
cttu ti€p tuc va chi ti€t hon.

3.3. Phan img kim loai hoa

Phan tng kim loai héa benzofuran, N-ankylindol va benzothiophen dién ra rét dé dang. Chang
han, khi tac dung véi n-butyllithi, chiing tao ra chc dan xudt 2-lithi tuong Gmg, ma tir 6 c6 thé
chuyén héa tiép tuc thanh nhiéu loai dén xust khac nhau:

e} cte, dun 561 0 L |2 I-I-_,‘O+ O COOH

Qj CHa(CHy)sLi Q\—_JL ] (CgH5)CO Q\——/“_?H (53%)
N ete, dun s0i N Li N C(CsHsh
CH3 ) CH3 ] CH3
CH,4
O:—" CH,(CHy)sLi m | cbns—xlx ~CHO Q\——/_"— (62%)
S) ete, dun s61 S/ L ete, dun 503 g CHO

Bing phan ing nay c6 thé dé dang dua cdc nhém thé khic nhau vio vi tri 2 ca vdng indol hay
benzothiophen, ma & d6 néu ding phén tmg thé electrophin thi thong thudng chi ¢é thé nhan dugc
sin phdm vdi nhém the & vi tri 3.

Pa linh dong kha cao (tinh axit) ciia hidro trong nhém NH trong vong indol cho phép dé dang
thay thé né béng kim loai kiém (khi tdc dung & nhiét do cao véi Na hay K hozc khi phin ing véi
NaOH hay KOH) ciing nhu khi phan tng véi n-C4HgLi hay tao thanh thuéc thir Grignard. Chiéu
huéng clia céc phan img nay phy thuéc nhiéu vao ban chat kim loai, cling nhur diéu kién phan ing
va dic tinh cha cdc tdc nhan. Nhung thuc ra cho d€n nay ¥ nghia v anh hudmg clia cac yéu t6 nay
vAn chua duogc giai thich ré rang. Tuy ohién v6i sy gitp d& cha phuong phip phé cong hudng tir
nhan ngudi ta da x4c dinh hop chit co-magié clia indol ton tai dudi dang c4u trdc ion;

_ e @
| hay | — J MgX
N N N
! ©
MgX '
Chinh vi vay ma khéc véi pirol, phan dng clia hop chit co-magié clia indol thudng dan tdi sy tao

thanh céc din xust & vi tf 1 va 3. T céc dix kién thyc nghiém c6 thé két Indn ring cdc mudi natri,
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kali hay lithi cfia indol khi ankyl héa s& cho sin phdm N-ankylindol, trong khi dé musi magie
laj tao ra din xudt 3-ankylindol. Tuy nhién trong thuc t&€ vin tén tai mot loat nhiing trudng hop
ngoai lé

| a-CyHgLi l 1) CO, l
—_— — (61%)
ete, dun sOi N 2} H30 N

N . .
H Li COOH
-—fo 1) KOH, 60-80°C O\_j 1) KOK, 210°C O\j»CHQCPhCOOH
N I+ .0 2HCU 2) HCl _
H (71%) CH,CH,COOH (41%)
O\—j l:éo anisol CU—COCHZCHECOOH
]00 C, 2 aid N
H
OH
O\_j CyHsMgBr GU 1 c:\’“;CHO,f'ctc,250C‘ @UV&H{N’}
N ete N 2) NH4Cl ] N (50%)
H MgBr

Trong khi c¢dc din xuét halogen cla benzothiophen dé dang tao ra thudc this Grignard thi cic
dAn xuft 2- vi 3-brombenzofuran lai khong tham gia vdo loai phén ing nay. Riéng cdc din xudt 2-

v 3-halogenindol vi rdt khéng bén nén ciing khong duge sir dung 1am tdc nhan tao ra thudc thir
Grignard.

0
Mgfete 13 CO s
nd UL, ﬁ 1 e md T
S Br 2>HC1 ) S~ “COCH

(63%)
O
Swik-liewad - New
g 1) S 2)H,5804 7 (69.5%)

N6i chung cdc din xuat halogen cua cdc hé di vong ngung tu niy phén img dé& dang véi cic hop
chat co-kim, va sy chuyén héa ti€p theo cdc hop chit trung gian dién ra rat t6t, déng thdi ¢6 thé cho
nhiéu loai hgp chét hitu co khdc nhau véi hiéu sudt cao.

0 g, o T0°C o L |2H0" o~ ~COOH
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Br _ U COOH
Qe | O | e QK o
5 F ete, -70 C 87 F 2H s F

3-Benzofuryllithi (nhan dugc 1t phén tng cha 3-brombenzofuran véi n-butyllithi) trong diéu
kién nhiét do thdp va thdi gian rét ngén c6 thé chuyén thanh cic din xudt th€ & vi tri 3 cha
benzofuran. Néu khéng thuc hién nghiém ngat didu kién nhu vy thi s& xdy ra sy m& vong di vong

1y CO2, -70°C, 2ph O\—/“/COOH
R 14%
| Br  cHy(CH,);LI | )1_,1 2H;07 o (14%)
ete, -70°C ' ] o Cc=CH
? | of | iewasc, @E
+
20 OH

=C-CeH
@jEBr 1) CHy(CHy)sLifete @[C € et (86%)
0" CeHy  2HO OH |

1V - GIGI THIRU MOT SO HOP CHAT RIENG BIET CUA INDOL

vi tao thanh cdc phenol axetilen :

4.1. Mot s6 dan xuét cta indol

* Indol-3-andehit

Indol-3-andehit duoc téng hgp chi yéu bing phin dng Winsmeier, nghia 12 tdc dung tnyc ti€p
ciia indol véi dimetylfomamit va photpho oxiclorua.

POCl, CHO
CU + (CH3)’2N -CHO —* | (97%)
N N

H H

Ngoai ra ciing c6 thé di tir indol qua phan \ing Reimer-Timan, nghia 12 phdn tmg cda indol voi
clorofom trong moi trudng kiém manh (tao ra diclocacben). Nhung phuong phép nay cho higu suét
thép hon (31%). '

CHO
QN_/“ + CHCly + 3KOH— N I +3KC1 +2H,0

H H

Nhém fomyl trong indol-3-andehit mang kha day dil tinh chét cia mot andehit thom, c6 thé
dugc khir héa thanh nhém metyl hodc oxi héa thanh nhém axit cacboxylic.
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N N

H H
Indol-3-andehit 3-Metylindol (Scatol)
Nhung indol-3-andehit khéng tham gia phan ting ngung tu Perkin va phan ung Cannizaro.
* Cdc axylindol
Céc axylindol duge téng hop bing nhiéu con dudng khéc nhau:

+) Qua hop chat co-magie clia indol:
COCH;
| + CHyCOC! hay (CH;CO)0 — |
N N
MgBr H

+) Axyl héa bing anhidrit axit véi sy c6 mat ctia axit pecloric:

COCH;
m + (CH;CO)0 HOO4T2% m
N N R

1 R
H H
+) Bing phan tmg Winsmeier:
, POCl CO-R
|+ (CHs)N-COR |
N _ N"R
H H

3-axylindol phdn nio rhang dac tinh amit do sy lién hop cita d6i electron tu do trén di t8 nito véi

nhém cacbonyl & vi tri 3 nén kha nang phan (ng kém hon & cdc axylbenzen tuong tUng. Tuy nhién
chiing vAn tham gia dugc vao cic phan tmg dic trung cho cdc xeton thom hay béo thom. Thi du :
3-axetylindol c6 thé phan img binh thudng véi isatin trong mdi truong kiém manh dé cho axit
quinolin-4-cacboxylic (Phén dng Pfitzinger):

COOH

} COCH; @IO KOH 33%
N * N0
. H .

* Céc axit indolylankan cacboxylic
Phuong phép don gidn d€ diéu ché cic axit indolyl-3-ankancacboxylic 1a phan ng tryc tlép clua

indol véi axit @-halogenankancacboxylic & nhiét d¢ va dp sudt cao :
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- O
Ojj +CI(CH),COOH Ha m(CHZ)nC OH
N v,p N _
H Il{ n=1,2,3,4
han g Wil'gerodt-Kindler, nghia 1a bang su dun

€p theo thuy phan thiomopholit trung gian:

N 0

w co—(CHyn-H s.m >0 O\—T (CHz)n-C:\ .
N o N O

C4~ axit ;ay ciing c6 thé nhan duge bang p
néng -xylindol véi lun huynh va mopholin réi ti

t
| !

H

1) NaOH ———(CHy)nCOOH
—_— I n=1-5
2y HCL N .

1

H

Phuong phép nay ¢é nhuge di€m thudng cho hiéu sust thap va khi mach ankan cang dai (tic 12
n cang 16n) thi phén tng thuc hién cang kho khan va hiéu sudt sin phdm cang thip.

(tic 1a Heteroauxin) ¢6 thé nhan dugc dé dang biing co
metylindol) :

Riéng axit indolyl-3-axetic n dudng kinh
dién qua sy tao thanh trung gian gramin (tic dimetylamino

- E L—j—‘ ), CHyl
m + HCHO + (CHaNH ZHO | CHN(CHz); CHs
N

N )
H H

+ _
CH;N(CHa)3 nacN CH;CNoy.0 CH,COOH
— | ) NaCN | 2 j

N 1 E1OH 1:7]’ N

H H H

(dac biét axii indolyl-3-axetic va axit indoly!-3-butyric tic

Ciéc axit indolyl-’.’a-ankancacboxylic
én cia thye vat, dac biér kich thich qué trinh ra &

{AA va IBA) 12 nihfing chat kich thich sy phat tri

nén c6 tmg dung nhiéu trong [inh vire cay rong.
* Triptophan

¢ 13 mot axit amin khong thay thé. N6 khong

Triptophan hay axit a-amino-B-(indolyi—?:)propioni
hung lai 12 mot phin quan trong xay dung

thé duoc tao ra trong cd thé con ngudi va dong vat n
protein. C6 thé téng hop triptophan tir indol-3-andehit theo céc phuong phép sau:

+) Tit indol-3-andehit voi axit hipuric:

o 1 (CH,C01,0 CH SN=GCels
— DA I [ =\ —
Q;lr ' CaHsC-NH-CHCO0H G77,600Rw O\-N,T co-0
H i
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/COOH - /COCH

ChHa~CH(_

NaOH| ] | \NH-COC Q | NH-COCH

NH-COCeHs - o) (Na!EtOH) N e
H

(=)
NaOH iTWCHz—(FH-COOH____ mCHz@?H CO0
d NH, N NH;

N .
H H

+) Tt indol-3-andehit véi hidantoin:

CHO H,C-C Piperidin CH—C -C
T, B gy o, (L T B

\ HN-CO N HN-CB
H H

1_ H} CI—WCHz—lCH{OOH
“>N”  NH,

H
* Serotorin va cdc triptamin

Serotonin chinh la B-(5-Hidroxiindolyl-3)etylamin. Con khi thay cic nguyén tir hidro trong

nhém -NH;, ciia Serotonin s& dugc céc triptamin.

Serotonin néi riéng va cic triptamin néi chung duge téng hop dé dang bing su ngung tu cla
indol tuong tng véi oxalyl clorua réi sau d6 cho téc dung ctia hop chit trung gian n2y véi amoniic
hoac amin bac mot hay bac hai va cudi cling khir héa ti€p theo bdi lithi nhom hidrua trong
tetrahidrofuran (THF):

COCOCl COCfO
f QT O—I
\O\j + (COCh: ey (HCI) (HCI) NH2

[H| HO CH,CH,NH,

S |
(LIAH ,/THF) N

H

Ciing ¢6 thé nhan dugc Serotonin tit phan {ng cla 5-hidroxi indol véi nitroetilen réi ti€p theo
khir héa nhém nitro thanh nhém amino:

HO HO HO

CH,CH;NO; [H

m +CH=CH-NO; — L L J FRCHNO, 1773 [T CH.CH,

N N N NH,
H H H
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Serotonin déng vai trd quan trong trong qua trinh hoat déng tam 1i v thdn kinh cla con ngudi.
Néu thay d6i déng k€ néng d6 Serotonin trong v ndo thi 1ap tifc x4y ra su r6i loan tam thén.

* Isatin

Cé thé nhan dugc isatin bing phan ing oxi héa indigo :

00 ‘
N N HNO, hay CrO; N
1 1 1
H H H

Nhung phuong phép t6t nhét tdng hop isatin 13 dun néng hén hop anilin, axit clohidric dac,
hidroxylamin, cloralhidrat va natrisunfat khan réi sau d6 déng vong sin phdm isonitrosoaxetanilit
trung gian duéi tic dung ca axit sunfuric dic (Phuong phip Sing-may-e):

) HCY '
Q + CLC~CHO.H0 + NHOH —=* Q —
82804
NH; NH-CO-CH=N-OH

(O L
0,
70-80°C N 9

H

Isatin c¢6 thé duoc axyl héa trén di t6 nito va tham gia céc phan ing ngung tu trén nhém
cacbonyl, duge sit dung lam thudc thir trong phén tich hitu co va téc nhan trong nhiéu téng hop hira
co, dac biét trong phén ing Pfitzinger (Mot trong céc phrrong phép téng hop vong quinolin).

4.2. Mot s6 hop chét thién nhién chita vdng indol ¢6 hoat tinh sinh hoc

Ngoai céc hop chét chia vdng indol c6 trong thé giéi dong vat nhw triptophan, Serotonin,
bufotonin va cdc triptamin khéc,... cdn c6 nhiéu ancaloit chita vong indol & trong the gidi thuc vat.
Pién hinh 1a cac chét duéi day:

* Rezecpin

Rezecpin 12 mot ancaloit chifa vong indol va rét phitc tap. C4u tao cia né duge Slitter xac dinh;
con tdng hop dinh hudng 1ap thé toan phin duge Woodwoad thuc hién vao nam 1960. Phan tl
rezecpin c6 chita 6 nguyén tit cacbon bt d6i, do d6 c6 t6i 64 déng phan quang hoc. Nhung trong s6
d6 chi c6 mot déng phan c¢é duge tinh va duge dung 1am thudc chita bénh cao huyét dp, cling nhu
chita mot s6 dang bénh tam than. V& diéu nay, c6 1&, do n6 1am ting néng d¢ Serotonin trong nio
- b6 qua con dudmg chuyén héa sinh hoc trong co thé con ngudi.

OCH;
OCH;
OCHs
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* Stricnin va Bruxin

Stricnin Bruxin

Stricnin va bruxin cling 1 nhitg ancaloit chifa vong indol. Chiing 12 nhiing chat két tinh va ¢d
hoat tinh quang hoc. Riéng bruxin duge sit dung nhu mot thuéc thir dé phan tich hén hop raxemic,
Stricnin 12 mét trong nhimg thudc vé do doc duge x&p bang B, nhung trong y duge né duge diing
lam thuéc trg tim va Kich thich toan co thé hoat dong. Téng hop toan phan stricnin gém 25 giai
doan ciing dugc Woodwoad thue hién vao nam 1954.

v - CAC HE NGUNG TU KIEU DIBENZO CUA CAC DI VONG THOM
5 CANH 1 DI TG : PIBENZOFURAN, CACBAZOL VA DIBENZOTHIOPHEN

Céc he ngung tu kiéu dibenzo cha céc di vong thom 5 canh 1 di t6 phd bi€n 12 dibenzofuran,
cacbazol va dibenzothiophen.

1 5 4
3 7 # 2
0 N
8 9 1
5 4 f
Dibenzofuran C_acbazol Dibenzothiophen.
tOnc = 87°C t%nc = 246°C tPnc = 97°C

Ciing nhu céc hop chat hé ngung tu kiéu benzo tuong tng, ndi chung cic he di vong kiéu
dibenzo nay rédt it dugc nghién ctu. Riéng cacbazol vi cé mot s& din xufit duge ing dung trong
dugc phdm va phém nhu¢m nen duge nghién ctu nhiéu hon.

5.1. Cac phuong phép tong hop

Cé ba hop chit dibenzofuran, cacbazol va dibenzothiophen déu c6 thé tich ra tir nhya than d4.
Tuy nhién céc hé di vong nay ciing ¢6 thé dugc téng hop biing cac phuong phdp khéc nhau.

5.1.1. Dibenzofuran

Pibenzofuran c6 thé nhan dugc bing cich nhiét phan v6i xic tac thich hop céc phenol,
dihidroxidiphenyl hay diphenyl ete:

PbO
—_— + HO + H
2 OOH 150°C ’ :
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L0 & 9
OH HO © 4
-
O\ Q ﬁHz l
¢ #
0

5.1.2. Cachazol

Cacbazol dugc t8ng hop tuong tu fir diphenylamin, 2, 2'-diamino di-phenyl hay o-aminodiphenylamin
hodc bing sy nhiét phan phenthiazin khi ¢ mat d6ng kim loai.

t #
NH

NH, H;N

: NH (-2H,0) N’N

ICsHs

5.1.3. Pibenzothiophen

Dibenzothiophen duge téng hop bing cdch dun néng céc hop chit hidroxi coa diphenyl véi

P,Ss, hoac dun néng dipheny! véi luu huynh trong sy ¢6 mat cha AlCl; khan, ho3c tir benzen vGi
thionylclorua hay tit mu6i diazoni clia 2-aminodiphenylthioete :

5.2. Tinh chat

5.2.1. Phdn itng thé electrophin (Sg)

So véi céc don di vong tuong dng thi cdc hop chit di vong ngung fu kiéu dibenzo nay c6 kha
nang phan tng kém hon, nhung bén vimg hon trong moi trudmg axit. Trong ba di vong nay thi
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dibenzofuran tham gia cdc phén tng thé electrophin v6i sy tao ra cdc san pham rét that thudmg tiy
thuéc vao tac nhan tdn céng va diéu kién phan éng. Ching han: nitro héa dibenzofuran dé nhn
duoc 3-nitro- va 3,8-dinitrodibenzofuran:

o " hay HNO3/CH3COOH NOZ
Nhimg khi thily ngan clorua héa thi lai nthan dugc cdc san phdm th€ & vi tri 4 va 4, 6:

SECEeeE =

HeCl

Cac phén ing thé electrophin khéc nhv halogen héa, sunfonic héa, axyl héa, clometyl hda hay
fomyl héa n6i chung déu cho cdc din xudt the & vi tri 2 va 2, 8 nghia Ia & cdc vj tri para ddi vai di
t&. M6t vai thi du duge din ra dudi day:

+ HCHO + HCl /Li P
) 0
AICL,
+ HCN + HCl
0
H SO =
I}I 4
H H NO,

aicy, CHaCO COCHs
+ CH;COCI MG
N hay (CH;CO)»0 N

H

O\__/ﬂi) Br,/CH,COOH
S hay Br,/CS,
SO3H HO;S SOH
S

5.2.2. Phdn immg kim logi héa

H

Cacbazol ¢6 thé phan ting véi kali kim loai hay kalihidroxit néng chay dé cho muéi trén dj t6
nito, ma tir d6 co thé chuyén ti€p thanh cdc din xuat ankyl hodc axit cacboxylic :
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1)CO,
2) HCI P
| CoHsBr | (mma,(m CH,CH,
C2Hs

Axeton-nudc

Dibenzothiophen ciing ¢6 thé tic dung véi n-butyllithi dé cho céc din xudt thé & vi trf 4. Cic
sin phdm trung gian nay d& dang duge chuyén thanh din xudt ankyl héa :

S S S
Li CH;

5.2.3. Phdn tmg oxi héa va vdvong

Khi dun néng véi kiém hay AICl; dibenzofuran s& bi v3 vong furan & gitta dé tao thanh dan xudt
hidroxidiphenyl:

1)NaOH, (°
J e .
2) HCI

AlCk

—
lO

Cacbazol twong d6i bén vimg d6i vé6i tac nhan oxi héa cling nhu téc dung clia nhiét nén khong
bj v0 vbng.
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Chuong bén
CAC D] VONG 5 CANH CHUA 2 HAY NHIEU D| TS (CAC AzoL)

Azol la tén gei chung céc di vdng thom S canh chita 2 hay nhiéu di 16, trong d6 it nhat c6 mot
di t6 nito. Nhu vay, céc azol chinh ¢6 thé duge gidi thigu dudi day :

[O)T [}5 Q }1,3-azol

t

H
oXazof imidazol thiazol
1y 69°C 15 96°C t? 116°C
1T 256°C
& i\ 3 } 1,2-az0l
o N s
H
isoxazol pirazol isothiazol
tg 95°C the 699C g 1149C
15 187°C ._

N N—N N—N N —N
Ly N ) LY LN
I}I/ PIJ - 0 S lvlq/
H H H
1.2,3-triazol t,2,4-triazol 1,3 4-oxadiazol 1,3,4-thiadiazol Tetrazol
toe 23°C 5. 1219C

15 204°C ty 260°C

Sau day chiing ta chi xét mét s& hop chét chinh ma chi yéu la cdc 1,3- va 1,2-azol.

Néu so sanh véi cdc don di vdng twong tmg chita mot di t6 thi cic azol nay bén vimg hon nhung
khd nang phan dng lai kém hon. Mit khéc nhiéu tinh chat & céc di vong nay ciing rit khéc nhau.
Thi du, trong khi thiazol kém bén d6i vdi tic dung oxi hod cla Kh.‘inO4 thi isothiazol lai bén viing
hon nhiéu, trong khi oxazol bén vimg d6i vdi téc dung cua kiém thi isoxazol lai rat dé bj v vong
béi tdc dung clia bazo hay tdc nhan nucleophin khéc.
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I- VAINET VE CAU TAO

Theo thuyét obitan phan ti thi cdc phan tlr di vong ny déu c6 cdu tao phing va trong vdng chita
hé¢ théng 6 electron © do mdi nguyén tlr cacbon va di td nite thit hai déng gép 1 e, con di t6 thii
nhét déng gép 2 er. Trong trudng hop vong chifa 3 hay 4 di 16 thi hé thong 6 e, cling dugc xay
dung nhu vay (xem hinh v&) :

o day X =0, Shay NH

Tinh bén vitng cha cdc azol nay duge quyét dinh chinh bdi su ¢é mit hé 6e,, gidi tod trong todn
phan tir. Tir sy mo 14 trén ta cling thiy o ring nguyén tU nito cua vong con cé cip electron tu do
duge phan b8 trén mit phing obitan vudng géc véi mit phing cia hé obitan nt cha vong. Chinh cip
electron ty do nay 1am cho cdc azol 6 tinh bazo va quyét dinh dac tinh nucleophin cia ching.

Véi quan diém clia phuong phép cip hod tri, cdu triic cla cdc azol ndy phai duge xem nhu sy lai
tao cong huéng clha mot ddy céc cdu tric gidi han. Thi du:

H

(s LY LS

Quan diém nay cho thay 16 rang ¥ nghia cia cip electron ty do trén di & nito trong cdc phan
ting hod hoc khdc nhau. Mit khéc ciing cho thdy sy déng gép khong déng déu cha méi cau tric
gidi han vao su lai tao cong hudng cla azol, va bdi thé cho nén sy phan bé mat do electron trén cic
nguyén ti vong azol cling khéng déng déu. Diéu nay cdon duge phan dnh qua tinh chéit hod hoc cta
chiing.

Duéi day dua ra cdc dit kign vé su phin b6 mat do electron vi d6 dai lién két trong cdc phan tir
azol :

0,529

. 0,581
0,068 IN-0.287 0,017 N +0,023 S48 N-55-5n
003 0158 0,770 0,765
037 +0,094 ; 0,051 269 C 4 +
0396 N 70487 0,480 N~ 6396 ' 8081~ do+dn
= | +0.300 ~36+9n
H H

{Theo Braun-1955)
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0,580

0.1 N -0.019
0776 |
- 40,032 N-0.189
0458~ 0.412
+0,281 +0,185
0,032 N 0328 +0144 063 0050 NN 042 -0,1311*|I N -0075
0,756 0,697 0,707 0,705 o,73o| 1
: 0281 C +0.099 C. _N-0027
B E,SSJ{) +0,023 #0016 N ; - +0,167 7>
OG5 589 0,598~§0,502 0,575 NH
+0,478 +0,491 +0,086 +0,116

Tir céc c4u tric duge gidi thiéu ta thiy trén di t6 nito cha vdng (& vi tri 3 hodc 2 trong cdc 1,3-
azol hay 1,2-azol) con c6 cip electron ty do khong tham gia vio sy én dinh ho4 vdng thom, nhung
c6 kha nang thé hién tinh bazo va tao ra cc lién két méi. Tuy nhién tinh bazo clia cdc azol nay rat
khac nhau. Thi du :

Chat Imidazol Thiazol Pirazol Isoxazol Amoniac Piridin

pKa 7 2,5 25 1,3 9,2 5,2

Vi vay ma trong khi imidazol cé thé tao mudi két tinh bén vimg véi nhiéu axit khac nhau thi
cdc azol khéc ¢6 tinh bazo yéu hon, mic di ciing c6 thé duge proton hod nhung mudi cia ching
thudmg bi phan li manh, nghia 12 kém bén viing.

Mit khéc ciing cdn thiy ring khi tdc dung véi cac tic nhan ankyl hod tat ca cdc azol ndy déu c6
_ thé chuyén thanh mudi bazo nito bac bdn. Riéng cation imidazol ¢6 tinh bén ving dic biét so véi
cation ciia cdc azol khédc. Diéu ndy duge gidi thich réng cation imidazol ¢6 tinh d6i xing cao ma &
cation cla cdc azol khic khoéng c6 :

H H

H

Bén canh tinh bazg, & imidazol va pirazol con ¢é proton axit, vi cling tuong ty pirol, chiing dé
dang tao muéi véi céc ion kim loai. Tuy nhién tinh axit clia imidazol vi pirazol Ién hon pirol mot
chit do dnh hudng hit electron cba di t8 nito thit hai trong vong.

Su nghién citu tinh cht vat 1i chi ra ring imidazol va pirazol con c6 khd néing tao lién ket hidro
giita cac phan tit. Vi viy ma chiing cé nhiét d¢ s6i khd cao (256°C va 1879C tuong @ng) so véi céc
hop chat ciing ¢& khéi lugng phén tit. Trong khi d6 cdc din xufit N-ankyl hod, ma & dfy kha nang
tao lien két hidro di bi loai trir, thuc t€ cé nhiét dé s6i thap hon nhiéu. Diéu ndy duge giai thich
ring & trang thdi léng imidazol t6n tai & dang tap hop khoang 20 don phan tir v6i nhau théng qua
lien két hidro, con pirazol thudng & dang dime :
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C\NI/NH

¥ .
4 »

eNY SN-<+HewNJ ON-ooH-oNy N H S H X
N N \/ 'I‘[’}:{/W
Tir nhiig diéu mo ta & trén ¢é thé hiéu ring céc imidazol va pirazol n&u khong c6é nhém thé &

di t6 nito s6 1 (nghia 1 con H axit) ¢6 thé tao thanh hén hop hai dang tautome. Céc dang tautome

niy d& dang déng phan hod 1in nhau mot céch nhanh chéng do sy ¢é mit cua céc lién ket hidro.
Thi du:

CH; 4/ N3 CHSTS/ N-H 4/ 3 4T5
h\ = . 5 = -
SZ 2 N)z ; /[ N2 N-H
Iﬂ)l g CHy™ N CH™ N7
H (D H (In

Nhu vay céc nguyén tlf nito trong imidazol va pirazol thuc t€ cé thé déng vai trd nhu nhau va
trong su thé khong déi xing c6 khd nang t6n tai hai cdu triic tautome hod. Chinh vi thé trong céc
phan ting hod hoc cdc hop chat (I) va (IT) duge xem nhu 13 hén hop cla hai déng phan; dong thoi
¢6 thé coi 4-metylimidazol va 5-metylimidazol chi 2 mét, va tuong ty, 5-metyl pirazol ciing hoan
toan giéng véi 3-metylpirazol. Do do, d6i v6i céc truomg hop nhu vay, ngudi ta phii dung céch
d4nh s6 kép trong tén goi cua chuing. Ching han: hop chat (I) duoc goi 1a 4(5)-metylimidazol va
hop chét (IT) 1a 3(5)-metylpirazol.

Il - CAC PHUGNG PHAP TONG HOP

2.1. Téng hop cac 1,2-azol

- Phuong phip chung nhét va duge sir dung rong rai nhét dé téng hop vong isoxazol va pirazol
1a su cong hop cia hidroxylamin hay hidrazin vio hop chét 1,3-dicacbonyl. Phan ing tao thanh
trung gian cac oxim hay hidrazon va sau do duge déng vong ti€p theo:

CH;COCH,COCH B NaOH f CH;
3 2 3 + HpN-NH; H,SO4 H__ZO—', 15°C CHa N (T3TT%)
]
H
CEHSO\CH—CH _ / OC,Hs N OMLHCI H,0 /f 3 a0
CZHS(/ ? CQOCZHS * 2N H Pun s6i O/N °

o CeHs CH: CgHs CH;

CHy-C~C=CH-0C,H 1,504 j o

3 v »Hs + CH;NHNH; C,Hs0H /N + S -CH3
CeHs N

)
CHy (65%:35%)
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Nhuoc diém cha phuong phép nay l1a khi st dung hgp chét dicacbonyl khong doi ximg va
hidroxylamin hay hidrazin mot 14n the thi thuong nhan duge hén hop hai sén phidm. Tuy nhién °
phuong phép nay vin duge ing dung rong rai dé tdng hop 1,2-azol.

- Tsoxazol v pirazol ciing ¢ thé nhan duge bing sy ngung ty cla hidroxylamin hay hidrazin véi
cdc hop chét cacbonyl o,B-khong no (chita néi doi hay ndi ba).

CeHs CH,
C,Hs~C=C-C-CH; + CHsNHNH; — ﬂ + ﬂ
i\ H:;C7 N Cells” N’

CH; CH;

0O C,Hs
I CHyOH /¥ j o
CH;CH,-C-CH=CHC! + H;N-OHHCl —— N o+ N
Dun s6i o~ CHs™ "o~

{ 59% : 41 %)

i CH;COOH CH3Z__\\
H-C-C=CH-N(CHy) + HaN-OH (- N o

CH; O
ClQ CgH:
Il C,HsOH f/ \ s
C6H5_CH=C—C-C6H5 + CﬁHjNI‘]NHZ —_— N
bunsséi Cglls™ "N7
CeHs

Nhuoc diém clia phuong phép nay ciing 1a trong mot vai trudng hop tao thanh hén hop céc déng
phan. $& di nhu vay vi phan ting didn ra c6 thé theo hai chiéu huéng: Hodc xdy ra su ngung tu dé
tao thanh oxim hay hidrazon truéc r6i méi déng vong ti€p theo; hoac ngugc lai, xdy ra su cong hop
ctia hidroxylamin hay hidrazin vao lién ket kép trude 16 méi d6éng vong tiép theo véi su tham gia
ctia nhém cacbonyl. T4t nhién tuy thuge vao ban chat tic nhan, dung moi va nhiét 4o phan iing ma
chiéu huéng nao s& chiém uu thé.

- Su cong hop vong kiéu 1,3-ludng cyc cha cdc nitrin-oxit hay diazo-ankan vao axetilen ma lién
k&t ba ciia né duoc hoat hod béi sy ¢6 mat nhém hiit electron bén canh ciing dén téi su tao thaoh
cdc din xudt cha isoxazol va pirazol:

CeH. CeH.
N NaOH CHsC=C-CO0H ¢ (0
C¢Hs-C=N-OH —— CgHs-C=N-0 . / N (55%)
CH50H HOOC™ o~

HC=C—CHO ete / ] CHO —CHO
= + CH;N; oC N’N - Z\N’N\H

B (84%)
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Vé co ch€ ¢6 thé xem phan ng nidy nhu 13 sy ¢dng hop theo ki€u Michael din t&i hop chét
ludng cuc réi sau d6 san phdm trung gian nay dugc phan huy va déng vong thanh din xuit cla
isoxazol:

hay
CeHs CeHs COOEt C6H5\

c s © OC,Cf,Hs CeHs '
R B N s
) - N ‘0 2

- Vé nguyén tic cdc phuong phdp duge néu ra & trén ciling o6 thé vin dung dé t6ng hop
isothiazol néu di tir thichidroxylamin (H,N-SH) hay nitrin sunfit (C;H,C=N—» S). Nhung trong thrc
i¢ thiohidroxylamin rat khéng bén con nitrin sunfit cho dén nay vin chua duge biét. Vi vay viéc
téng hop isothiazol phai di bing con duding khac, chang han, phai sit dung cdc chdt ddu ma trong
phén tir 43 c6 sdn lién két S-N. M6t vai thi du duge din ra dudi day:

CHs

H,S CINH
CH3~C-CH;CN —2— CHg—C—CHz—c/:O — ﬂ HCL
1QIH Piridin, 35-40°C, 8 gi%y IILIH NH, 120 ;N7 SNg7 7 -

A]203 hoat hod
3CH,=CH-CH; + 450, +3NH; 3 N‘ + 8H0 + H,S

Q CH;
CH=CH-C-CHj e /{ i
| +NH; —— _N (25%)
5—-503Na S

S
5@ o C,HsOH CGHS—[E—" (88%)
CGHSLJI €104 + NHs S’N

2.2. Tong hop cac 1,3-azol

Déi véi cdc 1,3-azol thudmg khong ¢6 mot phuong phdp chung va téng quat ndo d€ téng hop nhu
trong trudng hop clia 1,2-azol. Tuy nhién cling ¢6 thé din ra mét s& phuong phédp chung sau day :

- Béng vong hod cic hop chat 1,4-dicacbonyl, ma gilta hai nhém cacbonyl dé c¢6 mét di 6,

nghia 12 vé mat nguyén téc phuong phdp nay tuong tu téng hop cac don di vong 5 canh 1 di t8 theo
Paal-Knorr.

H
4 H
CeHs—CH—NH CH,COONH, |CH:—CH —— NH CeHs N
CﬁHj—1 ¢ H,C00 CéHs (i: L ~en .)C 0| —
o C\\ 4 CegHs Dun soi 6Lls™ MC\C5H5 6 5Q> N sHs
00 o' i § nQ v (pu
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CgHs
-2H,0 / I\\I (93%)
CeHs™ "N” "CeHs
H
H
H_(T“?HB as /E ’ = /E_B\
CGHS‘C\\,«-/_‘//C*C()Hﬁ Ce¢Hs™ ™0 0HC6H5 Ce¢Hs™ ™0~ "CeHs
O O
o H

Su déng vong dehidrat hod céc o-axylaminoxeton (I) 12 mét trong nhimg phuong phédp hi vong
dé tdng hop vong oxazol. Nhumg phuong phép nay c6 nhugc diém 1a chi tao ra cdc oxazol ¢6 chifa
hai nhém thé & cdc vi tri 2 va 5.

Tuy nhién phuong phép nay ciing dugc sit dung dé téng hop ca vidng thiazol. Thi du:

(éHz_IT]CH P,Ss H-[.fl.:H —_ N i H20 [
170C C r—-=

N

cu! od o, CH, % J CH; CH3 (CH - CHy CHs
NH —CH,

N I '\
Co L CHCly dun s6i A OC,H;s

4
cH;, 00 OCH;

- Sur tong tdc cha cdc a-halogen cacbonyl v6i amidin va céc thioamit ¢6 thé dung lam phuong
phép téng hop cic imidazol va thiazol tuong tng:

CH CH3
CH;—C= 0 HoN NaOH 3 _(.I:I
| ,C—Cetl,HCL o7 | H )\
2 H CGHS N C6H5

CHzCl HN? Dun st

V6i phan 1ing ndy c6 thé nhan dugc cac thiazol khic nhau. Tuy nhién phwong phap nay thudng
khong dugc dng dung rong rai d€ téng hop vong thiazol, vi ciing véi phin {ng ndy con dién ra
nhiéu chiéu huéng phu khic, va do d96, rit khé tich sén phdm tinh khiét.

- Trong mot vai trudng hop dé téng hgp céc oxazol va thiazol ciing ¢6 thé sit dung phén Ung
ngung tu cha cic imino ete véi hop chit a-aminocacbonyl :

CH;
CH;—C=0 H{NH H 4'+f
T S e oG ﬁ N L A
CH,—C! -C- un so C CHs|
¥

(41-45%)

79



S

CHs /° | 1) H,0 soi CHi~ N

f + H,N-C-NH, - / )\ (70-75%)
CH,Cl 2) NaOH NH,

Co ché cla qué trinh ndy duge gidi thién dudi day. N6 dua trén co sd tich ra duoc céc hop chét
trung gian :

By N
2
OC;Hs O=C-CH; ¢y ,coon o
C(,Hj C /_‘\‘}‘le + (I:Hz C6H5_$ ___NH_CHZ
LN Ha OC,Hs

HY N CH;H

— | C6H5 § ~C,H;0H /L_A\

GO CHs C¢Hs CH;
CeHs OC;Hs 0~ CH3 OCsz

- C4c hop chit a-aminocacbonyl hay cic din xudt ciia né v6i nhém cacbonyl “4n” ¢6 thé phan
g v&i natri isoxianat hay ankylisothioxianat d€ tao ra céc din xudt 2-mecaptoimidazol réi sau dé
nhém mecapto bi loai di dé dang boi tic dung cla chat oxi hod: '

H,CH(Ocsz}z (Ij}-l(OCsz}z 1TIH2 (i:HO ITH‘Iz
2 HC! IN
+ NaCNS ~—— |CH Cc=s — CH C
IJJH\ CyH5OH ~n~" ~ oSS
CH,CeHs 100°C CH2C(,H5 CH2C6H5

NH N 1) HNOj, 40-50°C.
o, O, CL,, mes )
e Nen 3 @)

\ 2) NaOH

- Riéng d&i voi vdng imidazol ciing con mot s¢ phuong phéap khic duge gidi thiéu dudi day:

+ Tuong tdc cua i,2-dicacbonyl véi andehit va amoniac (hay amin)
H N
H-C=0 .
[ + H-é:O + 2NH; — [) + 3H0
. N

H-C=0
Glioxal

Phan mg nay mang t&n Debu. Néu bé xung fomandehit vio hén hop phéan ng thi hiéu sufit
imidazol tang 1én nhiéu.

+ Phéan (g cla a-oxixeton véi fomandehit & nhiét d¢ 150-180°C trong thoi gian 2-4 gid.
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OH
Vg : - -
R—(Ij =0 H,N -C HO R—C---..NHCHO _H20 R (I:H NHCHO H,N -CHO

I — -

R-C=0 R—C-OH R—C=0
H
H
R-(E—NHCHO _H,0 R- (": NHCHO -HCOOH I )
—c-OH R—C-NHCHO
“NHCHO

Phan dng nay thudng cho mét lugng nhd sin phdm phy la oxazol chifa hai nhém thé & vi tri
4 va 5. Nhumg néu khong thue hién nghiém ngat diéu kién phan ing (dw 16n fomamit, nhiét d¢ &
180-2009C) thi qué trinh tao thanh oxazol ¢é thé tré thanh chu yéu. Song n€u dun s61 3-6 gid
oxazol nay véi fomamit thi cudi cling ciling nhan dugc imidazol v6i higu sudt thod déng:

R
N H,NCHO N
BN
R'I) Rt N)
H

+ Su tuong tic clia diamin vdi ancol, andehit hay axit cacboxylic no trong sy ¢6 mit cla xiic

tdc Pt/AL,O; & nhiét do cao (400°C) ciing tao ra vong imidazol :

N
CH,NH, [
| + HOOC-R — \
| KR
H

CH,NH,

- Ngoai cdc phuong phdp trén céc din xuit clla oxazol cdn cd thé nhan dugc trong sy tuong tic
ctia mot vai amit vdi cac e-halogen xeton:

A
— " — R—C H
R-C=0 HCONH; | R-C=0 . lx o~ \ X
R'—CHX R'~CH-O-CH = NH, R-C=O
R—CH-OH

Phan ing nay cé thé dién ra & nhiét d6 trén 100°C, khéng cin dung méi vi thudng b6 xung
CaCQ, vao hén hop phan ing 1am chét 14y HCI giai phéng ra.

2.3. Téng hgp benzimidazol va benzoxazol

- Phuong phdp téng hgp benzimidazol duge vng dung rong rédi nhét 12 su tuong tdc cla
o-phenylendiamin v6i cic andehit hay axit cacboxylic. Thi du :
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NH,
@: + RCOOH TFA, @
NH, N
NH, N
NH, (S chiing han)

- Benzoxazol dugc téng hop tuong tir khi di tir o-aminophenol:

NH, - CHyCOOH NHCOCH; 1,0
+ (CH;CO),0 )\
OH OH CH;
O:NHg N=CH-R [0 1 )\
v — L O
oH R

2.4. Téng hop cac triazol

:_

2.4.1 Téng hop 1,2 3-triazol

- 1,2,3-triazol nhan dugc khé dé dang béng su oxi hod ozazon bdi axit axetic va kali bicromat:

HC=N-NHCGHs  KiC07 HC-N-NCgHy FeCly — HC=CH

———i

HC =N-NHCeH; “H3CO0H pi NonogH, P 0dng NQN/N—C(,H5

- 1,2,3-triazol ciing dugc téng hop bing phan ing clia azit v6i cdc din xudt cita axetilen. Thi du:

o OHC-C=—=C-Cibs  CsHs—==C~CHO
Cels~C=C-CHO + CebisN3——v T I
6Hs B3 4 v Ny N 7 Ny N
N~ “CeHs N7 s

- Din xuat ctia 1,2,3-triazol dugc tao ra ca trong sy twong téc clia phenylazit véi benzy! nitrin:

CH:ONa | C¢Hs—CH-C =NH
CeHsCH,CN + CgHsN; 30H L+ _, Gets 1 NH,
3 N%N /N -C¢Hs x\.N/ ~CeHs

2.4.2.Téng hop 1.2 4-triazol.
- Phuong phép don gian téng hop 1,2,4-triazol 12 ngung ty diaxylhidrazih v6i amoniac hay amin:

HN—NH
1 zm C
R(l.l‘,O (IJOR + RNH, NG héip RJ\ J_R (Hiéu suat cao)
R



_ Mét phuong phap khic téng hop 1,2,4-triazol 2 déng vong hoa din xust axyl cla semicacbazit,
thiosemicacbazit hay aminoguanidin trong moi trudmg kiém hay axit:

(O
¥ o e | RPN | R
1~ . | 2 ,
RCONHN-(lfNHz NG} —Z N N-R
S HN..—@S;/ Y
© ™ SH S

O day c4n nhé ring d6i v6i 1,2,4-triazol hay din xuét 1,2 4-triazol chifa 2 nhém th€ nhu nhau &
"vitri 3 va 5 ludn tdn tai & hai dang tautome: Dang 1-H (I) va dang 4-H (II).

— HyC-N——CH
I | — | i
CH; +H* -H* )
@ ‘Hx A )
®HN —— CH

B © N

C, W

NH(R)

Vi vay céc cdu triic sin phdm & cdc phan ing trén thuc chét 1a cia 1,2,4-triazol.

2.5. Téng hop 1,3,4-oxadiazol va 1,3,4-thiadiazol

2.5.1.Téng hop 1.3 4-oxadiazol

- Phuong phép tng hop 1,3,4-oxadiazol thusn tién nhét 12 déng vong hod cic din xuét hidrazin
véi su tach loai phan tif nude, H,S,... trong su ¢6 mit téc nhan dehidrat hoa. Chiéng han: Tuong tac
clia hidrazin diaxyl hod véi POC; hay SOCI, hoic H,SO, khi dun néng manh dn t6i sy tao thanh
vong 1,3.4-oxadiazol. '

L R
RCONHNHCOR R’&o ) -

.- Gén day xuét hién phuong phép t18ng hop mot giai doan céc 2,5-diankyl-1,3 4-oxadiazol (rat
khé dat duge) bing sur dun néng axit cacboxylic va hidrazin clohidrat trong méi truéng POCI, s6i,
réi ti€p theo cét phan doan hén hop:

_pocy
JRCOOH + N,H,2HCI R,( )\R

Qua trinh ¢6 18 dién ra qua giai doan tao thanh clo anhidrit cia axit cacboxylic, réi n6 axyl ho4
hidrazin clohidrat d€n din xuft diaxylhidrazin. Sau d6 phdn ing tr& lai nhu duge mo 1 & p‘mong
phép trén.
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2.5.2.Téng hop 1.3 4-thiadiazol
- Nhiéu phuong phip téng hop 1,34-thiadiazol dugc biet déu di tir chat diu B ddn xnft cla

thiosemicacbazit:

N-N
H,N-C-NHNH, + RCOCl -—+ ;o\ THCL 150
2 ? N ’ks)\R
S .

Trong nhitng phan ing ndy cé thé thay cloanhidrit bing H,PO,, HCOOH, CS,, este o-fomic va

nhiéu tdc nhan khdc. Mac du dén xudt cia 1,3 ,4-thiadiazol dugc tim ra ddu tién tr nam 1882 boi
E.Fischer, nhung phan tit 1,3,4-thiadiazo! khong ¢4 nhom thé mai dén nam 1956 mdi nhén dugc.

2.6. Tong hop tetrazol

C6 nhiéu phuong phép t8ng hop vong tetrazol.

_ Ban than tetrazol dugc tao ra khi tuong tdc trong dung dich nugu chia xianhidric v6i axit

hidroazotic.

HC—NH
HCN + HN; —= ﬁc A B0%
3 N_ N0

N

Mot loat cdc phuong phép dua trén sy tuong tdc cda cdc din xudt hidrazin voi mu6i diazoni. Dé
fam thi du c6 thé din ra phan tng téng hop tetrazol-1,5-hai idn the tir axetylhidrazin  vdi

phenyldiazoni clorua:

CH, ——N-CeHs
- Na,CO;3 NaOH o
CH;CONHNH, + C1N,CeHs —— CH;CONHNHN=N-CgHs — N N
-
N

- Mot trong nhitmg phuong phap quan trong nhit cia su téng hop chc tetrazol-1,5-hai ldn the ]a

phén tmg cla xeton véi axit hidroazotic trong sy ¢6 mat clia axit vo co (do Smith tim ra):
/

H.50, RCH, TITI -CH:R
N

RCH,COCH;R' + HNj3

Ca ché phan tng Smith ndy gin lién véi cdc khdi ni¢m vé xtic tic axit:

R + R R, OH R -N
N N HN ~ — ~
Sc=oth Ctom— el . M0 CaN-KaN—2
R R R“ “NH-N:N R

HN RT—N-R
— R-G=N-R —p [

+
( H) N\N)I
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I - PINH CHAT

3.1. Tinh chit ciia 1,2- va 1,3-azol
3 1.1 Phdn ing thé electrophin (Sg)

* V€ kha nang phan tng v6i céc tdéc nhin electrophin thi céc 1,2~ vi 1,3-azokchiém vi tri trung
glan gilta cic di vong thom 5 canh 1 di t6 vi piridin. Diéu nay dugc quyét dinh trude hét bdi tac
dung hit electron cla dj 16 trong vong, va bdi mot didu ring, nhiéu phan tng the electrophin dién
ra trong moi trudng axit manh, ma nhi vy vong azol bi proton hoi va khi dé cation azol, t4t
nhién, bép vitng hon d6i véi su tin cong cha cdc téc nhan éleclrophin cling mang dién tich duong.
Ching han: halogen hod cdc azol do véng mat axit manh nén xay ra d& dang hon nhiéu so véi phan
ung nitro ho# hay sunfonic ho4.

