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Fig.1 3-chloropropionic acid gas-phase elimination process {path 1)
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Table 1 The optimized data of (R) and (TS51) of 3-chloropropionic acid gas-phase
elimination process (path 1) (bond length: nm; bond angle: deg.)

Parameters Optimized data Parameters Optimized data
O{2)-H(1) 0.097 LC(5)C(3)0(2) 125.7
(0.169) {117.6)
C(3)-0(2) 0.136 LC(8)C(5)C(3) 125.3
(0.125) (125.8)
C(5)-C(3) 0.150 £C1{11)C{8)C(5) 119.6
(0.166) {117.5)
C(8)-C(5) 0.151 £C(5)C(3)0(2)H(1) 2.0
(0.142) {0.0)
Cl{11)-C(8}) 0.175 LC(8)C(5)C(3)0(2) 0.0
(0.225) {0.0)
Cl{11)-H(1) 0.209 LCI{11)C(8)C(5)C(3) 0.0
(0.136) {0.0)
LC(3)0(2)H(1) 110.9
(122.7)

Note: The data in brackets are for (TS1).

¥ 2 3 RARANREE (B2 1) PEERLRS 2 WERLSN
Table 2 The optimized data of (IM) and (TS2) of 3-chloropropionic acid gas-phase

elimination process (pathl) (bond length: nm; bond angle: deg.)

Parameters Optimized data Parameters Optimized data
0(2)-C(1) 0.140 LC(T)C(1)0(2) 93.9
{0.127) (102.7)
C(4)-0(2) 0.147 £LC(4)0(2)C(1)0(3) 180.0
{0.209) (179.9)
C(7)-C(1) 0.152 LC(T)C(1)0(2)0(3) 180.0
{0.172) (180.1)
£C(4)0(2)C(1) 91.7
(82.2)

Note: The data in brackets are for (152).

2.1.1.3 ERTE{LY

- MARLATHEIESIEETAEREN RO RN, S8E 1, 2, PEERE>
W RSEMT: AH{(R)=-0.1649 hartrees, AHy(TS1)= —0.0563 hartrees, AHy(IM)=-0.1257
hartrees, AHy(TS2)= -0.0453 hartrees, AH(P)= -0.1403 hartrces. i FE—H RN HER
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BRHEE A R A A4y 400 k]-mol~' BYELHEFRRE, MM AVETREEMMESE. 8NN IELE
AH? = AH;(TS1)-AH¢(R) = 284.8 kJ-mol~1.
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Fig.2 3-chloropropionic acid gas-elimination process (path 2)
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Table 3 The optimized data of reactant (R) and (TS) of 3-chloropropionic acid gas-phase
elimination process (path 2)(bond length: nm; bond angle: deg.)

Parameters Optimized data Parameters Optimized data
C(5)-C(3) 0.149 LC(B)C(5)C(3) 112.6
(D.145) (118.9)
H(7)-C(5) 0.112 £C1(11)C(8)C(5) 110.9
(0.154) (113.8)
C(8)-C(5) 0.151 £C(5)C(3)0(2)H(1) 179.9
(0.141) (180.6)
Cl(11)-C(8) 0.175 LH(T)C(5)C(3)0(2) -121.4
(0.213) (90.4)
Cl(11)-H(T) 0.291 £C(8)C(5)C(3)0(2) 0.9
(0.156) (187.0)
£C(5)C(3)0(2) 115.4 £CH{11)C(8)C(5)C(3) 179.9
(114.1) (120.4)
(H(TYC(5)C(3) 107.6
(104.7)

Note: The data in brackets are for (T5).
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Fig.3 2-chlorobutyric acid gas-phase elimination process {path 1)
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2.2.1.2 T HESMRIA

MAEE 1. 2#FT RS (TS1) A (TS2) HRIHFANE T BEE: 646 cm™
A 655.8 cm ™!, MBS ESH TERMENRE E. Kb (TS1) Figsh 8008 m #4
PR (IM) , 8 H(1)-0(2) # Cl(14)-C(5) 848 b pr 5 gy LK, KB EER
MEnRiETERR. (TS2) MRaEAHLBRREE~Y, KEFaEASEE B-5K
FEEEHY C(2)-0(1) Ak,
2.2.1.3 RS

3 2- MTRU AT ESIERTANBREM RS . A 8E 1., 2, PEELE>
W T e FNSEANERBHENT. AH(R)= -0.1793hartrees, AH(TS1)= -0.0751
hartrees, AHg(IM)= -0.1015 hartrees, AH¢(TS2)= ~0.0716 hartrees, AHy(P)= —0.1254 hartrees.
HTFE RN BEREE —HE NS 10000 k)-mol~! BT, AT VYRELR. L
RN Es AH# = AH(TS1)-AH((R) = 274.6 kJ-mol~1.
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Table 4 The optimized parameters of (R) and (TS1) of 2-chlorobutyric acid gas-phase
elimination process (path 1)(bond length: nm; bond angle: deg.)

