http://china.chemistrymag.org 2001 64 w110

( 300074)
PM3 DFT B3LYP/3-21G*,6-31G*
NN PM3
2- s 2- 5
PM3

The Quantum Study on the Photochemical
Chlorination Mechanism of Pyridine
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Abstract The addition mechanism of pyridine reacting with chlorine radical has been studied
theoretically by semi-empirical PM3 and ab initio DFT B3LY P/3-21G*, 6-31G* methods. For three different
reaction paths leading to ortho, meta, para-chloropyridine, two transition states have been located by PM3 on
each reaction path, while only one transition state by ab initio, however both methods give the same results:
the energy of trangition state and activation barrier on producing 2-chloropyridine are the lowest among three
reaction paths, so 2-chloropyridine is obtained priorly, which agrees with the experimental results.
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1 NN N (r/nm,a,d’°)
TS1 IM TS2
rC2-Cl8 0.2284 0.1806 0.1763
rC2-H7 0.1099 0.1116 0.1603
aH7C2C3 123.1 107.7 105.4
aCl8cac3 76.4 111.0 120.1
dCI8C2C3N1 101.3 120.8 -171.3
dH7C2C3N1 -170.2 -121.9 123.9
-0.08 -165
-317.5 -1231.0
rc3-cl9 0.2422 0.1802 0.1742
rC3-H8 0.1096 0.1117 0.1096
aClocsc2 108.1 107.8 1195
aH8C3C2 120.2 110.0 107.5
dCl9C3C2N1 74.1 121.6 -119.6
dH8C3C2N1 -176.8 -122.4 172.7
-0.05 -2.42
-107.2 -1528.0
rC4-Cl10 0.2294 0.1807 0.1699
rC4-H9 0.1098 0.1117 0.1604
aCl10C4Cc3 77.7 108.1 119.9
aH9C4C3 120.9 1100 109.9
dclacacscz -99.2 -122.4 -173.2
dH10C4C3C2 172.7 121.7 70.5
-0.05 -2.99
-107.1 -1736.0
PM3 ’
B3LYP/3-21G* 6-31G* . B3LYP/3-21G*
2o
2 2( )30 ) 4 ) (r/nm,a,d)
2- ) 3 * 7 T
rC2H7 0.1767 rC3Cl8 0.1777 rC4Cl9 0.1786
rc2cl8 0.1792 rC3H9 0.1796 rC4H10 0.1340
aH7C2C3 95.8 aCl8csc4 1189 aCl9C4C5 119.1
aCl8cac3 117.4 aH9C3C4 96.0 aH10C4C5 111.7
dC4C3C2N1 -8.2 dC4c3caN 85 dC5C4C3C2 -6.0
dC5C4C3C2 25 dC5C4C3C2 -8.7 dCBC5C4C3 3.4
dH7C2C3C4 95.4 dCl8C3c4cs 168.4 dCl9C4CsCe 151.0
dclscacsc4 -168.4 dH9C3C4C5 -94.6 dH10C4C5C6 -58.0
NN 1045.0cmti, 1009.0cmdi 2389.0cmli .
B3LYP/6-31G* s 3, 1040.0cmti.
3 B3LYP/6-31G*
/nm r r
rN1C2 0.1339 aC3C2N1 1238 dC4C3C2N1 -9.4
rc2c3 0.1418 aC4cac2 117.3 dCcsc4c3c2 2.9
rC3C4 0.1386 aC5C4C3 119.2 dCBC5C4C3 2.0
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rC4c5s 0.1380 aCe6C5C4 118.3 dH7C2C3C4 94.0
rC5C6 0.1397 aH7C2C3 95.3 dCI8C2C3C4 -168.6
rC2H7 0.1774 aCl8C2C3 117.4 dH9C3C4C5 -180.3
rC2Cl8 0.1783 aH9C3C4 122.5 dH10C4C5C6 -177.0
rC3H9 0.1084 aH10C4C5 120.8 dH11C5C6N1 181.0
rC4H10 0.1086 aH11C5C6 120.3 dH12C6C5C4 176.7
rCsH11 0.1085 aH12Ce6C5 120.5
rCéH12 0.1088
2.2
4 PM3 ,
4 ( kJ/mol )
-110369.5 -110369.5 -110369.5
-110400.3 -110397.1 -110398.5
TS1 -110381.9 -110377.4 -110380.6
IM -110432.8 -110436.3 -110434.7
TS2 -110293.6 -110282.3 -110285.7
-110298.6 -110314.5 -110326.1
-110325.5 -110322.3 -110323.0
E, 18.4 19.8 17.9
E, 139.2 154.0 148.9
4 ’ °
I o b o
E, s 139.2kJmol, )
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5 N (kJ/mol >
(  +a) -1850645.8 -1850645.8 -1850645.8
-1850531.2 -1850527.2 -1850441.8
( +H:) -1850562.7 -1850557.2 -1850558.5
83.1 88.6 87.3
114.6 118.6 204.0
5 , s , -1850531.2 kJmol;
114.6kJmoal, 0 )
2- o B3LYP/6-31G* 3.
3
PM3 B3LYP/3-21G* N N
o 139.2. 114.6kJmoal,
s 2- s [5]
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