H H
HNOoH,50, |O:N 0N | oy ONT
R 3/Hy50, 3 \ /
/ st\ o | e NH \glg-ﬂ — N

116°C, 19 pidy ®

(97%)
[ S\ HCHO/HC] ClCsz—\
I?;—N £nCl,y, HySOy, Ligroin soi N’N (57%)
Ce¢Hs CgHs

Trén co s¢ cdc dit kién thyc nghiém c6 thé x&p kha nang phan tng d6i véi cdc tdc nhan
electrophin trong day 1,2-azol theo thit ty gidm ddn nhy sau:

Pirazol > isothiazol > isoxazol

Vé mat dinh hudng trong day !,2-azol thi su t4n cong cua céc tic nhan electrophin x4y ra & vi
tri 4, béi vi trang thd! chuyén ti€p din téi su th & vi tri nay tuong déi vitng bén hon ca. Thi du:

H H O,N
[\ HNO,/H,S0, OZN‘Z_\\H P Osz\\@ 24 © 2 Z/ 3\
CHy— Q’N 60-80°c  |CHs 3 O'N CH, O,N'H CH; O'N

Phi hop v6i co ché trén day ngudri ta thiy mot su that rang 5-metylisoxazol duge nitro hod vi
sunfonic hod dé dang hon nhiéu 3-metylisoxazol, vi khi dé c6 anh hudng ciia hiéu ing siéu lien
hop do nhém metyl & vi tri 5 gy ra (ma nhém thé metyl & vi tri 3 khong ¢6) 1am én dinh trang thii
chuyén tiép.

Trong trudng hop cla céc phenylpirazol thi sy the electrophin c6 thé xdy ra & vong pirazol hay
vong benzen tuy thudc vao d6 axit ciia méi trudmg.

T D me [
H H
Cr N 3 cr >N 2204 o SN :
H H H

t 1
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ClOsS
0" 100°C, 30 giv o * CI0sS oY

(66 : 33)%

/ ) HNO}IstO 4 [@_ NO,
N o

0/

Ngodi ra cdc 1,2-azol ciing c6 thé tham gia mot c4ch y&u 6t vao céc phan img Friede!l-Crafts,
Winsmeier hay ghép d6i véi mudi diazoni.

* D6i véi chc 1,3-azol cb thé sip xEp kha niang phdn g trong sy thé electrophin theo thif ty
gidm dén nhy sau:

Imidazol > thiazol > oxazol

Chéing han: Imidazol duoc halogen ho# ngay cé khi ving mit xic tsc. Nhung brom ho4 thiazol
trong céc diéu kién thong thudng ¢6 k&m theo su tao thanh sin phdm polibrom hod. Con oxazol néi
chung khong tham gia vao cdc phan ing th& electrophin.

Brom ho4 imidazol trong dung moi hifu co (& day chéc chin x4y ra téc dyng cta ion brom vGi
phan tif imidazol trung tinh} din t6i su tao thinh 4(5)-brom imidazol. Nguoc lai céc phan tng ghép
d6: véi mudi diazoni va trao d6i doteri trong moi trudng kiém lai dén t6i sy tao thanh cdc dén Xufit
th€ & vitri 2:

Néu vi trf 4 cba vdng imidazol chita nhom the ddy electron thi syt the s& dién ra & vi tri 5; con
néu ci hai vi tri 4 va 5 déu d bi chiém thi co ban tic nhan electrophin tin cong vao vi tri 2:

CHy—5—N Br,/CHCl CHy——N
I‘/ ﬁ 2 3 /? )\
O Ny ON 171 Br
H H

CH: N Br,/CHC1 CH; N
3 /f & 2 3 . /? )
N TN
CH; CH3
Cic thiazol N-ankyl hoé tham gia vao phn tng thé electrophin v6i sif tao thanh céc sén phim
thé & vi tri 5 chit khong phai vi trf 4. Diéu ndy dugc gidi thich rang :

Thuc chdt ion thiazol ton tai & dang (B), nghia 12 dién tich dwong duge dinh xif trén luu huynh
chit khong phai trén di t& nito.
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/ I@\){-R f N-R
5 T

Tir 46 ta thdy riing trang théi chuyén tiép din tdi su thé é‘vi tri 5 ¢é loi hon vé& mit nang lugng
50 vii thé & vi tri 4.

/ N N, HO J N
4 > I\

2y NaOH
SO.H
S
HZSO4 khéi [ H
[)— 100°C, Zglﬂl )_NHZ X
b @ =N
HOsS § NH2 NH, HO_a,S s

Ciing nhu pirazol, cdc imidazol, thiazol va oxazol ¢é chita nhém th€ phenyl thi thudng duge
nitro hod & vong benzen. Ngodi ra cdc 1,3-azol cling tham gia it két qua vao céc phan ing
Winsmeier, Friedel-Crafts. '

3.1.2. Phdn iing thé nucleophin (Sy) va thé goc (Sy)

* Céc phan tir trung tinh clia day 1,2-azol ¢6 mat d6 electron cao nhét & vi tri 4, vi vy nguyén
tlr halogen lién két vdi cacbon & vi tri ndy ciing t6 ra c6 kha nang kém nhét trong cic phan ing thé
nucleophin ludng phan ti (SN,). Tuy nhién, cdc phan dng nay dién ra nhanh hon & cic din xudt
halogen twong img trong ddy benzen. Ngoai ra kha ning phin tng cdn phu thudc nhiéu vao tinh
dic biét cua di vdng va vao ban chit nhém thé ¢é sén trong vong ciing nhu vao vi tri cia nhém thé.

Thi du:
C6H5C0 / ! CH3 © CﬁHSCO \-CH3
AN+ e, = 1 X

Cl1 O CeHsSNH™ g~
NECI,VCI NH, N C 3 ON= CﬁCI _HCI NCI—\YCI
N —/—= HjN N H3N PN N
Cl (8 THE, dun sbi cl O l o H;N™ "0

Trong hop chét trén chi ¢é nhdm clo & vi tri 5 dugce thay thé, Chiéu hudng nhu viy clia su thé
nucleophin ¢6 thé duge gidi thich ring dién tich 4m xudt hién trong trang thii chuyén tiép dé dang
duge giai toa bdi anh hudng cia nhdém nitrin. Cling twong tu nhu vAy d6i vdi cdc thi du sau day:
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C6H5N=I\II'TCH3 C’)HSSH C6H5N=N / \ CH}
ci N .N

NI C;HsS I‘:T
CeHs CeHs
CegHsN=N I-‘VCI
N
CH,3 ]}]
CeHs

Trong khi d6 hgp chét tuong t nhung nguyén tir clo & vi tri 3 thi lai khéng tham gia vao phan
ding nay vi khong c6 anh huéng Ging ho clia nhém phenyldiazo & vi tri 4.

* Nguge lai véi cée 1,2-azol, cic din xuft halogen clia imidazol, thiazol v oxazol déu khong
tham gia vao sy thé nucleophin. Nhung néu trong phan tr cha cic 1,3-azol c6 chita nhém the hoat
hod manh va diic biét véi truomg hep 2-halogenthiazol c6 kha nang phan (ng cao, thi déu c6 thé
tham gia v&i mitc 3¢ dang k€ vio céc qud trinh thé nucleophin céc halogen. Thi du: '

H
CI” "N HBN "N HN™ "N
H H

* Mat trong nhiing tinh cht dic biet cha vong isoxazol, ma qua d6 c6 thé phan biét nd véi cic
azol khdc, 1 tinh rdt khong bén dudi tdc dung ciia céc tac nhan nucleophin. Mac du trong t4t c& cdc
trudng hop déu xdy ra sy dit v3 lién két 1-2 (O-N) nhung san phdm tgo thanh cic dang khac nhau
va cffu tao ciia chiing phu thudc nhiéu vao vi tri ciing nhu bén chéit nhém thé trong vong.

Néu & vi tri 3 khong c6 nhém thé thi du6i Anh hudng cba tédc nhan nucleophin x4y ra su tach
proton & vi tri 3 kém theo sy mé vong va phéan b6 lai mat do electron.

\
. I N B cH¢-CHCN
3 8] _ NH
H HeEt
! L ®) H”
/ N EtONa cH ﬂ —+ CgHs—C=CH-CN 5 CHs—C-CH,CN
CH™ o 5" Q) 0’ 0

Néu & vi tri 3 ¢6 nhém thé thi sy m& vong isoxazol ¢6 thé xdy ra theo cdc chiéu hudng khac
nhau tuy thudc vao dic tinh cla céic nhém thé. Thi du :
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C6H5 C(,Hs H\_C__C/CﬁHs
fo KOH oy / \N . Y o H,0
H>o N Grod | OHT S0 Cso N
]
—» 00C-CH;~C-Cels | — CgHsC=N  + CHsCOO’
NG
RSN I G (R el B
o C,H;OH B: Y 0 CQ‘“\O \COOC2H5
: CszO- )
Cl COCHs . Cl ‘)_C‘(‘?CHS CHLCOOEL Cl
I‘\\/ SHsONa, | Wiy | CH =
N CH N (')e CN
CH:” ™0 Q) N

Trong t4t ca cac thi du trén (trir tnidng hgp cudi cling clia 3-axetylisoxazol) giai doan déu tién
clia si v& vong 14 sy tdch proton & vi tri 5 clia vong isoxazol.

* Cdc qua trinh thé€ géc trong diy azol néi chung rit it duge nghién citu. Ngudi ta bi€t rang

brom ho4 thiazol & 250°C - 400°C chii yéu din 16t sy tao thanh 2-bromthiazol. Con sy phan hity
benzoyl peoxit trong su ¢6 mit isoxazol s& tao ra hdn hgp ctia ca ba déng phén:

[\ (©Hs€0p0,  f Y CeHs  Cells joN fo
N——* N + AN .N
- 0 O CeHs™ O

0

D& vl chic azol khac khong c6 thi du tuong tr ndo v€ sy tdh cong clia cac gbc déng li vao
nguyén t cacbon clia vong.

Trong qué trinh thé géc tu do & mach nhénh ankyl ¢6 thé din ra thi du vé su halogen hod sau day :

CH CH Ccl  CICHy~
’ T cl } J Z A
N % N 4 N
8~ hy s~ ~S”
e CH, Y cl CH,
I\ - |__—§N-Br e J
CH; S’N CCl, BrCH, S,N

0
3.1.3. Phdn ting kim loai hod ¢ 1,2- va 1,3-azol

Ciing dugc biét mot vai thi du vé sy kim loai hod céc 1,2-azol. Phan vng nay véi mifc d6 chon
loc cao dién ra & vi tri 5. P&i véi cdc 1,3-azol thi su kim loai hod xay ra dic biét & vi tri 2.
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CH . -CH
ﬂ 3 1)n-C4HgLifcte N 3
N 2) €O, ; 3) Hy0® N

N HOOC™ °N
CeHs CsHs
/ \N 1 n-C4HgLi/THE pN a5
5 2) (CH3),N-CHO OHC™ g~
CHy J N nCHLi CHz—[N}\ l)CH3CH0 CH3\[
S 75°C s7 L )\"H(()H)( Hy

(48%)

Céc imidazol vi pirazol khong c6 nhém thé & di & nito trong vong c6 th¢ phin img vdi céc kim
loai hoat déng tuong tu nhu pirol tuong Gng nhung khdc & chd 1a chi tac thanh din xut the trén
nitg. Vi vdy img dung cla phédn (ng ndy bi han ch€ nhiéu.

Nhu phén trén d3 néi, cdc isoxazol rat kém bén dudi tic dung cha cdc tic nhan nucleophin. Bdi
thé cho nén khi tuong téc véi thuée thir Grignard hay trong cdc didu kién ctia phan tmg chuyén kim
loai thi vong isoxazol bi phd v&. Cling vi vly trong diy azol cdc phan dng 6 dinh trudc sy thay thé
halogen bing kim loai néi chung it dugc ing dung vio thuc t&.

3.2. Tinh chit cua cac triazol

* Tir dit kién vé su phan b8 méat 30 electron trong vong 1,2,3-triazol d2 cho thay 6 tinh "tro”
trén céc nguyén tir cacbon clia né d6i vi cdc tidc nhén electrophin va vé tinh bazo y&u cla nd
(pKa = 1,17). Két luén ndy ciing duoc khing dinh béi cic két qua thue nghiém.

Bén canh tinh bazo y&u, cdc 1,2,3-triazol ciing biéu hién tinh axit yéu.

Tuy nhién vong 1,2,3-triazol rit bén vimg. Nhiéu din xuft cla né cé thé duge ct & dp subt
thuémg va nhiét d6 cao ma khong bi phan hity. Khi dun néng t&i 250°C thi 1-benzoyl-4,5-diphényl-
1,2,3-triazol duge chuyén thanh 2,4,5-triphényl oxazol .

s

(0N
CoHs~N-CO-CgHs CeHs—C-N #C Cobs
g Ny i
N Ny
Cels \N3% CeHs CeHs

CeHs—C®
* 1,2,4-triazol 1a mot hop chét ¢6 d6 thom cao. Cdc dif kién thuc nghtém chi ra ringl,2 4-triazo}
twong déi tro véi téc dung cita tdc nhan manh nhu lithinhém hidrua, KMnQ,, peoxit, ... Cic phan
g th& electrophin trén nguyeén tit cacbon cla vong 1,2,4-triazol dién ra rat khé. Cho dén nay cdc
phan tng sunfonic hod, Friedel-Crafts {ca alkyl hod va axyl hod) 1,2,4-triazol déu chua duoc biét;
con nitro hod 1,2 4-triazol chi x4y ra khi ¢6 mit nhém th€ ddy electron trong vong. Thi du:

OH : OH
E T HNO3kh61 f ‘T
N HyS04 oNT NN
H H

90



Nhimg cdc phan ting gin lién véi sy tdn cong electrophin trén di 16 nito duge nghién ciiu nhiéu
hon déng ké, thi du céc phan ing N-anky! hod, N-axyl hod va xian hod.

3.3. Tinh chit cia 1,3,4-oxadiazol va 1,3,4-thiadiazol.

* Phd t ngoai di chi ra cfu tao thom cia vong 1,3 4-oxadiazol tuong ty nhu trong benzen.
Nhung cic phan tng th€ electrophin tryc ti€p trén nguyén tir cacbon clia vong 1,3,4-oxadiazol da
khéng duge bi€t do né bi proton hod trong moi trudmg axit va bi md vong ti€p theo.

Téc dung cla cac tic nhan nucleophin véi 1,3 4-oxadiazol thudng dan téi; hodc su v8 vong hoan
toan, hodc su vong hod lai thanh mot di vong khéc.

Ciing dugc biét sy chuyén vi cha 1.3 ,4-oxadiazol v6i sy thay thé oxi trong vong ho3c bing nitc
hoiic bing cacbon. Co ché clia hai qud trinh nay c6 thé nhu sau:

- Truong hop thit nhat:

CgHs
e _.L N
/E_X G}isc HsNH AR 2 N-N-cat
sHsNH, — CX C-CgHs — N
CeHs”™ "0~ "Ce¢Hs CeH5 ‘GO\;N//\ (HCIO,) C(,Hs/L N” “CeHs
CeHs CsHs €103
~ Truong hop thit hai:
@
N-N e NC-CH,COOEL, -H" Gells SN e
/( )\,\ -+ CgHsCONHN-C=CY\ —
CeH5 O Cg¢Hs (C,Hg)3N trong ancol CeHs COOEt
CsH
_ C.H _@ P Tl
CHsCO-N-NL © > CHsCO-N—N-Cebls NN
—_— gl e © .
NEC_C’? N C6H§ H20 H‘ZN ) C6H5
“COOEt COOE COOHR

Nhiéu dn xust coa 1,3,4-oxadiazol it bén viing d6i véi tac dung cia nhigt.

* DGi véi vong 1,3.4-thiadiazol cho dén nay hdu nhu chua duge bi€t cic phan ing thé
electrophin.

Nhung vong 1,3,4-thiadiazol khé nhay cam véi céc tic nhén nucleophin. Cdc nucleophin manh
c6 thé gay ra sy phan hiy vong 1,3 ,4-thiadiazol, va d6i khi, con kém theo sy chuyén vi. Chéng han,
2-amino- v 2-metylamino-1,3 4-thiadiazol duoc chuyén vi khi tic dong clia metylamin trong
metanol & 1500C thanh déng phén triazolinthion:

N-N N-NH
Ohwen, = LN
CH,
Su chuyén vi nhu the, hién nhién, di&n ra v6i sy m& vong va vong hod lai ti€p theo.
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3.4. Tinh chat cia tetrazol

Tetrazol [ axit yéu, ¢6 thé tao musi véi céc kim loai kiém. Paéng that céce tetrazol ciing ¢6 tinh
bazu nén ¢d kha ning tao mudi véi mot vai axit. Sy nghién cdu céc mudi tetrazoli 44 dén t6i van dé
“gid thom" rdt thd vi. Ngudi ta di cho rang khi khir hod cdc mudi tetrazoli véi 2 nhém the & vi trf 2
va 3 bing natri sunfua hay hidrazin hidrat thi tao thanh fomazan - moét hop chdt ma ban ddu ngudi
ta cho rdng ching & dang mach mé:

N—N-CgHs :
(NH,),S R
CH 4 NQLNHCH3 12 CoHs~C-N=N-CqHs
o ci N-NH-C,H;

Nhung khi nghién cttu cdn than su chuyén hod nay thi thdy phic tép hon nhiéu. Truée hét cic
khé khin I6n dd gap phai khi xde dinh cfu tao cda ban than musi tetrazoli. Trén co s cic dit kién
clia phé héng ngoai (su c6 mit tdn 6 ciia lien k&t C=N" vi dao déng hod tri N’-NZ), ciing nhur sir
phu thuge cda sy phan huy dién hod cdc mubi tetrazoli vao ban chat nhém the trong vong, ngudi ta
da thira nhdn mot céch tin tudng rang ching c6 c4u tric vong (I):

IRNTS N _ @R
A 1 R C/N_llg
5 - -
3 3e
N=N\‘R" \\N_N\Rn .
{0 {I)

Céc san phdm khir hod muéi tetrazoli - tic 13 cdc fomazan - cfing ¢6 thé dugc mé ta & dang hai
cdu triic cong hudng (III) va (IV):

R R R
//N*-NH ,N=N ,NT.—‘N-‘
R-C_ <+ R-C R-C v > H
NzN\Rﬂ \\N—_"NI\-I " N‘"__-'N'
(IID) (IV) R (V) R"

Nhumg khéc véi mudi tetrazoli, & day khong nén cho su uu tién cla bat ki mot dang nio. Hon
nita phé héng ngoai ctia fomazan cling x4c nhén sy cé mat cdu hidro, ma diée ndy chi ra trire tiép
kha ning tén tai cu triic (V).

Céu tric (V) tuong tng dac tinh “gia thom" cha fomazan va duge x4c nhan béi sy tao thanh
phic niken cia fomazan: '

13' ltr{l l'I{u
,N:‘:N‘ JN——_-:.N" /N_N
R-CV ) H — R-C_ 7} ONiT 7 c-R
N-<N N--=N NN
R" R" R
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Ngudi ta cling xdc dink rfing trong triphenylfomazin'lth‘l gdc R
niam trong clng mit phing cba vong, con cdc géc R’, R” va cdu
hidro di ra khoi mat phang ctia vong (hinh vé bén). Chinh dic
trung cua cdc nhém the R’ vii R" va dai lugng gdc khong déng
phing c6 thé di xic dinh sdc thdi sy nhuom mau cla fomazan

L)

(cdc fomazan “vang” vi “do”).

Ph& hop véi cdc quan diém i thuyét hién dai dac tinh "gid thom” ca hgp chét pbai duge biéu
hién & su c6 mit nang Tugng 6n dinh hod v su dién ra da s6 cdc phan ving dic tnmng cho hop chéat
thom théng thudng. Nhung céc dit kién thye nghiém cho tGi nay da khong cho thdy cic diéu nay
d6i véi fomazan.

Thue t€ tat ¢i cic phan tng cla tetrazol c¢é thé x€p vio ba nhém: Cic phan ting clia nguyén ti
cacbon va gén 1ién v6i nhém chifc clia chiing, cdc phan Ung clia nguyén W nite, va cdc phéan tng
ma trong dé toan phan tir tham gia.

Cho dén nay chi duge biét mot trudng hyp thé electrophin trén nguyén tr caclion clia vong
tetrazol. D6 1a khi brom hod 1-phenyltetrazol dé nhan duge khd dé diang 1-phenyl-5-bromtetrazol.
Nhung kni nitro hod ciing 1-phenyltetrazol lai nhan dugc 1-(p-nitrophenyl)-tetrazol. Clo néi chung
khéng phan tng véi 1-phenyltetrazol.

Nguoc lai, ngudi ta lai biét kha nhiéu cic phan (tng thé nucleophin cdc nhém chite trén nguyén
tf cachon clia tetrazol. Thi du : C&c nguyén tr halogen & vi tri 5 clha vong tetrazol c6 thé duge
chuyén thanh nhém hidroxi bdi tic dung cla kiém. Va r8i chinh nhém hidroxi lai duce thay thé
thanh clo boi téc dung ctia photpho oxiclorua (POCl;). 5-Amino-1-phenyltetrazol dudi tic dung
ctia hén hop axit nitro va clohidric dd cho 5-clo-1-phenyltetrazol, Ngoai ra mot vai tinh chat cha

nhém the & vi tri 5 da chiing minh cho tinh thom cla vong tetrazol, ching han nhu diazo hod nhém
amino véi s tao thanh diazotetrazol hay tinh hoat déng clita nhém metyl.

Thuoc vé phan ting trén nguyén t nito clia vong tetrazol chli y&u 13 ankyl hod va axyl ho4.
Ankyl hod tetrazol dién ra trén nguyén tir nito & cdc vi tri 1 vA 2. Ban than tetrazol duge ankyl hod
dé dang béi diazometan. Trong phan jing véi cdc ankyl halogenua hay diankylsunfat thi cdc mudi
tetrazoli tham gia t6t hon ca.

Thudc vé loai phan dng thit ba cia tetrazol 1a mot vai phan tng chuyén vi va chuyén hoé hhiet.
Thi du : 5-aminotetrazol ¢6 gdc phenyl & vi tri | khi dun néng dugc ddng phan hod thanh
5-phenylaminotetrazol:

H;N sz— l\{l\; C¢Hs e CgHsNH E— Nﬁ
“N* “N*

R& rang qud trinh chuyén vi mang dac tinh cin bing, hon nita su chuyén dich cin bing vé phfa
d6ng phéan v6i nhém amino dugc thay the dé dang xdy ra khi ¢é mat nhém thé hit electron. Ngudi
ta gia thit ring su chuyén vi dugc thuc hién theo co ché sau day:

: <)
C6H5_!F'_N‘_C6H5 NH)__%I_N‘CﬁHs }m=(F-NHC6H5 Hl}T_(“:'NHCGHS

N. N ~ N.. JN: - :Ni 2N == N,
“N* ‘N/N N& "N/N
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Nhu viy, ban ddu xay ra sy m& vong tetrazol v6i sy tao thanh guanylazit hoat déng réi sau dé
quay nguoc lai theo truc C-N, va cudi cling vong hod lai thanh déng phén tuong tng.

Chuyén vi duge néu trén chi 12 trudng hop riéng cha phan Gng tdng quit hon trong day di
vong voi tén goi 1a chuyén vi Dimrot.
Trong sy nhiét phan (hay quang phan), 5-aryl-4-axyl tetrazol dugc chuyén vi thanh vong 1,3,4-
oxadiazol. Co ché€ clia chuyén vi ndy dugc xac nhan nh¥ sir dung cdc nguyén tir dinh du (N1 va
N4 tron g 4-benzoyl-5-phenyltetrazol 1a 15Ny

0
M=o T
Ce¢Hs—-C 1;1 4 o "Ny eN_C‘C(,Hs
N — CGHS_ - @ o /
CﬁHj &/N \N =N=N CGHS_C\\ ®
. o ol 0
N—-N O / h il

e o« | -C-C¢H
I Y e CHC=N-N=C-CeHs CeHs—C” o
CGHSJ\O)\Cc,Hs ¢Hs ¢Hs  CeHs—C_

Ngoai ra vong tetrazol v&i cdc nhom thé khdc nhau cling thé hién tinh kha bén vimg doi vdi téc
dung clia axit, kiém, chit oxi hod va tic nhan khit hod. Diéu ndy dugc ching minh qua thi du
chuyén hod xianphenyltetrazol dudi day:

/(N—N CeHs KOH ?‘N};CﬁHs HNO ?_Nﬁ :>_N02
NC N HOOC™ ¢ HOOC” N
@
i N_b{\_@_NHZ 101 NN
SuC ! i
1 1
H H

IV - CAC MUOI BAZO NITQ BAC BON CUA 1,2- VA 1,3-AZOL
Phan ting cha céc tic nhan ankyl hod véi céc imidazol va pirazol cé chita nhém thé & vi tri 1 din

141 sy tao thanh céc mu6i bazo nito bac bén clia chiing. CAu tao clia cdc musi nay duge biéu dién
bing cong thitc A va C, chit khéng phéi B va D.

®
G Oyl OO0
) RTR . rRYVROS 3 0 “o’e
w ® © (D) ® ®
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Céac azol khéac khi twong tdc vdi tic nhan ankyl hod ciing tao thanh cic -mudi bazo bac bén
tuong tu. Nhung véi thiazol va isothiazol thi céu tric cida chiing & dang E, ﬁghia la dién tich
duong dugce dinh xi trén luu huynh chit khong phai trén nito. Trong khi d6 véi oxazol va isoxazol
lai ¢6 cdu tao binh thudng theo kiéu F véi sy dinh xit dién tich duong trén nito.

Nguyén t& hidro & vi tri 2 trong cdc muédi bazo bac b6 clia 1,3-azol rét linh d.Ong nén c6 thé
dugc trao ddi doteri mot cich nhanh chéng qua c4u taic ilit di vong trung gian. Thi du:

CH; T;;CHzCGHS D,0 CHjTi‘CHzCﬁHs ~—CH3T;_\CH2C6HS

§ H B®  pH537,25°C g)/e g D

Mot trong nhimg tinh chat quan trong ciia cdc mudi bazo bac bdn clia cdc azol ndy 1a kha ning
mot s6 trong chiing dé€ bi khir hod bot natri bohidrua (NaHB,):

|
~B-H

cmﬁ—cmesﬂs Ef?‘ﬁ%—cmcéﬂs
w“ — N
CHy——N-CH,CgHs ‘1-10/—4 § 5 CHy——N-CH,CHs
8 - | /,z;)
$D H—}I3-—\. _ _ .
CHy 7 N-CHaCeHs CHy—— N -CH,CgHs
z" TN
— @ T

V - GIGI THIEU MOT SO LOAI DAN XUAT CUA 1,2- VA 1,3-AZOL

5.1. Cac dan xuit hidroxi

Céc dan xudt hidroxi clia 1,2-azol ndm trong suf cin bing véi dang xeto tuong tng. Nhung tuy
thuge vio vi tri cia nhém hidroxi ma mét trong hai dang dé chi€m wu thé.

| " _OH 0
E/ g — Z NQH hay l_‘( ﬂ — J_<
HO” X~ 07 > x o>y N X x- N H

o day X = O, S hay NH.

Dén xufit 4-hidroxi cha céc 1,2-azol it duge nghién cifu, nlmg da biét 4-hidroxipirazol nim
trong trang thdi c4n bing tautome ciia né v6i dang xeto:

0

HOZ—\/ - T—\\N
N N’
H H
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Céc din xudt 2-hidroxi cha céc 1,3-azol tdn tai chil yéu & dang xeto. Tuong tu cdc din xust 4-
v 5-hidroxi cla 1,3-azol cling nhu vay:

N-H 0N O5n N N
[XKOH_z [XXO ’ Z:{ﬁ_‘z Z:(} ’ Ho/é_x) ﬂO[X)

X=0,5 NH

Khi khao sat tinh chit coa cdc din xuét hidroxi trong diy azol cin nhan manh rang t6c d6 sy
chuyén ho4 twong hé clia cac dong phan tautome thong thudng cao hon nhiéu téc 46 phan tng cia
ching. B&i thé cho nén cé thé xdy ra phan ing v6i ngay ca déng phan ndm & dang néng d6 nhd.
Thidu :

0O

joy OH JCH;OH [< Phan g &
ete-ty dang xeto
+ CHyNy ———— - ang xeto
CsHs S/N 2 Ingdy CgHs S’N CHy { c6 néng do
(89%) nhd
CH: N
CHyNpfete ? !/ 3 Phan tng & dang
CH‘Z‘NH s~ TOCH; enol c¢6 ndng dé nho

§° 0 (CH3);80;  CHz~5—~N-CH;
NaCH, H,0 2/
§$” 0

5.2. Cac dan xuit amino

C4c aminoazol tuy cling nim trong s chuyén hoa tautome hod, nhung & mitc d¢ thdp hon nhiéu
so v6t cac hidroxiazol. Thudmg chiing khong tdn tai & dang imino, ma thuc t€ chi & dang amino. Vi
vy ma nhiéu aminoazol mang tinh chit tuong tir amin thom. Thi du: ching cé thé duge diazoni
hod dé cho ciac mudi diazoni bén vimg.

3.3. Cac axit cacboxylic

Cidc axit cacboxylic clia ddy azol dugc xem nhur cic axit cacboxylic thom. Chiing duge decacboxyl

hod & t% > 200°C, trong dé nhém cacboxyl ndo cang gin di t6 thi cing dé& bi decacboxyl ho4.
Thi du :

HOOC HOOC

I\\ mesitilen F\\
HOOC S/N Bun 16i 2 gidy N

S

Decacboxyl hod axit isoxazol-3-cacboxylic dién ra khong binh thudng va kém theo su v8 vong.
Thi du:

O .
COOH c¥o® o
\ \ — n
[/ O)—[\ 4 o-N —E[ O)—K\ 4 oDeye Q—Cé;CHCN*’/ 0\ C-CH;CN
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5.4. CAc dan xuit anky! cia azol

Nhém ankyl va dac bié: nhém metyl & vi tri 2 cua vong thiazo! hay vi tri 5 clia vong isothiazol
tham gia dé dang vao phan tmg ngung tu v6i cdc andehit.

CH3_[“{ CeHsCHO ——3 C”r[bi
+ —--—b
S)\C s 160°C S)‘CH=CH'C6H5

\ —~ e d N
CH3—[_S_,\N + ON—<O)—CHO —— 0;N<O)—CH=CH- -
Céc diin xudt metyl cha cdc azol khic néu duoc hoat hod bdi sy chuyén thanh mudi bazd nity

bac bén hay bdi sy ¢é mat nhém nitro trong vong azol thi dic bigt dé dang tham gia vao su ngung
tu Claisen. Liic dé vi tri nhém nitro hoat hod c6 ¥ nghia quy€t dinh. Thi du:

[< Plperldm /[—-<CH_CH
N- CH3 CQHsoH g CH,
Dun s¢i 15
NHCOCH;

NHCOCH;

O,N

E/ N\ Ngung tu dugc véi andehit do cacbanion trung gian dugc
CH, O,N én dinh bdi anh hudng clia nhém nitro.

O;N CH;

/ \N } Khéng ngung tu duge véi andehit.
O/

5.5. Cac dan xuét axyl cia azol

Céc din xust N-axyl clia cdc azol rét dé& thuy phan ngay trong moi trudmg trung tinh véi su tdch
loai nhém axyl.

Diéu ndy duoc quyét dinh bdi khuynh huéng thom hod véi mic do 16n lao cua cic he di vong
ndy, ciing nhu béi téc dung hit electron clia nguyén ti nito trong vong. Khi dé, mat 4o electron
trén nguyén tit nito lién két véi nhém axyl bi giam ding ké 1am cho lién két C-N trong nhém
N-CO-CH3 bj y&u di. Do vy, cdc dfin xust N-axyl azol duge ving dung rong rdi trong c4c téng hop

hitu co khac nhau.
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VI.- CAC HQP CHAT CHUA YONG AZOL TRONG THIEN NHIEN VA BUOC
(NG DUNG TRONG THUC TE

6.1. Cac hop chit chira vong imidazol va pirazol

* Cic hogp chét chita vong imidazol c6 rét nhiéu trong thé gidi dong vat, cling nhu trong thann
phdn mot s6 ancaloit 0 thuc vat. Quan trong nhit trong s& ancaloit dé 1 pilocarpin. No ¢6 tdc dung
kich thich hé than kinh ngoai bién, tuyén nudc bot, tuy€n mé hoi, 1am gidm noi phin 4p vi lam thu
nhd con nguoi cha méat. Vi vay pilocarpin dugc tam thudc chita bénh glaucome (oénh thién diu
théng) va cac bénh khic clia mat.

HsCzI—SCHzTN-CH N CH,CH-COOH N-——CH,CH;NH,
0 0 / L NI‘I’Z L] w.
H

N

H
Pilocarpin Histidin Histamin _

Histidin 12 m6t axit amin chita vdng imidazol. N6 13 mot méit xich ndi lién phia berca (globin
vi hemin) v6i ¢du triic porphirin trong hemoglobin.

Duéi tdc dung cla cdc vi khufn hay mot vai loai men, histidin bi decacbexyl hod thanh
histamin.

Trong thé giéi dong vat, histamin c6 luong nhé trong phéi, gan va mang nhay cla da day. N6 ¢t
tic dung lam gidm huyét 4p, kich thich hoat dong va su ti€t dich cua da day. Nhung sy du histamin
trong co thé 12 cuc ki nguy hiém vi né din dén su phd huy nghiém trong qud tond trac déi chi.

Ngodi ra nhiéu din xuft clha vong imidazol cdn Swoc st dung lam thuls chida bénh nhar
dibazol, priscol va nirvanol (diphenin):

O
N N o N
Coltls .
@J—CHzC@Hs U Lemens “?)t Jon
N ; N N
H

\ ! Cglis i
H

Dibazo! Priscot Nirvanol (diphening
Dibazol 1a chét thu6c 1am giam huyét dp.

Priscol 1a chat hoat dong lam gidn mach 1adu vi 6 thé dugc st dung 1am thudc chifa mot 86
bénh dudng rudt.

Nirvanol 12 chét chéng co giat c6 hiéu qua.

* Vong pirazol tuy khong ¢6 nhiéu trong céc hop chat thién nhién, nhung din xut cia no ducc
ting dung thyc t€, dic biét trong cac linh vic y, duge, phdm nhudm, chit phdt xa va huynh quang,...

Trong s8 cdc chét thude thi din xuéit cia antipirin (tic 13 1-pheny1—2,3—dimctyl—5upirazolon) cb
gi4 tri déc biét.

Bén than antipirin ciing 13 mot chat thuSc giam s6t manh. Trong thuc t€ né duge diéu ché bing
tdc dung cla cdc tac nhan metyl hod véi 1-phenyl-3-metyl-5-pirazolon.
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CH,
0~ ::N_ CH?

(I:GHS
antipirin
HC=—=C-CH; HC==C-CH; HC—-C-CH;
I I CH,1 | } [ il
iy — — i
0¢C“1}1’NH (-HD) O¢C\N/N CHs _O'C\N/N} CH;
1
CeHs CeHs CeH;
Piramidon va analgin - cic thuSc gidm st - cling 1a cdc din xuft cia antipirin.
HC=—=C-CH; ON—C=—=C-~CH;  HyN-C=C-CH;
I | HNO, ! I +4H (I: A oH
¢C\$/N CH; (-H,0) o éc\}}[/N_CHS (H,0) O¢ \I:] )\I 3
Cets CsHs CeHs
H;C
(CH3;,N—C=—=C-CH +N—C=C-CH;
A PNTE=(CHs NaOsSCHy, | |
(-2HC1) O¢C\N/N-CH3 0¢C\N N-CHs
CeHs CeHs
Piramidon Analgin

Danh sich c4c chét thuSc ma trong thanh phdn phan tir 6 vong pirazol da khéng ngimg tang
lén. Di c6 nhimg thong bdo vé téc dung seda (an thin) cia mot vai din xust ankyl va aryl cia
pirazol hay chét sunfamit "Orisul” ¢6 tdc dung chdng vi tring 1au dai:

!
HzN@—sozNHII _N
N

1
n Orisul " C6H5

Ngoai ra, nhiu din xudt cia pirazol con duge ding lam chat diét con tring (isolan, pirolan,
pirazoxon) hay lam phém nhuém hogc ding trong phim anh.

, [ | o CH; I [ CH,
0 N. O—J: _N . 0—[ _N
4 N’ ] 7 N H / N
(CH3;)N-C ! (CH3),N-C ‘ (C3H50),-P )
I CH(CHz), ¥ CeHs [ H
o o - : 0
isolan pirelan pirazoxon

6.2. Cac hgp chat chira vong thiazol va isothiazol

* Thiazol va cdc din xufft ctia n6 thudc vio loai cac hop chét di vdng ¢6 vai trd rdt ding ké
trong nhiéu qui trinh hoat dong séng, chi yéu trong th€ gidi dong vat.
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Thiamin (tic 1a vitamin B;) 14 hop chit ¢6 chita hai di vong: pirimidin va thiazol. Thiamin cin
thiét phai c6 di trong thanh phén thitc an clia con ngudi, néu thiu vitamin By ngudi ta s€ bj bénh t¢
phil (bénh beri-beri). Vitamin By thutmg cé nhiéu trong mét s6 loai men, trong cam, trimg va trong
nhiéu loai thuc vat khéc.

P {R = H: Thiamin (tdc vitamin B))

CHz\ )
,L:I CH3 _HCI OH OH

N"NH; | CH2CH20R R =—P—0-P—OH-Cocachoxykiza
o O

Trong co thé déng vat, thiamin thudng tén tai & dang thiamin pirophotphat (con goi la
cocacboxylaza). N6 la nhém hoat déng co ban ciia men cacboxylaza va cé tic dung xic tdc cho
nhiéu phan dng sinh hod ciing nhu qué trinh trao déi chét trong co thé dong vat.

Cic chit khing sinh ho penixilin cling 14 nhimg hop chét chita vdng thiazol trong phan tar.

CH; ¢
7 — NHCOR
CHy” |
HOOC—CH—N—-“-%O

Céc penixilin 14n dau tién duoge tdch ra tir mét sd loai ndm chita penixilin, réi sau dé duoc
nghién citu vi phdt trién manh tir héi chién tranh thé gisi thit hai. Ngiy nay c4 6 dang penixilin d3
~ dugc biét chi khdc nhau bdi nhém R. Téng hop toan phén penixilin duge thue hién vao nim 1957.

Phan doan vong thiazol & dang 3-(thiazolyl-2)-f-alanin tham gia vao thanh phan cla chét khing
sinh bottromixin, ma chdt nay 43 duoge téch ra vl thuc vat streptomyces bottropensis.

F)—CH -CH,—~COOH

NHz

Nhiéu din xufit cia thiazol con duge ding lam thude, dic biét trong ho sunfamit, nhu
sunfathiazol ching han:

QE—NHSOz <Oy,

Ngoai ra nhiéu din xust cha vong benzothiazol con duge dung dé san xuit phdm nhudém va céc
chit nhay sdng.

* D61 voi vong isothiazol thi it tim thdy trong cdc hgp chat thién nhién va sy ung dung
chiing trong thuc € ciing han ch& hon. Tuy nhién, ciing dugc biét mot chit ho sunfamit ¢é téc
dung chéng vi tring lau dii, d6 la 5-p-aminobenzensunfamido)-3-metylisothiazol (I) v chét
5-(aminocaxetamido)-3-metylisothiazol (I} thudce ho analgin.

. CH NRR" —CH

l | 3 . 3

zN—@—SozNH—E AN R CHCONH—I\S/N
oy

(In
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. 6.3. Cac hop chit chira vong oxazol va isoxazol

* Céic oxazol vi dAn xufit cha ching c6 img dung thyc t€ khong nhiéu. Da duge biét mot vai dan
xufit ciia oxazol duge ding 1am thudc chita di ving hay phuong tién gay (€ cuc bo.

Mot vin dé rat 1i the 12 phan ing polime hoa 2,5-oxazolidindion, ma c6 thé din téi sy dng
hgp cdc polipeptit: '

R';’—N-R R'(le——leTR R‘(|3H—NHR
+ — i +
o™ o T cox  CooM  cox €O,

RCH—NHR R NR
| + | /J\ — R'CH-NR-CO-CHR-NHR + CO,
COX 0" 070 COX

& day X = OH, NH,, OR".

Trén ¢o s& phan Ung niy dd nhin duge cdc polime sinh hoc khiac nhau nhu: polilizin,

poliornitin, axit poliglutamic.
Oj\—ICHzR
RN 70

Mot vai hop chit kiéu 2,4-oxazolidindion, ¢6 c4u tric tuong ty céc dén xudt cua axit babituric,
43 12 nhitng thudc ngh va chéng dong kinh (co giat)

*Ban than isoxazol vi cic din xust ciia nd hiu nhu khong c6 {ng dung trong thyc t€. Nhung
cing duge biét trong mot s8 cdc din xudt ciia isoxazol, d6 1a xicloserin. Né dugce 14y ra tir
Streptamyces orchidaceus v 1a d-4-amino-3-isoxazolidon, duge dung nhu chédt khang sinh chéng

vi tring lao.
H3I~*r~|—n—o' H,N T,:o
———

0
6.4. Céc hop chat chita vong 1,3,4-oxadiazol va 1,3,4-thiadiazol

* Mot s& dén xust chia 1,3,4-oxadiazol, tuy khong c6 trong ty nhién, nhung da dugc sir dung 1am
thudc chita bénh. Duge biét cdc din xuft cla 1,3,4-oxadiazolinon-5 va 1,3,4-oxadiazolinthion-5 ¢é
tdc dung chong lao. 2-[5’-Nitrofuryl-2']-1,3,4-oxadiazolidon-5 tham gia vao thanh phdn cua cdc
chét ¢é tdc dung chéng ndm va khang khudn.

* Vong 1,3,4-thiadiazol cing khong c6 trong thién nhién, nhung nhilng nim sau nay sy nghién
ctru ching di khong ngimg tang 1én nhd tic dung duoc 1i cfia ching. D3 c6 nhing thong béo ring
mot vai- din xudt chia vong 1,34-thiadiazol c6 khad nang khing khudn gin véi tic dung cia
penixilin.
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6.5. Cac hop chit chira vong tetrazol

a tetrazol duge ing dung rong réi trong thuc t€ y hoc 1a Kordiazol

Mot trong nhitng dén xust ci
en tetrazol. N6 12 chét kich thich c6 hiéu qué hé thin kinh trung

(hay Korazol), tic 1a pentametil
uong va hoat dong cha tim.
CH,—CH,-N——N
H2C< |
CH~CH;—C N

-

N
pentametilen teirazol

nhidu din xust cia tetrazol con duge tng dung trong c4c Tinh vire khdc nhu chét bao v¢

Ngoai ra
mit kim loai déng hay chat khoi mio trong

mau cha polivinylclorua, chdt chéng an mon trén bé
hén hop nd,...
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Chuong ndm

PIRIDIN VA DAN XUAT

Pirshin 14 di ving € canh chia mot dj 3 nito. N6 va nhiéu ddn xuit ciia né cb trong nhua than
da cling nhw treng thanh phdn phan i etia nhiéu hop chét thién nhien, dac bigt trong cic ancaloit.

V¢ nhifu mat né rit gidng véi benzen. Nhimg mat khac né cting giéng di vong thom 5 canh 1 di
*6 nito nhyv pirol ching han. Tuy nhién, gitta piridin v pirol ciing c6 nhidu diém khac nhau, dic
biét vé& ban chdt va vai trd ciia dj (6 nito d6i véi toan hé véng, ma tir d6 dan téi nhig khéc nhau vé
ca tirn chat héa hgc.

! - VAI NE'T VE CAU TAO VA KHA NANG PHAN UNG

Theo my¢t obitan phan ti thi piridin ¢6 cdu tao vong phéng, trong @/g --------- g\@
vong chda 5 nguyén tu cacbon vi | di t8 nito. Gid tri nang iwgng én dinh Eﬁt\}{\
cua vong piridin khd cao, dat t6i 134,4 kI/mol, néi vé déc tinh thom manh g
cia mé va gin véi dai hrong nang luong dn dinh héa clia benzen. Nhung ...
khdc véi benzen, cdc do dai lien ket trong vong piridin khong déng déu. § piridin khoang cdch C-C
bing 1,3944 va khodng cdch C-N bang 1,3404 . Bdi the cho nén phén tir piridin khong phai la
ving lye gide déu (hay vong 6 gée biing nhau) nhu benzen, nghia 1a cfu tnic khong hoan toan déi
ximg. N vay ciing ¢é nghia 1a & vong piridin ¢6 sit phan b6 dién tich khéng déu, va do d6, xuit
ri¢r momen ludng cuc (u : 2,26 D). Chiing ta cling da gip su phan b8 mat do electron khéng déng
¢€u & vong pirol. Nhung giita pirol va piridin vé vén dé nay c6 sy khdc nhau v€ nguyén li, gin lién
VOi vai ey khac nhau caa dj (8 nito trong cac hop chat nay. Nhu mo ta & hinh vé& trén, trong piridin
céc nguyén tir lien két véi nhau biang cdc lien két o ciia cdc obitan laj tao kiéu sp2. Ngoai ra méi
rguyén il déng gép 1 electron p khong ai tao vio h¢ théng 6 en giai tod trén toan phan tir. Nhumg,
trong khi di 16 nito & pirol thé hién tinh chat cho electron va dén g g0p ca cip electron du thita cda
minh vio h¢ théng electron & clhia vong, thi & piridin, di t6 nito lai c6 tinh hiit electron v “hiit” vé
phia minh t4t ca mat do electron ciia vong. Méc db di t6 nito clia ci hai truong hop nay déu nim &

trang thai lai tao spz, nhung céc obitan khic nhau clia ching tham gia vao sir xay dung vong. Trong
trrong hop cha piridia sy tao thanh 2 lién két o va mot Lién két n giifa cdc nguyen th Ca vii di tg
nito dn t6i mot diéu ring cap electron con lai khong lién két cita nita thi ra & ngoai vong. Obitan p
chacip nay ciing nghiéng di khong déng ké khéi mat phing clia vong.

