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Quantum - chemical Study of Transition States and Reaction Pathways of
Photochemical Chlorination of Pyridine
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( Schoal of Chemistry and Life Science, Tianjin Normal University, Tiangin, 300074)

Abstract The mechanism of photochemical chlorination of pyridine has been investigated using density func-
tional theory (DFT) at the BILYP/3 - 21G* level. The transition states for three possible reaction paths are
obtained and verified by vibration analysis. TRC calculation is carried out for formation of 2 — chloropyridine .
By comparing the calculated barriers, it is found that the activation energy for formation of 2 — chloropyridine is
114.60 kl/mol, which is the lowest among the three reaction pathways. Therefore, the main product should be
2 - chloropyridine . This is in agreement with the experimental result. The IRC calculation shows that the
breaking of C{2)—H(7) and the forming of C(2)~~Cl(8) are concerted but not synchronous.
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Fig. 1 The numbering systems for transition states of the photochemical chlorination of pyridine
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Table 1 The selected structure parameters for tmnsition states (Bond length: A, bond angle and dihedral angle;®)

2 - chlormpyridine 3 - chloropyridine 4 ~ chloropyridine
FCN 1.7665 Fetaae) 1.7765 rowias! 1.7858
TOTIB) 1.7915 (a9 1,7961 FGi4RII0Y 1.3402
BRITIC)C) 95.8 SCRBIGIICI4) 8.9 egugicicis! 119.1
K (2ICL3) 117.4 BHEIGIN(A) 9.0 I H0IGAICIS) 1,7
detaicaoann -B.196 detoomanmi 8,548 danoaeeioa -6.002
dosjcroxana 2.466 dusicinacz) -B.679 detsisciaini) 3.am
dirsciziciaicia) 95.41 daia)ciz s 168 .4 drgleiacisics! 151.0
dogiczioacis) -168.4 dio)eicia)cis) - 94,59 duupiccacs) - 5.0
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Table 2 The total energies, reaction heats and activation energies for different reaction paths

A 3 2 kind =iz
B + ) (e ) - 704, 873676 - T04. 873676 - 704 873676
1 (a0 ) - 704 . B30027 - 704.828493 - 704. 795969
=R (RALRERE + H-) (a0 — 4. 842009 - 704.839919 - 704, 840419

E A (k] /mal) 83.14 83.63 47.32

T8 tEEE(k)/mol ) 114.60 113.63 .02
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Fig.2 The curve of potential energy va reaction coondinate
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Fig.4 The curves of bond angle vs reaction coordinate
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Fig.5 The curves of dihedral angle ve reaction coordinale
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