Parameters Optimized data Parameters Optimized data
TH(1)-0(2) 0.097 £0(4)C(3)0(2) 113.7
(0.210) (134.3)
0(2)-C(3) 0.136 LC(5)C(3)0(2) 122.8
(0.123) (129.8)
C(5)-C(3) 0.151 £C1(14)C(5)C(3) 112.4
{0.150) (97.9)
Cl(14)-C(5) 0.177 £0(4)C(3)0(2)H(1) 180.6
(0.258) (189.5)
Cl(14)-H(1) 0.236 £C(5)C(3)O(2)H(1) 0.1
{0.131) (8.1)
£C(3)0(2)H(1) 110.4 £CI(14)C(5)C(3)0(2) -3.0
(100.1) (-8.2)

Note: The data in brackets are for [‘T‘Sl]

B 2- RTMANREE (B8 1) bEGRTES 2 HERLEN
Table § The optimized data of (IM) and (TS52)of 2-chlorobutyric acid gas-phase
elimination process(path 1)(bond length:nm;bond angle:deg.)

Parametera Optimized data Parameters Optimized data
0(2)-C(1) 0.137 Z0(3)C(1)0(2) 133.2
(0.178) (111.7)
0(3)-C(1) 0.121 £C(4)0(2)C(1) 60.9
{0.118) (54.8)
C(4)-0(2) 0.149 £C(4)0(2)C(1)0(3) 180.3
{0.136) (179.9)
Note: The data in bracketa are for (TS1).
2.2.2 #E2
2.2.2.1 JL{oJ#yE
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Fig.4 2-chlorobutyric acid gas-phase elimination process{path 2)
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Table 6 The optimized parameters of reactant (R) and (TS) of 2-chlorobutyric acid

gas-phase elimination process(path 2)(bond length: nm; bond angle: deg,)

Parameters Optimized data Parameters Optimized data
C{5)-C(3) 0.150 £H(14)C(8)C(5) 109.2
(0.148) (£H(14)C(7)C(5)) (61.8)
Cl{7)-C(5) 0.176 LC(5)C(3)0(2)H(1) 178.5
(0.213) (177.8)
C(a)-C(5) 0.152 LH(8)C(5)C(3)0(2) 168.3
(0.141) {176.6)
H(14)-C(8) 0.112 LCI(T)C(5)C(3)0(2) -77.5
{0.145) {-82.4)
H(14)-CI(T) 0.291 LC(B)C(5)C(3)0(2) 45.8
(0.163) (12.2)
LC(5)C(3)0(2) 1154 £C(9)C(8)C(5)C(3) 68.1
{115.6) (153.9)
LT TYC(5)C(3) 108.7 £H({14)C(8)C(5)C(3) 189.1
(97.4) (¢H{14)C(T)C(5)C(3)) {120.8)
£LC(8)C(5)C(3) 112.4
(122.2)

Note: The data in brackets are for (T5).

2.2.2.3 R TE{IS

X 2- HT RS MTHYLE T RN A B R Y, B Rk e, B
BEESHERBEMT: AH(R)= -0.1872 hartrees, AHy(TS)= -0.0800 hartrees, AH(P)=
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~0.1770 hartrees. L EF WATERB Y AH* = AH(TS)- AH(R) = 282.5 kJ-mol™*. ME
HEEH T BV EME AT % SFRT

BT ERARSWOHELRA
Table 7 The activation enthalpy AH? of rate-datermining step (kJ -mol™%)

3-chloropropionic acid 2-chlorobutyric acid
gas-phase elimination gas-phase elimination
path 1 284 .8 274.6
path 2 2344 2B2.5

2.2.3 i

MR R NG, TUSBImM TSR, 2 8T RRTESHE b iy i B 5 B AT
LB RoT A ESLE (MAER, 28 1) AlerdESE ERE, &% 2) W
HLE AT Ao SRR HCl BR—t=xithEEk, Rt —4+=xitH
HHE CO, BAMM. fERA 2+, NTHAEENE BCI GBS THAR. AREILEY
EAL R, LURB | Ao BAHUEEEST N 0015 b2 8L, B0 LAt Sl BT AT 5 R o 8 7™
4 C,H;CHO /= #H.
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Theoretical Studies on the Mechanism of Chloro-carboxylic Acids Gas-phase
Elimination Process

Song Weiping Fu Xiaoyuan He Shaoren
{Department of Chemistry, Beijing Normal University , Beijing 100875)

Abstract 3-chloropropionic acid and 2-chlorobutyric acid elimination processes have been stud-
ied by semi-empirical MO theory AM1 method. The calculated results are consistent with the
experimental reports and can be summed up as the following two points: (1) 3-chloropropionic
acid gas-phase elimination is a parallel pyrolytic process and occurs via a concerted process with
a four-membered cyelic transition state or via a two-step process with a six-membered and a four-
membered cyclic transition states. The former is easier to proceed. (2) 2-chlorobutyric acid elimi-
nation proceeds in terms of a four-membered cyclic transition state or a five-membered transition
state. The former is a concerted process. The five-centred transition state forms an intermediate

and eliminate CO further. It iz more favored than the four-centered transition state in a dehy-

drochlorination process.

Keywords: 3-chloropropionic acid, 2-chlorobutyric acid, Gas-phase elimination, Reaction

mechanism
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