Hinh duéi day m6 t& mot phan doan C-N-C ctia o trdc piridin. Sy phan bé o6 lgi phit cic géc
héa tri gitta cdc obitan cla di 6 nite trong he vong piridin doi héi su sip xép nguyén t nito vao
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vong & dang cy thé nhu th€ nao d6 d€ sao cho tiéu t6n ning luong & mic nhé nhit va bao dam 4
&n dinh cao clia vong.

7<C

1

. g/~ .
CQ Lne;2 ket s( ) sp?
8 v

e

\‘_,

Mat phiing ang Obitan véi cip electron tf do

Cén nhén manh ring khi dua nguyén tlf nito vao vong khong chi lam thay déi céac tinh chét bd
khung cacbon cha vong, ma sy lien hgp cua céc electron 1 trong vong ciing anh hudng dén ban
chit dj t& nita. Su trong tac b8 xung chia cép electron ty do bén ngodi véi hé electron & vong dan
t6i 1am giam mot chiit tinh bazo clia piridin (pKa 5.,2). Tuy nhién, nh cé cap electron w do nay
ma piridin ching nhitng c6 tinh bazo, ma con dé ding tao phic v6i céc axit Liuyt va v6i nhiéu ion
kim loai. Do 6n dinh cua nhiéu phic nhu the phu thude vao miic dé lién hgp v6i nhan thom piridin.

Ngoai ra chi sd electron (nhu chi ra & bén) cing xéc nhin vi b6 +0.050 1.0.394(0,401)

xung cho nhimg diéu da néi & trén vé cau tric ciha vong piridin. 0.85% 0,004
0.669 0,402(0.398)
Tuy nhién, t4t cd nhing didu da trinh bay (sw phan b6 mat 4o o6sa "N %077

electron va céc dai lugng ning luong én dinh,...) chi dic trung cho phan 0196 0.405(0405)

tir piridin trung hoa vé dién. _

Sy phan b& mat do electron trong vong piridin tuong ing v6i két luan vé dac tinh electrophin
ciia vong VA tinh nucleophin cia di t6 nito. Mat khdc theo thuyét so d6 hoa tri, phan tir piridin ¢6
th€ duoc gidi thieu mot céch hinh thitc & dang mot diy cdc cfu tric cong hudng gi6i han véi sy
phan chia dién tich trong vong : :

O-0-0-0-0
)

+
l
(11} (I1I) (Iv) V)

Tir sy so sanh dai lugng momen ludng cuc cha piridin (2,26D) thdy ién hon nhiéu momen luéng
cuc ciia piperidin (1.16D), c6 thé ket luan ring trong trudmg hop cia piridin sy déng gop vao lai tao
cong hudng ca cic dang c6 phan b6 dién tich (II1 —» V) cling rit déng ké. Ciing tir day ta thdy su
th€ electrophin trén céc nguyeén tr cacbon, dac biét & vi trf 2,4, 6 rdt it tin tudmg vi & d6 tich dién
duong. Trong céc céu tric (I) va (II) sy thé electrophin chi ¢6 thé xay ra & céc vi tri 3 va 5.Dité
nito cha piridin trong céc trudng hop nay thé hién vai trd nhu mot nhém thé loai hai do tinh chét
hiit electron clia né. Néi mot cich khdc, trong phan iing th€ electrophin ¢6 thé so séanh ban chét cia
piridin véi ban chét cla nitrobenzen.

Cic dir kién thuc nghiém ciing chi ra ring, twong tu nhw benzen, cic céiu triic (1) va (1) hién
nhién mang sy déng g6p 1én nhél vao su lai tao cong hudng clia piridin. Su phin bd mat do
electron ciing phil hop v6i céc gia thi€t nay. Ta ciling thy & cdc vi tri 2 va 6 dién tich duong 16n
hon mét chiit dai luong dién tich & vi tri 4. Diu ndy chiic chén gén lién v6i hi¢u tng cim \ng am
_cnia di 16 nito.
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Sy tinh todn mat do electron & piridin véi sy tinh dén ca dien tich hinh thic cha céc electron ©
(duoc din ra duéi day) da chi ra ring hiéu img cam vng cda di 16 nito phu thudc vao sy phan bé cu
thé cha cic electron nay.

Nguyén tir electron o electron 1t Pién tich chung

N 20,143 -0,.257 - 0,400

2, c® 0,027 0,140 0,167

c.c - 0,024 - 0,049 - 0,073

¢ -0,029 0,075 0,046 B

Sy tinh todn nhu vay cling chi ra anh hudng cia dién tich ¢ ¢iia di t6 nito dén d¢ linh dong cla
cap electron ty do & myc 46 manh d3 bi 1am yé&u di mot chiit do tac dung ciia he théng electron 7
lien hop. Su bién dang khong 16n clia géc C-N-C (117" ma € ra 1a 120° trong trang théi lai tao spz)
va sut gia tang mot chiit dic tinh s cha cap electron ty do so v6i difu nay cn 6 @ trang thai lai tao

o

s];)2 cia nito di chiing minh cho dac tinh thom 16 rét cha piridin.

Cic dai luong bac lien ket trong piridin rat gin véi nhau ciing ching minh cho tinh chét nhu
nhau clia cdc céu trie (I) va (ID.

Su so sinh céc dai luong phan b6 mat do electron véi cdc dai lugng ciia ning luong &n dinh hoa
caa piridin cho phép ket luan ring : Su thé electrophin chi ¢ khi nang x&y ra g vi tri 3 va 5 trong
céc diéu kién rdt ning né. (5 cdc vi tri 2 va 6 cling trong diéu kién nang né c6 thé dién ra sy th&
nucleophin, Con & vi tri 4 phan img thé nucleophin ciing ¢6 thé x4y ra nhung khé khan hon & céc vi
tf 2 va 6. Di t6 nito thé hién tinh bazo, c6 thé tao mudi véi proton cling nhu ti€p nhan su tdn cong
clia cc téc nhan electrophin nhu tic nhan ankyl héa ching han.

II. CAC PHUONG PHAP TONG HOP

Piridin duoc Anderson tim ra lin dAu tién vao nam 1849. Ngudn thién nhién quan trong ctia né
chinh 13 nhua than di. Mac di trong nhya than d4 chi ¢6 it hon 0,1% piridin, ninmg nhu vay cing
i dé t8 chitc sin xust né véi lugng 16n néu nhu cong nghiép than d4 phat trién.

Ngay nay cdc phuong phip téng hop vong piridin ciing duoc phat trién kh4 rong rii, dac biét cic
phuong phép di tir ngudn nguyén liéu d& ki€m va ré tién. Dudi day din ra mot s& phuong phép chinh.

2.1. Ngung tu déng vong axetilen v6i amoniac hay axit xianhidric

3CH=CH + NH; —- O

N

2CH=CH + HCN — m

N
Nhung, ciing nhu téng hop benzen tir axetilen, phuong phap nay chi ¢6 gid tri vé mat li thuyét.
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2.2. Pong vong hop chat 1,5-dicachony!l v6i ameniac
Phan éng cla 1,5-dicacbonyl véi amoniac din téi sy tao thanh cdc dihidropiridin khong bén

vimg, ma sau dé dé dang duge dehidro hda (hay oxi héa) thanh vong piridin thom tuong dng:

N(CH3)2

170°C m
Q EOH C[—h
H
LLOINzNOH Ha (HNO;)

I
cH{L/NI> (80%)

Phuong phép téng hop nay thudng bi pheic tap héa bdi su tao thanh sén phdm phy & dang vong
cachon do xay ra sy ngung tu andol ndi phén ti cha 1,5-dixeton. Néu trong phan iing trén ta thay
thé amoniac bing hidroxylamin thi khéng nhiing loai trit dugc san phdm phu & trén, ma con khéng
cin thyc hién qua trinh oxi héa b6 xung san phdm dihidropiridin trung gian.

Theo phuong phdp ndy ciing c6 thé téng hgp vong piridin khi di tir hop chét 1,5-dicacbonyl
khong no (thi du: diandehit cla axit glutaconic hay chinh axit dé}, hodc tir cdc mudi pirili.

CH
2N =
CH G NH N D CH 2HC
o] o
1 .
i [fH Ho’ NH, 02 N
(\‘ 21,0 N N
HOOC | COOH HO® N 'OH O I\II Q
CeHs C¢Hs CsHs
CH;
& i (CH;C0),0/HCIO, l NH ] 1
+ > + T
Cells” S0 0’/C “CgHs  FeCis,t”  CeHs” "O° "CeHs  Cells™ N° "CeHs
(70%) CIOs

Phuong phap nay chi ¢é gid tri thuc 1€ néu di tir céc hop chit 1,5-dicacbonyl dé ki€m hodc tix
cdc mudi pirili duge téng hop dé dang.

2.3. Tong hop tir etylaxetoaxetat, andehit va amoniac (Téng hop Hantzch)

Ban chét cha téng hop niy 1a sy ngung tu cha mot phan tir andehit voi hai phan tir hop chit
B-dicacbonyl vA mo6t phan tir amoniac. San phfim trung gian cGa quéd trinh '3 din xuét
dihidropiridin ma sau 36 d& dang duoc oxi héa thanh din xudt piridin thom tuong ting. Qué trinh
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nay luén dan téi su tao thanh piridin c6 chifa nhém theé d6i xting va trong d6 nguyén tif cacbon cla
nhém andehit ludn trd thanh cacbon & vi tri 4 clia vong piridin tao thanh.

el Exoocl/\/Ecooa
2CH:COCH,COOE: + NH; + HCHO —— || N

CH, N CH; (B4-89%)

H

0] EtOOCjL/TCOOEI " 1)KOH, EIOH /(j\
HNO, CH,” TN CH; 2) C20,1° CH,” N “CH;
(58-65%)

R& rang su téng hop cdc din xudt dihidropiridin dién ra qua sy tao thanh trung gian cac hop
phin cacbonyl B-amino-c.,B-khong no va céic hop chat kiéu ankyliden- hay aryliden-1,3-dicacbonyl.
Sy twong tac ti€p theo clia cic hop phin nay voi ahau xdy ra theo kiéu cong hop Michael vdi su
tham gia trong tinh chit tdc nhan nucleophin clia nguyén ti cacben B trong hop phin enamin mang
dién tich am phan

,CH;—COOHt ;H—COOEI NH, ,CH-COOEt
CH;-C = CH;—C —» CH;—C
I l (-Hy0) “NH;
O OH

e
/CH,~COOE ; SC-COOEt
CHs—C + HCcHO 2% cp—¢”
I i
0 5

EtOO . HCG_ __.COOE EtOO CH; COOHEt
CE CH C%,C/ Co c " \CH/

de * & ) ' -
CHy” TNH, o CH; CHy” “NH 0:/)C\CH3

—_—

& c
CH3/ \ N / Q!) . CH3 CH3 II?]I CH3
! H

H COOE:
E‘OOC\C/CHz\{(I:/ COOE! COORt

T4c nhan oxi héa trong qué trinh chuyén tir din xudt dihidropiridin thanh piridin thom c6 thé
13 axit nitric trong axit sunfuric, cloranin hodc natri nitrit trong axit sunfuric,... Co ché qua trinh
oxi héa chi méi duge giai thich trong nhimg n3m gin day. Nguoi ta thdy réng néu nhu & vi tr{ 4
clia dihidropiridin ¢6 nhém thé ddy electron & myc trung binh hay yé&u thi trong qud trinh oxi héa
chiing s& bi tach loai. Thi du : '
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CeHsCHy~_H
Exoocﬁcoom 0] Exoocﬁcoma:
O
CHY SN CH; NaNO,/CH;COOH CHy N7 CHs

1

H

Qua trinh dién ra theo so dé sau:
1L
R H R. H
@ ff) N
NO
—_— N R
R § ¢
N

Tuy thuge vao do 6n dinh tuong d6i clia c4c cacbanion trung gian v thé tich clia cic nhoém thé

& vi tr{ 3,4 hay 5 ma xay ra sy tich nhém R hay déproton hda.
ing c6 thé dugc téng hop bing tuong téc cla

Tuong tr v6i téng hop Hantzch, piridin ¢
N.K. Kotretkov vi A.N. Niesmieianov):

B-clovinylxeton véi etylaxeto axetat va amoniac (theo

CHCI
: C (]:Hzcoom _COOE
CH + CO-CH; — |

| R ™N* CH;
R-C=0 NH;

2.4. Téng hop tir hop chat B-dicacbonyl va B- enamincacbonyl hay nitrin

Su tuong téc clia céc hop chét 3-dicacbonyl véi hop chéit B-enamin-cacbonyl hay nitrin dén téi

suf tao thanh céc piridin ¢6 chifa nhém the khong d6i xing. Thi du:

OC;Hs
% + l CHs 95°C \ S—COCH;
2 ngdy A—CHy  (24%)
N

CHOOCHs)  HaNT CH;

Phuong phép nay c6 thé di tir nguyén ligu d4u kha don giin. Nhung hop chat p-dicacbonyl don
gian nhat [a diandehit maleic 1ai khong ding dugc trong phan éng nay vi tinh rit khong bén cia no.
Song, nhu thi du trén da chi ra, cé thé thay né bing ete clia bin axetal cla andehit nay. Con cic

véi hop chit di-

enamin xeton khoi ddu c6 thé dé dang nhin dugc boi tac dung cla amoniac

cachonyl wong Wng.

1 khéi ddu khong d6i xing thi kha nang tao ra hén hop hai dong
khong phai 1 nhat thiét, dic biét trong
phan ing. Thidu :

Néu nhut hop chét B-dicacbony
phan ciia dn xudt piridin 12 hién thyc. Tuy nhién diéu nay
truomg hop hai nhém cacbonyl khac nhau nhiéu vé kha néng
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COOEt

Eoocﬁcooa (©) EtOOC

Qua4 trinh dién ra theo so d6 sau:

9

CH;

X

R__H R H

TX = TX %0

N N H® |

f ° 9
N

Tuy thu6e vao do én dinh tuong ddi ca cic cacbanion trung gian va thé tich clia céc nhém thé
& vi trf 3,4 hay 5 ma xdy ra sy tich nhém R hay déproton héa.

Tuong tr v6i téng hop Hantzch, piridin ciing ¢6 thé duge tdng hop bing tuong tic cla
B-clovinylxeton vdi etylaxeto axetat va amoniac (theo N.K. Kotretkov va A.N. Niesmieianov):

CHCI
C C (IZH2COOEt . COOEt
CH + CO-CH; — |
l R ™N™ CHy
R-C=0 NH;

2.4. Tdng hop tir hop chét B-dicacbonyl va - enamincacbonyl hay nitrin

Su tuong tic clia cde hop chét B-dicacbonyl véi hop chét B-enamin-cacbonyl hay nitrin dén téi
sit tao thanh céc piridin ¢6 chita nhém the khong dé&i ximg. Thi du:

 OCH; i
% . CHy g0 (\/Ecocm

2 ngay CH (24%)
CHOCHs),  HN"cH, NT

Phuong phdp nay c6 thé di tir nguyen li¢u ddu kha don gidn. Nhung hop chat B-dicacbonyl don
gian nhit 1 diandehit maleic lai khong diing dugc trong phan dng nay vi tinh rat khong bén cua no.
Song, nihu thi du trén di chi ra, c6 thé thay né bing ete clia ban axetal clia andehit nay. Con cac
enamin xeton khdi ddu cé thé d& dang nhan duge boi tic dung chia amoniac vdi hop chét di-
cacbonyl tuong ung.

Néu nhu hop chat B-dicacbonyl khéi ddu khong déi ximg thi kha nang tao ra hén hop hai dong
phan cha din xudt piridin 12 hién thyc. Tuy nhién diéu nay khong phai la nhat thiét, dac biét trong
trudng hop hai nhém cacbonyl khéc nhau nhiéu vé kha niing phan tng. Thi du :
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CHO

CH COONH4 ﬁ | COCH;
CH;’C“\*O . CH3COOH H, CH3 N7

Na' 20°C, 2 ngay (40%)

Né&u trong phan dng nay ta thay hgp phdn B-enamin cacbonyl bing xianamit thi cling nhin dugc
vong piridin va khi d6 phan dng mang tén Guares. Phdn tmg thudng dugc thyc hién trong méi
trudng kiém va trong nhiing didu kién nhe nhiang dé ban ddu tao ra din xuit 3-xianpiridon-2 véi
hiéu xu4t cao, réi sau dé nhém chiic nitrin vi oxi clia né c6 thé duge nhiét phan hodc chuyén héa
thanh cic nhém khac cia din xudt piridin.

COOGCH; CN COOCHs COOCH%
O piperidin =2 -CN
(o [ e
Cs, N0 GtsOH.80°C CHy N CH3
CHj O PII
{80%) {(B5%:)
(;OOCH3 COOCH;
2) CH,COOK CH; ™NZ Q1 P3-C/CH;COOK CH; N’ _—
CH;0H 70%) 1éu suflt cuo.

Néu tham gia phdn \ng ndy li hop chit B-dicacbonyl vdi hai nhém cacbonyl c6 kha nang phan
tng khac nhau thi két qua vin chi nhan dugc mot ddng phén duy nhdt (18 ra phai 12 hén hop 2 déng
phan). Chinh vi vay phan tng nay duge tng dung rong i trong thuc t&, dic biet duge sir dung dé
téng hop vitamin Bg trong cong nghiép trude day.

CH,OF: CH,0F: CHOF:
0 CN L iperidin S CN (CH;00),0HN0; 02N ~CN
C + E(OH 0 | -
CH3/ Q\‘O H,N™ "0 CH; N 0 0°C CHs lnq 0
H {15%) H
(65%)
CH,OE: CH,OE!t
paigroa, ON B CN  Hypd HN S CHNE: 4y gge
150°C  CH;” "NZ ¢l CH;(;?H?Na CH;3 N 180°C
(40%) H (54%)
CH,OH CH,OH
HN
NS CHNH,  onoma v B9 oS CHOH
CH;" "N* 90°C CH;" N

Piridoxim {Vilamin B6}
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2.5. Tong hop tir oxazol va cac dienophin

Trong nhimg nim gin day tdng hgp Diels-Alder vdi su tham gia clia cdc oxazol va céc
dienophin Ia mot phuong ph4p hién dai va déc ddo clia sy téng hop vong piridin. N6 ciing 12 mét
trong nhimg loai cong hop vong. O day céc san phim cong khong bén viing duge tao thinh s& d&
dang téch loai nuée hay xianhidric (néu dienophin 1 dinitrin cha axit maleic hay acrylonitrin) réi
duge thom héa thanh piridin twong Gng. Thi du:

CN
-0 CN HO o~
m . CH,COOH_H,0 /@ _HCN ) s
CHs N |% 95°C, 1 ngay CH; N CH;” °N
COOH COOH
_0 CH; CHje A
et | fOOH _an DR gy
CH3 N Iﬁ t, 12 gid CH; \N CH;” °N
COOH
& /0] | [10 R R S—CooH
+ 0 _— 1 .
R R” 0 RI N Rl?

Phuong phip niy mau chéng phat trién va duge dng dung rong réi, dic biét cling duge sit dung
dé t6ng hop vitamin Bg trong cOng nghiép.

2.6, Mot s6 phuong phap khac téng hop vong piridin

* Phan ¢mg Chichibabin dua trén sy dun néng axetandehit véi amoniaxetat 12 thi du dién hinh vé
t8ng hop coéng nghiép cdc ankylpiridin. Phén Gng thudng dién ra phiic tap va din t6i sy nhéin dugc
hén hop nhiéu ankyipiridin:

CHO - =—C7Hs 2-metyl piridin;
CH;CHO + CH;COONH; —~ . f\,,r + luvong nhod | 4-metylpiridin;
180°c CH;" N
3-etyl-4-metyl-
piridin.
V& ban chét phan ing niy cé nhiéu diém giéng véi phuong phip téng hgp di tr B-dicacbonyl &
trén (2.4).

* Su chuyén héa cdc diin xudt chia furan qua con duding oxi héa thanh din xuflt 2,5-dioxi-2,5-
dihidrofuran réi tuong tic tiép theo véi amoniac ciing 13 mot phuong phdp téng hop vong piridin
déng chi y. Diéu ch€ 6-n-propyl-3-hidroxipiridin 14 thi du dién hinh cho phuong phip nay:

ﬂ\ CH,OH g—gm@cooem 1)NH,4
n—CsH5 COQCH; oxihod & cuc duong CH; e

0 0" ~g” OCH: 2LiaH,
“(87%)
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CH;0” g7 TOCH;  ¢°c,15pn [1"Gsly” O NH, n-CyHy” N
95%)

. /—§OH ~OH
Gt [\ CHNH, NGO )¢ 10

* Sy téng hop pindin-3-andehit, cling ahu nhiéu din xust khdc ca piridin, di tir andehit
crotonic va thuéc thir Winsmeter cling la mot phuong phép duge stt dung tot:

N(CHz)
COC1,/(CH,),N_CHO

CHa/\\' 4 o(CHz)NH — CH3’ | -
CHO N(CHz)? CHCly, 20°C

®
. f\(\ N(CHz), NH,CLH,0 L/TCHO
@ e’ Sl
(CHz)N” N(CHs), 100°C N (40%)

171 - TINH CHAT

Piridin 1 chat 16ng, khong mau, cd miti Gic trung vi kho chiu, rét doc, tan dé ding trong ancol,
ete va nhiéu dung moi hi co khde. °g: 135°C;

n2': 1,5092 va khéi lugng riéng 12 0,9826.

3.1. Tinh bazo va cic phan {ing trén di to nito

Nhu d3 néi & phin trén, di t6 nitg ciia vong piridin do con doi electron tr do nén thé hién tinh
bazo ciing nhu cé thé tiép nhin sy tdn cong ciia céo téc nhan electrophin. Ching han, piridin c6 thé
tao mudi ket tinh bén vimg v6i da s& céc axit protonic:

7 ~
] o+ — |,
N N

H

Do d6 piridin thudng duoc dung A€ trung hod céc axit snh ra trong phin dng, hodc dung vdi
tinh ch&t mot dung moi mang dac tinh bazo, d6i khi duoc diing 1am moi trudng én dinh cic anion
kém bén vitg nhu BC1; hay HClL ... '

Ngudi ta cling xdc dinh duge dé bazo clia piridin (pKa = 5,2) nhd hon clia amoniac hay cla cac
amin béo (pKa clia NH5 1a 9,5). Piéu niy duoc gidi thich mot cach déng tin tudmg ring gilfa
amoniac (va amin béo) va pirnidin cé sir khdc nhau vé trang thai 1ai tao clia nguyén tf nito. Cu thé &
amoniac hay amin béo nito & trang théi lai tao sp3, cdn & piridin 1a sz_ Nhu chiing ta da biét, khi
trang thii lai tao ciia nguyén tlr, ma nguyén tir £y quyét dinh tinh bazo cua phan i, thayld'éi tix sp3
qua sp2 dén sp thi do bazo cua phan tir ciing giam di déng ké theo thit tur trén. Thi du: gia tri pKa .
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ciia ddy cacbanion HC = C:7, HyC = CH:™ va CH3~CH,' ™ tuong tmg 12 25; 36,5 va 42. Vay thi
trong trudng hop ciia amoniac, amin béo va piridin cling nhur vay.

Ciing ¢6 thé gii thich hién tugng trén bing nhing khdi niém don gian sau day: cdc electron clia
obitan s & gdn hat nhan nén duge “bo chat™ hon, trong khi d6 céc electron p duge phan b6 xa hat
nhan hon nén cé phdn “linh ddng” hon. Bdi vy su déng gop clia céc electron s vao obitan lai tao
cing 16n thi d6 linh dong clia céc electron trong obitan nay cang nho.

Ngoai ra ban chat va vi tri clia cde nhém the ¢é mat trong nhan piridin cling anh hudng khé 1én
16 tinh bazo cha né. T4t nhién cic nhém hit electron manh phu -NO,, -COR, -Cl,... chii yéu béng
hiéu éng cAm (mg am, cé tac dung lam gidm mat d¢ electron trén di t6 nito, do d6 lam giam d¢
baza cia piridin va gdy khé khan cho phan tng & nito, ddc biét khi cdc nhém dé o vitri o

Hop chét pKa

Piridin 5,17
2-clopiridin 0,70
3-clopiridin 2,80
2-aminopiridin 6,90
3-aminopiridin 6,10
4-aminopiridin 9,20
2-Metylpiridin 5,97
3-Metyipiridin 5.68
4-Metylpiridin 6,02

Nguoc lai, cic nhém thé ddy electron manh nhu -NHj, -OH, ... chit y&€u bing hiéu dng lién hap,
lam ting mét do electron trén di t& nito, va do d6, lam ting d6 bazo cua piridin hay 1am dé dang
cho céc phan tng trén nito, dic biét khi cdc nhém thé & vi tri o hay 7.

Nhém metyl vi phenyl gay Anh hurdng khéng ding ké dén d6 bazo clia piridin.

Bang trén ciing cho thay do bazo cua 2-metylpiridin nhd hon d6 bazo caa 4-metyl piridin. Diéu
nay dugc giai thich ring nhdém metyl & vi tri 2 gy ra hiéu dng can tr& khong gian lon hon nén lam
khé khin cho su tdn céng cua proton hay tdc nhan electrophin khic vao di td nito, tic 13 1am giam
tinh bazo so véi 4-metylpiridin.

Sau day, ching ta xem xét mot s6 phén ing cu thé:
* Nitro hoa
Phan 1mg nay dugce thuc hién rit dé dang bing sy tuong tic cia piridin v6i cdc mudi nitro nhu

OZN(+) BF4(ﬁ} ching han :
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(o 2 Qe s (@™

N~ "CH; ete,20C "N~ "CHy CH;CN, 20°C N" "CH; ‘
N02 B]:?‘ _ H Hiéu suft cao

1-Nitro-2-metyl piridin bo florua duge-sir dung nhu mot tic nhan nitro héa khéng mang dic tinh
axit.
* Sunfonic hoa

Piridin phan tng dé& dang v6i anhidrit sunfuric (S03) d€ tao ra hop chat piridin-1-sunfonat &
dang tinh thé (thudng duge goi 12 piridin sunfotrioxit):

(Y = G e ()
. i

! 1}] o
0=50 H HSOs

Piridin sunfotrioxit c6 khi nang phan tng cao, thudng b thily phan bdi nuéc néng va cling duge
ding 1am téc nhan sunfonic héa trong céc didu kién nhe nhang.

 * Halogen héa

Piridin dé dang phan ng véi halbgen v cée hop chét cia halogen véi nhau dé cho cdc hop chét
kém bén viing, nhung 12 cdc hop chat c6 lien két thyc suw. Thi du:

C:N:. + Iz — C}\?-r 51'-_1
| ICI (j 0
N

N® oy L) N
ICl Br
0%) _ 2 (70%)

Céc hop chét nhan dugc t6n tai duéi dang tinh thé va v& mit cfu tao rfit gidng véi céc anion
tribromua. '

Ngoai ra ching con duoc g dung am nguén cung cip brom phan tr, dic biét trong trudng
hop khi ma brom héa cin thuc hién v6i mot lugng nhd, chinh xéc, duge tinh todn sdn. Thi du:

HBr dgo Br,
| ®
R N

II-I B fl Br?

(69%)

* Axyl héa

Phdn tng cha piridin v6i cdc axylhalogenua xdy ra rdt nhanh va din t6i sy tao thanh mudi
1-axylpindin :
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benzin .
O + CgHsCOCl —— @ cf (Hien suft cao)

N -20°C 1‘IT
0=C—C¢Hs
Céc musi axylpiridin ciing r4t c6 kha ning phin iing nén dugc sir dung réng rii 1Am t4c nhan

axyl héa, ddc biét trong trudng hop cdn axyl héa céc hop chét khong bén trong mdi trudng axit
manh.

* Ankyl héa
Céc anky! halogenua hay ankylsunfat dé déng phin ng v6i piridin d¢ tao thinh mudi

N-ankylpiridin bac bén:
0 + CHJ  — O

N N

CH;

r

& day co thé coi pmdm nhu 12 tic nhin nucleophm vi phin ing trén xay ra theo cts ché

nucleophin ludng phan tir (SN7). T4t nhién kha nang vA mitc d6 phén ing cu thé phu thudc vao ban

chét tic nhan ankyl héa. Vé6i metyl iodua va dimetylsunfat phan img xay ra dé dang vA toa nhiét.
Véi piridin c6 chia nhém the & vi tri 2 vi vé6i cdc ankyl halogenua khéc thi phén ing dién ra chém
hon va do6i khi phai dun néng. Céc aryll halogenua néi chung khong phan tng véi piridin, nhung
néu duge hoat héa manh boi su ¢é mit cdc nhém th& hiit electron manh nhu trong trudng hop cla

2.4-dinitroclobenzen thi phin tng vAn c6 thé xay ra & ngay 100°C.

~ Ngoai ra chc sunfonat, nhu p-toluensunfonat ching han, ciing c6 thé anky! héa dugc piridin Jvi
tri 1 d€ tao thanh muéi bazo piridin bac bén.

* Phdn tmg cong nucleophin ki€u Michael
Piridin c6 thé cong hop vio hé théng quinon va tzo ra c4c hop chit kiéu phenolbetain:

* Phdn ting oxi héa bdi peoxit
Duéi téc dung oxi héa bii peoxit, piridin dé dang chuyén thanh dang N-oxitpiridin :
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~ Téc nhan oxi héa & day c6 thé ding 1a HyO; trong axit axetic & 100°C hay peaxit benzoic
_(CgHsCO-0-OH) trong clorofom §0°C.

Csu tao chia N-oxit piridin c6 thé dugc md ta bdi s a6 chc dang lai tao cong hudng sau day:

=]
(e 0) ) = O e (e (o)
o)+ L. — ol — -— hing s
N B0 O T ot we Y e
o° & o) o° 0 0 O

T dai lugng momen ludng cuc (p = 4,42 D) va gid tri pKa (0,79) clia N-oxit piridin cho
phép ta k&t luan ring sy dong g6p cha céc cdu tric ludng cuc déng vai trd rt quan trong. Mait
khic, cfu tric trén cling cho thdy tuy thudc vao téc nhan t4n cong, ma cb thé, mot mit, mat do
electron & céc vi tri khdc nhau clia vdng dugc tang len, vd mat khic, mat do electron lai giam di &
chinh céc vi tri nay. Do 46, th€ electrophin va th€ nucleophin & N-oxit piridin tuy thuéc vao téc
nhan ma c6 thé xay ra & rén cing mot vi tri (xem so dé trén).

Ciing tix cfu triic gidi han ndy <6 thé thiy nguyén t& oxi trong nhém N-oxit clia piridin ¢6
thé tham gia vao phan émg nhu mot téc nhan nucleophin:

] y
¢ R-& o CH;L0-50,-0-CH; — m + CHSO;
N" CHs

CHs OCH;  (100%)

3.2. Céc phan ung thé electrophin trén nguyén tir cacbon cia vong piridin (SE)

Piridin c6 thé tham gia mot sG phan ting th€ electrophin trén c4c nguyén tir cacbon cia vong
trong c4c diéu kién khé khin hon nhiéu so véi benzen. Didu niy do hai nguyén nhén:

Mot mat di t6 nito b dd am dién 16n hon cacbon nén hiit electron vé phia minh 1am cho cacbon
trés nén duong dién hon so véi céc nguyén tr cacbon trong vong benzen. Ngudi ta cho riing khi thay
moét nhém -CH= cha vdng benzen bling nguyén tit nito, tic 1a chuyén tir benzen sang piridin (14t
nhién mot cich hinh thitc) thi ciing nhu géh_ mét nhém nitro vio vong benzen, ma phu vay, 10 rang
lam giam kha nang phan dng rit nhiéu. N6i mot céch khdc, kha nang phan dng thé electrophin cua
piridin trong diéu kién binh thudmg (chua ké nguyén nhén proton héa trén nitg) cing tuong ty nhu
@ nitro benzen.

Mt khéac, nhu chéng ta d& biét, da s6 cdc phan ing thé electrophin thudng dién ra trong moi
trudng axit manh. Liic dé piridin di vao phan ng khong phii & dang bazo ty do ma thyc t€ &

dang cation piridin Qﬁ-ﬂ . Hoat tinh ciia cation nay d8i v6i c¢ée tic nhan electrophin, nhu

ngudi ta tinh duge, giam di 10'7 + 10'® 14n so vi benzen.
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Vi vay, trén thyc t€ piridin khong tham gia phin vng ankyl héa va axyl héa theo Fricdel - - '
Crafts, phan itng Hoes (tic phén tng ctia nhan thom hoat d9ng véi nitrin va HCl trong sy c6 miit
ciia ZnCl, 16i sau d6 thity phan ti€p theo imin trung gian d€ tao thanh xeton), phin iing Mannich,
phan tng ghép doi vcn mudi diazoni thom va khong duge nitrozo héa.

Ban chdt va vi tr cha céc nhém thé cé sén trong vong piridin cling gay ra anh huo‘ng ding ké t6i
kha ning phan tng ciia né trong sy th€ electrophin, diing nhut quy ludt th trong day vong thom da
chi ra. Duéi day ta xét mot s6 phan ng cu thé:

* Nitra hoa

Piridin duge nitro héa & vi tri [3 trong diéu kién heét sitc khé khin va cho san phdm véi hiéu sudt
thép. , : .

: HNO,, diic /H,50, dac
O . 3. c [HyS04 " mNoz (6%)
s 0 ’ ‘

N 3007C, 1 ngay N

.SI..I..Cé mdt cc nhém ankyl, dac biét & vi tri 2,6 lam d& dang rét nhiéu cho phén ing nitro héa.

Thi du:
HNOs/oleurn 18% O:N
| . | (6%)
N 180°C

CH, | N" "CH,
NO

KNO,/H,50, dic B 2 66%)
CH;” "N “CH, 100°C H:C” "N” TCH

$& di vay 1a do th€ tich ciia cdc nhém ankyl 1én ngan cin sur két hop véi proton va thuc t€ pindin
di vao phin tng & dang bazo tu do.
Dic biét din xuft aminopiridin rt dé& duge nitro héa. Phan tng c6 thé duge thyc hién béi hén

hop axit nitric va sunfuric dic & nhiét do 40°C va cho khong nhimg sin phdm mono- ma cdn ci
dlmtroamanpmdm tucmg uing.

N °NH, — 40°C N“"NH, N”NH,

* Sunfonic héa

Pmdm r4t bén’ vu'ng d61 v6'1 tdc dung cda axit sunfuric dic hay oleum. N&u dun néng lau di &

320°C hén hop piridin véi axit sunfuric dac cling chi nhén duge axit piridin-3-sunfonic véi hi¢u

suft rit thap. Nlumg néu cho thém vao phin tng ndy moét luong nhd mudi thiy nhan sunfat 1am
xiic tac thi phan tng x4y ra dé dang hon nhiéu.

116



(‘j H,50, dic O O,S'Oﬁ-l

° - (70%)

N7 HesOg, 220°C $ N N”
*HgS0, |

Vai trd xic tdc clia HgSO4 trong phan ting nay vin chua duge 1am sing t6 hoan toan. Nhung ¢é

thé gia thi€t mot céch tin tudng ring trong qué trinh phan (ing hop chét piridin thily ngan sunfat

trung gian duge tao thanh, ma hop chit nay 1am én dinh héa trang thai chuyén ti€p bing con dudng
chuyén céc electron khoi lien két N-Hg. .

* Halogen héa

Piridin 6 thé tac dung v6i clo & 200°C hay brom & 300°C dé cho céc din xuit 3-halogenpiridin
twong tmg vA mot chit 3,5-dihalogenpiridin. Néu trong phan ing brom héa c6 bé xung oleum thi
nhan dugc 3-brom piridin v6i hiéu sudt cao. Nhung brom héa piridin trong axit sunfuric 95% véi
cing diéu kién nhw vay lai khong xdy ra. Vi vy c6 thé gia thiét ring su thé brom trong trudng hop
c6 oleum c6 thé qua giai doan tao thanh piridin- 1-sunfotrioxit trung gian:

(j Qly, 200°C O/Cl CI\CTCI -
_ - +
N . N ) .' --

I
N
|30°cl Bry/oleum 66%

o

SO3

3-Clopiridin ciing c6 thé nhan dugc khi clo héa piridin & 100°C véi sy ¢6 mit clia AICl; khan.

Néu halogen héa piridin & nhiét d¢ cao hon (brom héa & 400-500°C hay-clo héa & 300-350°C)
thi lai nhan duge cdc din xudt 2- va 6-halogenpiridin, vi lic d6 phan ng xay ra theo co ché thé
gdc, chit khong phai the electrophin. Ciing cn chd y ring trong céc didu kién nhu viy cic
ankylpiridin cho su th€ halogen & mach nhénh, tuong tu nhu & toluen.

Céc dan xufit hidroxi va aminopiridin dugc halogen héa trong diéu kién nhe nhang hon nbiéu.

Thi du: c6 thé ding clo, brom hay iot trong etanot hay nu6c & nhiet ¢ 20-1 00°C 12 df a& xay ra sy
halogen héa & vong piridin néu trong vong c6 chita nhém hidroxi hay amino.

* Phdn ting thily ngén héa _
Su tuong tdc cla piridin v6i thiy ngan axetat & ngdy nhiét do phong c6 thé nhan duoc mudi

1-piridin thlly ngan axetat, ma khi dun néng ti€p theo mudi nay dé dang chuyén thanh 3-piridin
thuy ngén axetat : '

| ‘ or HeOCOCH,;
O Hg(CH3C00) @ 130°C m’
N~ 20°C N N
CBCO0°  1gOCOCH; (50%)
{Hiu sudt cao)
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V& mit dinh hudng, nhu di néi & trén, viéc thay th€ mot nhém -CH= trong benzen bing dij t6
nito cling tuong duong nhu dua mot nhém nitro vao vong benzen. Néi céch khic vé kha ning va
dinh huéng thé electrophin & vong piridin cling tuong tu nhu nitrobenzen, va nhu vy, tic nhan
electrophin s& tdn cong vao vi tri 3- ca vong piridin. Diing v& mit nang lugng chia trang thdi
chuyén tiép ma xét ciing thdy sy th€ electrophin x&y ra & vi tri 3 clia piridin 12 thusn loi hon cé:

T ® H p -H ~ H o E
Y O - O 22 O
@)r_ N N N7 ®
Oﬂj -
N . rTH_E H. _E H. _E :

® ® H® |

— 0] — [ =

L N g N
(Ciing nhur & vi trf 2)

Qua so d6 trén ta thiy sy dinh xi dién tich dvong trén nguyén tir nito am dién (trang théi
chuyén ti€p su the & vi tri 4 va 2) c6 thé chi din t6i sy nang cao nang luong cha trang thdi chuyén
tiép da cho so vdi trang thai chuyén tiép xudt hién trong su th€ & vi tri 3, ma & ddy khong c6 hi¢n
tuong nay.

P6i v6i N-oxit piridin, su tdn cong electrophin ¢6 thé x4y ra & vi tri 3 hay 4 tuy thugc vao chd
axit litn hop hay bazo ty do ¢é tham gia vao phin ing hay khéng. Thi du, khi nitré héa N-oxit
piridin thi bazo tu do tham gia vao phan ng, va ket qua, din xut 4-nitro dugc tao thanh:

NO,

NO,
@
e

Ne
0°

NO;

el

Ne 90°C, 14 giy

Né&u & vi trf 4 dd 6 nh6m thé thi phan émg nitro héa s& khong x4y ra. Nhung sunfonic héa
N-oxit piridin lai dién ra rdt khé khan va tao thanh din xuat the & vitrf 3:

oleum 20%, HgSO, SO3H_
— | : (51%)

Né 230°C, 22 giv Ne

&

Nhém ankyl c6 téc dung lam hoat h6éa nhan piridin trong phén ng thé& electrophin, nhung quyét
dinh su dinh huéng trong trudng hop nay 14 di t6 nito. Thi du:

CHS\(j cleum 0%, He s CH3\0,303H
220.230°C, 16 gi&s (239%)

N N
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Két qua ciing tuong tiy d6i véi cdc dn xudt halogen cha piridin. Nhung trong trudng hop cla
c4c diin xuit amino piridin thi chinh nhém amino gii vai trd chii yéu trong sy dinh huéng cua
nhém thé 1iép theo. Thi dy:

O\ 1) Br,/CH;COOH, 20°C Br \(j\
2) NaOH l (50%)

N?NH, N "NH;
NHCOOEt  HNO,/H,S0, NHCOOE!
4, | (61%)

N 150°C;; 1,5 gid N~ "NO;

NH; NH, )

: S503;H

| HZ(?O4 khoi 3 (90%)

N 275°C; 4 gid N

Déi véi céc diin xust ankoxi piridin sy thay the electrophin ciing xdy ra twong ty- Nhumg trong
trudmg hop ciia N-oxit ankoxi piridin thi dnh hudng dinh hudng chia nhém N-oxit chi€m wu the hon
so v6i nhém ankoxi. Thidy : '

: OFEt
(ijEt _HNOy/H,S0, m (75-80%)
N® TNO;

L+
N 60°C
NO.
ocC OCH
Hy  HNOyH,SO, h’ > (075%)
N 75°C; 1.5 giv NS
&0 J

Anh huéng dinh huéng cia nhém hidroxi & vi tri 3 trong vong piﬁdin manh dén ndi nd giit vai
trd quyét dinh ca trudmg hop N-oxit piridin va ca trudng hop vong piridin khong bi N-oxi héa.

. OH OH
O’ 1) Bry/NeOH 10% (I (37%)

N 2 HO 'N” “Br
OH OH
O/ 1) Bry/NaOH 10% (‘I ~100%)
bb 2) HC P:]@ Br
0® o°
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Cac din xust 2- va A-hidroxi piridin, cling nhu N-oxit clia chiing, tuy tén tai trong trang thdi can
bing tautome, nhung chl yéu tén tai & dang oxo (dang xeto). Liic d6 sy the electrophin xay ra & vi
tri 3 v § clia vong piridin : '

/(j\ © HNO,/CH;COOH HNOZ
N N
* H

OH oy 0O 100°C CHs I:'{ (6]

CHs

3.3. Phén {mg thé nucleophin (SN)

Néu nhu phin ing thé electrophin dic tnmg cho ddy benzen hay da s6 cdc vong cacbon thom
thi d6i véi piridin céc phan tng thé nucleophin lai dic trung hon. Nhung phin ing thé nucleophin &
day 1a sy thay th€ hidro trong vong piridin bing téc nhin nucleophin véi sy tich ra ion hidrua. Vi
vay cén 1am séng 15 sy khéc nhau vé ban chat gita the electrophin va nucleophin. Nhu da biét, giai
doan cuGi cing clia syt thé electrophin dugc thuc hién dé& dang bdi sur téch proton, trong khi d6 giai
doan cu6i cling cia thé nucleophin - hidro lai 1a sy chuyén ri ion hidrua. Qué trinh chuyén roi nay
phitc tap hon nhiéu so véi su tach proton trong phén ing thé eletrophin v thudng ddi héi phai c6
chét oxi héa déng vai trd téc nhan 14y hidrua. '

cH B-ldy proton X

X —— ®
) Bl ool
N Thoue Z-1§y hidrua - X
S E CL vz} s
N Y

N Y

Trong trudng hop thé nucleophin céc nguyén tif hay nhém nguyén tit khic, ma ching dugc tich
ra véi sy tao thanh anion, thi hdu nhu dugc thyc hién rat d& dang va don gian.

* Amin héa theo Chichibabin

Phan tng cla piridin véi natri amidua dén i sir tao thanh amino piridin duge Chichibabin tim
ra vio nam 1914, va do d6, phn ing mang tén 6ng. Trong trudmg hop don gian phin ng giai
phéng hidro phan & va cho ta q-amino piridin, hodc cé thé 2,6-diamino piridin. Néu nhu cé hai
vi tri @ cla vong piridin déu d3 c6 nhém thé thi phin ng c6 thé xAy ra & vi tri 4 va tao thanh
4-amino piridin, nhung véi higu sufft thap hon va diéu kién phin ing ning né hon.

et

N CHN(CH3),. 100°C N” NH,

CH;

. NaNH
JOURE L
N” T CH;s H3C N~ "CH;
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Co ché phén tng ndy chua biét chinh x4c va chita duge nghién cu dén cing. Tuy nhién c6 thé
biét chic chén né gén lién véi qué trinh chuyén rdi ion hidrua t6i t4c nhan cho proton d€ cu6i cing
hop thanh hidro phan tir va dugc giai phéng ra.

' NaNH, - AH 6O
Oc N 100°C QH —— Naa +O +H
NZ CeHsN(CHg)p, 1007 N~ "NH; N“ "NH;

Na@'

Phin ing chi Ay ra nhanh chéng khi bét d4u 6 mot lugng nbd 2-amino piridin duge 2o thanh.
Bai vi khi 46 chinh 2-amino piridin tr& thanh téc nhan cho proton. San phdm cu6i ciing cla phan
{mg chinh Ja d&n xudt natri cha 2-aminopiridin: ' .

=
Cai iy L —IC L Bt
H-N—% ! + Hy + o :
NINH oy N || NN 2" SNZ NHNa
N . .

2 S&n phim truéc

cheé hoi
2-Aminopiridin cling cé thé chuyén thanh 2,6-diaminopiridih néu dun néng tiép tuc véi natri
amidua trong dimetylanilin & 170°C. '
* Hidroxyl héa | _
Hidroxyl héa piridin doi héi nhiét d6 phan img r4t cao, bdi vi jon hidroxyl 1a mét téc nhan

nucleophin tuang d6i y&u. Ngoai ra trong phan ing nay con doi hdi c6 t4c nhan oxi héa. Két qua
tao thanh mudi natri ctia o-piridon véi hiéu susit thap.

