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Nghién ctru quy ludt phan ing thé trén di vong pyridine
¢ trang thai tinh bang phan mém HyperChem 8.0
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Abstract: The article utilizes HyperChem 8.0 Release software to optimize the geometric structures and
calculate the electron density of substituted pyridine heterocycles. This is done to predict the reactivity
and orientation of second substituent groups on the pyridine heterocycle. The results indicate that
electron-donating groups direct electrophilic substitution to the ortho and para positions relative to them.
In contrast, nucleophilic substitution occurs at the 2 and 6 positions relative to the nitrogen atom. For
electron-withdrawing groups, electrophilic substitution takes place at the 3 and 5 positions (relative to
nitrogen), while nucleophilic substitution still occurs at the 2 and 6 positions.
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1. Pit vin dé

Pyridine 1a mot hop chit di vong thom vong
sau canh véi cong thirc phan tr C.HN. V& mit ciu
triic, pyridine tuong tu nhu benzene, nhung c6 mot
nguyén tir carbon dugc thay the boi nguyén tir nito.
Diéu niy tao ra su khac biét vé tinh chat dién tir va
hoéa hoc gilra pyridine va benzene.

Quy luat phan tmg thé trén di vong pyridine chiu
anh huong manh boi tinh chat electron ctia cac nhom
thé lién két trén vong, cling nhu vi tri cia ching [1,2].

Phan tng thé electrophilic: Pyridine c6 mat do
electron trén vong thip hon benzene do hiéu tng
hut electron cua nguyén tir nito, nén phan tng thé
electron (S Ar) trén vong pyridine kho xay ra hon so
voi benzene (khd nang phan (mg S_Ar cua pyrldme
tuong tu nhu nitrobenzene). Khi ¢ nhom thé day
electron (-OH, -OR, -NHa,...) trén vong pyridine,
phan g thé electrophilic ¢6 thé dién ra dé dang
hon, va nhom thé thudng sé wu tién vi tri ortho-para
s0 v6i nhom thé.

2) Phan émg thé nucleophilic: Nguoc lai, do tinh
chat hut electron ctia nito, pyridine d& tham gia vao
phan tng thé nucleophlhc (S, Ar) hon so v&i benzene.
Khi ¢6 nhém thé hut electron manh (nhu -NOgz;
-SO,H, -CN,..) trén vong, phan tmg thé nucleophilic
xay ra d& dang hon va vi tri tin cong thudng 1a ortho
hodc para (C-2 hoac C-4) so voi nito.

Viéc tinh toan mat do dién tich dua vao phén
mém HyperChem 8.0 Release nham khao sat hudng
cua phan ing S Ar va S, Ar vao di vong pyridine c6
va khong chtta nhom thé [3].

2. N§i dung nghién ctru

2.1. Phuwong phap tinh

Xay dung phan tir pyridine va dan xuat bang cach
sdp xép cac nguyén tir carbon va nito thinh mot vong
sau canh va thém lién két doi xen k& bang phan mém
HyperChem 8.0 Release [4].

Téi wu hoa cau triic hinh hoc cac phéan tir bang
phuong phap ban thyc nghiém RM1 véi gidi han hoi
tu la 10 va gidi han 1ap lai 1a 50. Thuat toan Polak-
Ribiere duogc st dung v6i didu kién dimg 1a d6 dbc
RMS = 0.1000 kcal/(A mol) va tinh todn RHF.

Trong gidi han cua bai bao nay, viéc khao sat sé
thue hién v6i cac nhom thé trén di vong pyridine bao
gf")m nhém déy electron: -CH,; -OH, -OMe, -NH, va
cac nh(”)rn hut electron : -Cl, -NO,; -COOH; -CN.
2.2. Két qud va thdo lugn

Tuong tu nhu nitrobenzene, mac du kha ndng phan
(g cua pyridine rat kém, song tac nhan electrophile
van c6 thé duoc dinh hudng thé vao vi tri 3 trong vong.
Nguyén nhan 1a do mat dg electron ¢ vi tri 3 thuan loi

cho su tin cong electrophile hon vi tri 2 va 4.
-0.268
N

Xy +0.031

O -0.185

-0.037

Trong khi cac phan ung thé electrophilic gap kho
khan, thdm chi khong thé thuc hién véi pyridine thi
céc phan mg thé nucleophile lai d& dang va da dang
nhd vao anh huong hut dién tir cua di td nito. Vé
hudng cta phan tng thé nucleophilic, phan ung thé
uu ti€n vao vi tri 2 va 4, trong d6 san pham thé & vi
tri 2 thuong chiém wu thé do mat d¢ electron giam
manh tai vi tri nay.
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2.2.1. Cdc nhém thé day electron

