$30% 456 LERFF]R (ARFFIR) Vol.30 No.6
2025 4E 11 A Journal of Jimei University ( Natural Science) Nov. 2025

[ XEHE] 1007 — 7405 (2025)06 — 0538 — 06 DOI:10. 19715/j. jmuzr. 2025. 06. 04
2-S R ER K R I M BT E AR L

Ej%ﬁi,?ﬁﬁ$%
(BEASEHEELREAYTRER, & EI1T361021)

[HZE] MM (R) 2-AAERA(S) 2-FH BRI IL AR B A R AR . = BERE AN V5 e i, i
SR FR L o T 08 22 04 s LA RSP DR B8R0, 3B T BRSO AR T RERE . SAE S SEIG AT SE M H, Materi-
als Studio 2+ P T AT AR 0 FEBRMERETT ., BAA AR, ZatiemS s, B Materi-
als Studio 3 FHUUFR AR 2- S0P BRAE I b B/ P T 5K 0 SOz 28 i EL R Fd Ab &l i A, X B i v
B 4 AN FRATEMETT R, TR RN Y=Y N A B ae, kI s A, B
1Y 4 AR GEIE RS RERY, (R) -2-FAARMA N (D) -FLRFER IR 19 SO o #2 i 75 6 AL R e/, BB 3
22749 213. 619 kJ/mol , i WAHRL i B8 b i 53 T-45F4 1 1T AT 2 5% IGE A

[XHER] 2-8Wm; TR KM o A%

[FESES] TS 209

Computer Simulation of Hydrolysis Reaction of 2-Chloropropionic Acid
WANG Haiqi, XIANG Jionghua

(College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: The chemical separation method of high-purity ( R) -2-chloropropionic acid and ( S) -2-chloro-
propionic acid has the disadvantages of high cost, high energy consumption, and high pollution, while the bio-
logical separation method using dehalogenase has good substrate selectivity and can also reduce costs and
energy consumption. Compared with traditional experimental research, Materials Studio molecular simulation
software can perform effective molecular modeling and performance calculations, with advantages such as low
cost and high safety performance. This paper simulated the process of 2-chloropropionic acid reacting with wa-
ter molecules to generate lactic acid and hydrogen chloride under the action of dehalogenase using this soft-
ware, optimized the structure of four organic molecules in the reaction, calculated the reaction free energy of re-
actants and products, screened and optimized the reaction transition state. By comparing the calculation results
of four simulated reaction channels, it was shown that the activation energy required for the reaction process of
( R) -2-chloropropionic acid to generate ( D) -lactic acid and hydrochloric acid was the smallest, with an energy
barrier of 213.619 kJ/mol. This indicated that the corresponding dehalogenase molecular structure design
could focus on this channel.
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Fig.1 Four molecular optimization 3D models
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Tab. 1 Calculation and calibration of free energy for the reaction of ( R)-2-chloropropionic acid to ( D)-lactic acid

A kJ/mol
SNl (R)2-FANMR H,0 (D)-FLE HCI
E -1.911 x10° -2.007 x 10° -9.023 x 10° -1.210 x 10°
G K 125. 081 5.623 161. 045 -30. 111
Gl 124. 997 5.519 160. 937 -30.091
EXS K -1.911 x 10° -2.007 x10° -9.021 x10° -1.210 x 10°
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Tab.2 Calculation and calibration of free energy for the reaction of ( S)-2-chloropropionic acid to ( D) - lactic acid,

( R)-2-chloropropionic acid to ( L)-lactic acid reaction and ( S) -2-chloropropionic acid to (L) - lactic acid

B kJ/mol
RE| eIl (S) 2-% R H,0 (D)-3.m HCI
(8)-2-FANBRA (D) -FLAR -1.911 x10° -2.007 x10° -9.022x10° —1.210 x10°
E (R) 2-HMNIBAERL (L) -FLIR —1.911 x10° -2.007 x10° =9.022x10° —1.210 x 10°
(S)-2-FANMRAER(L) -3 -1.911 x10° -2.007 x10° -9.022x10° -1.210 x10°
(S)2-FANRAER(D)-FL.W 123. 784 5.623 161. 045 -30. 111
G ™" (R)-2-A MM (L) -FLIR 125. 081 5.623 159. 768 -30. 111
(8)2-FHNRER (L) -FLIR 123.783 5.623 159. 768 -30. 111
(S)-2-FHHNRAER(D)-FLIR 123.700 5.519 160. 937 -30. 091
Gy (R)2-#HNERA ML (L) -FLIR 124. 997 5.519 159. 661 -30.091
(S)2-FHNBRER (L) -FLBR 123. 700 0. 009 0.255 -0.048
(S)2-FNRAE(D)-F.W -1.911 x10° -2.007 x10° -9.021 x10° —1.210 x 10°
ES.E (R)2-SAWIRA R (L) -FLR 1911 x10° -2.007 x10° —-9.021 x10° —1.210 x 10°
(S)-2-FWRAER (L) -7 —1.911 x10° -2.007 x10° -9.021 x10° —1.210 x 10°
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B2 (R2-SWEBERD)-ABRNEEREE Fig.3 Three dimensional model diagram

of transition state molecular structure of
(D)-lactic acid reaction generated from
(R)-2-chloropropionic acid

Fig.2 Schematic diagram of reaction energy
for (D)-lactic acid generation from
(R)-2-chloropropionic acid
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Fig.4 Schematic diagram of reaction energy
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Fig.6 Schematic diagram of reaction energy
for the generation of (L)-lactic acid from

(R)-2-chloropropionic acid
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Fig.5 Three dimensional model diagram of

transition state molecular structure of (D)-lactic acid

reaction generated from (S)-2-chloropropionic acid
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Fig.7 Three dimensional model diagram of

transition state molecular structure of (D)-lactic acid
reaction generated from (S)-2-chloropropionic acid
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Fig.8 Schematic diagram of reaction energy

for the generation of (L)-lactic acid from
(S)-2-chloropropionic acid
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Fig.9 Three dimensional simulation diagram of the
transition state molecular structure of (L)-lactic acid
reaction generated from (S)-2-chloropropionic acid
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