() s [ (3 ()

[ —* o] .
N 320°C, phahoi N R OH N--@O@
Na Na

*Ankyl héa va aryl héa _ o _

Phin (g cla piridin v6i ankyl lithi hodc aryl lithi bao gdm hai giai doan rieng biét. Trudc hét
13 sur cOng hop cha co-lithi vao piridin véi su tao thanh muéi lithi chia dihidro piridin. Giai doan niy
x4y ra rat d& dang va dei khi c6 thé tach dirge muéi ndy & trang théi tu do. Giai dozn sau 12 qué
trinh chuyén mu6i lithi thanh din xuft piridin thom, né cén phdi c6 sy oxi héa kem theo, hodc
bing su téch loai lithi hidrua dudi téc dung clia nhigt:

N ete, 0°C I‘IJ CeHs . N7 "Cg¢Hs
_ L _
(Hiéu sufft cao)
CHs (o CH; ~_-CHs
O’ - + /\fj @1e2: 1)
N7 N” “CeHs CeHs™ N
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(J +momn 2 (L, +
100°C N

N CiHs

Phén 1ing loai ndy luén luon din t6i su the & vi tri a, nhung riéng véi benzyl lithi lai chi cho
d6ng phan véi nhém thé tan cong vao vi tri 4 cia vong.

CHCgHs
0 CoHsCHpli g (kj (56%)
N ete, THF
N”~

Sir khéc nhau ndy khé gidi thich, nhung c6 1€ né phan 4nh d 6n dinh cao va tinh chen loc cao
cfia anion benzyl.

Phan 1tng cla thu6e thir Grignard v6i cdc diin xufit clia piridin cling xay ra mét cich tuong tu.
Pac biét rong téc clia N-oxit piridin va céc mudi ankoxi piridin v6i cic hop chat co kim ciing dén
tGi céc piridin the.

Q+ C6H5MgBr-;E»-c-:-- O (}KH -H,0 O\

I}Ie N CeHs N CeHs 10 N~ "Cg¢Hs
0 0° <£'Mgfgl- | (67%)
CH;
() crmge e (:L fj (Ll )
ITI@ BP CH3 H; N*
OCH;,4
(Ti: 63% 12% : 3% : 22%)

* Thé nucleophin halogen hay nhém nitro trong vong piridin

Halogen vi nhém nitro nim & céc vi trd ¢ va ¥ cla vong pindin d& ding duoc thay thé bdi céc
tdc nhan nucleophin khic nhau. Trong phan itng ndy cic y halogen piridin hoat dong hon céc
d6ng phin a- twong ing. Riéng céc P halogen piridin rat bén vilng v&i syt tin ¢ong cida tdc nhan
nucleophin (twong tu halogen benzen).

CH;ON
0\ 3UNa CsﬂgSWE%N fj\ (93%)
CH,0H, ( 100°C, 2 ngly N

N”~0CH; N™Ci SCeHs
200°C l NH5/ZnCl,

(1, *
N

NH,
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NHCsHs Cl

CHNH, 20°C @ @ San phdm
fj C No I ¢ N N-H * nolime hod

N
NO, OH | 0
3 () - ()
N 60°C N N
H

Kha ning phan ting kém clia 3-halogen piridin ducc thé hién qua thi dy cia phan tng thé brom
trong 3-brom piridin bdi amoniac. (J day su amin héa duge thyuc hién khi ¢6 mit mu6i déng, nghia
12 tuong ty phén tng cla clobenzen.

Br Nﬂz _

| Br  NutcNH, Br esm)
N 160°C N

(aj,];r NubcNHz/CuSO; O,NHz (85%)
N 140°C, 18 atm, 18 gi% N

Cinchi y riing su th€ nucleophin c4c halogen piridin khong dén t6i bat ki su chuyén vi no, va
dién ra chic chén theo co ché cong hop - téch loai. Qué trinh nay hodn toan khéc vé ban chét v6i su
tuong téc ciia mot vai din xuft 3- v 4-halogen piridin véi téc nhan nucleophin manh, ma trong d6,
thudng tao ra san pham “chuyén vi”, vi vé& mat hinh thitc, tudmg chimg ching ciing 12 sin phém ctia
sy thé€ nucleophin halogen.

NH,
Oy e (Y] S SL:
r— —_— +
N NH; - N N N
(45%) (25%)
Cl NH;
NaNH) | N NH,
NH, 1on l | + O,
3 2
N N N N
{44%) {22%)

43 day dudi tic dung cia bazo manh (NaNHj,...) din xudt 3- hoic 4~ halogen piridin dugc tach
loai hidro halogenua & lién két C;-C4 v2 tr& thinh 3,4-dehidro piridin (twong tu dehidrobenzen).
Sau dé chinh ’NH, v H® (ti amoniac) céng hop vio dehidro piridin dé cho hén hop hai déng
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phan 3- v 4-amoni piridin. Cin nhé riing trong céc diéu kién cling nhuv vdy su tao thanh 2,3-
dehidropiridin tir 3-halogen piridin hay 2-halogen piridin da khong xdy ra. Sy thit ngudi ta khong
tim thdy déng phan 2-amino piridin trong hén hop sin phdm phin ng clia 3-clo piridin trong cdc
diéu kién di ndi & trén.

3.4. Phan g thé gdc (Sg)

Cic gic halogen chil yéu t4n cong vi trf ¢ cua vdng piridin. Céc g6c ankyl chii y&u thay thé
hidro & vi tri o va y. Riéng g6c aryl do tinh chon loc kém nén c6 thé gay ra phén dng & tat ¢ céc
vitri o, Pvay.

* Halogen héa theo co ché goc

Néu thuc hién phan tng halogen héa & nhiét d6 cao, ma & ddy xay ra sy phan.li theo kiéu déng
li phan tir halogen thanh 2 g&c halogen, thi san phdm nhén dugc trong trudng hop cha piridin 1a 2-
halogen - va 2,6-dihalogen piridin. Phan g trong diéu kién nay xay ra theo co ch€ géc:

Cl

L2 g OO
Tsoe’c B N" N
(48%) (40%) (dfu vé)

* Phenyl héa

Piridin dé dang tham gia phan tng v6i g6c phenyl dé tao thanh céc phenyl piridin. Céc g6c tao
ra tit sy phan hity nhiét benzoylpeoxit c6 tinh chon loc cao hon nén chi thay thé hidro & vi trf a
cha vong piﬁdin Trong khi d6 g6c phenyl nhan dugc do phan hiy nhiét muéi phenyl diazoni
hidroxit thi lai ¢6 tinh chon loc kém hon, vA do d6, phan tng tao ra hén horp cd ba déng phan
phenyl piridin: ’

CsHs
QL= Qe O, (™ ﬁi
N™ "CgHs ‘ C5H5 N
(Tilg: 55:30:15)
* Metyl hée

Trong moi trudng trung tinh, géc metyl, nhin dugc tir peoxit cha diaxetyl hay tir céc ngudn
khdc, ¢6 thé metyl héa piridin & tét ci cdc vi tri clia vong. Trong axit axetic x4y ra s metyl héa &
vi tri 2. '

CH,

0o O O™
N’ N CHs |

(6%) (3%) (3%)
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* Dime héa

Niken Raney xic tdc qué trinh dime héa piridin véi sy tao thanh cdc din xust 2,2’-dipiridyl. C6
18, & giai doan diu cha phén (ng, piridin lién k&t véi niken tao ra mot géc cong hudng. Géc nay
duge dime héa thanh hop chét trung gian 18i sau 46 ti€p tuc bi phan hity v6i sy tich ra hidro, niken

va 2,2"-dipiridyl:
EN & o X EN
| ]~[@O}~O@
- N N NT N
Ni D

1 I,
Ni H Ni 2,2-dipiridyl

Trong phin tmg twong tu cia piridin v&i natri kim loai trong tetrahidrofuran hay Hexametyl ~
photphamit, c6 thé nhan dugc hén hgp ci ba d6ng phan dipiridyl: )

_ _ N
|
1 H — Na*|botNa
2| .: }_- +2NaH
N
4,4'-dipiridyl

(Vi cdc dong phan 2,2’ -dipiridyl; 2,4’-dipiridyl)
Trong nhiing nim gén day céc dipiridyl &6 ing dung lén trohg linh .x'fl_rc.trﬂ co dai. Trong s6 ndy
duoc sit dung rong rdi hon cd 14 1,1°-dimetyl-4 .4’ -dipiridyl diclorua (tén thuong mai 1 parakvot).

3.5. Phén img oxi héa

Vong piridin rdt bén vitng d6i v6i tdc dung clia cc chdt oxi héa. Dung dich KMnQ, trong m&i
trudng trung tinh & 100°C (trong 6ng han kin) c6 thé oxi héa piridin khong thé véi t6c do cham,
tuong ty nhr oxi héa benzen trong ciing diéu kién, va 6 thé tao thanh CO,. Trong moi truémg axit
thi KMnO, oxi héa piridin véi t6c dd cén chim hon, nhumg trong moi trudng kiém téc do oxi héa
piridin bang KMnO,4 con nhanh hon nhiéu so véi benzen. Didu nay chimg minh vé s tao thanh
trung gian sén phdm ctia sy cong hop anion hidroxyl (OH') vao vong piridina.

Ciing duoc biet nhiéu phén ting oxi héa chi xay ra & mach nhénh cha vbng piridin trong khi
‘ban than vdng piridin dugc gilt nguyén. Thidu: '

CH; 0,/(CH;3),NCHO COOH
J — | (70%)

N © (CHyp,sC_OK, 20°C ) N
H CH,CH CO0
O (7™M [
# 100°C # R # :
HoOC N cu’ N 300350°c |HOOC N
3} KMnO,/H,0 -

(76%) l_l nO4ty l CO,

H,C” N” ¢7%) N” (75%)
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Trong sy tuong tic clia peaxit, pinidin, cling giéng nhu cac amin bac ba, dé dang chuyén thamh

dang N-oxit:
H,0,/CH,CO0H -
() oo () o

-
N 65 C I\IIO
O

Céc N-oxit piridin c6 nhiéu tinh chat thi vi va duge sif dung 1am bin san phdm trong nhiéu téng
hop hitu co khdc nhau.

3.6. Phan tng khir héa

Piridin duoc khir héa dé dang hon benzen. Hidro héa xic tic piridin thanh piperidin dugc thuc
hién & 4p sudt va nhiét do thudng.

H,/Pt -

() . (95%)

N®  CH;COOH, 1am, 20°C N _
H

Néu ding Na/C;HsOH 1am téc nhan khir hoa piridin thi thudng tao ra hén hop nhiéu san
phdm, trong d6 chil y&u la 1,2,5,6-tetrahidro piridin. Con Na/NH3 1éng thudmg khit piridin dén 1,4-

dihidro- piridin, nhung san phém nay c6 kha nang phan 1ing &t cao nén khong thé tich né ra khoi
moi trudng phan tng duge :

C,Hs CiHs
Na/C,H5OH # %)

N N

H
H. .H
Na/NH-, 1dng
m e, ﬁ Ho m (T2%)
CH;” N° CH; CH; 1}1 CH; CH; 0o O CH;
: : H

Piridin khong bi khir héa boi NaBH, nhung mudi piridin c6 thé bi khir héa bdi tdc nhan nay.

LiAlH, 12 t&c nhan khir héa manh hon, nén cé thé cong hop vao lién ket 1-2 chia vbng pindin.
Nhung san phdm dugc tao thanh khi d6 c6 khi nang phin tng rét cao nén khong thé téch né ra
khéi hén hop & dang doc 1ap duge.

Cin cht § ring piperidin - San phim khir héa hoan toan piridin - 14 ‘mot bazo manh hon piridin
nhigu. & né, di t6 nito cdn doi electron hoan todn ty do nén dé tao phitc véi xuc tac. Néu khir
héa piridin duéi dang mudi clohidrat thi c6 thé thuc hién rit d& dang bing hidro trén xiic téc &
ngay 20°C.
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1V - GIGI THIEU MOT SO LOAI DAN XUAT CUA PIRIDIN

4.1. Cac anky! piridin

C6 ba déng phan monometyl piridin, dugc goi chung 1a céc picolin.

CH;
) e »
NZ CH; N’ N’
a-picolin B-picolin y-picolin
{a-metyl piridin, (B-metyt piridin, (y-metyl piridin,
Z-metyl piridin) 3-metyl piridin) 4-metyl piridin)
Déi véi chc dimetyl piridin thi tat cd ¢6 6 d6ng phan, va duge goi bing tén chung 1a cdc lutidin:
CH,
L O L
CHy” ~1"% “CH, “N”CH; _ N cH;
a0 -Lutidin a,p-Lutidin o, y-Lutidin
(2.6-Dimetyl pinidin} (2,3-Dimetyl piridin) (2,4-Dimety] piridin)
CH; :
H3C\(j\ fj’cm H3c\(j,cm
N™ "CH; N N’
o, B-Lutidin B.y-Lutidin $.p"-Lutidin
(2.5-Dimetyl piridin) (3.4-Dimetyl piridin) (3,5-Dimetyl piridin}

Cic ankylpiridin n6i chung déu duoc tich ra tir nhya than d4. Chiing tham gia vao phan tng thé
electrophin d& dang hon piridin khong th€, nhung tham gia phan dng thé nucleophm va th€ gdc lai
kém hon ban than pindin.

Cic ankyl piridin dé dang duoc oxi héa & mach nhénh thanh axit piridin cacboxylic b&i cic
ch4t oxi héa khéc nhau.

Do anh hudng hit electron cta di t6 nitc ma cdc nguyén tir hidro & cacbon a clia 2- va 4-
ankylpiridin dé€ ding dugce téch loai dudi tac dyng ciia bazo manh. Thi du:

. ® : )
CH;, CH; CH; - CoHs
CHCH; NanH, CHHLC CH,CH; CoHs
|, ' . - ! BN e (80%)
N NH;long N~ E ' N

AN e D e L3 f"l
CHO CH3 CH, 175-180°C.3 510 CH; CH=CH CH;
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CHs

oLzl () e (3 0
CH” NP CH, OB N TCHLL N OH

ete, 0-10°C CI-i
. (55%) |

3

D6i véi 3-ankylpiridin, mac du khong dugc én dinh héa cacbanion tao thanh do khong c6 su
cong hudng, nimg higu ¥ng caim ing am cha di t6 nits gay ra ciing d d€ thye hi¢n phan ing kim
loai héa nhém ankyl & vi tri 3 d6.

Khi ning phan ing clia 2- v 4-ankylpiridin c6 th€ duge tang cao khi chuyén ching thanh
dang mu6i trén nitg hay thanh N-oxit tuong ing.

O\+ OHC _ D-N(CHy o m

No "CH Pun 501 6 gidr Né CH:‘C]-)—@—N(CH3)2' :

0°® 0® (37%)
m\ rcasono —% L OH (59%)

I}]@ CH, I}Ie CH,-CH-CsHs

CH; 1© : CH;

CH; ' C(CHzCHzCN)g.

- L Bt,N/C,H;OH~H,0
p + CH,=CH-CN -

- ; (92%)
N6 o D o NG e
CH; CH;,
4.2, Hidroxipiridin
C6 3 dbng phan monohidroxipiridin : | _
. OH
o, O R
N”“OH N’ N’

2-Hidroxipiridin : 3-Hidroxipiridin = . . 4-Hidroxipiridin
Trong khi 3-hidroxipiridin t6n tai & dang enol va it gi6ng phenol vé ban chit héa hoc thi céc

déng phan 2- va 4-hidroxipiridin luén tén tai & dang can bing tautome, trong d6 chii yéu & dang
piridon (dang xeto). oo N D : :

. OH =
L — CL . 0 —

/=\=O

-
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Sy tautome héa clta cdc hop chét nay gy nhiéu anh hudng d&n ban chdt héa hoc ciia ching.
Chiing han: Khi ankyl héa c4c mu6i cha 3-hidroxipiridin s& nhan dugc ete trong Ung, nhung ankyl
héa che mudi kiém cia 2- vi 4-hidroxipiridin lai nhan duge chi yén din xudt N-ankyl twong @ng.
Néu trong phén éng ndy st dung muéi bac thay cho muéi kim loai kiém thi sén phdm tao thanh lai
1a ete (titc 12 sin phim O-ankyl héa) :

JONEC JOSE
N0 Pun s0i N0

| CH; \
H _ CH;

' KOH 85%, C;H;0H
0=<__ N-H+ BiCH,CH(OEt), 0 ON-CH/CH(OE,

130°C, 7 giv

CH;

Nhu vay céc piridon thude loai anion ¢6 hai trung tam nucleophin. Kha nang dién ra phan ing
theo chiéu huéng ndo c6 thé duoe gidi thich bing céch xem xét trang thai chuyén tiép clia chiing. ¢
day, trong trudng hop sit dung mudi kim loai kiém, phén tng dién ra theo co ché th€ nucleophin

JuBng phan tir (SN,) va sy ankyl héa xdy ra & trung t4m N nucleophin hon; ngugce lai, trong trudmg

hop sir dung mudi bac thi d4c tinh th€ nucieophin don phan tit (SN) ting lén, va bdi tdc nhan ankyl
héa cé dic tinh ion cacbeni, hic d6 sy tdn cong nucieophin xay ra & trung tam oxi am dién hon.

4.3. Aminopiridin

C6 ba dbng phah monoaminopiridin,

NH;
(L Sh »
N g NH;» N N’ .
2-aminopiridin 3- aminopiridin 4- aminopiridin

Mic dix 2- v2 4-aminopiridin c6 thé t6n tai trong can bing tautome, nhung chil y€u ching vin &
dang amino, tuong tu nhu cdc amino ddy azol. 3-Aminopiridin rit gi6ng anilin v& mat tinh chét héa
hoc. Ching han, n6é d& dang dugc diazoni hoa va tit 36 c6 thé thuc hién cdc phén tng dic trung cta
céc mudi diazoni thom :

('*l NaNO,/HCl [ (TﬁEN] c (CuCl), (%j/m
P 0- SOC - - o P + N2

N° 'NH; N ¢ N

Nhung diazoni hoa céc déng phan 2- va 4-aminopiridin thudng nhén duoc céc piridon tirong
ing. Nhu vay, cdc mudi diazoni ciia 2- v 4-aminopiridin trong diéu kién thong thuong khong duge
tach ra ma dé dang roi vao su thay th€ nucleophin nito bdi nuée hay céc téc nhan nucleophin khéc,
nghia 12 v& mit héa hoc ching gifng cic muéi diazoni chia amin béo. Thi du:

(e s ==
NNy (HEN) NG OH NS0
H H

H
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N-oxit chia 2- va 4-aminopiridin ciing t6n tai chl y&u & dang amino va dugc diazoni héa dé
dang, ciing nhir c6 thé tham gia vdo c4c phan tng ngung tv. Tinh bén vimg cao hon cla cdc mudi
diazoni nay c6 thé dugc gidi thich béi kha nang clia nhém N-oxit 1am tang mét d6 electron & céc vi
tri & va y, ma diéu ndy lai gay ra su én dinh cation va lam giam déng k€ t&c do phan dng v6i nuée
hay c¢éc tdc nhan nucleophin khéc.

Céc aminopiridin cdn ¢6 thé tham gia vao cic phan dng trén ci hai nguyén t& nite. Trong
truong hop chung khi ma aminopiridin duge chuyén héa so b¢ thanh anion duéi téc dung cita bazo
manh thi s ankyl héa xdy ra & nitoc ngoai vong. Su ankyl héa thong thudng dén t6i sy tao ra céc
san phdm tuwong tu, nhung sy ankyl héa céc bazo tr do thudng tao ra hén hop céc din xudt ankyl
cia ching. : '

' 1) NaNH,, Pun soi 2 gidy ' ’
CL . O\?HZCE'HS (72%)

N” NHCH,CH,N(CH3), 2 CeHsCHyBr, 50°C N” "N-CH,CH,N(CHs),

CH; CH;

Piperidin
(]\:L+Clost—NHCOCH3 — h
N "NH, 100°C, 2gid ~N NHSO;O—NHCOCH;,

(87%)
4.4. Dan xudt halogen cua piridin

Trong da s8 céc truwdmg hop 2- v 4-halogenpiridin ¢6 thé nhan duoc dé ding bing phan iing cia
piridon tuong iing véi hop chét halogen clia photpho hay lvu huynh (PCls, PCl3, POCl;, SOCly,...)
hoic béi photgen (COCl,) : '

CHs Q o CHs
| + CeHsPc, 205, (83%)

N0 2 gity N Cl

)
H
Trong diéu kién tuong tu khong thé nhan dugc 3-halogenpiridin tir dén xuft 3-hidroxi tuong

tng. Vi vay, chi c6 thé éng hop truc tiép din xudt 3-halogenpiridin bing su halogen héa tnrc 1i€p
piridin theo co ch€ th€ electrophin.

Céc nguyén tir halogen & vi tri 2- va 4- cha vong piridin d& dang dugr hidro héa boi hidro va
xiic téc. Thidu :

CH; CH;
CH,CH,Cl H,_Pd xiic tée CH,CH;Cl
. —-—-2—HCI)—-—D : (85%)
cr Nl ¢ N

Su téng hop thudc thir Grignard tir halogenpiridin dién ra it phic tap, bdi thé cho nén sy
chuyén héa halogen piridin qua din xuft co-Lithi dugc tng dung rong rai va c6 hiéu qua hon.
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: o
(e (2GS
.2 HC1 10%

# 12, -18°C
N” B ° | N""Li 3 NaoH 20%
Br  § C4Holi Li
ﬁ n_CgHgLi (j’ 4 1)CgHyCN
# ete, -18°C 2) HQ1 25%
N N 3) NaOH 40% N
4.5. Cic axit piridin cacboxylic va din xudt
C6 3 dong phan cha axit piridinmonocacboxylic.
COOH
L e »
N”>COOH N N’
Axit Axit Axit
piridin-2-cacboxylic; piridin-3-cacboxylic; piridin-4-cacboxylic
{axit picolic) (axit nicotinic) (axit isenicotinic)

Phuong phép chung tng hop ching 12 oxi héa céc picolin tuong Ung bing KMnO, hay

K,Cr,07 trong moi trudng clia axit sunfuric:

[0}
F-cHs COOH

N N

Riéng axit nicotinic c6 thé nhin duge bing céch oxi héa nicotin hay anabazin, hodc oxi hda

quinolin r6i decacboxyl héa cd mic do tiép theo:

(0] COOH (g
| - IIq = ¥
N CH3 (HNOy N (HNO3) N H

nicotin anabazin

N KMnO,/H,80, COOH ¢ N z

N
hay Seszszs()“

Cic axit piridin cacboxylic duge decacboxyl héa dé& dang hon axit benzoic, trong d6 nhém

cacboxyl nao cang gin di t6 cang dé dang decacboxyl héa.

anh hudng hit electron ciia di t6 nito nén cb

Vé mat do axit, céc axit piridin cacboxylic do cé
ddy di tinh chit chia mot axit

d6 axit manh hon axit benzoic mét chit. Thuc t€ céc axit niy mang

thom.
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Céc din xudt quan trong nhit ciia cdc axit ndy I nicotinamit (téc vitamin PP) va hidrazit clia
axit isonicotinic. Chiing.dugc tdng hop theo céc so dd sau day:

cocl
soc, _ | NH,
(j,COOH N CHOT~ ~NCONH,
-, . CZHSOH =
N e, COOE '3 NT .
Hy504 O’ m} Nicotinamit
_ N

COOH COOEt CONHNH,

—_— . .
N - H,50, N """""—"(_ E10H) N Niazit

4,6. Cac N-oxit piridin

N-oxit piridin ¢6 nhiéu tinh chét héa hoc thii vi vA c6 thé tham gia vio nhiéu phin ing khic
nhau. Lién két N - O trong ching dugc 8n dinh, va do d6, tuong d6i bén vimg trong qua trinh ki
héa. Thuc t€ nhiéu nhém the trong vong piridin bj khir héa trong khi nhém N-oxit vin duge gilt

nguyén. Tuy nhién, lién k&t N - O bi ph4 v khi khir héa bing hidro véi xiic tdc Pd 5% trén than
trong etanol, hoic bing Ni Raney véi anhidrit axetic hay metanol.

Su deoxi hda ciing c6 thé dat duoc bdi su ch€ héa N-oxit piridin véi PCly trohg dung moi tro,
hay bdi sir tuong tdc cta photphin chifa ba nhém thé. Doi khi diclocacben ciing dugc sit dung lam
tic nhan deoxi héa céc N-oxit piridin. :

Hy/Pd_C m
N ? NH2

EtOH

dorlm (O ] ()
o ' \ NO» N” "NO,

CHCl3, dunsoi | e

-

O-PCh
CH; CH;
(CgHs)sP @ e _
) e, cm—@r@—o—f: P(CeHs) — fj (93%)
Ne  275-280°C ' N
0° .
CHj T eHy cH,
Cl,C_COOCH, (j (‘j
L B kP PR e —C
P 10:15°C - Lo Cl -
0 asc ¢
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Trong su tuong téc cua céc N-oxit piridin véi PCls, POCl; hay cdc tic nhan halogen héa hoat

dong khéc, bén canh san phdm véi nhém thé trong nhan con xiy ra ci su deoxi héa. Néu & vi tri 2

ciia N-oxit piridin cbn cé nhém ankyl thi qu4 trinh clo héa x4y ra & mach nhénh.

NCERAS wo o, O/CHZC CH,C CH,CN A~ CHCN
) s [T Y
N N

+
Bun s0i ?
] Duns N& i quuH NTTC o
0O OPOCL QPOCh (37%) (14%)
CONH, POC -
3 (35-39%)
. + PCk ———— -+ 2
N& Dun sbi 1,5 gid N Cl

oP

o
$0:Cl HCl ®
OB g -0y
" CH:CH; 1gid @’l\lf CH, @I;T) CH, 7~Ch
o® '0-50,XCO)CH; 0-S0; B; @

Sy tuong téc cha N-oxit piridin v6i anhidrit axit, bén canh sy th€ & vong piridin, cﬁhg cho kém

theo ca sy deoxi héa.

R o R R=CH; : 30%
140-150"C
+ (CHCONO (j R=Cl : 61% s
g (CH;CO N”~0COCH; i l .
|

R=NO; : 50%
oe

QCOOE 1) (CH3C0),0 ; Bun sbi m" COOE: (ICOOE[
. 7) A0 N N0
0o

0 (7% H (8%)

. _ ~
@\ 1) (CH3C0),0 ; Dun s0i J:\/IL 15%;
\ COOCH; 2)Al0; 8] COOCH;

o H
Nhung néu & vi trf 2 hay 4 clia vong piridin cé chifa nhém ankyl thi phdn \ing axetyl héa cht
y&u x4y ra & mach nhénh coa N-oxit piridin. Thi du :

CH
3 1) (CHy000,0 @COOEI 1) H0p/CH{CO0H
) CH, 90-100°C N?CH,0COCH, 2) {CH,C0);0, Bun s0i

®
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Il\/‘ICIﬁ H,0 - HCl CH,
— #\CHO

N” CH(OCOCH,),

CH, CH,0COCH, CH,
| ~ (CH;CO)0 | = | 2~ 0COCH;
P T antene - + -
Igg 140-150% N N
(59%) (6%}

V - CAC HQP CHAT THIEN NHIEN CHUA VONG PIRIPIN VA |
CAC HOP CHAT CUA PIRIPIN CO UNG DUNG TRONG THUC TE

Trong thién nhien mét s6 khd 1én céc ancaloit va vitamin cé chifa vong piridin. Duéi day gidi
thiéu mét s& chét dién hinh:

* Coniin L/j\
N6 chinh 12 2-propylpiperidin. Rt doc. Vi viy khéng dugc sit dung .CI-12CH2CH3
1am thudc chifa bénh. - H

* Lobelin .
C6H5—(|3H-CH2—(\/L

N™ "CHyCOC¢Hs
OH CH;

Lobelin ciing 12 mot hop chat chia vong piperidin. N6 ¢6 tic dung kich thich cdc trung tAm
hé hap vaduge sir dung 1am thu6e cho nhimg ngudi bi ngat thd hay bi ddu doc bai cdc khi déc.

* Nicotin

Day 1a mét ancaloit chifa vorig piridin va vong pirolidin. N6 ¢6 trong
thudc 14 va thudc Ho. Nicotin s6i & 240°C, 12 chdt quang hoat v6i géc quay | N

phén cuc [a]p -169°3. Nicotin c6 tdc dung gay doc thdn kinh khd manh. Vi
viy ban thin né vi dang muéi sunfat ciia né duac ding 1Am thudc trir sau.

* Anabazin

Anabazin cling 1a mét ancaloit ¢6 trong thuéc 14 va thudc lao ciing véi
nicotin. Phan tir clia né gém mot vdng piperidin lién két v6i vang piridin.
N6 ciing rat ddc, va ciing duge ding 1am thuéc trit sAu nhu nicotin.

* Piridoxim CH,OH
Pirodoxim hay 12 vitamin B6 ciing 12 mét hgp chat thién nhién ¢ chia
vong piridin trong phan tir. Nhiét 46 56i cia né 12 160°C. Lén ddu tien vio CH3” N
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nam 1938 né dugc tich ra tix vd tru va mot s& loai men. Ngay nay né duge téng hop trong cong
nghiép bing nhiéu con dudng khac nhau vd dugc dung chil y€u d€ chita bénh dau h¢ thén kinh.

*Morphin
Morphin 12 mét ancaloit ¢6 trong nhya qud xanh cta cdy thu6c phién. Phan u¥ cia né c6 chita
mot vong piperidin va cé t6i 4 nguyén tir cacbon bét d6i.
OH

_C}.]3

Ciing nhu cocain, morphin thudc loai thudc cé tic dyng gy mé cyc manh nmmg ciing gay ra
tinh nghién, Vi vay, né thuéc vio hing cic chdt ma tuy. N6 dugce phét hién 14n ddu tién vio nam
1806, nhimg cho m3i t6i nam 1925 Robinson méi x4c dinh duge cong thitc c4u tao diing dén cia
né, vi phai dén nhitng nim 1951-1956 két luan cudi ciing vé cong thifc cfu tao clia morphin méi
dugc x4c nhén béi téng hop toan phén do Gets va Tschudi thue hién.

Morphin khi duge metyl héa s& trdr thanh hoat chét chinh cta thuSe ho codein. Con din xuit
diaxetyl clia morphin & dang muéi clohidrat ¢6 tén “herojn” (thu6c phién tring) cling 1a chét ma
tuy cuc manh va ciing duge sit dung lam thudc gay mé.

Ngoai cic hop chét thién nhién chiia vong piridin d& néi & trén ra cdon nhiéu hop chit cia piridin
duge ding Iam thudc trong thuc t€. Trong s6 ndy, ddu tién phai ké dén nhém chét cé téc dung
chéng lao nhu ftivazit, tubazit va metazit.

ONHNH, o
_ o
NO-CONHN:CH—Q—OH_ e
OCH; "\NHNHcoOw '

Ftivazit Tubazit (hay Niazit) Metazit.

Mot vai chit khic cé chia vdng piridin ciing duge ding 1am thuéc chifa bénh khéc nhau:
Promedol 13 phuong tién giy mé manh ; iproniazit 13 chét kich thich hoat ddng ctia hé thén kinh;
Kordiamin dugc ding dé chita bénh tim mach,...

CeHs~_.OCOC,Hs &0
Cﬂ3ﬁ CHs : I‘O‘CONHNHCH(CHﬂz; mC\N(Csz)z

N N
&, HC

“Promedol” “Iproniazit” “Kordiamin”

C6 thé néi khéng mot hop chét di vong niio c6 ¥ nghia 16n lac vé ca li thuyét va thuce tién trong
linh vire héa hitu co nhur vong piridin.
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Chuong séu

HE VONG NGUNG TU KIEU BENZO CUA PIRIDIN : QUINOLIN,
ISOQUINOLIN VA ACRIDIN

Vé mit hinh thitc sy dic gidp mot vong piridin v6i mot vong benzen & céc vi tri 2,3 hay 3,4 dén
téi sy tao ra cdc hop chat ki€u benzopiridin vA dugc goi theo tén thong thudmg 13 quinolin vi
isoquinolin moét céch twong dng. Con su dic gidp mot vong piridin v&i hai vong benzen & hai bén
(& vi tri 2,3 va 5,6) cho ta h¢ dibenzo piridin véi tén goi thong thudng 13 acridin :

5 5 '
7 2 7 N:
8 N 8 1 2

10
Quinolin ' isoquinotin Acridin

- VAINET VE CAU TAO CUA QUINOLIN VA ISOQUINOLIN

Ciing nhu piridin, quinolin va isoquinolin 12 nhilng hgp chét thom dién hinh, ma vé cdu tao, mot
mét ching twong ty nhy piridin v benzen, vd mat khic chiing ciing twong tu nhu naphtalen. Tuy
nhién, do sy dic ghép gilta hai vong piridin v3 benzen véi nhau nén sy phan b8 mat do electron &
c4c vi tri trong vdng khong déu. Ching han, khi so sanh véi piridin ta thiy & quinolin mat do
electron chuyén dich vé phia vdng benzen.

0,140 0,145

+0,050 . 0,011 +0,068 C 013
0,004 -0,003 -0,008 ' Q135
0.144 0,139
No Hoor? +0,016 +0,104 ' tNH
0,135
0,805 -0,013 -0 784 oids 03
Sy phan b6 mat dd electron ' B¢ dai lien k&t (nm)

Mic dd cé thé xem quinolin va isoquinolin nhu cdc hé thom c6 chita 10 ex khong dinh xi
nhung vin c6 thé xem chiing giéng nhu naphtalen v& mat cdu tao, nghia 12 & c4c lien két 1-2, 3-4,
5-6 va 7-8 mang tinh chat lién két doi nhiéu hon so véi & céc lien két 2-3 hay 6-7: Sy ting mat d6
electron & céc vi tri ndy va sy phan b8 mat d6 electron nhu vy 13m dnh hudng manh khéng nhiing
dén chiéu hudng cdc phan tng trén vong quinolin va isoquinolin mA cdn ca dén khd ning phin
{ing clia cdc nhém the ndm & céc vi tri khée nhau trong vong.
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Tinh dic biét vé cfu tao nhu vay con duge thé hién trong phan ing oxi héa quinolin va
isoquinolin bdi KMnOy4. Khi d6, v6i quinolin vong benzen bi phé v& va hdu nhy chi tao ra sén
phdm duy nhit 12 axit piridin-2,3-dicacboxylic; nhung v6i isoquinolin thi lai cho hai sin phdm i
lrgng twong duong 13 axit piridin-3,4-dicacboxylic va axit o-phtalic (nghia 12 mic 46 v vong
benzen va vong piridin' gin nhu nhau).

Ngoai ra, cing nhu piridin, trén di t6 nito cha quinolin v isoquinolin con mot cap electron duge
phan b trén mit phing vuong géc véi ddm may en ctia phan tif va khong tham gia vao s thom
héa. Chinh do c¢6 cip electron udy ma quinolin va isoquinolin c6 tinh bazo, dé dang tao ra cic
mudi bazo amoni bac bon va duge oxi héa thinh N-oxit tuong ung.

II - CAC PHUONG PHAP TONG HOP QUINOLIN VA ISOQUINOLIN

Ciing nhut piridin va nhiéu déng déng clia nd, quinolin va isoquinolin déu c6 thé dugc 14y ra tir
nhya than di. Nhung khic véi piridin & chd céc phuong phép tdng hop vdng quinolin va
isoquinolin phong phi hon nhiéu cho du phan i6n déu di tir din xusit cha benzen. Sau day 12 mét s6
phuong phap cha yéu. '

2.1. Téng hop quinolin theo Scraup

Téng hop Scraup 13 phuong phdp phd bien va chung nhét d€ diu ché quinolin va cic din xufft
ciia n6. Bin chat clia phuong phép ndy 13 dya trén phén dng khong binh thudng khi dun néng amin
thom bac mot (v6i it nhét 1 vi tri ortho cdn ty do) véi glixerin trong sy c6 mit ciia axit sunfuric va
chét oxi héa nhe nhang. Thi du:

CHy~CH-CH, 80, d5
+ | Lo T (85%)
NH, OH OHOH  CaHyNop1%0°C
& day duéi téc dung cia axit sunfuric dac khi dun néng, glixerin bi dé hidrat héa thanh

acrolein. Sau dé 13 sy cong hgp clia amin thom bic mdt vao acrolein réi tiép theo 13 sy loai nuéc

déng vong nodi phan tit va cudi cdng 1 sy oxi héa din xust 1,2-dihidroquinolin trung gian thanh hé
vong thom quinolin.

P 2H,0
CH-CH-CH, 220 o ey—cHO
OH OH OH #H,509)
| u__0 H__OH OH
H. -0 < H S H,0 N
rlevLenlee " eoltle
Ni: N )
CH=CH, i H H H

Nhus vay trong phan dng nay axit sunfuric dc vira 1 tdc nhan ldy nuéc clia glixerin d€ tao thanh
acrolein (hop chét cacbonyl a.3- khong no) vira déng vai trd xic tdc axit trong qué trinh ngung tu
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va loai nuSc déng vong noi phan tir. Vi vy, doi khi ¢6 thé thay thé né bing axit photphoric. Téc
nhan oxi héa & day c6 thé 12 oxi, thiéc tetraclorua (SnCly), anhidrit asenic (As;Os), nitrobenzen,...
Nhung t6t nhat thudng ding cdc hop chét nitro tuong \ing v6i amin thom duge sir dung trong phin
liIlg. M3t khéc, phdn tng ndy thudng dién ra rt manh liét, cho nén dé kim him bét sy ménh liét &y
va dé kiém tra phén tmg, ngudi ta thudng bé xung FeSO, hay axit boric (H;BO3) vao hén hop
phan dng, dic biét khi tién hanh véi amin thom c6 chida cdéc nhom th€ nhay cdm véi axit. Tuy nhién
co ché tic dung cia hai tdc nhan nay cho dén nay van chua duogc 1am sdng 15.
Tém lai, tdng hop quinolin theo Scraup vé hinh thife phai trai qua 4 giai doan k€ ti€p nhau:

- Dehidrat héa glixerin thanh acrolein (khong sir dung truc ti€p acrolein c6 sin dé trinh sy
polime héa chinh ban than acrolein).

- Cong hop theo loai phan dng Michael ctia amin thom bic mét vao hop phin cacbonyl-o,j3-
khong no.

- Su thé electrophin ndi phén tir véi su loai nudc déng vong.

- Syt dehidro héa (hay oxi h6a) déin xuét 1,2-dihidro trung gian thanh quinolin duéi tic dung cia
céc tac nhén oxi héa.

Cén chd ¥ riing giai doan ngung tu loai nuéc déng vong mang ban chét phin ing thé electrophin
ndi phan t, do dé phu thudc vao ban chit va vi tri cha cdc nhém the ¢6 sin trong vong thom ciia
amin kh&i ddu. Né&u amin thom c6 chita nhém thé & vi tri meta (d6i v6i nhém -NH,) thi phén \ing
thudng cho hén hop déng phan quinolin v6i nhém th€ & vi tri 5 va 7. Didu ki¢n v xiic tic cb thé
gy ra anh hudng quyét dinh dén ti 1& cdc san phidm. Thong thuémg trong da s6 cdc trudng hop
nhém thé€ ddy electron hudng su déng vong vio vi tri para (d6i v6i nhém th€ R) va sy tao thanh chil
yéu déng phan vdi nhém th€ & vi tri 7. Nguge lai nhém th€ hit electron chll y&u huéng t6i su tao
thanh déng phan quinolin cinfa nhdm thé€ & vi tri 5. Nhém halogen gay ra 4nh hudéng khéng 16 rét
va két qua thudng tao ra hén hop hai déng phan vé6i lugng tuong duong nhau,

R R .
AT 2 OO - 00
A bt i +
1 N RN

H H

Ciing t6n tai mot vai dang cdi ti€n cla téng hop Scraup, nhung quan trong nhét 12 tdng hop vong
quinolin theo Dobner-Miller. Ban ch4t phan timg nay 12 su dun néng amin thom bic mot véi
andehit trong st ¢ mét cia axit clohidric hay axit sunfuric dic, va két qua din téi sy tao thanh
vong quinolin chita nhém thé & vj tri 2. Thi dy:

. + .
O + 2CHCHO . m
NH, N” CH,

Trong phin ng ndly mic du c6 thé diing ngay oxi khong khi 1am tdc nhan oxi héa, nhung t&t
hon ¢ thudng sit dung axit m-nitrobenzen sunfonic. Truéc d4y ngudi ta cho ring co ch€ ciia phan
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{mg naty & giai doan ddu 13 sy ty ngung tu cla hai phan tir andehit d€ tao ra hop chét cacbonyl o,
khong no, réi sau d6 1a sy cong hop cla amin thom béc mot vao hop chét cacbonyl a,p-khéng no
nhu so dé phan dng véi acrolein & trén:

+

CH;CHO CH;—CH = CH-CHO

(_H,0)

+ |
O + CHy~CH=CH-CHO —— m\
" NH, (H09) N”"CH,

Nhung khi nghién ctu ki phan ing nay, ddc bigt khi doteri héa andehit réi ma vin khong tim
thdy D& vitri 3 cha vong quinolin sin phdm. Do dé co ché phan img Dobner-Miller ¢é 1€ khong
xdy ra theo kiéu phin ting Scraup, ma c6 thé nhu sau :

H+
Q + CH—CHO Q CH
NH; N=CH™ "

. +
O + CHy-CHO — O
NH; N- CH=CH;
H

)]
H' i
NHCg¢Hs
CgHsNH, = oy =
N CH3 N CH3 N CH3
H H

2.2. Téng hop quinolin theo Fridlender va Pfitzinger

Téng hop Fridlender dira trén sy ngung tu cla céc o-axylanilin véi hop chét cacbonyl ¢6 chita

nhém metylen o trong sy ¢6 mat chia xdc téc axit hay kiém. Thi du:

CHO
CI . (l:H3 ~H,0 OfCHO(EI'h ~H,0 5
NH, CHO (NeOH) N =CH N’
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CeHs

(88%)
N” "CH;

(I:6H5 CH, CHyCOOH. &
Vd
C=0 + (":Hz Dilu vét H,80, diic

C
NH; o7 \CNM CeHs CeHs

> OH
E1OH,0°C m m (71%)
NH; 07 "C;Hs

N CH,CHs

Tir thi du trén 18 rang sy dinh huéng ngung ty, va do 46, ca sy dong vong phy thuoc vio diéu
kién phan ¢ng. Trong sy c6 mit cia axit, hop ch4t cacbonyl phan ng & dang C;-enol trung tinh
[CH,-C(OH)=CH-CHj). Trong khi d6, néu ding xtic tac kiém thi anion C;-enolat (C[-I3CI~12COCI-12('))
tham gia vio phan tng.

Nhu vdy, trong trudng hop clia xeton khong d6i xing v6i hai nhém metylen o khéc nhau thi thy
thudc vao dic tinh cha xiic thc ma su ngung tu ¢6 thé x4y ra & nguyén tir Cy nay hay khéc.

Téng hop Fridlender gip mot khé khan 16n 12 phi di tir céc nguyén lidu ddu (cdc o-axylanilin)
khé ki€m va tuong doi kém bén viing, dic biét trong trudng hop muén diéu ch€ cdc quinolin ¢6
chita nhém thé bén vong benzen.

Khé khin ciia phuong phép Fridlender dugc khic phuc bing céch sit dung céc din xut cla
isatin lam nguyeén liéu d4u theo phuong phép 1dng hop vdng quinolin cua Pfitzinger. Nhu 43 biét
chc din xudt cia isatin rat d& dat dugc va bdi thé cho nén, su ngung ty cua ching véi hop chat

cacbonyl (c6 chita nhém metylen @) c6 thé ding 1am phwong phép chung dé t8ng hgp vong
guinolin:

- , COOK | COOH
CHs 0 CHs . _Co CHs OCHs
m KOH 33% U S | CHyCOCH,0CHS

I}I o H0) S NH, 1) D:n 501 6 gidy N”“CH,

H 2H (T73%)
CHs o CO(CH,)COOH

. QT . w ) KOH33%
N 0O ' R 1) Bun s6i 50 gid
H R' H'

day :n=234;R' = H, CHy, CgHsCH,; R = H, CH;, CeHs,

Dua theo phuong phép nay nhiéu din xudt cha axit quinolin-4-cacboxylic d3 dugc tdng hop véi
muc dich chuyén héa ti€p theo thanh céc hop chat giéng v6i kinin vé mit cdu tao va véi muc dich
nghién ctu duge hoc va héa duge.
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Cic axit ndy ciing c6 thé dugc decacboxyl héa khi dun néng véi oxit canxi & 250-300°C dé
thanh quinolin tuong ting.

2.3. T6ng hop quinolin theo Combes

Ban chét clia phuong phip ndy 12 sy ngung ty clia céc hop chét 1,3-dicacbonyl véi cic amin
thom bac mot dé tao ra budc ddu cic P-aminoenon, vi tip theo, dudi tic dung clia axit sunfuric
dic, phan tmg déng vong dehidrat héa xdy ra, din t6i sy tao thanh vdng thom quinolin. Thi dy:

CH,
-CH
CHy ~O=C 2 CH

o CH H,SO, dic
R \O CH,COCH,COCH, \ONl fgsy dac
’ "NH;  Dunsoilgid CHs 100°C, 30 ph' . N7 TCH

2.4. Téng hop quinolin theo Conrad-Limpach va Knorr

~Téng hop Knorr dua trén sy ngung tu clla amin thom bic mét v6i P-xetoeste (nhu etyl
axetoaxetat ching han) trong moi trudng axit (nhu H,S0, d5ic) & 80-100°C va din t6i sy tao thanh
quinolon-2. Thi du:

CH;
¢OCH3 -B1OH COCH3 -H,0
O rGH P T2 0
NH, COOEt N o N
H H

Phan ting nay duge thue hién do két qua t4n cong nucleophin viio nhém este clia etyl axetoaxetat.