Vi phan tng thé electrophilic, cac nhom thé trén
vong pyridine ciing gdy anh huéng dén hudng thé
va kha nang phan tng cling twong ty nhu trong vong
benzene: nhom thé day electron lam ting kha ning
phan tng va dinh hudéng vao vi tri ortho va para dbi
v6i nhom thé. Két qua tinh toan mat do electron trén
céc nguyén tir carbon voi vong pyridine thé dugc dua
ra & bang 2.1.
Bdng 2.1. Mat d¢ dién tich trén nguyén tir carbon ¢
mét s6 hop cht pyridine chira nhom thé day electron

. S
Vi tri carbon _—
2-Me 2-OH 2-OMe 2-NH,
2 +0.100 +0.234 +0.233 +0.292
3 -0.195 -0.279 -0.283 -0.308
4 -0.029 +0.027 +0.019 +0.043
5 -0,200 -0.246 -0.245 -0.286
6 +0,044 +0.081 +0.079 +0.102
Vi tri carbon 3-Me 3-OH 3-OMe 3-NH,
2 +0.018 -0.008 -0.001 -0.092
3 -0.107 +0.052 +0.055 +0.137
4 -0.052 -0.164 -0.153 -0.189
5 -0.175 -0.116 -0.122 -0.089
6 +0.019 -0.021 -0.023 -0.061
Vi tri carbon 4-Me 4-OH 4-OMe 4-NH,
2 +0.036 +0.086 +0.079 +0.095
3 -0.200 -0.309 -0.296 -0.323
4 +0.036 +0.190 +0.192 +0.263
5 -0.200 -0.237 -0.239 -0.323
6 +0.040 +0.070 +0.065 +0.095

Tir két qua & bang 2.1, v6i cac nhom thé day
electron & vi tri 2, 3, 4, mat dd electron cua cac
nguyén tir carbon & vi tri ortho d6i v6i nhom thé
déu c6 mat do electron tang dang ké so véi cac vi
tri khac va so v6i truong hop pyridine khong nhom
thé (trir truong hop nhéom 2 va 3-methyl, mat do
electron vi tri s6 ortho thép hon mot it so véi vi tri
para). Do viy, cac nhom thé nay déu dinh huéng
nhém thé electrophile vao vi tri ortho (chu yéu, néu
khong ké dén anh huéng cua hiéu ung khong gian)
va para so v6i nhom thé. Xét vé mat do dién tich,
su day electron giam dan theo trat tu sau: -NH, >
-OMe ~ -OH> -Me, do vay, kha nang phan tng the
electrophile giam dan theo trat ty cta cac nhom thé
nhu trén.

N N._OH N._OMe N_NH,
pt E/jf\ )‘/\j ~ > ~ o “~

uu tién 2 wutien 1 wvutien2 wutienl uutién2 wutiénl uwutién2 uutien ]
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Hinh 2.1. Huéng phdn iing thé eleclrophilic trén di

vong pyridine chita nhém day electron

DPbi véi phan tmg thé nucleophilic, nhin chung
cac nhom thé day electron lam kho khin cho phan
ung do mat do electron cuia cac nguyén tir carbon
trong vong ting 1én so v&i vong pyridine chua thé.
Céac nhom thé day electron & vi tri 2 s& dinh hudng
thé chu yéu vao vi tri 6 trén di vong, do mat do
electron O tai cac vi tri nay 1a thap nhét. Tiép theo
sur thé nucleophilic ¢6 thé vao vi tri 4 trén vong. Céc
nhém thé déy electron & vi tri 3, su thé nucleophilic
chu yéu xéy ra tai vi tri 2 do mat do electron tai vi tri
nay 1a thap nhat, su thé tiép theo c6 thé xdy ra ¢ vi
tri 6. Vi cac nhom thé déy electron & vi tri 4, su thé
nucleophilic duong nhién s& xay ra tai hai vi tri 2 va
6 trén di vong pyridine do mat d¢ electron tai cic vi

uu uén 2
uu tién 1

tri nay 1a thip nhat.
uu tién 1 uu tlen 1 uu tlen 1 wu tien 1
\‘ N NH,
U U U >
uu nen 2 uu uén 2 uu uén 2 uu tién 2
wu tién 2 wutien 1 Uutién2 uutien 1 wutién2 uutien ! wutién2  uutién 1

