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Abstract; The title reaction mechanism was explored by using the B3LYP density functional theory, the
MP2 method of perturbation theory and smd model method of self consistent reaction field theory. The
study of reaction channels showed that there are two channels a, b in the chiral transition reaction, and in
the one the proton is transferred from one side to the other of chiral carbon with only the amino as a
bridge, in the other with carbonyl and amino N as the bridge successively. The molecular structure analy-
sis showed that the seven-ring structure in the transition state aTS2 « 2H, 0 is almost coplanar and each
hydrogen bond angles of the seven-ring structure approach straight angle. Calculations of potential energy

surface pointed out that the channel a is the dominant reaction channel and the free energy barrier of the
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rate-determining step is 249. 5 kJ + mol ~', which is caused by the transition state with proton migration

from chiral carbon to amino nitrogen. Moreover, with consideration of two water molecules as H transfer

media and with inclusion of the water solvation effect of the continuous medium model, , the free energy

barrier of the rate-determining step is reduced to 113. 2 kJ - mol ' and the reaction rate constant is 5. 85

x107* s7", and the water solvation effect enables the energy barrier of the amino heterogeneous reaction

increased from 13.4 kJ + mol ' to 19. 3 kJ + mol ~'. Therefore, water solvation effect can hinder the het-

erogeneous reaction of non proton transfer, and the interaction of the catalytic action of water molecules

and water solvation effect can cooperatively reduce the proton transfer reaction energy barrier to a large

degree.

Key words: chiral; leucine; self consistent reaction field; density functional theory; transition state;

perturbation theory.
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Fig.2  The reaction process of S — Leu to R — Leu optical isomerism
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Table 1  Thermal correction to Gibbs free energy, transition state imaginary frequency, single point energy, total free energy

and relative total free energy of stationary points in each reaction channel of S — Leu to R — Leu transformation

Structures G./(a u) E,/(a u) G/ (a u) AG,./(kJ + mol™") I,./cm™
H—iE a
S -Leu 0. 156 57 —440. 821 40 —440. 664 83 0.0
a(b)S -TS1 0.155 28 —440. 815 02 —440. 659 74 13.4 607.76
a(b)S -INTI 0.156 03 —440. 820 03 —440. 664 00 2.2
aTS2 0. 150 42 —-440.719 38 -440. 568 96 251.7 1 683.02
alNT2 0. 155 30 —440.770 57 —-440. 615 27 130. 1
aTS3 0. 150 33 —-440.718 90 —440. 568 57 252.7 1 678. 38
aPl_R - Leu 0. 155 42 -440. 824 39 -440. 668 97 -10.9
aR - TS4 0.154 04 —440. 816 21 —440. 662 17 7.0 613. 54
aP2_R - Leu 0.15553 —-440. 822 18 —440. 666 65 -4.8
S5 3@E b T4 a(b)INTI
bTS2 0. 150 90 —440. 694 22 —440. 543 32 319.0 2 106. 44
bINT2 0. 155 81 —440. 789 28 —440. 633 47 82.3
bTS3 0. 152 84 —440. 763 85 —440.611 01 141.3 953. 81
bINT3 0. 155 60 -440.770 15 -440.614 55 132.0
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Fig. 3 The reaction process of the proton transfer from the chiral carbon to amino nitrogen with the chain

composed of two water molecules as the medium
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Table 2 Thermal correction to Gibbs free energy, transition state imaginary frequency, single point energy, total free energy and

relative total free energy of stationary points in the water environment of S-Leu to aINT2 transformation

Structures G,/ (a u) E,/ (au) Gua/ (a.u) AG,,/ (kJ-mol™") I,,/cm™
S — Leu@ water 0. 155 39 —440. 834 49 —440. 679 10 0.0
a (b) S-TSI@ water 0. 154 37 —440. 826 11 -440. 671 74 19.3 686. 83
a (b) S-INT1@ water 0.154 83 —440. 835 12 —440. 680 29 -3.1
TR AR TR
aINT1 - 2H,0 0.197 54 —593. 483 31 —593.285 77 0.0
alS2 - 2H,0 0. 196 98 -593. 431 68 -593.234 70 134. 1 899. 89
aINT2 - 2H,0 (m) 0. 199 65 —593. 442 66 —593.243 01 112.3
TR 5 E LA A Y
aINT1 - 2H, 0@ water 0.197 54 —593. 506 93 -593.309 39 0.0
aTS2 - 2H, 0@ water 0. 196 98 -593.463 27 —-593.266 29 113.2 899. 89
aINT2 - 2H,0 (m) @ water 0. 199 65 -593.473 88 -593.274 23 92.3
TR AL TR
aINTI - 2H,0 (n) 0. 199 85 —593. 441 60 -593.241 75 0.0
aTS2 - 2H,0 0.197 21 —-593. 430 62 -593.233 41 21.9 1 009. 84
aINT2 - 2H,0 0. 195 86 —593. 484 48 —593. 288 62 123.1
TR E L A R
aINTI - 2H,0 (n) @ water 0. 199 85 -593.470 65 —593.270 80 0.0
alS2 - 2H,0@ water 0.197 21 —593.458 92 -593.261 71 23.9 1 009. 84

aINT2 - 2H, 0@ water 0. 195 86 —-593. 507 25 —-593.311 39 106. 6
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Fig. 4 Gibbs free potential energy surfaces diagram of S-Leu to R-Leu optical isomerism reaction
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