Nhung trong phén tir xeto este ¢é hai loai nhém cacbonyl. Néu sy t4n cong nucleophin vao
nhém xeto hoat dong hon thi lic d6 din xuft quinolon-4 dugc tao thanh qua enamin trung gian.
Trudng hop ndy phan dng duge thuc hién & nhiét dd cao hon (240-250°C) vA mang tén téng hop
Conrad-Limpach. '

0
. COCH;, ' - '
Q + (::Hj ‘_HZO., Q ﬁ:H COOE -BiOH m
NH; COOE E'C\cm g CH;

2.5. Téng hop isoquinolin theo Bischler-Napieralski

" Téng hop Bischler-Napieralski dua trén su déng vong dehidrat héa cdc din xudt axyl clia B-
phenyletylamin thanh 3,4-dihidroisoquinolin khi dun néng trong dung moi tro, va sau d6 san phidm
dihidro trung gian nay dugc dehidro héa ti€p tuc thanh vong isoquinolin. '

g legn
NH, ,NH £ N 190°
¢

95%) CHy RO 9351
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T4c nhan ngung tu déng véng & day thuong 1a P,Os, POCl; hay PCls. Qua4 trinh d6ng vong
mang ban chat cha phan (ng thé electrophin noi phan tif, bit ddu bang sy tin cong cta téc nhin
dehidrat héa vio nguyén tir oxi cia nhém cacbonyl amit. Co ch€ ciia phan ng nay cd thé duge gi6i
thiéu qua so d6 sau day:

O/\ POCl3, P05 W o -HC | —
o /NH Xilen '@/NH cr N;H N
R K’ “OPOChL
Vi d4y 1a phin tng thé clectrophin nén téc do phan (mg cling nhw hign sust san phdm phu thudc
vio s6 luong, ban chat va vi trf cdc nhém th€ di ¢6 s&n trong vong thom: Néu trong vong thom c6
nhém ddy electron, phin tng s& xy ra 6t hon, va ngugc 1ai, nhém thé hut electron c6 mit trong

vong thom s& gidm hiéu sudt san phdm, mic du khong ngan cAn hoan toan phan img.

Ciing c4n chii ¥ rang cdc phenyletylamin c6 chia nhém thé ¢ vi tri meta thi chi ti_;o ra dong phan
v6i nhém the &y & vi tri 6 clha vong isoquinolin, bdi sy déng vong chi x4y ra & vi tri para, ch(f
khong phai & vi trf ortho d6i v6i nhém hoat héa. Thi du:

oi'tho
CH30 E),%CHSO Khong che
1 0%1}11{ 100°C N N
para C\C6}15 (83%) C6H5 CH30 C6H5
B0
Q=C\C6-HS C5H5 )

Picter vi Gams céi ti€n phan tng ndy bing cich sir dung a-hidroxi-B-phenyletylamit thay thé
cho B-phenyletylamin. Khi d6, trong cdc diéu kién ciia phin ing, tdc nhan nay phanh chéng duge
dehidrat héa va stirylamit tao thanh trung gian ti€p tuc dugc déng vong mit cdch tryc tiép thanh
isoquinolin. Thi du: '

. H
O/J\(OH 1) P,0s5, POCly/xiten
NH Dun 361 3 g0 T N
02N / 2) HCI
0=C |
NCgHs

2.6. Téng hop isoquinolin theo Picter-Spengler

Bén chit clia phuong phép ndy la sy ngung tu clia cic B-aryletylamin véi hop chét cacbonyl
trong m6i trudng axit dé tao ra cic imin (hodc enamin) trung gian ma sy déng vong tiép theo din
t6i san phdm tetrahidroisoquinolin.
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CH;0 1.0 CH0 ne1 209, CHE0
 wono M2 Y i
NH; t //N 100°C ~

(100%) CH, (80%:)

O day c6 thé xem su t6ng hop tetrahidro isoquinolin theo Picter-Spengler nhu 12 mot trutmg hop
riéng biét cha phan iing Mannich. Trong diéu kién clia phan tng céc imin (hodc enamin) tao thanh
ban ddu dé& ding bi proton héa dudi 4nh huéng clia tic nhan axit, va khi 6, hop chdt trung gian tich
dien dwong xu#it hién ti€p tuc tham gia vao su th€ electrophin ndi phan tir d€ cusi cing thagh din
xudt tetrahidro isoquinolin.

CH;O | cHoH  CH30 HCl 24%
NH, © Dunst 100°C, 1 gids
CH;0 CH;0 P 8

98%) CH-Ar

Y e IO e

- NHHC! &day: Ar= OC;H.

CH30 Y CH30 d o
CH-Ar 81%) Ar

Nhu vay co ché clia qué trinh nay rét giéng co ché phan ing Bischler-Napieralski. Chi khdc mot
diéu 13 & day téc nhan ngung tu khong déng vai trd gi & giai doan sau. Mat khéc, vi giai doan déng
‘vdng mang ban chat su thé electrophin (hon nita téc nhan electrophin & day tuong d6i y&u) nén &€
dat két qua 15t cén thiét phai ¢6 cdc nhém hoat héa manh trong vong thom. Nhém metoxi td ra ¢6.
inh hudng db manh khi 06 ndm & vi tri para d6i v6i vi tri xdy ra sy déng vong, va khi d6 su déng
vong khong xay ra & vi tri khéc. Néu trong vong thom ¢6.nh6ém hoat héa manh nhu hidroxi ching
han thi cdn phai thyc hién phan ing trong didu kign nhe nhing vé 39 pH cia moi trudmg, nhiét do
phan ting va nbng ¢ céc téc nhan. N6i cich khéc phéi thuc hién phan tng trong diéu kién tuong ty
nhu trong qué trinh sinh tdng hop cdc ancaloit trong t€ bao thuc vat. ‘Diéu nay ciing cho thdy
phuong phép téng hop tetrahidroisoquinolin theo Picter-Spengler dic biét ¢ § nghia trong sy téng
hogp céc ancaloit.

S
HO NH,  pH 67
+ CHO 20°C

0O

&—

2.7. Téng hop Isoquinolin theo Pomerants-Frich

Phan ting Pomerants-Frich 12 phuong phép téng hop truc tiép vong isoquinolin, né bao gdm sy
ngung tu cha andehit thom véi c4c aminoaxetal va déng vong ti€p theo bazo Schiff tao thanh dudi
anh hudng cia xic tic axit
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(:%OEt)z_
+HNCHCHOR, ~2=¢ o’[:g\’ 1) H,50, 76% m

¢H0) ~N 8°C, 40 gitr N
BO CHO H 2)NH,OH H
Q Cl o
Phuong phép nay b6 xung rét 16t cho hai phuong phép téng hop isoquinolin & trén, bai vi
phuong phap ndy c6 thé cho ta tdng hop cdc isoquinolin ¢6 chita cdc nhém the mé v6i chc phuong
phdp khac khong c6 thé téng hop duge.

HC(OEY),
NH; + _ Piperidin ﬁ|
CHyO éH OHC-CHOEYR  rii s CH;0 N —
1
Ch; (15%) CHa
1) H,80, 72%, HCI m .
-10-20°C; 5,5 a_= - N (50%)
2) NaOH eV CHO
: CH;

Véi céc xeton phan tng xdy ra kém hon nhiéu.

Co ch€ ciia phan ing ndy chira dugc nghign citu mot cach chi tiét, nhung chic chén ring giai
doan déng vong ciling mang dic tinh cua sy th€ electrophin.

111 - TINH CHAT CUA QUINOLIN VA ISOQUINOLIN

3.1. Vai nét vé tinh chét phd

So sénh phé tit ngoai clia quinolin va naphtalen thiy cé su giéng nhau nhiéu clia c4c cuc dai hép
thu duge quyét dinh boi bude chuyén 7-n . Diéu nay chitng minh cho sy gidng nhau vé cu tnic gita
chéing. Tin hiéu duge quyét dinh bdi budc chuyén pent trong phé clia quinolin bi che phil bdi céc tin
hiéu manh hon cia cdc budc chuyén 1-n , do d6 thudng khéng thé tich ra thanh céc cye dai riéng

biét nhu trong phé clia piridin. Phé tir ngoai clia isoquinolin ¢6 dang tuong tu nhu phé clia quinolin.
Bang duéi day din ra céc dir lieu phé tir ngoai clia quinolin, isoquinolin, naphtalen va piridin.

Dung méi Amax (g€}, nm
Quinelin Nuée (pH 6,3) | ~ 226(4,36), 2756,51),-299(3 146), 312(3,52)
Isoquinolin Hexan | 216(4,91), 266(3,61), 306(3,35). 318(3,56)
Naphtalen Hexan T 221(5,07), 275(3,75), 297(2.47), 311(2.40)
Piridin Hexan. 198(3.78), 256(3,28), 276(2,20), vai
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Dit kién phé cong hudng tir proton va Be duoc din ra & cdc bang sau:

5

3

7 > N,

} Quinolin Isoqu'inolin
8, ppm (chudn : TMS) 5, ppm " " (chuén :TMS)
Vi| 'uamr | 'Hxmr | Bcrmr | Vi| 'HNMR | 'HNMR | PoNMR
tri (mang méng) (trong CCly)| (Trong CC1y) tri (mang mong) (trong CCly) (Trong
s o oay
1 - - - 1 9,45 9,13 153,3
2 9,52 8,81 150.9 2 - - -
3 7,09 7,26 121,7 3 8,77 8,45 144,0
4 7,83 8,00 136,1 4 7,48 7,50 121,0
4a - - 128,9 4a - - 136,2
5 7,58 7,68 128,5 5 7,57 771 127,0
6 1 735 743 127,0 6 7,26 1,67 130,7
7 7,60 7,61 1299 |7 7,37 7.49 127,7
8 9.43 805 1305 | 8 774 7,86 128,1
8a - - 149,3 8a - - 129,3

Hing s6 tuong tdc spin-spin lH, 'H trong phé TH-NMR cia quinotin va isoquinolin (H,).

#-HHCCDV

Quinolin isoquinolin
Tuong tac ortho |Tuong tdc meta| Tuong téc |Tuong tde ortho| Tuong tic meta Tuong tac
(qua 3 lien k&t) {(qua4 lien két) | xa hon | (qua 3 lién két) { (qua 4 lien k&) | xa hon
T3 43 Joa L8 | Jgg 091 J3y 58 | B3 00 | Ji5 05
J34 8,3 Is7 1,6 Jsg 03] Jsg 8,6 Js 4 09 I,g 08
Isg - 82 Jog L1 | J4s 04 N7 70 | Jgg L1 | Jsp 08
Je7 68 Iy 8.4
J‘;r‘s 8,3
145



Nhu vy céc chuyén dich héa hoe trong phé 'H.NMR va BC.NMR cia quinolin va isoquinolin
43 tuong ting véi mat do electron clia cdc ciu tric dugc dé nghi. Ching han, céc proton clla vi tri
2.4 va 8 ciia vong quinolin cling nhu B g2, 8a, 4, 8 do Iam mat sy chin boi nguyén tlr nito nén
cong hudng & trudmg yéu hon.

Hidro & C; va cacbon C; cia vdng quinolin cong hudng trong Ving trudng rét manh do mét 4o
electron & vi tri ndy 1én nhdt. Tuong ty nhu vay, c4c proton va cacbon & cic vi tri 1 vd 3 & vong
isoquinolin do & gin nito hon nén cong hudng trong ving trudng yéu hon so véi & céc vi tri khéc.
Proton O vi tri 8 cha vong isoquinolin cho tin hiéu ndm & ving tnomg khong yéu nhu proton tuong
ding clia vong quinolin do né b ddy xa di t6 nito hon.

3.2. Tinh chat vat li

Quinolin vi isoquinolin déu 1a nhiing chdt iéng, 6 nhi¢t d¢ s6i khd cao va déu thé hi¢n tinh

bazor_.
EN _ N
# N
' ' o 0

5 257°C ’s 240°C

pK, 472 pK, 5.14

3.3. Phan img thé electrophin (Sg)

Phan ing thé electrophin & quinolin va isoquinolin ciing nhu céc din xuat cha ching thudng xay
ra trong c4c diéu kién nhe nhang hon so véi céc phan ing tuong ty trong ddy piridin. Vi quinolin va
isoquinolin cé tinh bazo nén, ciing nhu piridin, chiing c6 thé di vao phin Gng & dang mudi véi axit
~ hoic ¢ dang bazo ty do tity thudc vio do axit cia moi trudng. '

Trong moi trudng axit manh, quinolin va isoquinolin di vao phan tng thé electrophin & dang
mudi va khi d6 su the xay ra & vi tri 5 va 8, nghia la chi xdy ra & bén vong benzen.

NO,
O 1) HNO3/H,30, '
—_——
0°C, 30 ph +

2) Bazo (52% : 48%) NOy

NO2
b 1) HNO3]1'[2804 _ Ry, i
_N  0°C.30ph N ¥ _N
: 2} Bazo

_ : _ ©90% : 10%) NO2
Nguyén nhan su dinh huéng nhu thé 12 do khi proton héa thi vong piridin bi mat hoat héa.

Trong moi trudng axit y&u hon thi su th€ electrophin kic d4u xAy ra & vi tri 3 réi sau 46 d cdc vi
tri 6 va 8 cia vong quinolin :
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S, HNOy(CHyC0),0 N0 ‘
Z  100C, 1 gty " . +0,7%cdc dong phan 6 va 8

(6%)

Diéu nay duoc gi4i thich ring lbc ddu quinolin dwge chuyén thanh ion quinolin N- thé€. Ion nay
phan ing vé&i cdc tdc nhan nucleophin & vi tri 2 dé tao thanh din xuét 1,2-dihidroquinolin. Chinh
san phdm trung gian nay lai rot vao sy th€ electrophin lic ddu trén lién két 3, 4 r6i sau 46 & céc vi
tri 6, 8 va cudi ciing dugc thom héa trd lai thanh vong quinolin.

Két qua ciing x4y ra tuong ty d6i v6i isoquinolin.

Nhung N-oxit quinolin tham gia vao phan ting nitro héa & dang bazo ty do va cho su thé xdy ra
& vi tri 4. Ngugc lai N-oxit isoquinolin di vao phan tng nitro héa & dang mudi vé cho san phim thé
Gedcvitri Sva 8,

NO;
= HNO+/H,50 =
@\/j 10 _03’_“%,,,4_, m
NG 70°C, 120 ph NG
0® oP
NO,
——rr—r——————— -
_ # N\OG’ 25°C 2 Ne\oe + 2 N\OG’
(81%) NO; %)

3.4. Phan img thé nucleophin (Sy)

Quinolin va isoquinolin ¢6 thé tuong tic véi céc tdc nhan nucleophin manh va cé tinh chon loc
cao tuong tu nhu piridin. Trong céc phin tmg ndy tic nhan nucleophin tdn cong wu tién vao vi tri 2
cha vong quinolin va vi tri 1 cha vong isequinolin.

Thidy :
N N” NH,
#N 220°C N
Céc hop chét co-kim ciing phén ing véi quinolin va isoquinolin theo cdch tuong tu.

. = Bte R
L I@ + C5H5MgBr —_— H
N N” CgHs

Y

CH; (I:Hg
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= 150-160°C o (66%)

C2Hs
' Ry : 1) Ete - N
_ u + CgHsMgBr — ’
. N+ L 2t N CeHs

o

Do mit dé electron thdp hon & céc vi tri 2 va 4 clia vong quinolin cling nhyr & vi tri 1 va phin
nao & vi tri 3 ciia vong isoquinolin nén cic nguyén tir halogen & céc vi tri nay cé thé dugc thay th€
bing cAc tc nhan nucleophin khéc nhau. Thi du:

-l (C,Hs),NCH,CH,NH, Cl
~N 100°C, 180 ph _ N
Cl ' NBCH,CH;N{C;Hs),

Quinolin ciling ¢6 thé dugc phenyl héa bdi cic gbe tu do benzoylpeoxit & tht ca cdc vi tri theo
thit ty nhusau: 8>4>3>5>2>6>7.

3.5. Phiin tmg oxi héa

Quinolin va isoquinolin titong d6i bén vitng di véi cdc téc nhan oxi héa thé;ng thudng. Nhung
néu diing tic nhan oxi héa manh nhv KMnO,/H;50, ching han thi quinolin dugc chuyén héa
thanh axit piridin-2,3-dicacboxylic (nghia 1a vdng benzen bi v con vdng piridin dugc gilt nguyén):

- O =~ - (o1 ’ COOH
. . .. ————— LY .
o = (KMnO,/H,S0,) N~ ~COOH

Trong khi d6 isoquinolin lai duge oxi héa thanh hén hop cdc axit piridin-3,4-dicacboxylic va
o-phtalic v6i ti 1¢ hdu nhu tuong duong. Nh vdy kha ning v& vdong benzen va vong piridin trong
isoquinolin 12 nhu nhau: o

COOH
@@ 101 E/K/erOOH COOH

3.6. Phan ng khir héa

Quinolin va isoquinolin tuong d6i bén d6i véi tic nhan khir héa y€u, nhumg céc chét khir manh
nhu Sn/HCl, Zn/HCl/ Hszd,- H,/Ni,... thi ¢6 thé éhuyén héa ching thanh céc din xuat 1,2,3,4-
tetrahidro tuong ng, nghia 12 trong phan dng kh héa thi vong benzen bén hon vong piridin.
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IV - GIGI THIEU MOT VAI DAN XUAT CUA QUINOLIN VA ISOQUINOLIN

4.1. Cac ankylquinolin va ankylisequinolin

Trong s6 céc ankylquinolin v ankylisoquinolin chi ¢6 cdc hgp chét nao ma nhém ankyl ndm &
vi tri ortho hay para d6i véi di t6 nito méi ¢é kha nang phén img cao. Nhitng dén xuft ankyl d6 dé
dang dugc dé proton héa va tham gia vdo cdc phdn img ngung tu. Ching han quinaldin (tidc
2-metylquinolin) va lepidin (titc 4-metylquinolin) cé khi nang phin mg tuong tu 2- va 4- metyl—
piridin. Thi du :

x KNH,/NH, x
N CH; _ N CH;COC4H;

CH=CH<(>-OCH;
NHOH ‘ -
HCl+CH;O-@'CHO e Q (29%).

Cac dan xufit 1- vd 3-metyl isoquinolin ciing c6 tinh chat twong tv. Tuy nhién, do sy dinh xit
phén no ctia cic electron 7 (vi tri cha cdc lién két d6i) nén 1-metyl isoquinolin ¢6 kha ning phin
ting 16n hon nhiéu so véi déng phan 3-tuong tng. Thi du:

o ZnCl, >
_N +CgHsCHO ——>» N (Hieu suflt can)
100°C, 20 gier F :

CH; CH=CH-CgHs
CH=CHC¢Hs

N CH; ZnCl, m
+ C,H,CHO - ' 4%
#N e 165°C, 7 ngay 2N (&%)

Céc ankylquinolin va ankylisoquinolin con lai ma trong dé nhém ankyl & cac vi tri khéc cia
vong, v€ tinh chét, cé khd ning phan ing kém hon nhiéu, nghia 1 trong tr ankyl benzen binh
thuong.

4.2. Cac dan xuat hidroxi

Tuong tu 2- va 4 -piridon, cdc din xudt 2- va 4- h1drox1quln01m ton tai chi y&u & dang xeton va
12 nhitng hop chédt cong hudng phan cuc manh :

' 9] \09
L~ (1 (fme
. . @/ . @/
N0 NG
] 1 I 1
H H B H

2-Hidroxiquinolin 4-Hidroxiquinelin
{Cacbostiryl)
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Chc déng phan hidroxi quinolin cbn lai chil y&u tdn tai & dang hidroxi va ciing ndm trong sy
tautome héa véi dang cong hudng phan cyc tong ing, thi du:
1

Nr
H

Nhung d phan cyc cla cic dAn xudt hidroxi nay it hon vi chiing thuc thy la céc phenol, dic
biet khi nhém hidroxi ném & bén vong benzen.

&

— Y
NS

Trong s6 céc hidroxi quinolin thi d6ng phan 8 duoc sit dung rong rai nhét trong linh vic héa
phan tich. S& di vay Vi né c6 kha ning tao phiic véi hon 40 cation kim loai (Zn2+, Mg2+, Al3+,...).

do d6 c6 thd ding dé tich va xéc dinh cdc kim loai 4y. Ngodi ra né cdn duge ding lam thude
chéng vi tring, chéng n&m va trong thi y.

8-Hidroxiquinolin thudng ducgc téng hop bing hai cdch: Béng phén dmg Scraup khi di o
o-aminophenol vA bing con dudng kiém chay axit quinolin-8-sunfonic.

OH
O:OH N N %08 o, o
NH, ~ OH OHOH &S0, HB0; N
140°C, 8 gidy OH
m Oleum 33% 1) KOH, néng chiy =
N 2) K N
SO3H OH

1-Hidroxi isoquinolin tén tai & dang xeton trong moi didu kién (nghia 12 & dang 1-isoquinolon):

R %
L e @
N"H = N
o o°
{2H-isoquinolon-1)
Céc din xudit 4-, 5-, 6- 7- va 8-hidroxi isoquinolin cdn lai tn tai chii yéu & dang hidroxi va

mang tinh chat nhu cdc phenol.

Riéng déng phan 3-hidroxi isoquinolin ¢6 nhiing tinh chét dac biat thi vi. Trong dung dich ete n6
tén tai & dang hidroxi. Nhung trong dung dich nudc thi n6 lai chii y&u & dang xeton c6 mau vang.

e OH s 0
~N %N
~H
3-Hidroxiisoquinolin 2H-isoquinolon-3
{khong mau) {mau ving)
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Tuy nhién v& mit d6 bén ca hai ddng phan tautome ndy déu nhu nhau. Piéu nay dugc gidi thich
bing dnh huéng nhu nhau ciia hai y&u t6 d6i nguge nhau.  3-isoquinolon ciu tric amit clia von g
benzen khi 46 & dang quinon kém bén. Cdn trong 3-hidroxi isoquinolin thi su c6 mét hé théng
benzenoit bén vitng lai din ti sy xut hién c&u tric lactim kém bén vitng bén vong di vdng.

4.3. Céc dan xuit amino
Céc diin xudt monoamino cfia quinolin va isoquinolin t6n tai chii yéu & dang amino. Nhung su

cé mat hién tuong tautome & chiing lai cho phép thuc hién c4c phan ing & ca nito trong vong va
nito ngoai vong. Thi du :

NH, NH, o
U a0, )
N’ C,H;OH I?Tc:) [e Pun 56 N
CH (J.‘H3

~T13

NH; NHCOCH;

m\ + CHsCHO — 50 ©\)\j o
N”>cH, 155-160°C, 3 gi&r N~ CH=CHC¢H;
x CH30H o~
N* —":"—* ~CH,CH,OH
20°C, 48 gidy
NH, NH (81%)

D6 bazo cia cdc din xuit amino ndy phu thude vio chd c6 st lién hop hay khong giita di t6

nito trong vong véi nhém amino ngodi vdng. Trong s6 céc amino quinolin thi déng phan 2- vi 4-
c6 d6 bazo 16n nhat

Vi tri nhém NH, 2 4 3 5 6 7. 8

pKa 7.3 92 4,9 5,5 5,6 6,6 4,0

Con dé6i v6i diy aminoisoquinolin thi néi chung d6 bazo déu tuong d6i 16n. Rieng déng phan 3
lai ¢6 46 bazo nhé hon ca :

Vi tri nhém NH, 1 S 3

pKa . 7.6 7.2 5,0

Céc din xudt amino clia quinolin va isoquinolin ma nhém amino nim & bén vong benzen (cdc
dong phan 5-, 6-, 7- va 8-) duoc diazoni héa binh thudng nhut cdc amin thom bac mét néi chung.
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4.4. Cic axit quinolin cacboxylic va isoquinolin cacboxylic

Trong cdc axit cacboxylic clia quinolin va isgquinolin thi axit Qui_nolin—Z-cacboxﬁic' va axit
1-cacboxylic 12 d& dang duge decacboxyl héa hon ca khi dun néng. Phan (ng thudng

isoquinolin-
ecacboxyl c6 mat hop chét cacbonyl

dién ra qua dang ilit trang gian, va néu nhu trong qué trinh d
hoat dong thi c6 thé xdy ra sy ngung tu kem theo. Thi du:

s A it =
N N7 CO-CgHs

COOH
N Y N CeltsHO N, T ~
N ’NH:OC(CO) I\? /C\8+ - #N
Shetelr ] v
COOH coo® H  GeHy (574, CHOH
¢Hs

Axit quinolin-4-cacboxylic rat bén vimg va khé bi decacboxyl héa ngay ca trong phan Umg

kiém chay:
COOH cooK’ COOH
= KOH _ = ut =
2 oéngchiy véi NOK N 0+ H,
mét it nude (50%)

4.5. N-oxit cba quinelin va isoquinolin

N-bxit cia quinolin v isoquinolin c6 thé tham gia vao mot loat céc phén tmg chuyén vi khic nhau.

Trong sy tuong tic cia N-oxit quinolin véi sunfurylclorua co thé nhéan dugc 2- va 4-cloquinolin

véitile1: 1,7,
[ o ci H | !
cl > -50;

Q:IEEL—“ ! WO (62%)
o _ . _
m $0,Cl,| L 050,C1 O¥so, Lt

de

O | O™
THCI Cl

cl
Siso,fa

Ti 1& c4c déng phén 2- va 4- ndy phu thugc vio ban chét ctia nhém thé & vi tri 6. Thi du: Néu &
vi trf 6 c6 nhém metoxi (CH30-) thi tiledé1a1:0,6; Néu &-vi tri 6 ¢6 nhém nitro (-NO,) thi ti 1&
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4613 1 < 3,5 ; con néu & vi tri 6 c6 nhom clo (C thitile 1a 1 : 1,38. Nhing sy thay ddi diéu kién

phan img lai khong lam thay 46 i 18 clia cdc ddng phan.
a k&m

Khi dun néng N-oxit clia quinolin va isoquinolin véi anhidrit axetic d3 xay ra sy deoxi hé

theo sir dua nhém axetoxi vio phan tr .
= CH,CO),0 =
QOGO s6m
N7 CH;  dunéer NTONT CHOCOCH:
o-

Vi trf mi nhém axetoxi gén vao phu thudce nhidu vao dac tinh ca nhém the, nhung thuong 12
4n nao cAc lien két déi trong phan

céc vi trf o vy d8i véi di 16 nito ctia vong. Do c6 sy dinh xif ph
tir nén su chuyén vi nhu thé cia N-oxit isoquinolin thudng khong xay ra o vitrf 3.

- OH '
O@/R 1) (CH3C0%0, 1°C @R SR
N2 P D NHOH 5% " N T NH
0

R=H (9%) (60%)
R=CH,y . (9%) (53%)
R=Cl (61%) (1%)

Trén co s& céc dif kién thuc nghiém ngudi ta dé nghi hai co ch€ chuyén vi clia N-oxit quinolin
vi N-oxit isoquinolin (tuong ty co ché chuyén vi nhu thé cia N-oxit piridin):

- Co ch€ chuyén vi cap ion:
= NaOH =y GOH -
"} + ceHscoct —— 1) OH
NG . NOH
0 COCsHs . (OCOCeHs

B —

Q
S ——
N° 'OH
- Co ché chuyén vi géc tu do:

el S = OO O
- —— i - i — 1 -~
% “CHj o CHz : " CH, N CH, CeHs
- o® OCOCeHs

OCOC6Hs

N RS
- @\ . }C‘Caﬂs — P 50%)
CH2 0“ CH20C0C6H5
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Nhur vay 16 rang ring khi ving mat nhém the phan tng dién ra theo co ché ion; cdn khi c6 mét
nhém thé thi co ché ion ndi phan tir bi loai trit va lic d6 chiic chin phan ing xdy ra theo co ché
géc tr do.

Nguai ta ciing duoc biét sy chuyén vi clia N-oxit quinolin v N-oxit 1soqumolm duéi &nh huéng
ctia céc axit closunfonic thom ma co ché chia ching ciing tuong tuf co ché d néu & trén. Thi du:

o~ - BF3/(CH3),N-CHO : =
, + CH3_<<:D>"802C1 e )
ITIO CH; dun 361 2,5 gidy N ~CHy(Cl

Oe (63%)

CH, SO,Cl CH,Cl
@\/Jﬁ BF4/(CH3);N-CHO m
/ + » (50%)
N& dun 501 2,5 gidy N”
e |
SO,Cl 0802@—CH3

+ : +
NP dan s6i, 12 gid +N NH

CHs (70%) (10%) O

Khic véi N-oxit piridin, & N-oxit clia quinolin vA isoguinolin, vong benzen trong phan tif cla
chiing cling c6 thé ti&p nhan sy thé electrophin. Nhung sy t4n cong ciia téc nhan electrophin vao vi
tr{ nao clia vong con phu thudc khd nhiéu vao diéu kién phan tng :

NO,
= Ry
@ 0—20 C i N&

( HC!3 |
20°C, 15 ngay OzN 09
HNO3/H,50 (Chi yéu)
60°C - 100°C l
I@ (T0%)
V - ACRIDIN

Acridin 12 hé di vong ngung tu ki€u dibenzo cha piridin, vi vy né c6 thé dugc goi Ia
dibenzopiridin hay benzo quinolin ho4c azaantraxen.

5 9 4
Oe)
7 +0,021
N 2
8 10 1
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Acridin 12 hgp chat thé hién tinh thom 16 rét voi su phin b& mat 46 electron ciing nhu d¢ dai
lien k&t duoce thé hien & so dd trén. Nang luong thom héa ctia né 1a 399,1 kJ/mol.

5.1. Phuwong phap téng hop

C6 thé nhan duge acridin tir nhya than dd va ti nhiéu phuong phdp 1dng hop khic, trong dé
phuong phap t6t nhat duge gidi thi¢u bang so dé phz'm g duéi day :

COOH Sy R
(I POC, H2m= )
}K—O (ch rzo']r} N

8.2, Tinh chit

C4c phin ting the electrophin &.vong acridin xay ra rat khé khan va chi y&u & vi tri 3 clia vong.
Thi du: Nitro héa acridin ¢6 thé tao ra hén hop cédc d6ng phan 1-, 2-, 3- va 4-nitroacridin véi ti &
trong Gng 1225 : 1: 130 : 5. Acridin khong ti€p nhan phén ttng Friedel - Crafts.

Phi hop véi sk phan b6 mat do electron treng vong acridin, sy th& nucleophin thubng xay ra & vi
trf 9, va chinh trén co s& d6, ngudi ta dé dang nhdn duge 9-aminoacridin theo phan tng
Chichibabin.

NH;

OO e OGO
————

N

Acridin cling d& dang tham gia phan frng cdng hop vdi c4c tdc nhan khdc nhau. Khi 46 su cong
hop xdy ra & vong gitta tai cdc vi tri 9, 10. Thi du:

O "‘ L T (9,10-Dibromacridin)
N N
Br

Ngoai ra cling giéng nhu piridin va quinolin, acridin ¢6 thé dugc oxi héa thanh N-oxit, tao ra
mudi bazo bac bén trén di t& nito va cling tao ra su tautome hda cua céc acridon,...

Csc hop chit clia acridin chi yéu dugc dng dung trong linh vire phdm nhuom, ching han hop
chét 2-amino-9-phenylacridin (ving acridin} duge ding lam phdm nhuom da.

GeHs
|
N’ NH,
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VI -CAC HOP CHAT THIEN NHIEN VA CAC CHAT C6 HOAT TiNH
SINH HOC CHUA VONG QUINQLIN, ISOQUINOLIN VA ACRIDIN

Kinin va Xinkhonin 12 hai ancaloit dién hinh cha day quinolin.

Kinin dugc téch ra i vo cay kinin 14n ddu tién vio nam 1820. Cu tao cla né dugc chitng minh

bing phuong phdp phan hity oxi héa. Téng hop toan phén kinin duge Woodwoad thuc hién thanh
cong vao nam 1944,

Cho d€n nay kinin vin 12 mot trong nhiing loai thusc chéng s6t rét 16t nhit.

Cac hop chdt thién nhién chia vdng isoquinolin duge gidi thiéu & day 1A papaverin vi
tubocurarin, '

Papaverin 12 mét ancaloit ciing c6 trong thanh phén dich ép clia qua cay thuée phién, nhung véi
lugng khong ding ké. N6 c6 téc dung gay ngi y€u nhung c6 anh hudng 1am mém bép thit, 1am co

mach méu, co tht hé co bip thit va khoang bung, do dé duwgc ding 1am thubc trong c4c trudmg hop
dau ddu, dau bung, dau co bip va mach mau bj dan né.

CH,0 S OCH;
Papaverin
CHj

Tubocurarin 12 chéit chit yéu trong mot nhém chat ma phan tir clia chiing c6 chita hop phén
benzylisoquinolin.
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Tit 1au phém ancaloit nay da 161 cu6n sir chil ¥ cia nhiéu chuyén gia. Mot vii ancaloit ndy ¢6
trong thanh phén mot loai chit doc ndi tiéng cha An Do dugc goi 1a Curare. Ngudi ta khong tim
thdy téc dung gay doc cua cic ancaloit nhém nay khi dua vao bén trong ¢ thé, nhung néu dua vao
dudi da thi ching s€ gay ra s¥ suy y&u hoan toan chc co bip, 1am te gt moi dang chuyén dong
ciing nhu céc trung tam ho hap, va cubi cling dan téi céi chét. Ban than (ubocurarin dugc tach ra &
dang mudi t chit doc Curare 1dn ddu tién vao nam 1935.

Ngoai ra mot s6 chat téng hop khdc cling duge dung 1am thudc chiia bénh. Ching han, Sovcain
‘1 chat gay mé thudc loai manh nhdt; Plazmokhin va acrikhin déu 12 nhitng chét ch6ng sot rét ¢6
hieu qua.

CONH(CH;);N(C;Hs)g
- =

. - HC1 ) J Caatii06 5
N~ T O(CHz)xCHs ’ N :
. NH—CH(CHz)sN(C2Hs)
Sovecain (l:H3

Plazmokhin
CH;

]
NH—CH(CH;sN(C2Hs)2

SeChy
N’ J2HQ . 2H0

Acrikhin
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" Chuong bdy

' DIAZIN, TRIAZIN, TETRAZIN
VA CAC DI VONG CHUA NHIEU NITO

1 - BIAZIN

1.1. Gidi thiéu so luge

Diazin 12 céc di vong 6 canh chifa hai di t8 nito trong vong. Ca ba déng phan diazin- piridazin,
pirimidin va pirazin - déu 1a nhitng chat khong mau, bén vitng va tan dugce trong nudc.

Pridazin Pirimidin Piruzin

{1,2-diazin} (1,3-diazin} (1,4-diazin)

Cic hé ngung tu kiéu benzo cla ching la ftalazin, xinnolin, quinazolin v& quinoxalin:

a0 O O O
P N N//N N P> N P
Fralazin Xinnolin Quinazolin Quinoxalin

Nhiéu dén xufit clia pirazin va pirimidin c6 mat trong cdc hop chat thien nhién quan trong. Diac
biét vong pirimidin tham gia vao cdc hgp chdt gilt vai tro quan trong trong qué trinh chuyén héa
sinh hoc. N6 ciing 12 bo khung ciia cdc phan tir uraxin, thimin va xitozin, titc 12 nhitmg phéan tir nm
trong thanh phin céc nucleotit va axit nucleic. Riéng cdc din xuit cba piridazin cho dén nay vin
khéng tim thdy trong thién nhién.

V& mit céiu tao, phan tir c4c diazin nay déu chita he théng 6 electron n trong vong, nhung duge
phan b6 khong déng déu trén cdc dinh. Do dai lién két gilta cic nguyén tr cacbon- cacbon va
cacbon- nito trong vong cling c6 gid tri trung gian gilta c4c lien k&t don vA lién két doi thong
thudmg. Ngoi ra cdc diazin ciing bén viing d6i véi tdc dung cla cic chdt oxi héa. Vi vay c6 thé x&p
céc diazin ndy vao loai di vong thom dién hinh.
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+0,021 +0,164 . -0&82
+0,095 +0,059 +0,041 TN 40,041
+0,041 ~N-0.203 +0,041 ENJ +0,041
+0.017 .0,249 0,082
Bang dudi day cho biét mot s& dif kién vé tinh chét vat If clia cdc diazin:
Diac tinh Piridazin Pirimidin " Pirazin
s °C 6,4 22,5 54
t%, °C 207 124 121
pKa 2,33 1,30 0,65
Momen ludng cuc, D 3,94 2,10 0,00
Amax, nm 246; 340 243; 298 260; 328

1.2. C4c phuong phi‘o téng hop

1.2.1. Téng hop vong piridazin

- Phuong phép quan trong d€ tdng hop vong piridazin 12 su twong tic clia cdc hop chét 14-

H ><H |
|+ mN NH. 20, LN
- 2

dicacbonyl v6i hidrazin. Phén \ing thudng qua giai doan trung gian tao thanh din xuit dihidro réi
sau d6 méi chuyén thanh hé thom piridazin qua su dehidro héa:

Théng thudng ngudi ta hay st dung cdc hop chit 4-xeto este vi khi d6 din xuﬁ'i dihidro
piridazinon trung gian dé dugc chuyén thianh dj vong thom twong tng bing su oxi héa. Trong
truimg hop ndy anh hudng hoat héa clia nthém cacbonyl cdn cho phép thuc hien d€ dang cic phén

ung brom héa va dehidrobrom héa ti€p theo dé nhan duge vong thom piridazin:

O
g H2NNH2 /(\rBrleH_«,COOH -HBr
~N N

60°C ,
(EtOH) CH; “H CHs “H
(90%)

Néu di tir cic hop chét 1,4-dicacbony] khéng no hay trong trudng hop clia cdc anhidrit maleic

thi khong cén phai ti€n hanh giai doan oxi héa b8 xung:

~2H, O
C C-R + H,N-NH —_—
K'Y ¢ FN CHy” N
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7
\ =
5 N~

L . -CH Cl AN
>0+ H,N-NH. -H,0 I rocy | H,/Pd-C \ _
2 IV N NH,;/CH,OH
) 1}1/ Cl N
H

(90%) {80%) (67%)

. Phuong phép trén day ciing dugc dung dé téng hop cic ftalazin va xinnolin (téc 13 cdc
benzopiridazin) khi di tir cic din xudt tuong Umg clia vong benzen. Thi du: -

CeHs

CH; COCgH;s noa Chs N
m +HHN-NH, C_Z_iu.*_. Nt 1,0

CH, COCeHs t CH; I

5415

(3 day c6 thé thay o-diaroyl benzen bing céc axit o-axylbenzoic, axit phtalic hay anhidrit clia nd.

Nhuoc diém ciia phuong phép nay, trong trudng hop st dung 1,4-dixetoh bio hoa, la phan Ung
¢6 thé xdy ra theo hai chiéu huéng khéc nhau v6i si tao thanh hén hop san phim gém din xuét
dihidropiridazin (sin phdm mong mu6n va dé chuyén thanh piridazin) va N-aminopirol.(san ph4m
phu). - :

1.2.2. Téng hogp vong pirimidin

- Phuong phap dugc ing dung thong thudng va phd bi¢n hon ¢ cda sy téng hop vong pirimidin
13 cho néng chiy hén hop cha hai cfu phan nhu sau: Mot hop phén chita bd khung ba nguyen tir
cacbon (C-C-O), thudng 14 hop chit 1,3-dicacbonyl nhut B-diandehit, B-xeto andehit, B-xeto este,
B-xeto nitrin hay este ciia axit malonic,... _

Con hop phén thi hai I3 cdc hop chét kiéu diamin (chira dung nhém -N-C-N) nhu ure, thioure,
amidin hay guanidin ching han. ' ' -

[COOH oH Q
(|3H2 H,S0, dac Ik O H,N-CO-NH, fi\ NH rocy, ¢

C\HOH (H;0.-00p 7 0 Hzf,(l);. ;;J"c N0 CyHgN(CH;),
COOH 2 H (559
Axit malic axit fomyl axetic uraxin
Ci
N H,/Pd-C N
— @\ e ()
Nl (MzO) N
(87%) (78%)
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COOE:
/ HN 2800 NH POCI3 3H2!Pd—
CH2 + / — ﬂJ
\ H,;N
COOEt
OH

COOEt

(I:Hz + \'C_CH3 —HZO, —QHEOH i

Ce H,N CH;” "N~ "CH;
CH; O - '-

Etylaxetoaxetat

N6i chung phan ing tao vong pirimidin theo phuong phép nay bao gGm hai giai doan: COng hop
nucleophin va tach loai nuéc (hay ancol). Trong da s6 cc trudng hop tinh k€ ti€p clia céc giai doan
nay khéng dugc xdc dinh mot cich chinh xéc. Riéng trudng hop su tuong téc cha diandehit véi uré
1a ngoai 1&: O day c6 thé téch ra duge hop chét trung gian tao thanh do két qui ciia chi mot (chg
khong phai hai) phan (mg ngung tu:

H
CeH
oo W e Oy et
Yo BN RO Hz]?_ o N“T0
H

Gén day dua trén phuong phép nay ngudi ta d€ nghi mot cich téng hop pirimidin khong chita
nh6m the rat don gidn va thuan tién theo so d6 dudi day :

~0 NH; plpendmaxetnt (\
E:H t e T ) o)

2

- Phuong phép thi hai téng hop pirimidin 12 sy twong téc ciia hap chét B-dicacbonyl véi fomamit &
nhiét 36 cao : '

HC=CH-CH(OC,Hs), + 2H;N-CHO T1COONHs/HM;0 (\ ) e
: 180-190°C, 2 git

C/CH3 CH3
H,0
_ 0 . 186-190°C, 6 gidy N

~ Phuong phép nay cho phép nhan duge vong pirimidin khong chita nhém thé & vi tri 2. Nhung co ‘
ché cha phan g ndy hoan toan khéng rd rang. :
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- Vdng pirimidin ciing c6 thé duoc xay dung bing cich cong hop phan doan C-N clia mot phan
tit nay v6i phan doan C-C-C-N cita mdt phan tir khac. Thi dy:

QCH(CH
(COOCH(CHs) €ty 0 Q
O NH, NH Bry/CH,COOH ﬁ\NH
CH. KCNO/HCL 2 2y
7 —— C\/g —-(]LA om 2ot A (05%)
CH, 20°C.24giv N-"=0 TNTTO n s 2 gi N0
NH-CH; CH; CH CH

Phuong phép nay ciing duge Umg dung rong rii vi né di tir c4c chdt ddu it phong phi va dé
ki€m.

- Nhiéu phuong phép téng hop vong pirimidin ciing duge sir dung d€ téng hop dj vdng benzo
ctia né 12 quinazolin. Nhung quan trong nhit 12 phan tng clia céc o-axylaminobenzandehit hay céc
phenylxeton tuong ing v6i amoniac hoéic bing phan mg ngung tu cha axit antranilic (hay din xust
cha nd) véi cdc amit khic nhau: '

CsHs : - CeHs
¢ 0 .
<0 [ 190-200°C | N
+ HN-C-NH, —o ~ (AN
NH; :
O

NH-CgH. |
QCOOCH3 . s e CIL)LE“C(’HS o
1 ‘b L]

NH; 0“ TH & N

1.2.3. Téng hop véng pirazin

- Phuong phép thit nhat téng hop vong pirazin 12 di tif hop chat o-ami nocacbonyl. Phin tng
x4y ra do su ngung tu hai phan tif a-aminocacbonyl véi nhau 4¢ tao thanh din xust dihidro rdi sau
d6 ti€p tuc duge oxi héa thanh he thom pirazin. o :

CH+N
CeHSCH,COC! 22 | ¢ .H,CH,COCHN, —2°
20C (85%)

NH, Oj/CH2C6H5 N__CH;CsHs on P{[NTCHZC(,HS
; N

—

— . (63%)
CsHsCH;” O H;N™ CgHsCH,” N CgHsC

V& nguyén tic phin ting ndy xay ra trong dung dich véi sy tao thanh din xudt dihidropirazin.
Diin xust dihidro nay khong tich ra duge, nhumg duge oxi héa bdi oxi khong khi (hay cdc chét oxi

héa nhe nhang nhiv H,O, 3%) ngay 14p tdc thanh pirazin. San phidm thudng 14 céc pirazin chia
nhém the d6i ximg. Riéng este ciia axit o-aminocacboxylic dé dang dugc dime héa thanh din xuat
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op chit bén vimg va khong 6 xu hudng cuuyén thanh hé

2.5-dixetopiperazin. Ching 12 nhiing h

thom pirazin : _
CH3INH2 Oy OH Glicol chN 0
+ —r
HO” O BNTCH 0T 07 N CHh
H
1a di tir cac hop chét 1,2-dicacbonyl va 1,2-diamino.

- Phuong phép thit hai téng hop vong pirazin
Theo phuong phép nay vong pirazin dugc tdng hop bi sy ngung tu cua hgp chét 1,2~
céc hop chit 1,2-diamino va tiép theo boi sy dehidro héa sdn phim ngung tu &y:

0 HN ~2H,0 N a0
+ ——— ——tn
HoN N . N

0O

dicacbonyl vdi

Tuong ty, c6 thé téng hop pirazin tit etilendiamin va dibrom etan qua giai doan trung gian cia

su tao thanh vong piperazin:

H
/NH2 Br_ N N
CH, (l‘.H;,_ -2HBr [ ] —H, [ j
: T _cH N @n,Pd) "N
C{{ " Br” 2 i
NH
? Piperazin

g mifc 49 lon cling dua theo phuong phap nay, nghia 12 bang sy

Chinh su téng hop pirazin tron
Ga ti€p theo N-hidroxietyletilendiamin:

dehidrat héa déng vong va dehidro h

H
N Al,05-Ni N
o e W

- Tuong ty, quinoxalin (benzopirazin) dugc téng hop bing cdch ngung tu o-phenylendiamin véi

céc hop chat 1 2-dicacbonyl. Thi du:

NH, Ox.-H N
Q ., [ -2NaHSOs NeyCOYHO CI};\ (85-90%)
70°C, 15 phit _

NH; O¢C\H

1.3. Tinh chét coa cic diazin

1.3.1. Tinh bazo
Diazin la céc bazo yéu, trong d6 pirazin c6 6 bazo nhd hon ci. Bang dudi day cho thdy 16 diéu d6:

{ Diazin | Pindazin Pirimidin Pirazin Ftalazin Quinazolin Quinoxalin

\ pKa

35 0.7

23 1.3 0,6 35
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" Nguyén nhan ¢lia tinh bazo thip 12 do anh hudng hiit electron ciia dj t6 nito tht hai trong véng.
Cic diazin c6 thé tic dung véi tic nhan ankyl héa dé tao ra mudi bazo nito bic bén. Déi véi
piridazin, phan (ng v6i tic nhan ankyl héa dién ra mot céch dé dang, nhung nhém ankyl t4n cong
vao di t6 nito nao con phu thuge vao dic tinh va vi tri cla cdc nhém th€ cé sin trong vong
piridazin, thi dy :

,_/ ~CH; “ CHs

- | CgHg } r Khong vao nitc
+ CHsl
i N T un 56 1 iy x. N g 3%K kiado 4n ngit
N e B oN" I khong gian.
CHs
CH; CHy
=
| oy 2O e “ 3
+ (88%)
SN * "Duns0i 15 pht \I%N ©
CH,

OH Q OH
: e
h — | oL f\t |
Ty /N ~N = /N_'CHS
N N - N 5
H I

Trong khi d6 céc phian Gng tao mu6i nito bic bén trén vdng pirazin va pirimidin lai phu thudc
kh4 nhiéu vao hiéu ting electron clia cdc nhém thé trong vong di vdng clia phan tir. Céc thi du dudi
day chiing minh diéu dé.