NN

oo, X,

& & lg\OM(-) 7 NH;
N ~ ‘ Nes”
Sl e G v ¢

OMe NH,
Hinh 2.2. Huéng phan vmg thé nucleophilic trén di
vong pyridine chita nhém ddy electron
2.2.2. Cdc nhém thé hit electron
Nguoc v6i nhom déy electron, cic nhoém thé hut
electron lam giam mat dd electron trén nhan di vong
va do vdy phan tng thé electrophilic trén di vong
pyridine di kho lai cang kho hon. V&i phan tng thé
nucleophilic thi ciac nhém thé hut electron lai cang
lam cho phan tng dién ra dé hon do dién mat do
dién tich trén cac nguyén tir giam hon so véi vong
pyridine khong thé. Két qua tinh mat d¢ dién tich
trén cac nguyén tir carbon trén di vong pyridine chira
nhom thé hat dién tir duoc dua ra & bang 2.2.
Bang 2.2. Mdat do dién tich trén nguyén tur carbon o
mét s6 hop chat pyridine chira nhom thé hit electron
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. =
Vi tri carbon P>
2-Cl 2-CN 2-COOH 2-NO,
2 +0.150 | +0.126 +0.014 +0.034
3 -0.175 -0.143 -0.102 -0.101
4 -0.027 -0.044 -0.069 -0.059
5 -0.187 -0.161 -0.145 -0.142
6 +0.047 | +0.036 +0.023 +0.035
Vi tri carbon 3-C1 3-CN 3-COOH 3-NO,
2 +0.037 | +0.071 +0.101 +0.106
3 -0.065 -0.098 -0.221 -0.191
4 -0.038 +0.002 +0.044 +0.037
5 -0.172 -0.193 -0.220 -0.208
6 +0.031 | +0.057 +0.073 +0.079
Vi tri carbon 4-Cl1 4-CN 4-COOH 4-NO,
2 +0.044 | +0.031 +0.007 +0.022
3 -0.188 -0.151 -0.108 -0.120
4 | +0.089 | +0.058 -0.065 -0.029
5 -0.188 -0.151 -0.116 -0.120
6 +0.044 | +0.031 +0.010 +0.022

Vi cac nhom thé hit electron & vi tri 2, 4 trén
di vong pyridine, su thé electrophilic mic du kho
khan nhung van cé thé thuc hién duogc trong diéu
kién khéc nghiét, khi d6 s& dinh hudng thé chu yéu
vao vi tri 5 (so vdi nito), para so voi nhoém thé, ngoai
ra, phan tng c6 thé xay ra tai vi tri 3 (so véi nito),
ortho so voi nhom thé) do mat do electron tai cac vi
tri nay 1a 16n nhit. Nhu vdy, mic di dwa nhom hit
electron vao vi tri 2 trong vong pyridine c6 lam giam
manh mét d6 electron tai vi tri 3 va 5, nhung su thé
electrophilic van dién ra & 2 vi tri ndy twong tu nhu
d6i vai pyridine khong thé. Didu nay cho thay su hit
electron cua nito trong vong pyridine van quyét dinh
hudng thé.

Vi cac nhom thé hit electron & vi tri 3 trén di
vong pyridine, sy thé chu yéu dién ra ¢ vi tri 5 (so véi
di té nito), meta so véi nhom thé. Trong trudng hop
nay, su hut electron cua ca di td nito va nhom thé déu
pht hop véi su dinh hudng thé theo 1y thuyét.
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Céc nhom thé hut electron & vi tri 2 s& dinh hudng
su thé nucleophilic vao vi tri 6 (so véi nito), meta so
v6i nhom thé, do ¢ vi tri nay, mat do electron 1a thap
nhét. V&i nhom thé hit electron & vi tri 3, néu khong
ké dén sy anh hudng cua hiéu tng khong gian cta
nhom thé X, su thé nucleophilic s& vu tién hon & vi tri
2 (so véi di t6 nito), ortho so véi nhom thé, tiép theo
su thé nucleophilic ¢6 thé dién ra & vi tri 6 (so véi
di t6 nito), para so véi nhom thé. Cac nhom thé hut
electron & vi tri 4, su thé nucleophile ciing dién ra &

vitri 2 va 6 (so voi di té nito), meta so voi nhom the.
N.__NO,

AR G GO 6
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Hinh 2.3. Huéng phdn g thé nucleophile trén dj
vong pyridine chira nhom hut electron

3. Két luan

Di sir dung phan mém HyperChem 8.0 Realese
dé t6i wu hoa cu trac hinh hoc va tinh toan mat do
electron cua di vong pyridine c6 va khong chira nhom
thé tir 46 du doan kha nang phan tng thé electrophilic
va nucleophilic cua nhiing hop chat di vong nay.
Két qua cho thdy, cic nhom thé day electron lam
kha nang thé electrophilic dé hon con phan ung thé
nucleophilic lai khé hon so véi pyridine khong chira
nhom thé. Nguoc lai, nhiing nhém hut dién tir lai lam
kha niang phan tng thé electrophilic tré nén rat kho
khin trong khi d6 kha ning thé nucleophilic lai ting
1én so v&i di vong pyridine khong nhom thé. Hudng
thé cua nhom thé thir 2 vé co ban van do di td nito
trong vong quyét dinh.
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