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Theoretical study on the co-catalysis of MOR zeolite and water
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Abstract: The chiral transition of lysine molecules confined in water and MOR zeolite combined environ-
ment was studied in the paper by introducing the ONIOM methods using combination of quantum mechan-
ics and molecular mechanics. The molecular structure researches show that hydrogen bond angle of the
transition state molecules in the hydrogen transfer reactions with the help of two water molecules is signifi-
cantly larger than that with the help of one water molecule. The study of reaction channels shows there are
three channels a, b and ¢ in the title reaction where lysine is confined in MOR zeolite, protons transfer
with the help of water molecules from one side to the other of the chiral C with amino, carbonyl and hy-
droxyl as a bridge, and at last the chiral transition is achieved. Calculations of potential energy surface

show that channel a is the dominant reaction path and protons transfer the chiral C to amino is the step-
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determining where gibbs free energy barrier of two water-assisted proton transfers reaction is reduced to

the minimum value 101.9 kJ + mol

252.6,229.7 and 123.9 kJ - mol ™',

“!', that is significantly lower than the gibbs free energy barrier

respectively corresponding to the bare reaction, confined in MOR

zeolite and confined in water environment. The results show that water and MOR zeolite combined envi-

ronment has a good co-catalysis on the chiral transition of lysine molecules, and S-Lys in vivo can be

slowly optical isomerism.

Key words: MOR zeolite; lysine; chiral transition; our own n-layered integrated molecule orbit and

molecule mechanics methods; density functional ; transition state
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Fig. 2 Chiral transition process of S — Lys confined in water and MOR zeolite combined environment in the channel a
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energies, relative total free energies of the each stationary points in channel a of Lys chiral transition confined in water and MOR zeolite
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Fig. 4 The main steps of S — Lys water — assisted chiral transition in channel b and ¢ confined in MOR zeolite
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Table 2 Thermal correction to gibbs free energy, transition state imaginary frequency, single point energies, thermal recalibration free

energies, relative total free energies of the each stationary points in channel b and ¢ of S — Lys chiral transition main steps confined in

MOR zeolite

Structures G./(a. u) E,/(a u) G/ (a u) AG,./ (k] + mol™") 1./ cm™

bS - Lys - 1H,0@ MOR 0.172 71 -557. 637 88 —557.465 17 0.0
bTS1 - 1H,0@ MOR 0.169 68 -557.562 25 -557.392 57 190. 6 1 875. 87

bINTI - 1H,0@ MOR 0.173 26 -557. 600 34 —557.427 08 100.0

bS - Lys - 2H,0@ MOR 0.198 30 -633.979 07 - 633.780 77 0.0
bTS1 - 2H,0@ MOR 0.192 14 - 633.908 34 -633.716 20 169. 5 1584.73

bINTI - 2H,0@ MOR 0.197 77 -633.942 02 —633.744 25 95.9

¢S - Lys « 1H,0@ MOR 0.175 62 —557. 644 84 —557.469 22 0.0
¢STS1 - 1H,0@ MOR 0.170 71 -557. 625 34 ~557. 454 63 38.3 1 429. 56

¢SINTI - 1H,0(m) @ MOR 0.174 58 -557. 643 66 —557. 469 08 0.4

¢SINTI + 1H,0(n) @ MOR 0.171 53 ~557. 636 28 —557. 464 75 0.0
¢TS2 + 1H,0@ MOR 0. 169 06 -557.561 69 -557.392 63 189.4 1 860. 62

¢INT2 - 1H,0@ MOR 0.170 28 -557.599 19 -557.428 91 94. 1

¢S - Lys + 2H,0@ MOR 0.197 62 - 633. 986 30 - 633.788 68 0.0
¢STS1 - 2H,0@ MOR 0.190 75 - 633. 966 43 -633.775 68 34.1 1 091.78

¢SINTI + 2H,0(m) @ MOR 0.198 48 - 633. 986 89 - 633.788 41 0.7

¢SINTI « 2H,0(n) @ MOR 0.197 71 -633.975 84 -633.778 13 0.0
TS + 2H,0@ MOR 0.193 41 -633. 907 69 -633.714 28 167. 6 1 540. 90

¢INT2 - 2H,0@ MOR 0.196 57 -633.941 19 —633.744 62 88.0
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Fig. 5 Gibbs free potential energy surfaces diagram of step-determining processes of S-Lys water-assisted chiral transition

in channel b confined in MOR zeolite
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