NH;
N C,HsOCH,CH,0H
(\)\ + CHil - - EK/L {R=CH;, Cl)
. N R . 100°C, 6 gir

' CH3
N NH, auon Na-NH;
Ejr + Chl 20°C, 3 nga [ I

N » DB N6 [°

CH;

Gén day ngudi ta 33 nhan duge cic mubi bazo nito bac bon & trén c hai nito clia vdng pirimidin
va pirazin. Trong dung dich ruou cdc muéi ray ton tai & dang ion- g6c¢. Thi du :

C2H5 . C2H5 @
CICH,CH,Cl CZHSOH [ j
[ j+ (CoHeyOBE; ITHTC, [ ] O |ge2
Csz . CZHS
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1.3.2. Phdn iing oxi héa

Cac diazin rit bén vimg 86i v6i téc dung ciia cic chét oxi héa. Nhung véi cdc chét oxi héa manh
chiing o6 thé duge chuyén thanh céc mono- hodc di-N-oxit:

~ CHs N C N Hyw - N;
0 . .
N/ CHj 60°C, 16 gid I}I g CHy Iﬂ@/ CH3

o° (62%) 0° (24%)

Phan tng ciia cic N- oxit diazin rét gidng v6i cdc phén tng cla N-oxit piridin hay N-oxit
quinolin.

Céc benzodiazin khi bi oxi héa bdi dung dich nuéc clia kali pemanganat (KMnQy) s& bi v& vong
benzen va din ti sy tao thanh céc axit diazin dicacboxylic tuong img, v&i higu suflt cao:

N N COOH
@[ Y owecwo [ 1 .
N %0°c NZ ~COOH

1.3.3. Phdn img thé electrophin (Sg)

Sy ¢6 mit di t6 nito thit hai trong vong lam cho céc diazin tham gia phén tng thé electrophin
khé khan hon nhiéu so v6i piridin. Ban than céc diazin khong ti€p nhan phin dng nitro hoa va
sunfonic héa. Nhung néu dua vao vong diazin cic thém hoat héa manh nhu céc nthém hidroxi hay
amino ching han thi lic d6 c6 thé thuc hién sy thé electrophin. Trong trudng hop nhu vay vong
pirimidin bj t4n cong & vi tri 5, 12 vi tri ft bi mdt hoat héa hon ca:

. O H S
S . 02N
f\NH _ N HNOyCH,CO0H
CHs N/ko CH, NfLOH 1520°C  CH;
H .

NH, NH,
. ON
7N  NaNO,/CH4COCH - fN
HO “N)LSH H,0,0°C. 2 gi& HO” NZ “SH

Riéng phan Ung brom héa pirimidin & vi trf 5 lai duge thuc hi¢n dé dang hon so vdi piridin.
Nhung cho dén nay vin chua cé thong béo nao vé sy brom héa piridazin va pirazin. Sy cé mit cac
nhém ankyl trong vong diazin gay ra &nh hudng déng ké dén c4c phan tmg nay. Thi dy : Clo héa
2-metylpirazin & nguyén tir cacbon thit ba dién ra trong diéu kién hét sic nhe nhing :
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N : N
O =700 (a2 UL
%’P 166C N/ ! N/ CH; 40°C . N/ CHs
H C (66%) (67%)

Cac diin xusit benzo clia céc diazin ¢6 kha ning phin vmg cao hon c4c don di vdng diazin tuong
itng. Thong thudng ching cho sy tén cong electrophin vao cdc vi trf 5 va 8, twong tu nhu & quinolin
va isoquinolin.

NGO,
m © HNO3/H,50,4 @\/;\l . \N {'I‘i le:
" 54% : 46%
S N
NO;
' NO, NO,
N N OsN N %
Oi ? HNO-/oleum j j
+ o
N # 85-90°C, 24 gidy N N

(1.5%) (24%)

Trong céc phan dng the electrophin ciia céc diazin khéc ciing xay ra sy tao mudi & giai doan
trung gian. Chinh vi vy ma sy the electrophin clia quinazolin dién ra mot céch khong binh thuong.
Thi du:

HO. _H HO. _H ON '
QO mpmen OO0
N) 0°C, 30 phiit &” - N - N)
) H H o

$ day khi quinazolin lien két véi axit thi mudi duge tao thanh nhanh chéng bi hidrat héa
chuyén thanh dang cation. Khi 46 t4t nhién cation nay bi t4n cong vao vi tri para d6i v6i nhém NH,
nghia 13 v3o vi trf 6 clia vong quinazolin.

1.3.4. Phdn img thé nucleophin (Sy )

Ciing nhu trong dy piridin, phin tng thé nucleophin trong day diazin cd thé xay ra & céc vi tri
- vi - (tiic 12 cdc vi tri o- hay p-) d6i véi di t6 nito trong vong. Nhung cdc dir kién thuc nghiém da
chi ra ring su th€ nucleophin c4c nguyén tir halogen lién két truc tiép véi vong diazin & vi tri y dé
dang hon & vi trf o. K&t luan ndy cling phd hgp v6i sy xédc dinh nang lugng ciia trang théi chuyén
ti&p din t6i san phdm cla sy thé. Thi dy, trong s tuong tac cha 3.4,6-triclopindazin v6i mot duong
luong natri metylat trong metanol dé nhan duoc din xust 4-metoxi vdi higu sudt cao.

Cl OCH;
e —Cl CH,OH —Cl
Nt CH;ONa — = | N
- » b -~
I N B N
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O day néu 06 sy téin cong nucleophin clia anion metoxi (CH;0 ) vo vi tri o thi dé xdy ra sy va
cham véi di 16 nito mang d6i electron ty do; va nhu vy s& khong thuan 19i vé mat nang lugng so v6i
trudng hop anion metoxi tdn cong vao vi tri y (xa di 18 nitc hon). So d6 dudi day minh hoa diéu dé:

cl cu® ¢
cl N Cl

| l
o N,N® a %
) )
CH,°

~ Chinh dya trén sy khdc nhau v€ khi nang phan fing nhu vay ngudi ta ¢6 thé van dung phan ing
thé nucleophin nay dé diéu ché céc din xudt khic nhau cha ddy diazin. Thi du:

Cl
(I" N NH,;CH30H CIK C]_HSONa!CZHSOH ‘:k
HoH © Cl N
&Y Y- (f\r EI\V
N,’N Y EtOH N//

NHR I HO

Ll

Trong mdt vai trudng hop sy c6 mét clia cdc lién k&t hidro (do di vong vi dung méi tao ra) dd
gay ra anh huéng 16n dén chiéu huéng va dic tinh san phdm cia sy thé. Thi du:

Cl Cl OCH;

Cl
RS . (L (JNN
N )\Cl Khéng c6 CH;ONa. /LCI )\ N ?LOCHg

N  CH;0H dunnéng

|

N
I:l ~0 ~CHz Ti 1¢ x4p xi nhau

Mot diéu c4n chi ¥ 12 khi dua cdc nhém N- oxit vao céc din xu4t halogen cla piridazin s€ ning
cao rit nhiu khi ning phan Gng & cc vi trf 3 v 5 clia vong piridazin d6i v6i cdc téc nhén
nucleophin loai anion, nhung ddng thoi lai lam gidm déng ké khi nang phin tng & cdc vitri 4 va 6

déi véi céc tdc nhan ndy. Thidu :

OCH;
CH;ONa/CH30H O/ I
' N Temo 5“

17°C, 1 giv
Cl 09 (72%) e (11%)
I —
c \IﬂéN C,HyNH, NHC2H5
0° 100°C. 4 g0
CszNH
09 (54%) (14%)
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Tinh chét ndy clia N- oxit piridazin hoan toan khéc v6i N-oxit ciia piridin va quinolin, ma & d6
vi tri para (titc vi tri 4 hay ¥} d6i v6i nhém N-oxit c6 kha niing phan ¢mg cao nhét d6i véi céc téc
nhan nucleophin. Diéu nay duge gidi thich ring dnh hudng hit electron cha di t6 nito thd hai trong
vong piridazin chi gay ra sy hoat héa & céc vi tri 3 vA 5 (tc 12 vi trf o- v p- d6i véi né) ma khong
gay ra & vi tr 4 va 6 (tifc vi tri meta).

Cic diazin ciing c6 thé tham gia vo c4c phn Ung cia sy cong hop nucleophin. Sy thiéu hut mat
do elcetron trén céc nguyén tit cacbon trong vong diazin cho phép trong mét vai trudmg hop c6 thé
thuc hién duge phan g véi céc hop chat nhu natribisunfit (NaHSOs), hay axit xianhidric, cling
nhu céc hop chit co kim. '

CeHs
| ~N Y G Toluen dun 56 7 gits SN
yL S ) Dung dich HQU - | A (20%)
N NH; N NH;
CH»(CH;);,CHs
R
CH3(CHz)3MSBr | (23%)
ete, THF, 20°C, 24 gity =N
7 N

i — .
s N -~ . (CH1CHs
N CH4(CHyh1Li (CHp):CH3; o
20°C.agw | N, NH KM é)s . — | N TR
cte, .24 g N/ nQO,/axeton N”

3-N-oxit clia quinazolin biéu hién khi nang phén ting twong tuw d6i v6i cdc tdc nhan nucleophin,
nhung céc san phém tao thanh cha sy cong hop thudng tich loai nude va chuyén thinh din xu4t cia
quinazolin. '

H, CN

CN
>R-0° N—OH SN
N) HCN -H,0 N/J

P — — —2- _

1.4. Phan img cta céc nhém chie trong diazin
14.1. Cdc ankyldiazin

Ciing nhy trong diy piridin, nchém ankyl ndm & cac vi tri o v3 y d6i v6i di t6 nito coa vong
diazin c6 chifa hidro linh dong va chiing c6 thé tham gia vio cdc phan \ng ngung tu trong sy cd

mit cha bazo hay axit: _
CH; N CH; SN
| /]\ + CgHsCHO | A\
SN cHs N “CH=CH-C¢Hs

ZHOZ

168



S—CHs - S~ CH=N-OH
\ amylaitrit \
N NaNH,/NH; N (35%)

N& Né
0® ' 0O°
N S N -
NalNH
/[ l +(CHs)3C-COOC,Hs i NHZ /[ J\ + C;HsOH
CHs N CH; CHj; N CH,COC(CHa)s

1 4.2. Cdc ddn xudt hidroxi- va amino cua diazin
4t hidroxi chia diazin tén tal chi yéu & dang xefo, nhung ti 1€ gilta c4c dang

& thé x4c dinh duoc.
an & dang amino chi khong & dang imino.

* C4c din xu
tautome & trang théi can biing ndy khd ¢

* Céc aminodiazin ton tai héu nhir hoan to

1.4.3.Céc axit diazincachoxylic
d1 16 nito trong céc diazin fuong 461 d& dang dugc

Nhom cacboxyl & vi trf @ va y d6i v6i
decacboxyl héa & nhiét do cao.

N
o, S LI
(60%)
CI N/ COOH Dunsmlgﬁ

Tinh chit ndy cb thé duge dng dung 4é x4c dinh vi tri ca nhém cacboxi trong vong diazin.

1.4.5. Cdc N- oxit diazin
Hau hét céc phan img cia N-oxit diazin tuong ty cic phén ng nhu th€ cha ddy piridin. Thi du:

0CH3 -OCH3
= 1) SO,Cly, dun s6i 30 phit =N
)N 2ty phit N/L (S5%)
g 2) K450, 10%. Aot
o°

OE)
N®
= 1) POCl, dun s0i 15 phit I
P 2} Kiém héa
. 1}](.9

g anhidrit axetic da xdy ra st chuyén vi. C
Cg trong vong diazin.

4u tao san phdm tao

~ Khi dun néng N- oxit diazin tron

thanh khi 46 phu thugc vao dac tinh ctia nhom thé & nguyén ot
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o? H
NS O N
= o
E 1 + (CH;CO)RO .___0._.‘__0%_. - INJ @71%)
N/ CHs NaOH 10%, ¢ CH;
to
+ (CH3CO)0
CHs, NaOH 10%, 1° CH,OH

CgHs CsHs

(CH;COX%0 % (j\/\ (50%)
Ofk)\ * 28 ’Lcuzococm

Co ché clia sy chuyén vi nay cling tuong tw nhur & N-oxit piridin hay N-oxitquinotin. Thi du:

CH,COO™}

L N C? @ 0C0CH3 l]é‘iNgOCOC
I o2 CCH™ 4
L ‘ NG
O:CEN
ﬁEC@’

Ngoai 1¢ 12 trudng hop cla 3-N-oxit quinazolin, ma phan Ung cla né thudng kdm theo sy md
vong, va doi khi ca su md rong vong pirimidin.

CeHs
CeHs
N&-0°

©
SNZ0°  cugnH, 25%/CHOH NA (82%)
I N?L CH,CI 20°C, 15 gity Cl = "NHCH,

1.5. Cac diazin trong thién nhién va c6 hoat tinh sinh hoc

Vaéng pirimidin c6 trong thanh phén ciia nhiéu hgp chét thién nhién, dac bi¢t né thudng tham
gia vao thanh phdn cdc h¢ thdng hai vdng loai purin va pteridin. Cling thudng gap trong thién nhién

cdc hop chét chita vong pirimidin khong ngung tu nhu axit orotic (tc 12 vitamin B, 4), thiamin (titc
vitamin B), hay mot vai chat khéng sinh,...
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OH

| .
HNJj\ Z |
OJ\N' COOH HO’I\N COOH

H

axit orotic

Nhung déng chii ¥ hon 1a cdc ddn xudt cla pirimidin tham gia vio thanh phén céc axit nucleic:
Uraxin, Thimin va Xitozin. '

Q NH, O
[-[N)jj HN Sy HN CH;
| | )j |
L 3 x
H

H

Uraxin Xitozin Thimin

Trong co thé dong vat Xitozin va Thimin duge tim thay nhy 12 sdn phdm thity phan va phan hiy
cdc axit nucleic (cdc axit dezoxiribonucleic). Cac nha nghién citu da chi ra ring Xitozin vi Thimin
dugc dua vao co thé s& kich thich sy sinh sdn va phat trién 1€ bao, Nhung cdc Xitozin c6 chita nhém
hiit electron (nhu S-nitroxitozin hay S-sunfoxitozin), nguge Jai, gay ra su kim him su trudng thanh
va san sinh t& bao. Diéu nay din 16i gia thuyét v& co ché electron cila sir tic dung cla cdc chit hoat
tinh sinh hoc trong co thé s6ng, ma gia thuyét nay lai 1a cd sd khoa hoc trong su thao luan hié¢u qua
diéu tri clia nhiéu chét thude,

Uraxin cling 1a mdt trong bén bazo nito {ciing véi guanin, adenin va thimin) tham gia vao thanh
phén axit ribonucleic. N6 la chét ding duogc chid § nhit trong su nghién cdu cdc tinh chat hda hoc va
sinh hoc cla céc hop chét loai nay.

5-Brom uraxin 12 mét téc nhan héa hoc gay dot bi€n manh va duge sir dung trong linh vire dot
bién t&€ bac. Ching han khi diing né d€ thay th€ mét bazo nito nao dé trong axit nucleic miu thi s&

gy ra si thay déi céc tinh ch4t di truyén. Gid tri cla nhitng chuyén héa héa hoc niy khé ma dénh
gid hét dugc.

5-Flo uraxin lai duge diing 1am chit chéng ung thw ma khong gay ra phan ing phu. Ngoai ra né
ciing duge ding déng thai véi sy chiéu xa cdc khéi u trong co thé.

Céc din xuft 5-hidroximetyl-4-metyluraxin (tiic 12 pentoxyl) v 4-metyluraxin (cdn goi 1a
metaxyl) cé tic dung chng s6t manh.

0 | 0 “
o 1
0" >N CH; o)\N CH;
H H
"Pentoxyl” "Metaxyl"
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- Ngoat ra ciling duge bigt cic thude gdy ngl ma vé mat ciu tao chiing 12 din xuft ciia axit
babituric (tic ciing la d4n xut cla pirimidin), 46 12 “Veronal” va “Liuminal”.
o NH~CO.___CHs oc” NH-—CO>< CeHs
T SNH—CO” gL, "ISNH—CO” ™ oyl
"Veronal” "Liuminal”
Céc din xudt cla pirazin, piperazin v quinoxalin ciing im thdy st ing dung trong cdc chat

thuc téng hop, dic biét cdc chét chéng vi tring nhu sunfapirazin, chét chng giun sin- Ditrazin
hay chat chéng di iing- Cloxiklizin:

H CH;
T HE\/]Cf )
C
NN NH-804 : N N

O=C-N(CjHsh  CgHs CH<O>-CI
"Sunfapirazin” "Ditrazin" "Cloxiklizin™

Mot s6 din xudt clia piridazin ciing duoc sif dung 1am thuéc nhir apresin va nepresol (c6 chc
tinh chat giam huyét 4p manh).

NHNH;
N \
N N
NHNH, NHNH,
" Apresin” : "Nepresol”

Cic din xuft hidraziny! ftalazin bén canh sy gay ra dnh huéng t6i hé thén kinh trung wong cdn
bidu hien cdc tinh chit ciia hocmén thugng than va phdng ngia su ting huyét 4p. Ngodi ra
deposunfanylamit ciing cé hoat tinh amit twong ty sunfapiridazin:

~ N—N
HZN—@—SozNHUOCHg
1.6. Phenazin

5 10 4
6 N 3
Phenazin 12 h¢ vdng ngung ty kiéu dibenzo ciia pirazin. ;
N 2
8 g 1

N6 nhan dugc mét cch dé dang bing sy ngung ty cita o-quinon
véi o-phenylendiamin:

N
NH, 0 ele h +2H,0
. * Na, S0, P 2
NH; O N
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C4c phenylendiamin N - the tham gia phén dng nay cdn dé dang hon nhidu diamin bic mot :

O N Rugu, HC N oS
+ Dun 50i e Cl +2 H20
0 HN + I}I
Gl CeHs

Phenazin 12 hé thom, ma & d6 céc tinh chat va phan Gng clia di t6 nito rét gidng véi nito &
piridin v quinolin. N6 ti€p nhin sy thé electrophin r4t kh6 khan nhung lai dé tham gia phan tng
th& nucleophin ngay cA dudi su tin cong c¢ha téc nhan nucleophin y&u. Thi du:

CI:HB (I:H3 .
. . C
N ' N
; ' H

Phenazin cling tuong A6i d& dang bi oxi héa va khit héa. Ching han:

0

. (I)e @

. N '
OO0 = O O-
N
KMnO, @ ICOOH
“OH N” ~COOH

Céc phenazin dic biét duge Ung dung nhiéu trong Iinh vyc phdm nhudm.

%

@

II - TRIAZIN

Triazin 1 céc di vdng 6 canh chiia 3 di t& nito trong vong. Vé mit céiu tao ching 12 céc h¢ thom
dién hinh va 1a nhimg hop chét gidu electron. C6 hai dong phan triazin: Triazin d6i xing (hay
1,3,5-triazin) v triazin khong d6i xing (tic 12 1,2 4-triazin). Nhung cho tdi nay chi c6 triazin d6i
xitng duge nghién citu nhiéu hon ca va cé nhiéu tmg dung trong thuc t&.

A N
N N 5 =3
(g 1

N//
]
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2.1. Triazin d6i ximg

* Triazin d6i xing dwoc diéu ch€ 14n déu vao nim 1895, nhung ciu tao chinh xdc cia né mii
dén nam 1953 méi duge xdc dinh.

C6 hai phuong phép chinh dé téng hop triazin d6i xtng:

- Phwong phép kinh dién nhit tong hop triazin d6i xtng 1a ché luyén etylfomimino ete bing
natri hidroxit rin huyén phi trong ete, (cling cé thé bing bazo y&u hon nhu tributylamiri ching
han). Nhiéu phuong phép khéc duge tim ra sau naty ciing chi 13 su cdi tién cia phuong phép trén ma
théi. C6 thé gidi thiéu chiing biing céc so d6 phan ting duéi day: '

) t° hay baza 2
ROCH=NH.HCl — Nl N
(Mu6i clohidrat clia etylfomimino ete: (-ROH, -HCY) . I\N )
R=CZH5 hay C6H5CH2)
R
HN-CHoNH.HC] -, NT N
2 ‘ (~NH3, ~HCD L )

{Mudi clohidrat ciia

N
fomamidin). o
t -H,0))Ca
~H,9) (—Hy0)| CaCy

HN=CH-SH H;N-CHO

('Ihiofomamit) (fomamnit)

- Phuong phdp thit hai téng hop triazin d&i ximg 1a sy tuong tic cha axit xianhidric véi axit
clohidric. Co ché clia phn ing ny dugc gidi thiéu nhu sau :

ci . Cl
HCN + HCl — “C=NH H® "2 ) CICH=CH Cl\c=ﬁ_cﬁ .
H ' H RH
) 2
Ho C ]
PNy
i A CICH =NH HIN 1\lm |
— C=N-CH4 m?*._. H“é C’H -
H “NH; P cr N Nl
I H )
@
/CH%N e
-3HCL bazd N° N
- i i | 3¢ - L )
CH\ /CH (-3HC) N/
N

Hop chét trung gian (1) thong thudng c6 thé nhan duge vdi higu suft toan lugng va ¢6 thé duge
tach ra. N6 dé dang mit ba phan tir hidroclorua & thanh hé thom bang céch dé yén trén kiém trong
chan khong hoiic bing cich thing hoa trong chan khong dé thanh phan tir triazin 461 Xing.
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Phuong phép ndy chii y&u duge sit dung d€ téng hop c4c din xudt cla triazin d6i xing bing con
dudmg trime héa céc nitrin dudi tdc dung clia xidc tac axit. Thi du:

CgHs N CeHs
CISO3H T ﬁ/
3CHsCN s (40%)

0°C, 24 gid N\(N
C¢Hs

' CHi._-N__CCh
clL o°c =
2CHC-CN 4+ CH,CN b0, \ll/ \|/ &79%)
, 2)50¢C N._ N

CChL
Trong nhiing trudng hop ndy c6 thé viét co ché phan img mét cach ngin gon nhu sau:

R R A R
N ¢ A

NZ a1 7N NTSN
R-C= -HCl
2 RCN .}39.. ‘L __S_f_]_. L JL —_— J_L /L
ARl R ON7R R” “N7 R
3

* Cu tnic thom cla triazin d6i xdng dugc tao ra boi s déng gép 3e, cha cic nguyén tir cacbon

vi 3e4 clia céc nguyén tif nito. Miic 36 én dinh héa clia hé electron ndy kh4 1én vi bio dam sy cé
lgi vé& miat niing luong khi tao thinh vdng triazin 46i xing tir fomamit hay axit xianhidric. Su ¢
miét clia ba obitan vdi cdc cap electron tu do trén dj t6 nito d& 1am cho triazin d6i xing ¢ nhing
tinh chét dic biét vé cu trdc electron vi phan biét né v6i cdc he di vdng khdc. Cic cdp electron ty
do ndy mot mit chiu dnh huémg manh ciia hé electron x trong vong thom, va mat khic, chiing ciing
iam y&u hé iién hgp = cha vong. Bi vy vdng triazin d6i xing dé bi v vong duéi tic dung clia cdc
tdc nhan nucleophin.

Nguds ta da tinh dugc ring géc C-N—C trong triazin d6i xing khong phai 1a 120°, nhu trang
thdi lai tao :w2 clia nguyén tit nito ddi hdi, ma chi 1 113°, Tir d6 cén thay ring cip electron ty do

trén nito c6 dic tinmg S lén hon so v6i & trang théi lai tao sp2 thufn tiy, nghia 12 duge lién hop

trong mic dd nhé hon véi hé electron = trong vdng cha triazin d6i xtng. L& ra cdc cip electron wr
do nay lam cho d¢ bazo cla nito trong triazin d8i xting 1dn hon & di t6 nito trong c4c di vong khic.
Nhumng thyc t triazin d6i xtng vira ¢6 tinh chéit bazo vita c6 tinh chét axit, ma biéu hién cla né tdy
thudc khong chi vio bin chét cdc tic nhan twong tdc v6i né ma con c& vio su déng gép clia ciu
tnic cong hudng tuong \ing trong sy mé ta hinh thic trang théi phan ur:

NN NZ N S NZON:
LNJ D I\ | - -kﬁj - T ., l\ﬁ_/" +
@ ) H () av)
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& c4u triie (I) v (II) nguyén tir hidro lién két véi cacbon khé linh dong, bdi vi méi cacbon nim
gifia hai nguyén tit nito am dién hon. Do vy, trong trudng hop ndy triazin déi xing biéu hién tinh
chét axit. Con trong cic cu tric (ITF) va (IV) thi triazin ddi xding biéu hién nhu mét bazo. Véi sir
bidu dién cdc cong thic cdu triic nhu vay dé dang nhan thiy ring triazin d6i xiing khéng c6 momen
ludng cuc (p = 0). Cusi ciing, biing cdc cdu tric cong hudng cling cho thdy sy th€ electrophin trén
cdc nguyen tir cacbon clia vong triazin d6i xiing cuc ki khé khan, vi téc dung nay gén lién v6i sy
phd hity véng thom. T4t ca nhitng diéu vira trinh bay s& chi phdi cdc tinh chat hda hoc ciia triazin -
doi xiing ma chiing ta s€ xem xét & dudi day.

* Hoéa hoc ciia triazin d&i xing thudng gén lién v6i cdc phan ing clia nhém thé ma trong d6 bin
than vong triazin khong tham gia, mic di cé gay ra anh huéng dén sy phan b6 mat do electron.
Tuy nhién mét s& phan ¢mg trén vong triazin d6i xing cling da dugc nghién cihu.

- Véi triazin d6i xing ngudi ta khéng thyc hién duge cdc phan dng sunfonic héa v nitro
héa theo co ché th€ electrophin. Nhung & 140-200°C triazin d6i xtmg bi clo hda thanh din xuit
2,4-diclo v6i hiéu suft khong 16n va 2,4,6-triclotriazin d6i xtng (25%):

Cl ca
A N :

N7 N e N7 N NN

LN) o 140-200%C thl\Cl + _Cl/h\_N)\d

@ 115 - 120°C triazin d6i xing duge brom héa thanh din xuit 2,4-dibrom ngam mét phan tir
hidrobromua vdi hiéu suit cao.

N

Y e U

— Mic dii ngudi ta chua thye hién duge phin tng amin héa theo Chichibabin d8i vdi- vong
triazin d6i xdng, nhung phan dng clia né v&i cdc téc nhan nucleophin di duge nghién ciu khi
nhiéu. Céc bazo khéc nhau, trong dé ké cé céc bazo nito nhu amonidc, hidroxylamin hay hidrazin,
théng thudng gay ra su phan hay vong trlazm d61 xtmg. Cé thé gidi thiéu mot s8 so d6 duéi day:

N N
RN, z NHR . HC” TCH=NR

L ) NNH T N NE

R .
NH TRNH, CH

RNH-?H “<|3HNHR |

' 3RNH, -3NH

_ NH ] SRNH-CH-NHR s, 3 RNHCH=NR
H/C\NHR NHZ
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Trong hidrazin khan nuéc & 0°C triazin d6i xing khong chia nhém thé cé thé bi chuyén vi
thanh triazol d6i xdng : '

k ) M&. 3 HyN-N=CHNHNHCH=N-NH, :—;—;) 3 II\ )l

Co ché phan ing nay hoan toan khong rd rang.

* Nhiéu din xuft cla triazin d6i xing vi cdc nhém thé khac nhau (halogcn, amoni, amit,
ankylhalogenua,...) duge sir dung réng rédi lam thudc trit sau va diét cd dai nhu atrazin, ximazin,
propazin v prometrin ma cong thic phan tir chia chiing duge gidi thiéu mot cich tuong dng dudi day :

CgH_e,NH—\/ \I—NHCH(CH;;)z c1—f \ll—NHC2H5
N _N

N e ' ’
Cl NHC;Hs
N N
c1—f \ll-—NHCH(CHg)g CH,S—K \“—NHCH(CH3)2
N N ? N N
NHCH(CHs) NHCH(CHz),

Ngoai ra nhiéu hop chdt chita vong triazin d6i xiing cdn duge si dung trong linh vue phdm nhudm.
2.2. Triazin khéng d6i ximg

* Triazin khong 86i xtng hay 1,24-triazin ¢6 thé dugc téng hop ¥ hidroclorua ciia céc
amitrazon va cdc hop chét 1,2-dicabonyl:

_NH;.HCl O /R' N,,N ~

N C
L T
L _ Lo k p T2HO +2HC
R “NH,.HCI 07 SR N

Ban than triazin khong d6i xitng cling nhan duoc theo phuong phip ndy vao nim 1966 khi di or
fomamitrazon va glioxal.

* Vong triazin khong d6i xtng c6 su phan b6 mat o electron khong déng déu trén céc dinh.

-0,145
/N\ /N\ '
+0,094 C C 40,165 : (IZ C +0,130
+0,122 C_ _.N -0,105 N /N -0;130
N C :
0,130
Triazin khéng d8i xing Triazin d5i ximg
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Momen.ludng cyc cia né khé 16n (p = 3,24D) va né khong bén vimg (rat dé bj v& vong). Riéng .
din xust 3,5-dihidroxitriazin khong d6i xing c6 thé bi brom héa, nghia 12 c6 thé tham gia phén
ting thé electrophin ma khong bi v vong (dang oxo):

NH '
N I N ¥
N® Br” “N?

Céc dfin xuft clotriazin khong d6i xing d& dang tham gia vio sy trao déi nguyén tir halogen cla
minh bing nhém ankéxi khi cho né téc dung véi ancolat natri hay kali twong ing (phén ng thé

nucleophin: Sy). B9 &é..dé.ng clia sy th€ nucleophin ndy gidm dén theo thif tu: 5-C1 > 6-Cl > 3-CL.

Mét trong nhitng phan tng thi vi cia céc triazin khong d6i xiing 14 sy trong tic cia chiing véi
cic olephin theo kiéu phan ing Diels-Alder. O day san phm cong hop bac nht: azabixiclo[2.2.2]-
octadien-2,5 dirge téch loai nito va trd thanh piridin hay din xuét dihidropiridin:

s /Rm’é *RFO‘ Q
i “aViottie N

[R = CeHs; X =0C;Hs; Y =N(CHs)k]

Khi ché luyén 1,2 4-triazin-3-on v6i axit hidroxylamin-O-sunfonic trong méi trudng kiém nwéc
& 60°C ngudi ta c6 thé nhan duge imidazolin-2-on:

R._N ' N (‘0
I \I’OHZN—O—Soa I I I >
R ‘\N,N"H R Ny N"“‘NH R N=NH

Nhung khi tuong téc clia 1,2,4-triazin-3-on véi cloramin ngudi ta lai nhan dugce din xust triazol
nhu 12 mot san phdm co ban:

o R N Lo M, R N\ NN
I . I ‘—H—q I _N-CONH, — ]: N
R, NH R N Ng RSy R I:l/
: H
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O day cloramin téc dong khOng chi nhu mot tic nhan amin héa, ma con nhu mot chat oxi héa
nhe nhang.

HI - TETRAZIN

Tetrazin 1 cdc di vong 6 canh chita 4 dj t6 nito. C6 ba déng phan cfu tmic cla tetrazin:

No | N
T T
s e N N, - N 2N
\ . N v
1,23 4-tetrazin - 1,2,4,5-tetrazin 1,2.35-tetrazin
(hay Vic-tetrazin) (hay tetrazin d§i xdng) (hay tetrazin khong ddi ximg)

Nhung trong s6 nay chi ¢6 tetrazin d6i xing 1a duoc nghién ciu nhidu hon ca.

Ban thn tetrazin d6i xiing dugc tdng hop 14n ddu tien vao nim 1900. Khi d6 chét ddu duge sir

dung 12 axit tetrazin-3,6-dicacboxylic, ma axit niy ¢6 thé nhin dugc bing cich dime héa
etyldiazoaxetat:

N—N
NaOOC—< >—COONa—»

H H

2N2CHCOOC2H5 + 2NaOH

(—2021-1 OH)

NaNO,/CH;COOH

: Hooc—< >—COOH = ( > (e 90°C)

Tetrazin d6i xing 1a chét khong bén trong khong khi vA chi c6 thé duoc giit lai trong Zmpun han
kin chifa khi tro va d€ & ché t6i. Céc hop chét tetrazin d6i xung chita hai nhém thé€ & céc vi tri 3,6.
Phurong phép chung clia sy didu ché chiing 1 twong tic clia hidrazin v6i cAc nitrin. V& sau c6 mot

vai cai tién phuong phép nay bing cdch di ti chat d4u 13 iminoete hay cdc thicamit. C5 thé giéi
thiéu bang so dé duéi day:

/NH.HCI _lw
CgHsCZ
_ ~OC,H; . _
CHCN ~ HyN-NH, /N —N
6135 Dunnéng | C5H5_<N N>'C6H5 ‘—C6H5_< >'C6H5
| i

\NH2 Pun néng

Phén tir tetrazin d6i xing t6n tai & hai dang c4u hinh: Dang phing va dang “thuyén”.
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¢ 0
8—% cm—g N-CH; A 004
0 N\ \=1\/ N2
H;-N N{)CH3 1,321% |
O\ : o Joser
N 15
¢ W
1,334A
Dang "phing" Dang "thuyén”
Cic cdp electron ty do & cdc di t6 nito trong vong tetrazin d6i xing chiu anh huomg manh mé

cha h¢ théng lién hop = cia vdng va do d6 cic di t6 nito gy ra sy 1am mat hoat tinh d6i véi nhau.
Béi thé cho nén ta khong ngac nhién ring tetrazin d6i xiing 1a mot bazo yéu.

Céc phdn ting the electrophin trén nguyen tir cacbon ciia vong tetrazin d6i x@ng dién ra hét sifc
khd khan; trong khi d6 cdc phan (ing thé nucleophin lai dac tnmg hon cho tetrazin d6i xing. Nhung
mat khdc tetrazin déi xing lai rdt dé bi m& vong dudi tc dung clia c4c téc nhan nucleophin. Da s¢
cdc phan ing cua tetrazin d6i xing hoac gin lién véi sur thu hep vdng hodc xay ra véi su thay thé dj
t6 nite trong khi vin bao toan vong 6 canh.

Mot trong nhiing phan g thu hep vdng quan trong clia tetrazin d6i ximg 12 sy déng phan héa
1,2-dihidrotetrazin d6i ximg thanh 4-amino-1,2,4-triazol duéi tdc dung cia axit hay nhiét :

[H] N—N
N

N—N
7 A e

H H NH,
D¢ dé dang clia sy déng phan héa trong moi trudmg axit & miic do déng ké phu thudc vio ban
chét cic nhém th€ & vi tri 3 va 6: Céc nhém th€ ddy electron Jam ting kha ndng d6ng phan héa;
con cic nhom the hiit electron lai ngin can sy déng phan héa.

Trong sy tuong téc clia dung dich kiém nudc véi 1,4-dimetyl-1,4-dihidrotetrazin d6i xing di nhan
théy sy tao thanh 5-imino-1,4-dimetyl-1,2 4-triazolin-2.

CH3 H3 CH; (;:H;l,
Ne N
N

F )I _HY, f )e r oo H IE D=NH
CH3 CH3 CHs CH;

Chinh céc phan (ng thu hep vdng tetrazin ndy di x4c nhan sy t6n tai bén canh ofu hinh phing
cla tetrazin cdn ¢6 ca c4u hinh dang “thuyén”, ma chinh cfiu hinh “thuyén" iam d& dang sy téch

loai theo co ch€ E,.

Trong s6 cdc phan ing xay ra véi sy thay th€ dj 16 nito bing nguyén tir cacbon c4n nhic t6i
phan ing clia tetrazin-3,6- hai 14n th€ véi alen va phenylaxetilen dé tao thanh piridazin twong tng:

R )\ R
ITI c [ CH; CH,=C=CH, ITI “ ]?[ CeHL=CH 17] = ' CeHs
—— 1
"N {—Njz) Nao N - Ny N
hd
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(3 day hop chat khong no tén cdng nucleophin vao cic vi tri 3 va 6 ciia vOng tetrazin d6i xing
i sau d6 xay ra sy tich loai phan tif nito va vong hoa lai. RS rang trong truomg hgp nay mot phan
doan cia vdng tetrazin di xitng (~C=N-N=C-} dugc xem nhu hé dien lién hgp trong phan ing
cong hop kiéu 1,4 theo Diels-Alder. Nhimg dit kién thi nghiém ciing chi ra riing su tao thanh vong
piridazin trong phan tng ndy chi dién ra thuan loi khi c6 mit cac nhém thé hit electron & cée vi tri
3 va 6 trong tetrazin d6i xing khdi ddu.

Vi tinh chét hgp phdn khong no (dienophin) c6 thé sir dung ch chc olephin th€, olephin vong,
céc ete vA este cua enol, cic enamin va cdc axetal ciia xeten. '

Ngodi ra tetrazin 46i x(ing con c6 thé tham gia vao céc phin ing thé€ nucleophin thong thudng &
cdcvitri 3va 6. Thidu:

N—N
KOH/CHsOH CeHs < >_ OH
N==N

N—N
C6H5—< . >-Bl' '—'—-%’—"‘ CﬁHﬁ’"{ : >—NH2
N~==N N=—N

vl S
N=—==N

Tuy nhién sy th€ nucleophin tryc ti€p (thay th€ nucleophin hidro bing nhém amino hay
hidroxy! ching han) theo kiéu phin img Chichibabin vao nhan tetrazin d6i xting cho dén nay van
chua thuc hién duge.

IV - PURIN VA PTERIDIN

nghia thuc t&€ va vé ci mat li thuyét. Chéng tham gia vao thanh phén coa
nhiéu hop chat thién nhién, dic bi¢t tham gia vdo thanh phén mot s6 bazo
nito xay dung nén céc t& bao di truyén va céc axit nucleic khic. lonc =216°C

6
4.1. Purin ) N7 5 N7
. 1
* Purin va céc din xudt clia né chiém vi tri dac biet quan trong Ve c& ¥ 5 k ‘ /u 8
N™4 'Nj
* H

Ban than purin duge nha héa hoc ndi tiéng ngudi Difc 11 E Fischer pht hién vio nam 1384.
* Phan tit purin 12 mot hé ngung g g6m hai vdng - pirimidin va imidazol - ddc gidp v6i nhau.

Sir c6 mit hai di 16 nito trong vong 5 canh va hai di t6 nito trong vong 6 canh cha pbéan t purin
din 16i su xust hién hai khuynh huéng electron: Mot khuynh huéng bao vé hé lién hop electron 7,
titc 12 hé céc electron khong dinh xi va ¢6 tinh chét thom. Khuynh hudng thd hai gin Lién véi sy
dinh xi clia cdc electron s- va p-quay quanh nguyén tir am dién va véi s xust hién higu fmg cam
ng manh. Céc dir kién cua su phan tich cfu tric bing Ronghen x4c nhan c4u tao phing clia vong
purin, nhimg céc nhém thé gén v6i vong purin lai ludn ¢6 xu hudng di ra khoi gi6i han mit phing
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clia vong. V& mit phan b8 mat do electron trong vong purin duge md ta bdng cAc so 36 dudi day
dua trén su tinh toan gin ding theo phuong phdp “MO-Hucken” va phuong phip CNDO/2 (tinh
dén cd mit do electron ©t va ©):

+0,093 +0.082 o +0.089 0035

-0,195N Ny 308 193N NI&‘M(SO
+0,098 40,105 +0093 092 40,121 +0083
-O.Iquﬁ E*O 408 -0, 202 _0 321 0209 9370
) (m . i)

So dé (I) ing v&i dbng phan Ng«-H; so dé (II) ing véi NT—H; ¢dn so d6 (III) ing véi mifc do
twong duong cla hai déng phan trén.

Nhumg néu tinh dén ci céc electron o (theo phuong phip CNDO/2) thi so d6 phan b6 mat do
electron dugc din ra nhu sau:

+0,06
+0,08 : +004 HO09

-0,06 0,01 -0,09 0,46
- 07
-g ?;N N 0,20 :311 N NH 10,34
+0,12 +0’15 'W"zk ) +0,14
+0,04 , +0,07

+0,05 +0,05 N7 'NH

0 0'.-' -0 49 -0,03
AT 40,34 0,23
{0 : 1)
+0.06
05 +004

_0 18 N 023 +0“;’62Fﬂ\1 NH 023
+0,11 L "'0.09 +0,11 l\ +0,14
+0,10 +0,10

+0,10 "NH +#007 N 'NH
-0,49 +0 01 -0,05 -0,02
+0,34 -0.29 0,15 0,24

O day s6 trén 12 dién tich o, cdn 56 dudi 12 dién tich =.

Nhu vay c6 thé coi purin tdn tai du6i dang nhu nhau gita cdc dong phan tautome N°—H va
N’—H. Hon nita cdc déng phan tautome ndy bén vilng hon cic dong phan tautome N’-H vaN'-H.
Ngoai ra ciing c6 thé nhan xét ring trong phan ti¥ purin thi vdng pirimidin “thi€u hut” electron;
con vong imidazol lai “du thira™ electron. Vi vAy trong phan tit purin hinh thanh céc ludng cuc
hudng doc theo truc cha nhan pirimidin va tryc cia nhan imidazol.Trong toan bd purin 12 mot hé
thom v ¢6 kha niing cho electron. Chinh khé niing cho electron ndy cta hgp chét purin déng vai
trd quan trong trong sy tao thanh céc phiic chat phan tir khédc nhau; trong sut tic dong sinh hoc clia
chiing cfing nhu trong bén tinh héa hoc cua chiing & céc phan itng kh4c nhau. '

V& ning lugng 8n dinh ciing dugc thay d6i tuong \ing. D61 v6i (1) 12 243,6 kI/mol ; d6i vai (1)
12 242,7 kJ/mol va déi véi (II) 1a 288 kJ/mol. Khi tinh dén ca bac lién két trong cdc dang tautome
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cita purin c6 thé ket lun mot céch tin tudng ring mic 46 proton nim & N’ v N’ 12 nhu nhau va
trang thii nhy the d6i v6i phan tit purin €6 191 nhat v& mat nang luong.
4.1.1. Cdc phutong phdp 18ng hop

Téng hop ban than vong purin khong phai 1a d6i tuong clia nhimg sy nghién ciru dic biét, boi vi
& dang thuén tdy né khong c6 gi4 tri thyc tién. Tuy nhién c6 thé néu ra hai phuong phép chinh duéi
day : _

— Phuong phép 6 dién duoc E.Fischer thyc hién tit nam 1898, dua trén sy dun néng mudi kali

cha axit uric véi photphooxiclorua (POCl;) trong ampun han kin & 160- 170°C. Hop chét 2,6,8-

triclopurin tao thanh dugc ché héa véi axit iothidric va photphiniodua dé thanh 2,6-diiotpurin ma
sau d6 duoc khir héa bdi bot kém trong nuéc thanh purin :

Cl
’@;’T{om:zz; °C cﬁ a PH41 I’l‘mmﬁ :Nj_\—N)'

_ Vao nam 1962 ngwdi ta dé nghi mot phuong phép téng hop purin don gién hon khi di tix
fornamit vA aminoaxetonitrin. Phén timg dugc thyc hien & 205 °C va cho purin véi higu sudt 35%.

i “H,0 i -
HN-C=0 + CH;~NH 2, Cx ,CN H,N-CHO
CN N (—H,0)

“"-..

. NN opN-cHO Q—\—
N}-lz ("Hzo —N}'L_ﬂ N)

Thyc ra viéc téng hop céc din xudt cia purin mdi ddng quan tam hon, vi vay n6 luén dugc hoan
~ thién vA phat trién. Cic phuong Ehzip téng hop mdt 56 din xudt quan trong clia purin s& dugce gidi
thiéu & phén sau nay.

4.1.2. Céc tinh chdt

Bin than purin 12 mot chét rén, néng chay & 216°C. V& mat tinh chét héa hoc. clia hop chét purin
c6 thé chia thanh hai loai phin Ung chinh : Cic phan tng trén di t6 nito va c4c phan dng trén

nguyén tit cacbon clia vong.
— Phdn img véi cdc tdc nhdn electrophin

Purin 12 mot bazo yéu (pKa 2.5). Cho dén nay ngudi ta vin chua xdc dinh chinh xdc duge di t6
nio trong phan tir purin duge proton héa truée hét bdi axit. Mot s6 tic gia cho riing d6i v purin

khong th€ thi proton héa ddu tién xay ra & N ; cdn véi cdc purin thé thi qu4 trinh proton héa phu
thudc vao vi tri va ban ch& nhém th€. Nhung khi chi ¢ t¢i dic tinh am dién clia vong imidazol va
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theo céc dit kién thuc nghiém c6 duge thi phai thita phan ring sy t&n cong electrophin xdy ra trude
hét & cdc di t6 cha vong imidazol réi san dé méi xdy ra & di t6 nito cia vong pirimidin. Riéng
trudmg hop clia adenin 13 ngoai 18. Su ¢6 mit nhém chiic chifa oxi trong vdng purin héu nhu khéng
1am thay déi d¢ bazo clia chiing. Nhém amino 1am ting tinh bazo cGa purin. Numg nhém hidroxi
1am gidm tinh bazo clia c4c aminopurin. Cdc hidroxi-v cdc aminopurin khdc nhau vé mic d6 bén
vilg d6i véi tic dung ctia cic dung dich axit, v3, nhu thudng 1¢, 40 bén vitng nay tang lén theo su

tang s6 nhém thé. Thi dy: sv dun néng trong dung dich axit sunfuric IN & 100°C khéng 1am thay
d6i xantin, nhung trong diéu kién ciing nhu thé thi 2-hidroxipurin bi phé hity hoan toan sau 2 gid.

0
- N H,504 IN
)\ | /[\ ﬁ- Khong phan hiy
H
"Xantin"
N* N H,50, IN H-N7 - NH
LY e M XL e
O N7 N 100°C 07 ~N7 "NH,
H H
*2-Hidroxipurin®

Su tao thanh céc mudi bazo nito bic bén bdi su twong tdc cha 9- va 7-metylpurin véi CH,l hay

dimetylsunfat cho dén nay vin chua dugc mé ta. Nhung purin khong thé dugc ankyl héa & Ng, ¢
1& véi sur tao thanh trung gian anion purin:

EIJWWWKINWWWIJ
N N
=~ CHN,
(23%) /T 30 %) 2
)

CH3

C#c hidroxi- v aminopurin duge ankyl héa d& ding hon nhiéu so véi bin than purin. Lic d6 sy
dinh huéng nhém thé tly thudc vdo trang théi di vao phin tng clia hgp chat purin khoi ddu, nghia
12 thy thudc vao hop chét purin di vao phin ing & dang phan tit trung tinh hay & dang anion. Thi

du: Phan ti xantin trung tinh dugc ankyl héa & N’ va N’ ciia vong imidazol, nhung anion xantin lai
cho phan dng ¢ nguyen tir N3, nghia 1a trén dj t6 nito cia vong pirimidin.

Phan ting axy! héa purin hdu nhwr chi xay ra trén di t6 nito clia vdong imidazol. Thi du: purin khi
duge axyl héa cho lugng hdu nhu bing nhau cdc déng phan7- va 9-axetylpurin. Cdn axetyl héa

6~-metylpurin chi din téi su tao thanh duy nhdt déng phan 9-axetyl tuong ting. (Vi su 4n ngit khong
gian clla nhém metyl ngin cin sy tao thanh déng phan 7-axetylpurin tuong ing).
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Céc phan img thé electrophin nhy nitro héa, halogen héa,... trén céc nguyén tir cacbon cla vong
purin hdu nhu khong duge mo ta. Cho dén nay chi dugc biét cdc phan (ng nitro héa va halogen hoa
& mot vai din xufit cia purin. Trong cdc trudng hop 8y su th€ déu xay ra & vi tri 8 cia vong purin.
Thi du:

0 0
oA\N N) 0" °N N7 “Br
CH; CH;
Cophein
o _

Hj\ || j] Bry/CH,COOH, 100°C H'T\ /TL
07 NN San dSNH,OH o >N" >N~ Br
1 1 I 1
H CH; H CH

9-Metylxantin
O . 0

07 N7 N 80°C 07 N7 NN,
CHs CH; '
Theobromin

Néu & vi tri 2 va 6 cuia vong pirimidin ¢6 chita nhém th€ ddy electron va déng thdi & céc di t6
nito bén vong imidazol khong chita nhém the thi purin d6 ¢6 thé tham gia vae phan dng ghép doi
v6i cdc mu6i diazoni cling tai vi tri 8 clia vong purin, thi du:

NH, _ Cl NH;
+
N* IJ\_N N:=N N~ ]]iN Cl
J\ J t Cr— J% J\
HEN™ °N” N Cl HN" "N~ "N” N= ~Cl

~ Phdn itng vor cde tde nhdn nucleophin

Phén tng thé nucleophin 12 phin tng quan trong nhét trong day purin. Tir cdc din xudt cia
purin thi 2,6,8-triclopurin dugce coi nhu chit miu thuan tién nhét d8i véi sy nghién ciu phan tng
thé nucleophin trong dy purin. So d§ dudi day gidi thiéu cdc phan tng cla né, ma trong dé thé
hién su thé chon loc cc nguyén tir halogen & cdc diéu kién khic nhau.
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OC,Hs

S B le]D

CHsO™ "N” "N a1 N Iﬂ
100°cte,n,0 1 Hnyd A y
OC,H;
)\I/L e )\I)\M”' J\IA
Cl Cl 100c 1

Cl

L \m
an
f?D\C, le\,b\c, Mﬁ@t LﬁD

olm H

Ci

Adenin
HN

:[r' N
H,N J\N I:I J Guanin
H

Tir céc dif kién thue nghiém c6 thé théy ring d6i véi céc hop chét purin sy thé nucleophin x4y ra
véi khd nang wu tién nhu nhaw & cdc vi trf 6 va 8. Céc bazo manh phan ing v6i céc nguyén tir
halogen trong phén tr 2,6,8-triclopurin theo thit ty sau: Lic ¢4u & vi tri 6, sau d6 & vi tri 2 va cudi
cing & vi tri 8. Nhung néu di tir ddn xuft 7- hoiic 9-metyl clia 2,6,8-triclopurin thi su thé
nucleophin trong su cé mjt clia bazo manh lai xdy ra lic ddu & vi tei 8 va sau d6 & vi trf 6. Didy
nay c6 thé hiéu dugc néu ching ta tinh dén didu kien phan ting. Trong moi trudng kiém manh
tir 2,6,8-triclopurin khéng metyl héa d& dang tao ra anion véi sur tang mat 49 electron trong vdng
imidazol. Anion nay dugc én dinh do s t6n tai & dang céc cu tric cng huémg véi nhau:

Cl Cl
N™ N N)j\—ne
i —
Cl)\N gAa ' CIAN NACI

Trong trudng hop ndy vi tri 8 5 rang bi m4t hoat héa d6i véi sy thé nucleophin, va do d6, téc
nhén nucleophin duge dinh huéng vao vi trf 6. Khi c6 mit nhém metyl & vi tef 7 va 9 thi sy tao
thanh anion tr& thanh khong c6 thé va lic d6 su thé nucleophin xay ra & vi tri 8. Con trong moi

trudng bazo y&u anion cling khéng dugc tao thanh va sir thé nucleophin lic d6 ¢6 thé xdy ra & vi tri
8 cling nhw & vi tri 6.

Neéu sy th€ nucleophin xay ra trong méi trudng axit thi sy proton héa ddu tién clia nguyen tir N’
hay N’ trong vdng imidazol duge 6n dinh bdi céc c4u tnic cong huong.
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cl Cl
N~* NH

N* I;I-H
Cl)\N I\IT/LCI Cl)\N 17}(;)\(:1
H H

Dién tich duong trén nito clia vong imidazol 1am gidm mat d electron ca trén nguyén ti cacbon
& vi tri 8. Béi the cho nén axit néng cé thé thity phan 2,6,8-triclopurin thanh 8-oxo0-2,6-diclopurin:

Cl Cl

Swir [
CI/I‘\N I}IACI Hzo /t\ J'L /|\ IT]%LCI_.
H H

CI/J;: :yjﬁlq_.q); e HCIJ\: iN)\OHCIJ\/i ql/io

H

Nhung néu trong vdng pirimidin ¢6 cdc nhém thé ddy electron va proton duge dinh xi gvitr 1
thi didu nay s& gay ra su lam gidm mat d¢ electron & vi tri 2. Khi d6 sy th€ nucleophin s& Xxdyra &
vi tri 2 chit khong phai vi tri 8. : :

Nhu vay 16 rang ring cdc nhém th€ cé mit trong vong purin di gay ra dnh hudng manh mé dén
chiéu huéng va kha ning sy th€ nucleophin trong chiing.

. Ngoai ra su th€ nucleophin con cé thé din t6i su chuyén vi trong phén tif purin. Mot trong

nhimng chuyén vi nhu thé xay ra trong phan tir 1-ankyladenin, ma & ddy nhém ankyl tir N' 6 thé
chuyén ddi t6i nguyén tir nito clia nhém amino & vi tri 6.

NH NHCH;
CHs-N CH;-NH” o N || N
| H20 :[I\i | HZ
KN /l QHC- N J Ilq)l

H

4.1.3. Gidi thiéu mot s6 ddn xudt quan trong ciia purin

* Adenin

NH;,
Adenin la tén goi cha 6-aminopurin. N¢ 12 phﬁn thanh phédn quan trong clia N7 N
cic a_x1t_ nucleic, axit adenozintriphotphoric vd mét vai loai men. Chinh vi vy l\ J
ma nhitng nam gin day nhiéu nha bac hoc d ¢ géng thyc hién con dudng SN

nhan tao téng hop né trong cic difu kién clia théi ki trude khi xudt hién doi
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s6ng trén Tri Dat. Nhu ching ta 44 bigt, khi quyén trén Tréi D4t vao thai ki d6 cé thé chira axit
xianhidric, amoniac va nuéc. Dua trén ket qud nghién ctru ciia mot loat cong trinh c6 thé giéi thiéu
sy thuc hién téng hop adenin trén nhitmg nét chinh bing so dé t8ng quét sau day:
HC=N + HC=N —> N=C-CH=NH
HC=N + N=C-CH=NH—— N =C-CH-C=N
1

NH, “ Aminomalononitrin™

HC=N + NHj ———> HN=CH-NH, “fomamidin”

_ NH;
NC-CH-C=N  + 2NH; —= HN-C-CH-G-NH;
NH; NH NH
NH, NH, H
C NH; C N
aaved HN? I
N ?H + HNNCH. —_— \“ +2 NHa
7 Hz;N N
AR H;N N N
HN NH (4-aminoimidazoly!)amidin
NH, H NH,
NH N
s ,I-[N”C N N
HC\ + | —_— L )I wadenin”
NH H;N N \N N emn
H

T4t nhién so d6 nay chi ¢6 § nghia ching minh sy hinh thanh adenin vao thud ban ddu xust hién

sy séng trén trdi dat.

Adenin cé thé duoc gidi thidu boi hai dang tautome nim trong sy cAn bing véi nhau:

NH, NH
oW 8w
1 R
RN N) T kN N) |
H H

Ngodi hién tuong tautome héa ki€u nay, & adenin con tén tai loai tautome héa khic ma & ddy cb

st chuyén 11 nguyén tir hidro gilta céc di t& nito N’ va N9 cha vong imidazol.

n véi brom dé tao ra hop chat 8-brom

Adenin c6 thé tham gia vao phan tmg thé nucleophi
uéi diazoni. Su ¢6 méat nhém amino

adenin, nhung khéng tham gia vao phan ing ghép doi v6i cdc m
1am gidm hoat tinh clia adenin trong cdc phan (ing the nucleophin.
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OH

* Guanin
. : . : e NZ N
Guanin 12 tén goi théng thudng cta 2-amino-6-hidroxipurin. N6 c6 J\ /ll
thé durge diéu ch€ theo phuong phép Traube: ' H,N SN N
H
CN OH
4 NH;
At ¢y CN 4o 5
HN=C + 1 2 CHsOH HN= (I: | Hy0-NaOH N I -
N = - CH
O HN-C%0 HN" N7 NH,
OH OH

NZ NO N7

NH,
HONO (NH,),S )I HCOOH )\/F
S HZO)IﬁNJ\N NH, HZNJ\ NH, —2H20) H, NJ\ J

Trong s6 cic hop chat déy purin, triY axit uric, con lai thi guanin 13 ch4t cho electron tét nhat.
Guanin c6 thé t6n tai & ba loai tautome héa: amino-imino, lactam-lactim (xeto-enol) va imit-imin;

OH
J\ J ,L I ,l J\ I J' J\ I J‘
Dang imino Dang amino Dang lactam (xeto) Dang lactim (enel)
OH | OH
NJ\/[,TN NJ\J[\N-H
| = . .
HzN/kN I:IJ HgN/LN N)
H
* Xantin N N
Xantin chinh 13 2,6-dihidroxipurin. Nhung né t6n tai chii y&u P J
o dang oxo (dang xeto) : OH" °N Nﬁ
OH
. ﬁr - er“‘“
J% P ) NS W
OH o) N N
Xentin H Hipoxantin
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Hipoxantin ¢ cfu tao twong tu, nhung phan tir ciia né chi chita mot nhém hidroxi & vi tr 6, va
né cfing ton tai chi yéu & dang oxo nhu xantm

V& mit ban chét héa hoc chiing ciing th€ hién c4c khuynh huéng chung trong cic phz‘m g
tuong ty nhu & purin.

Xantin va hipoxantin dugc tim thay chi yéu trong la che.

* Axit uric =
Axit uric chinh 12 2,6,8-trihidroxipurin. N6 13 hop chdt ddu tien _ e
cla day purin dugc Seele tim ra ngay tir nim 1776. Mic di né - N I\II
nim trong trang thdi can bing tautome, nhung thuc t&€ t3n tai chl yéu ’k J’
& dang oxo (xeto):
o}
LI — I J1
0" 'N" 'N" 0 AN N OH
H H

Su ankyl héa xay ra trén di t6 nito nao cita axit uric con tity thudc vao mitc d6 deproton hda dic
trung d6t voi mdi mot di t6 nito d6. Midc d6 d6 gidm ddn theo thit tu sau day:

N > N > N!
Khi nhém metyl gin vao di 18 nito nlo thi s& lJam ting mat d6 electron trén di t6 nito d6.

Mat khéc, phan tir axit uric c6 thé tham gia vao cdc phan tng & dang hidroxi, thi du phan dng thé
nucleophin nhém hidroxyl trong axit uric bing halogen khi tic dung cia né véi photphooxiclorua :

OH Cl Ci
N~ ]\——N-CH;,- POCI, N/’TN-CEh pOCI, N/'KIFN-CHg
S N N N W SEE A NP SN
OH” "N "N” "OH CI” "N” "N” "OH CI” 'N”°N” Tal

Ngay nay ngudi ta nghi ngd phin (ing nay vi dé nghi mot co ché€ khic ma trong d6 hidroxipurin

phan iing & dang oxo véi POCl;.
[ _ POCI, ]
O o 85 Cl '
Cl-—,i»—-Cl_ . o
TS 4= X LI ol
i~ o _— i — = + HO"P"'C]
NN N" N N" N al
hipoxantin L H - H
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* Cophein

CH;— N N
Cophein chinh 1A 1,3,9-trimetyl-2,6-dioxopurin. Ngdy nay né 3 J\ /H
duge téng hop trong pham vi cong nghiép theo so d6 dudi day: N~ °N

CH; CH,
0 0 ey
NH- C.. NH-irCé) '
L ko ;\ )\ i~
o N N O g NH- CCH3 N
H H CHs
0
g 1S cumam Y T A
H 07 "N""N" "CHs
CHs
0 ' 0
—_ CH3"i [“j‘\'CHs 1) Thiy phan CHB_i)ﬁf'jI_CHB
0N N"cch 2-00; 07 NN
CH; ot

Cophein c6 thé tham gia vao hdu hé&t céc phin ng dic tnmg d6i v6i céc hop chét diy purin.
Nguii ta ciing biét hai hgp chat khéc c6 cdu triic twong ty cophein, d6 12 teobromin va teophilin:

O )
I wy X
0" NN - 0" N""N

CH; CH; ] CH3 H
Teobromin ' Teophilin

Ca ba hop cht ndy déu c6 trong 14 che, ca phe, cacao va 12 nhing ch4t cé hoat tinh sinh hoc
quan trong nhu lam loi tiéu, tic dong hé thdn kinh, kich thich hoat dong h¢ tim mach cing nhu
tang stc cho toan co thé.

4.2, Pteridin

Preridin 12 hé ngung ty gém hai di vdng pirimidin va pirazin diic gidp
véi nhau. Day 12 logi da di vdng phtic tap, chia 4 di t6 nito trong phan tir k
va diimg vao hang thi hai sau céc hop chét diy purin vé mit y nghla thue
1€ ciing nhu vé kh6i lugng nghién ciu di duge thye hién.
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Ban than pteridin chi ¢6 gi4 tri vé mit Ii thuyét, nhung nhi€u din xuft clia né duge nghién ciu
kh4 chi ti€t, bdi vi ching déng vai trd quan trong trong cdc qué trinh sinh héa. Hau hét cdc din

xudt clia pteridin c6 thé duge sép x&p vao hai nhém 1én: Nhém clia axit pholic (vitamin Byg hay B)

va nhém cla riboflavin (vitamin By):

J\ﬁ ICHzNH—Q—CO NHCH CH2CH2C00H

axit pholic __
CH,(CHOH);CH,OH
CH; N 0O
\I\[T H Ribeflavin
CH;

* Preridin va cdc din xuft cha né thong thudng duge tdng hgp tir cic diaminopirimidin véi céc
hop phdn gém 2 nguyén tir cacbon khong mang dac tinh di vong, thi du:

O

CH3
L HN
J\)‘I I cn;cocoor{ )\ CH;COCOOR
H |

\/NHZ

CH;COCHZCCW |oHc-cooR:
N=CHCOOR'
J\ I NaHCO, )\ 1
CH,COCH,4 0 NH, OH

* Preridin ¢6 thé dugc coi nhu mét chit ¢6 c4u tric twong ty naphtalen ma trong 46 bén nhém
~CH= duoc thay thé bing di t6 nits. Nhung do sy tuong tic ciia céc cip electron tu do trén cée di
t6 nito v6i hé théng electron 7 clia nhan thom nén tinh thom cla pteridin td ra y&u hon cua

naphtalen, d¢ 6n dinh cba né ciing bj gidm di vd céc electron © moét phén bi dinh xi trén céc
nguyén tir nito.
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Su phan tich cfu tric bing Ronghen chi ra ring phan tir pteridin c6 dic tinh phing nhung céc
géc héa tri vA cic dd dai lién két trong n6 khéng nhu nhau. Su phan b& mat do electron trong vong

ciing khong déng déu. Cic nguyén tir cacbon trong vong to ra tich di¢n dvong, trong d6 Cwacts
mifc d6 lén hon v Thuc t€ mat d6 electron & c? va C* cao hon so véi it ci cac nguyen tir
cacbon khéc, va vi vy ¢ trung tam c6 kha nang phan tng 16n nhét trong phan tir pteridin. Ng guge
lai c4c di 18 nito trong phan ti pteridin tich dién am, thém vio d6, dién tich & cdc di 16 nito cla
vong pirimidin 16n hon & céc di t6 nito cla vong pirazin. Nhin toan bg, trong sy khéc véi purin, hé¢
théng pteridin cé nhiing tinh chét cho electron. Thi du : axit pholic c6 thé tao ra phic chuyén dién
tich véi c4c axit amin nhu triptophan ching han, ma trong d6 axit pholic 1A chat cho electron.

Ngoai ra ning lugng 1am mét dinh xu cha céc electron = trong pteridin cling duge biét 1a
259,5 kJ/mol.

* Do dic tinh c4u tao nhu vay, vdng pteridin ¢6 xu hudng bi phan hiy du6i tdc dung coa kiém
cling nhu ctia axit, trong d6 vong pirimidin d& bi phan hity hon vong pirazin.

Cho dén nay vAn chua duge biét cic phin tmg the electrophin trén céc nguyén tir cacbon cha

vong pteridin. Nguoe lai, dic biét hon d6i vdi pteridin 12 su th€ nucleophin ma trung tam la nguyén
i cachon thit 4. Thi du :

f\I D NJ:I T
CI,I\)I L, e, ,l\)\/f

Ngodi ra, d6i v6i pteridin duge biét ¢a cc phan ing cong hop nucleophin, thi du, vao céc lién
k&t doi phan cuc manh & céc vi tri 7-8 trong 6-hidroxipteridin. C6 thé cong hop vao lién két ndy céc
phan tif nudc, amonidc, hidroxylamin, cdn trong moi trudng kiém c6 thé cong hop i este clia axit
malonic, este clia axit xianaxetic vi axeton do ching c¢6 cdc nhém metyl hay metylen hoat d6ng.

H b
~_N_o N N

CE I o VY Y vy Y
NH, SNTONT NN
H

Kha ning cong hc;p nucleophin vio c4c lién két doi phan cuc cla pteridin ¢6 mang nhém thé
duroe thé hién 12 do d6 thom thép clia ching v sy tang lén khé niing phéan cyc héa cia céc di t8
nito trong vong va cta cdc nhém the.

Phan ing ankyl héa trén di t6§ nito cling dic tnmg cho heé pteridin. V& ban chat, day 1a phin dng
cong hop electrophin vao di t6 nito. Ching dién ra dac biét dé dang khi metyl héa bing
dimetylsunfat trong dung dich kiém nudc hay trong metanol véi sy c6 miit ancolat.
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J\K/E ) HNJfI ) e )\)T J

D61 v6i c4c din xudt hidroxipteridin thi phan tng ankyl héa cé thé dién ra theo hai chiéu huéng:
N-ankyl v& O-ankyl héa. Thi du:

CH3 CH3

Nhur di néi & trén, nhiéu din xuit clia pteridin déng vai trd quan trong trong c4c qué trinh sinh
héa. Thudng chiing cé trong thanh phén clia nhiéu loai t€ bio va dic biét nhiéu chét trong chiing 12

c4c séc 1, thi du riboflavin (ufc 12 vitamin B,) chinh 12 sic t§ mau vang cia ldng 46 tning ga.
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Chuong tdm
CAC D] VONG 6 CANH CHUA DI TO OXI HOAC LUU HUYNH

Céc di vong 6 canh chita mot di t6 oxi hodic liu huynh 12 cic piran, thiapiran v cdc din xuét
dang xeton cha chiing (piron, thiapiron). Ban than ching 12 cdc dj vong khong ¢6 tinh thom va
khéng gap hoic it gap trong thién nhién. Nhung nhiéu dén xudt cla chiing, dic biét cac hop chit heé
benzo (cumarin, cromon, flavon,...) lai r4t phé bién trong thién nhién, nhét 1 trong thanh phin cla
chét mau thuc vat. Nhiéu chdt trong chiing con duoe st dung lam thubce chita bénh hodc duge dung
lam phdm nhuom.

' O
O; Q; .QO;Q;

o~ piran ¥y~ piran o— piron y-- piron
O
S ' ™8 s~ 0 S
a— Thiapiran y- Thiapiran ¢t Thiapiron y- Thiapiron
4 5 o,
O/j iy O\/j
2 -
T 7 ? i
. No o 8 o”? 5 4
1 I ) 10
Cumarin Cromon Flavon ' Xanton

Cic di vdbng 6 canh ciing c6 thé chira hai di t8 oxi (dugc goi 12 dioxan) hodc hai dj t§ hre huynh
(dugc goi la dithian).

Ngoai ra con c6 cdc di vdng 6 canh chita dong thdi di t& oxi va nito-oxazin-cling nhu chifa déng
théi di t6 luu huynh va nito - cdc thiazin.

I - PIRAN VA PIRON

1.1. Cac piran

Cho dén nay ngudi ta vin chua nhin duge ban than a-piran, ma chi biét duoc cdc din xuat cia
nd. Con y-piran ciing chi méi dugc téng hop vao nam 1962 tir diandehit glutaric :

195



ci

— HO —_

x H; -2HCI
CH-CHO  (H:O) CHCH O 0

Cl
y-piran 1 hop chit cuc Ki khong bén. N6 dé bi phan hity trong khong khi ngay ca & nhiet d6 - 80°C.

So véi ban than céc piran thi dang khir héa cla ching duoc biét nhiéu hon. Ching han,
2,3-dihidropiran c6 thé nhan dugc bing cich cho hoi cira ancol tetrahidrofurylic di qua nhom oxit

& 350°C:

t Al,04/350°C Ej
o~ “CH,OH (-H,0) -

)

Pihidropiran 12 mot vinylete vdng rit ¢6 kha nang phan img. N6 dé dang cho sin phdm cOng
hop vio néi d6i cita phan tit. Thi du:

RMgX
@ + HBr QBr OR
0 0 O
Cl Cl
i+ cp — _RMgX o *MEXC
0 o~ ¢ 0

Trong thi dy thi hai nay, nguyén tit clo & vi trf o ¢6 kha ndng phan g cao hon nguyén tir clo &
vitri B.

Duéi tic dung cla axit 2,3-dihidropiran c¢6 thé bi v& vdong. Khi d6 can bing tautome héa
gita cic dang cacbonyl va bén axetal dugc thiét 14p v6i sy 1am chil cia dang bén axetal (chiém
161 95%)

CH; CH; CH;
-~ . . - .
Hz(f (":H HC 0,02N Hf/ TH! — HZ(I:/ ?HQ
HCCH HOCH, CHO HC _CHOH

Sy phan hdy hoan toan vdng dihidropiran c6 thé xiy ra duéi tdc dung cha hidrobromua trong
dung moi tro véi si tao thanh din xult dibromua.

Céc din xudt tetrahidropiran thuc chat 1 céc ete vdng. Chiing ciing d& dang bi m& vdng trong
" méi trudng axit .
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1.2. Céc piron

1.2.1. Phuong phép t8ng hop
Phuong phép chung t8ng hep céc piron 1a 46ng vdng hop chdt 1,5-dicacbonyl khong no :

[{] un H
(8h) S (8u) RO ]\/i
H 0
= (R I or) 0
o0 (gR') OHO OR OH \(.1330)

3 giai doan déng vdng xdy ra sy tao thanh don gidn hop chit bén axetal, va cudi cing phan Ung
duge hoan thanh bdi tach loai ancol hodc nuée.

* o.-piron

a-piron c6 thé nhan duge mot cach don gidn boi sy decacboxy! héa axit cumalic, ma axit nay

lai dugc téng hop bing sy ty ngung tu chia axit fomylaxetic (do axit malic chuyén thanh du6i tic
dung cha axit sunfuric) : '

H

COOH HOOQ ~ O=C

2 [ Sl 2 ()
CH,  (H,50,),95°C C C 6

&oon © ! B N0 wd O 0" 0 o 0

(70%) (70%)
axit malic axil fomyl axetic axit Cumalic a— piron

Mdt din xust ciia a-piron 12 axit dehidroaxetic cling duge t8ng hop biing su ngumg tu cua hai
phan tir axit axetoaxetic hodc céc este clané

OH
' NaHCO *%,~COCH;
2 CH;COCH,CO0H  ——C 0 50 | 50%)
CH;” ™0~ O
* vy_piron

Con dudmg chung téng hop y-piron 12 ngung tu Claisen gitfa etyleste cha axit phenylpropiolic
vdi axeton theo so 46 duéi day : -

(‘)Csz
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Mot phuong phap khac tdng hop y-piron 12 déng vong cic san phdm 1,3-diaxy! héa. Thi du:

i

C
CHi “CHs 9
HsC,00C COOCHs ¢ ona
RPN C,H;OH -

HC0” 0 d 0CH;  upe [HsG00C 0 g COOGH;

0 O
HCI fl 1. Thuy phan : HCl lodng - m

0°C(Hy0)  H,C,00C” ~07 “COOCH; 2-€0; {Cu/160°C) o
(80%) {(75%)

Gin day c6 mot thong béo vé su téng hop rét don gian hop chét 2,6-dimetyl-y-piron tir anhidrit
axetic duéi téc dung clia axit poliphotphoric (PPA) :

1.2.2. Phdn iing cia cdc piron
V& nhiéu mit c6 thé coi piron nhu [a céc lacton lién hop ciia enol va este clia B-xetoenol.

Vé kha nang phan ng, cdc piron ciing khac v6i piridon, nghia 12 a-piron khéc véi a-piridon,
tuong tu nhu este khic v6i amit; y-piron khéic véi yépiridbn, tuong ty este clia P-xetoenol khdc vdi
jB-xetoenamit. Nhumg cdc piron bi t4n cong bdi cdc tdc nhan nucleophin dé dang hon cic piridon.
Ngodi ra tinh bazo v2 mic d¢ thom héa gilta cic piron va céc piridon tuong tng ciing khéic nhau.

* PHAN UNG VOI CAC TAC NHAN ELECTROPHIN
a) Phan (mg trén nguyén tir oxi cacbony!

y-piron 12 bazo y&u ( pKa 0,3 ), ¢6 thé duge proton héa trén nguyén tir oxi cacbonyl. Vi vdy dé
diéu ché cic mudi két tinh cha chiing c4n sif dung dung m6i khong chita nhém hidroxyl:

0 OH +OH
Qo 2L ~ LG
CH” 07 CHy ¥ \CH” 07 CHs CHy” N0~ “CHy

a-piron 12 bazo cdn y&u hon nhiéu. Chiing cling duoc proton héa trén oxi cacbonyl khi tic dung
véi axit manh, nhung khi d6 khong tach dugc mudi tao thanh.

Véi dimetylsunfat chi c6 céc y-piron, do c6 midc 46 phan cuc cao hon, _rndi dugc metyl héa &
oxi cacbonyl. Con v6i céc tdc nhan ankyl héa manh hon 1 trimetyloxoniboflorua ( thudc thi
Merwein ) thi ca y-piron va a-piron déu bi ankyl héa & nguyén tlr oxi cacbonyl :

0 OCH;
0 60°C o~ G080, ‘
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= (CH3);0"BF,~ _
' .| BE,
CH,Cl,, ~20°C,12 ngay A% ~0OCH; (55%)

O "0 O

b) Phan tmg trén nguyén tir cacbon cita vong

Mic dit khong c6 dac tinh cdu tao thom nhung & mitc d¢ nhét dinh cdc piron cé thé tham gia
mot 56 phan tng dac tnmg cho cic hé thom. Do vy o-piron v y-piron déu tham gia phan ing thé"
electrophin vdi su tin cong vao nguyén tir C; va C5 & vj tri ortho hay para d6i v6i nhém CO
cacbenyl. Thi du :

= 903 =
I — I (80%)
CH3 (0) 0 H2804 dic/O0°C CH3 0 (8]
O O
COCH,
(CH,C0),0
| —— b (30%)
cHy 0" “cH, ¥ cHy 07 “CH;

Riéng véi nitronibeflorua (N02+BF4H) thi o-piron phin Ung theo hai c4ch: Phén tng nhanh va
thudn nghich din t6i sy tao thanh mudi O-nitre; cdn phan ing cham thi S-nitro-a-piron dugc tao

thanh :
A O;N R
NO, BF,”
O 02 i Q NOz 0 m G5%)
0” “ONO, Cﬂgg'oz o~ 0
- Citam
BF,;

Véi cdc halogen doi khi phan iing xay ra theo co ché& cOng hgp-tich loai:

0 0 0 0
H Br
| | Bry/FeCly | Br H,0 I | Br Br
T H o +
0 0~ Br O o

* PHAN UNG V01 CAC TAC NHAN NUCLEOPHIN

-a-Piron céng hop v6i cac tdc nhan nucleophin hic ddu vao nguyén tir C, va déi khi nhu trong
truimg hep véi thude thir Grignard, vao nguyén tir cacbon cacbonyl. Trong céc phan ng nay su

ankyl héa ti€p tuc xy ra & cdc nguyén tir Cg hay C, ctia anion ¢Ong hudng trung gian duoc tao
thanh do sy m& vong.

199



& | p m } R4t ¢6 kha nang
H _ coo- = (HO Coo-) phining
o H

Ho HO
|| dd NaoH o
o~ o 0”0 H NH N0

etelCH; Mgl H

A

00 CI—I3H 0O H o CHs

H™ "5 CHyY CH;
Pdi véi s cong hop nucleophin xdy ra & vi tri 4 cha vong a-piron cho dén nay vin khong thdy
mod ti. C6 thd sy cong hop nhu thé da xiy ra nhung 1a qud trinh thuan nghich.

Tuong ty céc y-piron ciing phan ing dugc véi c4c tic nhan nucleophin. Ching han, khi phén iing
v6i amoniac hay amin bgc mot chiing d€ dang chuyén thanh céc piridon véi higu suft cao.

0 o
' = B2+
(e | |
0 H/\\Oo_

‘Il nuée CH;NH,

o
O fl ()
O~ NHCH; NHCH; O N

CH;

Thudc thit Grignard phan ing vdi nguyén tir cacbon cacbonyl cta y-piron, nhung khéc véi cic
o-piron, ma san phdm phan tng cé th€ dugc chuyén thanh muéi pirili ¢6 nhém the & vi tri 4 véi
hiéu sust cao. Bdi th€ cho nén sy m& vong khong xdy ra trong truong hop nay :

CH;
_HMel | HC104 70%
CGHSOC}IJIete ' Clo, (0%

0°C, 10ph
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Pay la phuong phép don gian vi thuan tién dé téng hop céc mu6i pirili ma bang cdc phuong
phdp khac kho dat duge.

* PHAN UNG VOI CAC TAC NHAN KHUHOA

Khiz héa xiic tdc a- va y-piron xay ra lic ddu & lién ket ddi cacbon-cacbon. Trong cic ¢-piron
do su hidro héa ci & lién két Cg—O nén cic d-lacton no hoac cac axit pentanoic dugc tao thanh.
Mot vai y-piron duge khit héa bai LiAlH, thanh 4-hidroxi-(4H)-piran ma cdc hop chit loai nay lai
cb thé dugc chuyén héa thanh mudi pirili du6i tdc dung cha axit:

Q H. _OH

| | LiAlH, /m HCI0, 70% QG}
ete CﬁHS -I(-) C6H5

CeHs™ SN0~ CeHs  CeHs™ ~07 Cels
(41%)

Céc a-piron phén tng véi LiAlH, theo mot céch khdc: Ching bi tdn cong & nguyén tif Cg va
tao ra cic hop chit v6i su mé vong:

CH3 ' CH3 CH3
= 0,8 duong tugng LiAIH, H & I =
- —
ele -
CH; O O CH; 0O o CH; H COO
(60%)

Natribohidrua (NaBH,4) khong phén tng véi cic piron.

* PHAN UNG VOI TAC NHAN DIENNOPHIN (AI DIEN)

Céc a-piron, do mirc do "thom héa" thép nén duge coi nhu mét dien lién hop trong phin tng
cong hop Diels-Alder. Thi du: & nhiét do dit cao va thich hop a-piron céng hop véi anhidrit maleic
d€ tao ra san phdm cong béic nhit ma sau d6 tiép tuc tich loai CO, va chuyén.t'hémh mot Dien méi.
Dien nay lai phan ting véi phan tir anhidrit maleic thit hai d€ cho san phim cuéi cing:

0
' 0
O
\ s . e
| r—co’o @ H ~£O; H [CO’-O H H
pr o o
o~ 015 H H H H
0 0 0 o

0 0 O

Tuong ty cdc a-piron ciing cong véi dimetyl este clia axit axetilendicacboxylic d€ tao thanh san
phdm cong ma sy téch loai CO, ti€p theo din téi cdc din xu4t kiéu dimetyl phtalat. Thi du:
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CH; 3

N ¢ CO0CHs ficooc H;CO
+1 180 - %
C CH; COOCH; CH5 COOCH;

0
COOCH,; Loocu, L 0OCH

Phan tng nay dugc diing dé nghién ciu cfu tao cic din xudt cia o-piron.

Khéc véi a-piron, cho t6i nay vin khong c6 dit kién nao vé su tham gia clia céc y-piron vio
phan img Diels-Alder véi tinh chét 1a mot Pienophin (4i dien).

* PHAN UNG QUANG HOA

Céc a-piron trong ete khi duge chifu sdng s€ tao ra hop chat hai vong; con trong metanol thi
x4y ra hién tugng ancol phan véi sy m& vong va tao ra hop chét mach khong vong:

QO hv | OHC"(F”CE
CH;OH 0-Cyy €=0 i CH,

COOCH;
(70%)

1 - CUMARIN, CROMON VA XANTON

2.1. Céac phuong phap téng hop Cumarin va Cromen

2.1.1. Téng hop cumarin t andehit salixylic va este hay anhidrit cia axit cachoxylic (Phuong
phdp PERKIN)

Téng hop Perkin, nghia 13 tic dung clia andehit salixylic v6i anhidrit axetic vA xic téc
natriaxetat, duge sir dung nhu 1 phuong phip don gidn va thusn tién nhdt dé téng hop Cumarin:

( OHO HO
C 8]
CH=0
_,-O"--. CH OOONa
+ (fc _C-CH; -— —
OH -4 © 0= ~000CH: o
OCOCH,;

. mo 0%

Sy tuong tdc cia andehit salixylic (tic 13 o-hidroxibenzandehit) véi este malonat ciing din t6i
si tao thanh cic cumarin :
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COOGCH
CHO /7 2 Piperidin axetat - CO0CHs
+ CH —— e
OH C-OC,H; ~ CHsOHt 0770

({ (80%)

2.1.2.Téng hop cumarin tir phenol va 1,3-xetoeste (phiong phdp Pesman):

Mot cich don gidn ciing c6 thé tdng hop cumarin tir phenol v etyl axetoaxetat dudi tic dung
cla axit sunfuric:

 CHy
@OH CH3COCH,COOCH; —2 ot m
+
3COCH, 2Hs e 00

Phan iing loai niy xay ra trong cac diéu kién rit khac nhau, nhung t6t hon ¢a 1a thue hién phan
ing v&i mot trong cic phénol cé kha ning phan 1ing 16n nh4t, d6 la resoxinol.

V€& mét nguyén 1 phan ing nay c6 thé din t6i ca su tao thanh Cromon, nhung trong thyc t& diéu
d6 khong xay ra. B&i vi dé tao ra Cromon phai c6 nhimg diéu kién dac biét. § day, mot cach déng
tin tudng, giai doan d4u clia qué trinh 13 sy t4n cong electrophin clia nhém cacbonyl xeto dugc
proton héa vao vong benzen. Chinh kha nang phan tng cao hon cia nhém cacbonyl xeto so véi

nhém cacbonyl este 1a diéu kién ddm bdo cho sy tao thinh cudi ciing vong cumarin chit khong phai
vong Cromon.

CHs CHi _OH
JOWFNC TN WG gu I
HO OH 0 20°C, 24 giv HO o~ OC2Hs
C,Hs

CH;

— m (85%)
HO 0" "0 '

2.1.3.Téng hop cromon tir o- hidroxiaxylbenzen va cdc este

Téng hop nay chinh la su ngung tu Claisen clia este véi nhém metylen hoat dong trong
axylbenzen:

O  CH, 0
COCH,CH; CH;
Q HCOOE: H | BCWC,H;0H i
OH Na é"}j}c HO oH© © 0
=Bt
& dang anion (70%)

Phin tng thudng dugce thuc hién qua hai giai doan: Axyl héa nhém hidroxi phenol va ngung tu
Claisen néi phan tir véi xic tdc bazo
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o 11
C-cH C"CH;:, e
Q 3 CgHCOCI K KOHY Piridin

OH Piridin  Nudc Ofg—csﬂs 20°C
o o
H,S0
Qﬂi%ﬂs oo m ©95%)
OH 0 3 0" "CeHs

2.1.4.Téng hop cromon tir o-hidroxiaxylbenzen va andehit thom

Cromon c6 thé dugc diéu ché tir o-hidroxiaxylbenzen va andehit thom. O giai doan ddu phan
ting xdy ra trong diéu kién clia sy ngung tu andol dugc xidc téc bdi bazo dé tac thanh khancon ma
sau dé duge déng vong ti€p theo thanh flavanon, réi flavanon lai duge dehidro héa thanh flavon
(tiic 1a 2-phenylcromon). Téc nhan dehidro héa & day c6 thé sit dung triphenylmetyl peclorat nhu 13
mét chét 18y ion hidrua hoic sit dung Iuwu huynh nhu tic nhan oxi héa:

Q
QC‘CHS dd KOH m
+C H.CHO %7
OH . 6145 CZH OH OH C6 5

CQHSOH ° (9] C6H5
Khancon (90%) flavanon (70%)
(CeH3C CI0, X Clo"‘ dd NaHCO3
(CH3OO)20,*’CH3COOH 6 CeHs T 0 CsHs
140°C
flavon

Twong tu ¢6 thé nhan duge flavon theo phuong phip Kostanheski-Robinson, nghia Ia bing si

dun néng o-hidroxiaxylbenzen véi anhidrit clia axit thom va mudi ciia né t6i 200°C:

0O
coC _
Q B (CgH5CO),0 ZICOCHs (-H,0) m
OH 200°C OCOC4H;s 0~ ~CeHs

2.2. Tinh chfit cda cumarin va cromon

Cumarin va cromon déu dé dang tham gia vio céc phén fing th& electrophin (Sg) cing nhu thg
nucleophin (Sy). Ngoai ra con ¢6 mét s§ phan ing ma chi rieng cumarin méi tham gia duge.

2.2.1. Phdn g vai cde tdc nhan electrophin

* PHAN UNG CONG HOP VAO NGUYEN TUOXI CACBONYL

Trong méi trudng nuéc clia axit manh cic cumarin khong bi proton hda va db do gid tri pKa cia
~ chiing khéng dugc biét.
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Tuy nhién cumarin cé thé tuong tdc vdi thudc thit Mec-vay dé tao ra muéi pirili (cu thé 1a
Boflorua ciia 2-etoxi-1-benzopirili) :

= (C,Hs),OVBF; ™ BF;”
CO, oo oo, o
0”0  CH,Cly, 20°C 1 nghy 0% TOCH;s

Cromon 12 bazo manh hon cumarin. Gié tri pKa ctia ban than Cromon 12 2,0 va ctia flavon la
1,3. Oxi cacbonyl trong Cromon ¢6 thé dugc mety! héa bdi céc tdc nhén manh nhu este metyl cia
axit o-nitrobenzen sunfonic ching han:

OCH; 0 OH +OH
O S = |- O
0 efe 'b’ 0

* PHAN UNG THE TREN NGUYEN TU'CACBON CUA VONG

D6i v6i cumarin khi nitro héa vA sunfonic héa chit y&u nhan dugc cic din xust 6-mono the.
Trong céc diéu kién nii:g né hon c6 thé xdy ra su thé ti€p tuc & vi tri 3. Phan img axyl héa theo
Friedel-Crafts ciing xay ra & vi tri 6 clia vdng cumarin. Nhung phan tng clometyl héa lai xdy ra 0

vij tri 3.
HO\S HO;S
SO T gON— UIM
o e 07 =0 160°%C
m HCHO/HC! mCHzCl
rte (33%)

. Brom héa cumarin ¢é thé xiy ra theo chiéu huéng th& electrophin & cdc vi tri 3 va 6, nhung
trong diéu kién nhl.:: nhéng ciing c6 thé xay ra sy cong hop vao lien k&t doi 3-4 :

oo £ o~0 wT 0”0

D6 véi cromon trong moi tru'b‘ng axit manh si the electrophin chi xdy ra & vi tri 6 hoac 8 (chi &
bén vong benzen ); cdn trong méi trudng axit yéu hon, thi cling nhu & cumarin, phan dng xay ra i ]
vi tri 3. Nhung néu brom héa trong diéu kién nhe nhang ciing lai nhan dugc sin phim cta phén img
coéng hop vio lign két d6i 2-3 :

0
) HNO3 KhsifH,50, die m HCHO/(CH;);NH dj’ CH, CH
20°C 0 HCI;‘CZHSOH

CH3
2 (7 5%) {60%)
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2.2.2. Phdn ting vdi cdc tde nhdn nucleophin
* JON HIDROXYL VA ANKOXYL

Cumarin khi bi thity phan béi kiém chuyén thanh mugi ciia axit cumarinic. Nhung céc axit nay
khong thé tach ra dugc & dang ty do, bdi vi khi bho vé c4u hinh cis clia lién két doi thi trong diéu
kién d6 ching lai bi déng vong mot céch tu dién bién.

QL 3 O - O
H* OH Coo"
070 0 OH

axit cumarinic

Néu ché luyén cumarin v&i kiém trong thai gian 1au dai hon s€ .xéy ra sy déng phéan héa thanh
déng phan trans, nghia 1a thanh axit cumaric ma axit nay ¢6 thé tich ra & dang ty do dugc.

Cromon dusi tic dung chia kiém nuéc & lanh s& bi m& vong mét cich thudn nghich véi sy
chuyén héa thanh muéi clia cic phenol tuong dng.

o 0" - OH
H
CHy oy N CHs CHs -
l _ CHy =—= CHﬁ
0" CH, 0~ “OH o O 3
o
CH; 0

o CHs | CHs

OH

. OH O
Trong céc diéu kién nang né hon xay ra sy phin hiy 1,3-dixeton nim & mach nhénh. Con trong
céic didu kien khéc, cdc bazo xiic tdc sy tao thanh sin phdm dime. O day giai doan quyét dinh cla

phén éng nay 1a sy cong hop nucleophin vao cromon khai ddu & vi tri 2 béi anion enolat duge taora
trong qué trinh cong hop d6: '

cO

(Ij) o
l/m
0 —_——

H
HsC»O 0

o / C;H5ONa/ete

20°C
)
dﬁ (68%) |
o OH

San phdm dime 0
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*AMONIAC VA CAC AMIN

Cumarin khong phan tng v6i amoniac hay cdc amin d€ chuyén thianh din xudt 2-quinolon ngay
¢4 trong nhilg diéu ki¢n ning né nhat.

Nhimg amoniac v céc amin c6 thé cong hop vao C, clia vong cromon v6i su md vong kém
theo:

0 o o
0~ CHsOn, 20°C 0~ "N(CHs); OH

(90%)

Chi trong mot vai trudng hgp cdc cromon c6 thé tao ra din xuft binh thudng trén nhém
cacbonyl. Thi dy: flavon c6 thé phin Gng trén nhém cacbonyl v6i tozylhidrazin (Nhung khong
phdn g vé&i phenylhidrazin):

o NNHS0,<CO)-CH;
d} + CHy<(T3)-S0,NHNH, 22 m o
0~ ~C¢Hs 0" “CeHs

* PHAN UNG TREN NGUYEN TUCACBON

Sur tuong téc chia cumarin véi cAc tic nhan Grignard x4y ra khong don gian. Liic ddu c6 thé dién
ra su cong hop vio nguyén tit cacbon cacbonyl. Chi trong trudmg hop cic cumarin chiza nhém thé &
vi tri 3 thi phén {ing méi mang dac tinh mot giai doan.

(IICH; CgHsMgBr = CH3 HCI S-CHs
0 C6H5 0 C5H5
(Khong téch ra duoc)

Cumarin khéng chita nhém th& s€ phan tmg v6i phan tir thit hai cha téc nhan & céc vi trf 2 holic 4
v cé thé kém theo sy m& vdng.

Q70 e, Tete, 0°C 0~ "CH;

lCl'ngI _

e’ o
CH; m mcn

+ CH; “_" 3

0" CH, OH OMgl OMgl |

(10%) (40%)

Cic téc nhan nucleophin y&u hon nhu ion xianua hay anion malononitrin ching han ma trong da

s6 céc trudmg hop cong hop duge vao nguyén tir cacbon B cha hop chat cacbonyl «, B- khong no,
thi c6 thé phan ting v6i cumarin & vi tri 4
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COOH

HyCN
m NaCN/C,HOH m dd KOH COOH
Q"0 © Y @ OH
(Khong tich ra duge}

Cromon phan tmg véi thudc thir Grignard trén nguyén t&r cacbon cacbonyl dé tao ra céc

cromenol, ma cdc cromenol nay dudi tic dung coa axit dugce chuyén thanh cdc mudi tuong ting clia
t-benzopirili:

o) CgHs
on HO._CeHs S
te _
| + CHMgBr 2 hil m B . @
O "CiHs t° O CyHs 0

0~ ~C,Hs

2.2.3. Phdn img véi cdc chdt oxi héa

Cumarin dugc xem nhu hgp chat khong chia nhém chic phenol nén tuong d6i bén ddi vdi tic
dung ctia céc chét oxi héa. Nhung trong trudng hop khi ma su oxi héa xdy ra thi ching s& bi phin
hity hoan toan.

Flavon ciing thudng bi phan hity duéi tic dung oxi héa cha ozon hay hidropeoxit. Phan ung
" ndy thudng duge ¥ing dung dé nghién ciu ciu tao cia flavon néu nhu thuc hién trong céc diéu kién
bdo vé dugc cdc nhém hidroxyl phenol : '

O
m Hy0,/NaOH QCOOH HOOC\O
i A + _
0”7 ~CeHs CyHsOH, 1° OH
2.2.4.-Phdn itng véi céc chdt khik héa

Hidro héa xiic téc cumarin va khir héa cumarin bing LiAlH4 dién ra hoan toan binh thudng.

Thi du :
O, 2 O + O
CH,OH ¥ CH,OH
0o OH OH

Cromon ciing c6 thé dugc khir héa bing céc téc nhan khic nhau, va két qua thudng tao ra céc
san phdm ciing rit khéc nhau. Thi du:

Q H. OH
NaBH
SONE-Ne O

0" CHs  C2HsOH 0”7 “CoHs
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ZnfCH,COOH
OCH; 3
Y (CH,C0%0, °

Thuc chit phan tng xdy ra véi sy tao thanh g6e tir do & giai doan trung gian réi sau d6 chuyén
thanh dime ngay c2 trong trudng hgp chi diing kém lam téc nhan khi héa.

2.2.5. Mot s6 phdn ung khdc

Ciing nhu o-piron, cumarin ¢ thé phan ting nhu mét dienophin ("4i dlen") trong phén iing
cOng hop Diels-Alder : : .

CHy._.C
00 CHy” “CH,  260°C

Céc cumarin, cling nhu céc lacton vA lactam vong khong no, trong sit chiéu séng duoc chuyén
thanh c4c sin phdm dime héa:

CH;

H (72%)
00

HH[ I Con L JlEE[ ]

0\“/ YO o~ =0 Co H;COCeHs _,\[ro
oH Hg N ol Hg
(8%) N (33%)

Nhém metyl ndm & C, cia vdng cromon khé hoat dong vé cd khé. nﬁng duuc OXi héa bcn Se.Oz
hozc c6 thé ngung tu dwge voi cdc hop chat cacbonyl. Thi dy :

0 | e
CH,CH H.ON CHCHs
mCH +CH3@CH09Cﬁ. | :
CHy’ o | > Chs 0 cn—c&@cm
R ¢ L SN :
2.3. Xanton

Xanton 12 he ngung tu ki€u dibenzo clia y-piron. N6 d& dang nhén duge khi cét phenylete cia
axit salixylic :
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Céc phan ing cha Xanton néi chung rdt giéng cdc phan (mg clia cromon. Mot mat xanton ¢6
kha nang tham gia vao cdc phén ing th€ electrophin (nitro hda, halogen héa,...); mat khic xanton
dugc amin héa véi su tao thanh clia 2-aminoxanton. T4t ¢4 céc nhém the trong phan tir xanton dugc
coi nhu tuong tit cdc nhém the dy trong vong benzen.

Khi cong hop v6i hop chét co-magie xanton (20 ra céc xanhidrol chifa nhém the & vi tri 9 va san
phdm c6 thé tich ra dugc:

2 : R._OMgBr R__OH
O == 2 Q10
O O ' O

: _ '
Cic phan ing cOng hop & xanton rft it dugc nghién ciu. Xanton khoérng ph-.Zn ung véi
hidroxylamin nhumg c6 thé phén tng v6i hidrazin nhu mot xeton thong thudng. Khi tic dunz véi

photphopentasunfua (P,Ss) oxi ciia nhém cacbonyl trong xanton dugc thay thé bang luw hu&n’n vi
do d6 ta nhan dugc thioxanton:

0 s
0 o

‘Xanton r#t bén viing khi dun néng va chi bi phan hity & nhiét d¢ cao hon 860°C véi suf ta: thanh
mot lugng nhd dibenzofuran : '

0
L0 = OG0
) €0 0

Nhiéu din xust clia xanton c6 y nghia thyc t€ quan trong, dac biét trong linh vuc phdm nhudm
v chi thi mau thugc day fluorexein va rodamin.

{II - CAC DAY DI VONG 6 CANH CHUA MOT DI T LUU HUYNH

3.1, Vainét vé ciu tao

Vé mat tinh chét va phin dmg cling nhu cfiu tao cic thiapiran va thiapiron it khédc v6i cdc piran
va piron tuong tng, nhung dugc nghién ciu & mttc 46 thép hon nhiéu.

Ciing nhuf cdc piron, thiapiron cé thé duge xem nhi cic ion ludng cuc nam trong su cong huong
véi dang cacbonyl.

o~ O
Q- O —Q
s7 0" s70 S $
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Cic két qua tinh todn 46 dai lien ket va sy phan b6 mat d6 electron trong su so sinh giita céc
thiapiron va céc piron cling dugc din ra dudi day :

+(,293 0,287
0:567 :
87
0s5 ,203 05 40,1
0,072 0,069
04795 0,791
+0,208 +0,163
0,405 () (462 S
-0,239

Qo309

C#u tric nhy vy giai thich dugc dac tinh : Mot mét thé hién tinh chét cia mdt xeton khong no;
mat khéc lai thé hién mét vai tinh chét cla hgp chét thom.

3.2. Mot vai tinh chat va phin ing

N&u so sénh vdi céc piron ngudi ta thdy hoat tinh clia nhém cacbonyl trong cdc y-thiapiron cao
hon so véi y-piron. Ching han, khéc véi y-piron, céc y-thiapiron c6 thé cho c4c din xudt semicacbazon
vi 2,4-dinitrophenylhidrazon. Su tao ra cic din xuft nay ching minh kha nang tiép nhén su tdn
c6ng nucleophin trén nguyén tir cacbon cacbonyl clia cic y-thiapiron. Céc thiapiron ciing ti€p nhén
su t4n cong electrophin trén nguyén tir oxi ctia nhém cacbonyl. Su tdn cong nay phu thuge vao do
bazo ciia nhém cacbonyl, cling c6 nghia 1a phu thudc vdo méat do electron & xung quanh nhém nay.
Vi dé bazo clia nhém cacbony! trong y-piron thép hon mot chiit so v4i & trong y-thiapiron nén phén
\ing electrophin trén nguyén tir oxi cacbonyl trong y-thiapiron 16n hon trong y-piron tuong ing.

Ciing nhut céc piron, céc thiapiron c6 kha ning qua phén iing clia nhém cacbonyl tao ra cdc ciu
tridc thom bén vimg cha mudi thiapirili :

s Ry = |
l +H+ == l + -— ~ l {X=0’S
) LY, X~ OH x~ OH

Nhing ¢ dinh thay thé c4c nguyén or hidro trong y-thiapiron bing brom dé khong dat két qua.
Chéing han, khi nitro héa y-thiapiron chi nhan duge muéi thiapirili ma thoi.

0O OH
=
) o= .
S S
;
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C6 thé nhan dugc céc mudi thiapirili mot cach don gian hon ngay cé khi cho tic dung cdc mudi

pirili véi natrisunfua (NayS).

Nhu d3 biét cation thiapirili duge tich ra 14n ddu tién vio ndm 1959, Céc cation benzothiapirili
v dibenzothiapirili cling d4 dugc tdng hgp. T4t ci céc cation loai nay déu khong tham gia vao sy -
the electrophin nhung ¢6 kha nang phéan dng rit cao ddi véi céc tic nhan nucleophin. Thi dy:

H__CsHs
T o — ke, (L
S” CI04 S 4 S

+

IV - PIOXAN VA PITHIAN

Dioxan va dithian 12 c4c di vdng 6 canh chia 2 dj t6 oxi hoic lru huynh. Chiing 13 nhiing di
vdng no va khong ¢é dac tinh thom. V& mat tinh chat, ching giéng nhu cic diete hodc dithioete
chia diy béo. N6i chung chiing it dugc nghién ciu. Nhing hop cht chil yéu duge gidi thi¢u dudi

day :
3 4 4
4 02 5 03 5 03
@ 03
5 1 [ 01 2 01
6
1,2-Dioxan 1,3-bioxan 1,3-Dioxen
4
O .0 8)
- 3
10 O O
1,4-Dioxan 1.4-Bioxen 1.4-Dioxadien
S
OO0 O 0O
5 S S S
1,3.Pithian 1. 4-Bithian 1,4-Dithien 1,4-Dithiadien
4.1. 1,4-Dioxan

1,4-dioxan va céc din xudit chia né ¢6 thé duoc téng hop mot céch dic biét hogic c6 thé duge tdo

ra do su dime h6a mot vai hgp chét cacbonyl.
Phuong phap co ban diu ché 1,4-dioxan 12 cét etilenglicol v6i axit sunfuric 4% (phuong phap

Favorski) hay dun néng etilenglicol véi sunfat st (II) khan :

.' /OH HO\ o _
?Hz ?Hz H,50, 4% [ j 2,0
+ o +
C\Hg /CHz (hay FeSO,4 khan)
- QOH HO . 0
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Phan tir 1,4-dioxan khong c6 c4u tao phing va chi yéu t6n tai & dang céu:
hinh “ghe”. _ ; ~——{)
- 0—*:\\‘

V£ nhifu mat 1,4-dioxan giéng véi ete. N6 bén vimg d6i véi tic dung chia,
nhiéu chét oxi héa, nhu cé thé ti€p nhan su halogen héa trén céc nguyén ti
¢acbon.

Ngoai ra 1,4-dioxan con cé kha ning cong hop mot vai t4c nhan vio céc dj t6 oxi vA 130 ra sin
phim cong bén vitng. Thi du :

/N

0 0 + l%rz — Br.O O.Br (t;’w65°C)

San phdm c6ng brom véi dioxan duge diing 1am téc nhan brom héa nhe nhang (nhur trong trudng
hop brom héa axetophenon thanh phenaxylbromua ching han). :

4.2, 1,4-Dioxen va 1,4-dioxadien

‘ 1,4-Dioxen c6 thé nhan dugc bing tic dung cha 2,3-diclo-1,4-dioxan véi magie iodua:

[OOI +M£l2 — [Zj +M3Ch-+12

1,4-dioxen dé dang cong hop tic nhan electrophin vao lién két d6i va bi phan cuc héa duéi anh
hudng clia cdc kim loai.

Hop chat 1,4-dioxadien cho méi t6i nam 1938 vén chua dugc bigt. Ngay nay dé diéu ch€ né
ngudi ta cho tic dung clia magie iodua véi tetraclo-1,4-dioxan trong dung méi dibutylete :

Cl |
I;jr vavtg +vgin “E9% ) e 2mect, + vt

O

~ Nhung dé trdnh sy pollme héa ciia 1,4 dloxadlen tao thﬁnh nguvi ta phél nhanh chéng téch né
ra khdi méi trudng phan ing.

V& mit tinh chat 1,4-dioxadien rét giéng cic ete khong no cia ddy béo. N6 ¢ thé cOng hcrp clo
va hidroclorua vao cic lién két d6i d€ tao thanh tetraclo-1,4-dioxan d6i xing va 2,5-diclo-1,4-
dioxan. Nhung brom va hidrobromua thudng chi duge cong hop vao mot trong hai lién két doi véi
su tao thanh cdc diin xuit tuong ing clia 1,4-dioxan.

4.3, 1,3-Dloxa_r_| va 1,3-dioxen

1,3-Dioxan dugc biét tit nim 1902, Né ciing 1a chidt long va vé nhidu mat rit giéng 1,4-dioxan,
tuy ¢6 mot vai tinh chdt khdc. V& mit cau tric ¢6 thé coi 1,3-dioxan nhu mot xetal vong cla
fomandehit. '

Mot trong nhitng phuong phép chinh ciia sir didu ché 1,3-dioxan 1a sy tu‘tmg tdc cia fomandehit
véi trimetilenglicol trong su ¢6 mit clia axit p-toluensunfonic :
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(l:HzOH
CH, + 0=C

CH,OH

H CH,—0

y CHACH,S0H y N

. p-CH;CeH,SO0sH HC ,CH, + H0
H CH;-O

Trong phan vng ny c6 thé thay hop chét hidroxi bing cdc hgp chat khOng no. Khi 46 hop chit
phitc phan cyc duge tao thanh «r fomandehit véi xic tdc A ching han :

HCHO + A == H,C-0-&

Chinh hop chét phire trung gian nay lai cong hgp vio olephin theo quy tic Maconicop va din 16i
san phém.

Mot phuong phép khéc cha su téng hop 1,3-dioxan la phin ing clia axetilen véi trimetilenglicol
trong su c¢6 mét cla thuy ngdn sunfat:

HC = CH + HOGCH,CH,CH;OH 2~ H,C = CH-O-CH,CH,CH,0H - < 30>"C’*3

Pi duge xéc dinh ring ban than 1,3-dioxan t6n tai & dang cu hinh “gh€”. Day 1A dang cfiu hinh
c6 1gi nhét v& mit ning lwong. Nhimg mot vai din xuft cia 1,3-dioxan c6 thé t8n tai dwéi dang céc
déng phan hinh hoc va duéi dang céc cfu hinh khic nhau: Déng phan trans chi y&i & dang “gh€
va déng phan cis chi y&u & dang “thuyén”.

— ﬁ:f

Péng phan rans-dang "gh®” Déng phan cis-dang "Thuyén”

1,3-Dioxan bifu hién nhiéu tinh chét giéng voi axetal va xetal. Ching bén vimg v6i téc dung

cha dung dich kiém lanh, nhung d& bi phan hiy trong moi trudng axit manh thanh céc hop chét
polihidroxi va fomandehit: .

axit loiing
< > ——— HCHO + HOCH;CHCH,OH

Phin img nay thuln nghich va chi dién ra t¢i mic 10 - 20%

Hidro héa 1,3-dioxan diroc thye hién bing hidro phan tir véi xdc téc hoac bing natri trong ancol
s6i thudng dan t6i sy tao thanh ancot (khé dat duge bing céc phuong phép khic):

0 , CsHs
> 2 “CH-CH,~CH,OH
: O CuQ ; GO
Cols” Ly, _ cHf
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CH3 0 {H1 C6H5 CH3 .
CeHs CH, 5 CHg CH3

Khi c6 mat xvc téc dehidrat héa (H;POy, cao lanh, ZnCly,....) 1,3-dioxan c6 thé b nhigt phan va
tao thanh cdc dien li¢n hop v6i hiéu sufft cao.

& 370 - 450°C trong sy ¢6 mat cha xic tdc nhom silicat xay ra sy thu hep vong 1,3-dioxan
thanh vbng oxetan 4 canh:

CH3>C0 H*'(ALSIO)  CHs
> s, O + HCHO
CHy 0 o

375.456°C CH5

Cling nhwr 1,4-dioxan, hop chét 1,3-dioxan c6 thé tao ra sin phdm cong hop & di t6 oxi. Thi du:
véi thity ngan clorua hay axit picric. Nlamg khi niing nay clia 1,3-dioxan y&u hon nhiéu so véi 1,4-
dioxan.

Cho dén nay bin than 1,3-dioxen vin chua nhan duoc, nhung din xust cla né 1a 2-phenyl-1,3-
dioxen lai c6 thé duoc tao ra khi dun néng 5-p-toluensunfonat ciia 2-phenyl-5-hidroxi-1,3-dioxan
véi kiém.

Cic tinh chét clia hop chét ndy dugc nghién ciu chua nhidu. 0
Nhimg né c6 thé cho cong hap mot céch todn hrong véi brom vio lién két C6H5—< \>
Q)

-86i vh duoc khir héa véi sy o6 mat xiic tic paladi trong dung dich ancol
thanh 2-phenyl-1,3-dioxan.

4.4. 1,2-Dioxan

Vio nim 1956 di cé thong béo vé su tdng hop ciia 1,2-dioxan véi hitu suskt 30% tir hidropeoxit
va butandiol-1 4-bismetansunfonat :

CH* ~0S0,CHs e
v
(L\H’ _OSO,CHy  C2CH3503H) C@é A 1

1,2-dioxan khi dugc hidro héa s& cho butadiol-1,4 va bi phan hiy bdi axit hay kiém thénh
y-hidroxibutyrandehit :

HOCH,CH;CH,CH,OH - < > . "HOCH,CH;CH,CHO

hay OH™
4.5. Cic dithian

Nim 1955 Iurev d3 nhan duoc 1,4-dithian v6i hidu suat toan lugng khi cho thiiran di qua nhém
oxit nung néng 6 225°C:

215



S AlLO S
2 i3 [ j
_ Q 225°C S

1,4-Dithian dé dang bi héa nhya khi clo héa truc ti€p, nhung néu clo héa trong dung modi
cacbontetraciorua thi né lai c6 thé tao thanh dén sudt 1 4-dithiantetraclorua va sy phan b6 cdc
nguyén tit clo trong phan tif ndy khong duge x4c dinh. T din sudt tetraclo cha 1 A-dithian néu
declo héa bing k&m trong axit axetic thi ngudi ta khong nhén duge san phdm mong muén ia 1,4-
dithiadien ma lai nhan dugc sin phdm clia sy ngung tu : '

S , Cl s S i S s.
(e e &) aror (L
ES 4 cHycood Cl I CH,COOH l

H S S s S

(240 {-2HC)

1,4-Dithien nh4n dugc trong si tuong tic ctia propilenthioglicol véi axetal cla andehit
bromaxetic trong sy ¢6 mit cila axit p-toluensunfonic : ' '
,OCzHs HS--CHZ\C

S

CH;CgH,SO;H ,

BrCH,~CH + e, B T, [:[[ + HBr
0C2H.5 HS-CH; (“2CZHSOH) e

1,4-Dithiadien dugc biét nhiéu hon trong héa hoc bing cdi tén 1.4-dithiin. N6 duge téng hop t
nam 1953 theo so dd dudi day: '

_OR

7/ ut S OR S
HSCH~CH — L :r — li ] + 2ROH
OR RO™ S S o

Nhimg di kién phan tich cu tnic bing Ronghen cho biét 1,4-dithiin c6 ciu
hinh loai "gh€". |

S
Khi nitro héa din xusit 2,5-diphenyl-1,4-dithiin ngudi ta thdy nhém __‘//
nitro t4n cong vao vi tri 3 cia vong di vong chif khong vao vong benzen, [ "
nghia 1a 1,4-dithiin ¢6 xu hudng tiép nhan sy th€ electrophin, va nhu vay, 3

phén n2o n6 ¢6 dic tinh thom. -

1,4-Dithiin cdn cé kha ning tham gia vio phan Gng véi sy thu hep v.bng, thidy :
el SIS LT
CeHs” S CoHs” S5 8 | CaHsTS *s
; 2 . .

Sir ¢ mit cdc nhém the hit electron trong 1,4-dithiin 1am tang sy phan cyc ciia lién két doi
trong vong va c6 kha nang thu hep vong ngay c4 khi & nhiét 0 khéng cao. Ngoai ra cic dAn xudt
ciia 1,4-dithiin. con 12 céc 4i dien (dienophin) hoat dong. Thi du » Pisunfon cha 1,4-dithiin phan
{mg véi butadien cho san phdm cong twong tng. : -
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V - OXAZIN VA THIAZIN

Oxazin va thiazin 1 c4c di vong 6 canh chifa hai di t6, trong d6 c6 mot di t6 nito, cdn di t6 kia
11 oxi hosc luu huynh. Céc don di vdng oxazin vA thiazin néi chung con it duge nghién ciu, nhung
céc he da di vong ki€u dibenzo cha chiing lai duge nghién ciu khd nhiéu vi ching tham gia vao
nhidu thanh ph4n ciia hop chat hilu co ¢6 (ng dung thuc t€, dac biét trong linh vuc phdm nhudm,
duge phdm va céc chat diét con tring.

Dudi day 1a nhitng hop chit chii yéu trong diy nay:

SR OJ Q"'Q

|
Céc 1.4-oxazin Céc 1,3-oxazin

4
57 3 N3
v v Ol E]
N 3 2
o o
Céc 1,2-oxazin " 1,4-Thiazin 1,3-thiazin
9 1o L
Qoﬂ Q¢
S 3
6 4
leenmxamn _ Phenthiazin
{Phenoxazin) {Dibenzothiazin)
5.1, 1,4-Oxazin

Hi¢n nay chi duge bi€t cdc din suat 5-hidroxi-1,4-oxazin. M6t trong ching da dugc t6ng hop
bing con dudmg sav day:
OH Br

NH- I6
CH,COCHCOOC;H; CHICHBCOC -y & CH-CH; —
, 2H;s 4
NH, il (l: CQHSQNa
H5C200C—C\N/ %0
Etyl a-aminoaxetoaxetat i '

Etyleste clia axit c—{o'-brompropionamit)- hidroxi crotonic

CH3I ICH Cﬂsj[ ICH3 CHBI :[[CHa

H5C200C N H5C,00C N OH HOOC N OH
Ety! este cha axit <o CH; CH;

5-Hidroxi-2,6-dimetyl-1 4- =0 \[ I

oxazin-3-cacboxylic N 'OH

5-Hidroxi-2 6—dlmetyl 1.4-oxazin
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Ciing dd c6 thong bio vé sy téng hop mot vai din sust cia 2,3-dihidro-1,4-oxazin. Nhung
tetrahidro-1,4-oxazin (tdc 14 cic mopholin) dugc nghién cdu nhiéu hon. Ching ¢6 thé duge téng
hop bing cdch déng vong héa cic etanolamin hay di-(3-halogenetyl ete:

HNCH,CHOH, —2 0 NH + HO0
180°C

NH Vammmn S
(CICH,CH,)»,0 > NH

50°C, 122 atm — +2HC

Mopholin 12 mét baza loai trung binh. N6 tén tai chii yéu & dang cau hinh “gh&”.

Trong cc phan (ng mopholin dugc xem nhu mot amin bac hai. N6 ¢6 thé phan {ng véi ¢ic
mudi diazoni d€ cho dén xudt aminoazo bén vimg:

[CsHs-NENICI + HN(CH;CHp0 —  CgHs—N=N-N(CH,CH,),0

5.2, 1,4-Thiazin va 1,3-Thiazin
1,4-Thiazin dugc diéu ché l4n ddu tién vao nam 1948 khi cho imit cha axit thiodiglicolic di qua

nhém oxit & 450°C:
S ALO, S
4[ l _— E j +2 H,0
07 "N 0 450°C _ N

Cac diin xuft sunfat ciia 1 4-thiazin duge nghién citu khéng nhiéu, nhung cic din xuft loai
tetrahidro-1,4-thiazin (tc 13 c4c thiamopholin) lai duge nghién cifu nhiéu hon. Chiing 6 thé diroc
téng hop bing cdch sau:

CH,CH:C
s7 + NH, Jlctchezd = o NH + 2HCI

NCH,CH,Cl ~—

V& mit tinh chét c4c thiamopholin duge xem nhu cdc amin béc hai.

Cho dén nay céc hop chat 1,3-thiazin khong chita nhém thé vin chwa duoc diéu ché. Nhung céc
din xudt clia 4H-1,3-thiazin ankyl thé c6 thé duge téng hop biing tic dong cila thicamit véi 3-clo-
1-brompropan. Sin phdm ciia phan tng 12 5,6-dihidro-4H-1,3-thiazin:

CH, > HS SR

[ + C-R — E:'IE + HBr + HQ

Cth N -
CH,Cl
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Ciing di c6 thong béo vé sy t8ng hop din xudt 6H-1,3-thiazin theo so d6 dudi day:

1} I} —CH
HN-C-SNH; —a— HN-C. +(CHy),C=CH-COCH; |
15-25°C SH
CHi_ ,CH,COCH:|_,, o N—<© N==<OH
- /C\ 2z, CHs S = CHimQ S
cpy SN 7cn, CH
0 . CHj CH; 3 '

Pi khong ¢6 dit kién nao vé tinth cht cha cdc din xust 1,3-thiazin.
5.3. Dibenzoxazin hay phenoxazin

Phenoxazin duoc téng hop 14n ddu tién vio nim 1887 bing sy ngung tu cla o-aminophenol véi
pirocatekhin:

o )
+ " —*
NH, HO €0y, 220-230°C (-2H,0) N

H

. 156°C

Hién nay phuong phap ndy vin duge (ng dung va dugc col 12 phuong phép chinh.

Phenoxazin 13 hé phén tir cé tinh thom yéu. Brom héa né bing brom phan tif trong benzen xay
ra véi su héa nhya manb, nhung t sin phdm nhya nay ¢ thé tach ra duge chc din xult mono-vd
dibrom cia phenoxazin. K&t qua ciing tuong tu v6i phin dng clo héa va nitro héa.

0 X X 0 X

T T xemane,
N N
H H

..J:-.; .

& day di 18 nito téc dong nhu mot nhém thé ddy electron, vi'vay, su.,lr'the’ electrophin trudc hét
xAy ra & vi tri para d6i v6i di t& nito, nghia 1a & vi tr 3 va 7 chia vong phenoxazin. Clo héa
phenoxazin xiy ra thuong manh mé hon va c6 thé cho din xuit 1,3,7.9-tetraclophenoxazin. Nitro
héa ngay ca bing axit nitric loang ciing din t&i sy tao thanh ngay 1ap tic din xust 1,3,7,9-
tetranitro, nhung trong trudng hop nay thudng khong téch ra duge céc din xudt mono- va dinitro-
phenoxazin. Ngay ¢a phan tmg Friedel-Crafts ciing dugc thyc hien khé dé dang d6i vai phenoxazin.
Nhumng & day sy axyl héa lic diu thudmg xay ra & di t6 nito, va chi sau d6, hodc trong trudng hop di
t6 nito 43 bi anky! héa, nhém axyl méi tdn cong vao vi tri para d8i véi di to nito.

O:OD CHSCO\QOUCOCHB

COCH; | CH,CHs

Nhu vay, phin ing thé electrophin khong thé thuc hién duge trong day oxazin don vong va dién
ra rét khé khin & benzoxazin thi lai xdy ra rét dé dang & vong phenoxazin ciing nhu & céc din xuft
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~ ciia né. Diéu ndy c6 thé hiéu dugc néu coi phan tir phenoxazin nhu 12 mot he “gia thom”, nghia 12
né khéng ¢6 ciu tric thom nhung & miic d6 nh4t dinh né thé hién tinh thom vi d6 én dinh do cé su
lien hop cua hai vong benzen véi nhau qua céc cip electron ty do cha ci nito va oxi clia vong
oxazin & gifta.

5.4. Phenothiazin

Phenothiazin 1a mot trong nhiing loai di vong chia luvu huynh c6 nhiéu img dung trong thuc t&.
Béan than né va mot vai ddn xuat ciia né da duge diu ché trong pham vi cong nghigp. Néi chung c6
hai phirong phép téng hop chinh sau day:

— Thio hoa diphenylamin: Phdn ing gilta diphenylamin véi thionyclorua 12 mot con dudng méi
diéu ch& phenothiazin thu¢c phuong phép nay:

S S

Nhung trong cong nghiép thudng di truc ti€p tir diphenylamin v6i luu hujmh theo so dd sau day:
S
OO v mme CUYT o
N N
H H

— Ddng vong héa diphenylsunfua thé : Pay ciing 12 mot phuong phép c6 ¥ nghia trong viéc san
xuAt phenothiazin. Thi du:

S
o0 =0l oo
(HBI') 7 . '
H;N I:I
H

Br HoN

T vi hon cd vé& mat 1i thuy&t 12 déng vong héa 2-nitrophenylsunfua thinh phenothiazin trong
su ¢6 mat cua trietylphotphit (nhu 14 mot tic nhan deoxi héa):

S
QO s OO0 O
e
NO, N: N
.8 X
. ND _. QND
H
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O day dusi tic dung deoxi héa clia trietylphotphit, nitren dugc tao thank. Nhimg trong diéu kién
déng vong héa nitren lai chuyén thanh spirodien ma spirodien luon c6 khuynh huéng chuyén vé he
thom c6 lgi hon vé mat nang luong. | T o |

Cdc:phan i phenothiazin ¢6 cfu tao phing va 12 hop chit thom. Chiing tham gia vao cdc phan
tng the electrophin va tuong d6i bén vimg d6i véi tic dung clia cdc chat oxi héa. Ca hai dj t6
huynh va nito trong vong phenothiazin déu tham gia vo nhiéu phan (ng va gay ra anh hudng ding
ké dén sy dién ra chia phan ing.

Cing nhy da s6 c4c dj vong chiia nito khic, sir the electrophin, ma chii y€u la ankyl héa v axyl
héa, c6 thé xdy ra ngay & di t6 nito cha vong phenothiazin. Trong trudng hop nay néu di 16 lwu
huynh duge oxi héa & dang sunfoxit thi s& Jam chém lai rdt nhiéu qu4 trinh N-thé. Thi du;

o S AR -~ NaNHp/NHj léng S
LD+ e - O
N | N

CoHs (98:99%)

.0 : . O o
| S I _
OO0 o 2 O o

+ 2 T f

| . N ) S NITI3 Iéng N

H

C,Hs

- N-Axyl héa phenothiazin bing axyl clorua dién ra d& dang, va vi vdy, chinh phin ing nay di
duge dé nghi ding dé nhan ra clorua axit (tic 1a cloanhidrit) clia c4c axit béo. Nhung trong trudng
hop & cdc vi trf 1 va 9 c6 cdc nhém the thi ldc d6 sy cdn tr& khong gian cha cic nhém the nay 1am
cho phan ting N-axyl héa hu nhu khéng xay ra.

Ciing nhu trong phenoxazin, nhém NH trong phenothiazin gy ra anh huéng dinh huéng ding
ké déi véi sur tan cong electrophin. J day né duge coi nhu nhém the ddy electron nén trudc hét
huéng tic nhan electrophin tén cng vao vi trf para (titc cdc vi trf 3 va 7) d6i véi né, va sau dé, méi
vao cdc vi trf ortho (tifc céc vi tri 1 va 9). Ngoai ra khi nhém NH duoc thay the thi lic d6 dj t6 luu

huynh duge coi nhu nhém ddy electron va cung gly ra anh hudng dinh huéng ding ké d6i vdi céc
tdc nhan electrophin. '

Trong phén ing halogen héa phenothiazin khén g chifa nhém thé, tic nhan electrophin X% truse
hét tdn cong vao vi tri 3, 12 not ¢ mat 4o electron cao hon. Nhimg ngoai ra, halogen con gay ra tic

dung oxi héa phan tir phenothiazin. Khi dé electron dugc chuyén tir phenothiazin sang XeB, trung

hoda 16, va cation phenazthioni én dinh duoc tao thanh s& bj tan cong ciia anion X', Nhung trong

hai dang cau tric cong huéng c6 thé cha cation nay thi dang para quinoit (If) to ra cé loi hon vé
mat ning lugng so véi dang ortho-quinoit (I).

or?z — O
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Vi vy X7 cling tén cong vao vi tri 3 ciia vdng phenothiazin.

Khi nitro héa phenothiazin khong th€ bing axit nitric lusn xdy ra cd sir oxi héa di o5 huu
huymh thanh nhém sunfoxit (monoxit) hay sunfon. (dioxit) tity thudc vio néng 49 axit. Nhumg néu
nitro héa phenothiazin bing céc mudi nitrit trong moi treding axit thi dj 16 v huynh 3% khong bj
oxi héa. N6i chung do nh huimg dinh huéng ciia dj t5 nito ma nhém nitro ludn t4n edng vio cic vi
tri 3 v2 7. Sunfonic héa phenothiazin bing axit sunfuric hay axit closunfonic cing xdy ra & céc vi
tri ndy. :

Axyl héa din sust N-ankylphenothiazin theo Friedel-Crafts chi diin t5i sy tao thanh dfin sufit
3,7-diaxyl cia phenothiazin. Nhumg khi axyl héa phenothiazin N-axyl héa nhém axyl mdi lai tén
cOngviocécviH{Z,B(niclécﬁcvitﬁmetado'ivﬁdiwniw).

Cling c6 thé thyc hién sy ankyl héa céc phenothiazin N-th& bing tdc dung clia anken véi xiic t4c
BF; va axit p-toluensunfenic. Khi d6 s tao ra ci¢ nhém ankyl dvitri3va 7.

Cén chd ¥ rdng cdc nhém thé & dij 16 nito cia vong phenothiazin gay ra dnh iimg 16n 8&n sy
dién ra clia phén (ng thé electrophin. Nhém N-ankyl lam cho sy thé€ electrophin chi xiy ra & céc vi
tri 3 va 7 (md khong thé & c4c vi tri 1 v3 9). Con nhém N-axyl thi 1am mét hoat héa manh cita vong
phenothiazin trong phén tng th electrophin.

Csc phin ing the nucleophin tryc ti€p khong dic trung cho diy phenothiazin trir phin tng kim
loai héa. '

Khic v6i céc thiazin, ban than phenothiazin v céc diin xufit cba né c6 rdt nhidu yng dung trong
thyc €, dac bi¢t dugc ding trong linh vy diét con tring, phém nhuom, thudc gy ngh v thuic
chita bénh tam thén,...

©222



TAI LIEU THAM KHAO CHINH

1. L.A Paquette, “Principies of modem Heterocyclic Chemistry”, New York — 1968 (Bin dich sang
ti¥ng Nga cita R.G.Gluscov vi V.G.Granhik — Nha xu#t bin “MIR” - Moskva - 1971)

2. 1.A. Joule, G.F.Smith, “Heterocyclic Chemistry”, New York - 1972 (E.S.Golovchinskaia dich
sang ti¢ng Nga vi nha xust ban “MIR” - 1975).

3. V.LIvanskii, “Khim. Jeterocyck. Soedin.” (tiéng Nga), Nha xuit ban “Vus. Skola”, M.1978.

4, A Katritskii, Dz. Lagovskaia “Khim. Geterocyck. Soedin.” ( Bén dich sang ti€ng Nga), M. 1963.

§. “Heterocyclic Compouds™ (9 14p). M.1963. Dudi sy hiéu dinh ciia R.C.Elderfield.

6. Céc bai 1dng quan trong tap chi “Khim. Geterocyck. Soedin.” (tiéng Nga) cla Lién X0 (ci).

7. David T. Davies “Aromatic heterocyclic chemistry”. Oxford Science publications - 1994.

8. "Comprehensive organic Chemistry” (Bin dich sang ti€ng Nga. "Obsaia organicheskaia
Khimiia" T. 8, Nxb "Khimiia", M. 1985. T

9. A. F. Pozharskii, A. T. Soldartenkov, A. R. Katritizky, "Heterocycles in Life and Society: An-
Introduction to Heterocyclic Chemistry:. New York - 1997.



MUC LUC

Trang
Ma dau 2
Chuong mot. DA CUONG VE CAC HOP CHAT DI VONG
I. PBinh nghia, cAch goi t&n v ddnh s6 4
1.1. Dinh nghia 4
1.2. Cich goi t¢n 1 T R T, LA 5
1.3, Chch dénh s6 | 7
1.4. Céch got tén va ddnh 58 c4c he¢ da di vdng ngung it phic tap 8
I1. Phan loai cc hop chét di vong _ _ R L S 9.
1L Phuong phép chung téng hop céc hop chdt dj vong ST e C 13
3.1. Céc phin g cong hop vong ' o3
3.2. Phuong phép déng phan héa céc lién Kahoaw S
3.3. Phuong phip ngung ty enamin o SRR R R ¥
Chuong hai. NHOM DI VONG S CANH 1 DITG DR R
1. Chiu tao va dic tinh thom : : R : ,- e 2
I1. Cac phuong phép Wnghep o . . ... ..
2.1. Diéu ché wong cong nghlep . . B m
2.2. Téng hop Paal: Knorr . Lo s
2.3. Téng hop furan theo Feist-Benari vi tdng hop pirol theo Hantzch. . - , Sy 28
2.4. Téng hop vdng pirol theo Knorr L _ _ o .. 26
2.5. Téng hop thiophen theo Hinsberg o , -
2.6. Téng hop tir este cha axit axetilen dicacboxylic . | : I. - 28
1IL. Tinh chit o ' )
3.1. Phin dng th& electrophin c ' ' . R
3.2. Phin éng the nucleophin vh thé gée 36
3.3. Phan iing kim loai hda N -39
3.4, Cic phin tmg md vdng vacong hop 40
IV. Gidéi thieu mot vii loai hgp chélt ridgng bigt 42
4.1. Mét s& din suflt cha furan, Pirol, va Thiophen 42
4.2. Mot vai dj vdng no 5 canh mdt di 16 teong tmg ) 44
4.3, Céc dj vdng 5 canh mot dij 18 trong thién nhién 45
Chuong ba. HE NGUNG TU CUA CAC DI VbNG THOM 5 CANH 1 DI TO 43
1. Mot vai nét v& cfin tao | 48
IL. Cdc phaong phég tdng hop Benzofuran, indol vi benzothiophen 50
2.1. Téng hap indol theo Fischer 50
2.2. Téng hop indol theo Madelung _ 52
2.3. Téng hop indol theo Reisert . 52



2.4. Tdng hgp indol theo Nhenhixescu 53

2.5. T8ng hap indol theo Bisler : 54
2.6. Téng horp benzofuran v benzothiophen 55

kI Tinh chit : 56
3.1. Phiin dng the electrophin : _ 57
32 Phiin img th€ nucleophin (Sy) va the gbc (Sp) ' 61
3.3, Phan dng kim loai héa 62

1V. Gi6i thiéu mot s6 hop chilt riéng biét cba indol 64
4.1. Mot s6 diin sufit cha indol R 64
4.2. Mit1 36 hgp chat thien nhién chita vang indol cé hoal tinh sinh hge _ 68

V. Dibenzofuran, cachazol vi Dibenzothiophen ] 69
5.1. Céc phuwong phéap téng hgp . 69
5.2. Tinh chit _ 70
Chseong bon. CAC DI VONG 5 CANH CHUA 2 HAY NHIEU D] TO (CAC'AZOL) omn
1. Vai nét vé cfu o . 74
11.. Céc phuong phiip téng hop _ 76
2.1. Tdng hop chc 1,2-azol 76
2.2. Téng hgp cic 1,3-az0l i

, 2.3. Téng hop benzimidazol vi benzoxazol ' 81

" 2.4. Téng hop che triazol ' : 82
2.5. Téng hap 1,3 4-oxadiazol va 1,3,4-thiadiazol : 83
2.6. Tng hop tetrazol - 84

115, Tinh chat 85
3.1. Tinh ch#t cha 1,2- va 1,3-azol 85

. 3.2. Ttnh chflt clia céic wriazol o0
3.3. Tinh chit ca céc oxadiazol va thiadiazol 91
1.4. Tinh chét cha tetrazol 92

1V. Céc muéi bazo nito bac bon cira 1,2-vh 1,3-azol . 94
V. Gi6i thiéu mot s6 loai din xuft ciia 1.2-vh 1,3-azol - 95
V1. Céc hgp chift chia ving azol trong thign nhi¢n va duge dng dung trong thuc the, . 98
Chuong ndm. PIRIDIN VA DAN XUAT 103
L. Vi nét vé cfiu 130 v2 khd nang phén dng 103
IL. Céc phuong phép tdng hop 105
2.1. Ngumg ty 86ng vdng axetilen véi NH3 hay HCN 105
2.2. Déng vong hop chit 1,5-dicacbonyl véi amoniac 106
2.3, Téng hop tir etylaxeioaxetat, amoniac v andehit (Téng hop Hantzch) . 106
2.4. Téng hap L hyp chét B-dicacbonyl vi B-cnamincacbonyl hay nitrin 108

225



2.5. Téng hop 1Y oxazol va dienophin
2.6. Mgt 58 phuong phép khdc
111 Tinh chat
3.1. Tinh bazo vk céc phin dng trén dj 16 nito

3.2. Céc phin tng thé electrophin trén nguyén tir cacbon va vdng piridin (Sg)
3.3. Phin img the nucleophin (S)

3.4. Phin img thé gbc (SR)
3.5. Phdn dng oxi héa
3.6, Phan ing khir héa
IV. Gi6i thisu mdt s6 loai din xusit clia pividin
4.1, Chc ankylpiridin
4.2. Hidroxipiridin
4.3. Aminopiridin
4.4, Din xuft halogen clia piridin
4.5. Céc axil piridin cacboxylic vi di xuft
4.6. Céc N-oxit piridin

V. Céc hop chét thién nhién chida vdng piridin v chc hop chéit cla piridin ¢§ Gng dung trong thuc &,

Chuwmg séu. HE VONG NGUNG TU KIEU BENZO CUA PIRIDIN : QUINOLIN,
ISOQUINOLIN VA ACRIDIN

1. Vii nét vé ciu tao clia quinolin v isoquinolin

1. Céc phuong phép ng hop quinolin va isoquinolin
2.1. Téng hop quinolin theo Scraup
2.2. Téng hgp quinolin theo Friedlender va Pfitzinger
2.3. Téng hop quinolin theo Combes
2.4. Téng hop quinolin theo Conrad-Limpach vi Knorr
2.5. Téng hop Isoquinolin theo Bischler-Napieralski
2.6. Téng hep Isoquinolin theo Picter-Spengler
2.7. Téng hgp lsoquinolin theo Pomerants-Frich

111, Tinh chét cha Quinolin vi Isoquinolin
3.1. Vi nét vé tinh chat phd
3.2. Tinh chit vat li

3.3. Phim ving th# clectrophin (Sg)

3.4. Phan (mg the nucleophin (S

3.5. Phan ing oxi héa

3.6. Phin tng khit héa
IV. Gidi thiu mot vhi dn xudt clia Quinolin va Isoquinolin
V. Acridin _
VI. Céc hop chat thién nhién va céc chdt ¢6 hoat t{nh sinh hoc chira vong quinolin, Isoquinolin v

226

A acridin

110
110
11
111

I1s
120

124
125
126
127
127
128
129
130
131
132
134

136
136
137
137
139

141

141
141
142
143
144
144
146

146

147
148
148
149
154
136



Chuong bdy. DIAZIN, TRIAZIN, TETRAZIN, VA CAC DI VONG CHUA NHIEU NITO

1. Diazin ) 158
1.1. Gi6i thieu so hege 158
1.2. Céc phuong phép éng hap 159
1.3. Tinh chft cha céc diazin | 163
1.4, Phin tmg cia cic nhém chéc trong diazin 168
1.5. Cic diazin trong thitn nhién va c6 hoat tinh sinh hoc 170
1.6. Phenazin ) 172
I1. Triazin 173
2.1. Triazin d6i xdng 174
2.2, Triazin khong d6i xing ' 177
111 Tetrazin 179
TV, Purin va Pteridin ' ) 181

Chuong sém. CAC DI VONG 6 CANH CHUA DI T6 OXI HOAC LUU HUYNH

1. Piran va Piron 196
II. Cumarin, Cromon va Xanton 202
2.1. Cic phuong phép tdng hop. 202
2.2, Tinh chélt ctia Comarin va Cromon - 204
2.3. Xanton . 209
111, C4c di vong 6 canh chita 1 di 16 lwu huynh 210
V. Dioxan vi Dithian 212
V. Oxazin va thiazin . 217
5.1. 1,4-Oxazin 217
52. 1,4-Thiazin va 1,3-Thiazin ' 218
5.3. Dibenzoxazin 219
5.4. Phenothiazin S 220
Tai li¢u tham khéo 233

221



Chiu trdch nhiém xudt bein ;
Chil tich HDQT kiém Téng Gism déc NGO TRAN Al
Phé Tdng Gidm d&c kitm Téng bien tap VU DUUNG THUY

Bién tap ldn ddu :
NGUYEN VAN THOAI
Bién tdp 16i bdn ;
VUUNG MINH CHAU
Trinh bay bia :
TA THANH TUNG
Sia bdn in :
PHONG SUA BAI (NXB GIAC DUC)
Ché bdn :
PHONG CHE BAN (NXB GIAC DUC)

HOA HOC CAC HQP CHAT DI VONG
" Ma s : TKS510T4-DAX
In 1.000 cudn, khd 19 x 27 cm, tai Cong ty C8 phén in Phiic Yén

S6 xuft ban: 105398 - 04
In xong vA nop lwu chiéu thdng 10 nim 2004,






	HÓA HỌC CÁC HỢP CHẤT DỊ VÒNG
	MỤC LỤC
	CHƯƠNG I. ĐẠI CƯƠNG VỀ CÁC HỢP CHẤT DỊ VÒNG
	CHƯƠNG II. NHÓM DỊ VÒNG 5 CẠNH 1 DỊ TỐ
	CHƯƠNG III. HỆ NGƯNG TỤ CỦA CÁC DỊ VÒNG THƠM 5 CẠNH 1 DỊ TỐ
	CHƯƠNG IV. CÁC DỊ VÒNG 5 CẠNH CHỨA 2 HAY NHIỀU DỊ TỐ
	CHƯƠNG V. PIRIĐIN VÀ DẪN XUẤT
	CHƯƠNG VI. HỆ VÒNG NGƯNG TỤ KIỂU BENZO CỦA PRIĐIN: QUINOLIN, ISOQUINOLIN VÀ ACRIĐIN
	CHƯƠNG VII. ĐIAZIN, TRIAZIN, TETRAZIN VÀ CÁC DỊ VÒNG CHỨA NHIỀU NITƠ
	CHƯƠNG VIII. CÁC DỊ VÒNG 6 CẠNH CHỨA DỊ TỐ OXI HOẶC LƯU HUỲNH
	TÀI LIỆU THAM KHẢO

