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ABSTRACT. The rate constants for the nucleophilic addition reactions of thioglycolic acid
and cysteine to 8, f-dichlorostyrene derivatives(p-H, p-Cl, p-CH;, and p-OCH;) were photoche-
micaly determined at various pH and a rate equation which can be applied over a wide pH range
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was obtained. On the bases of rate equation, general base catalysis and substituent effect, the
plausible addition reaction mechanism was proposed: Above pH 9.0. The reaction was initiated
by the addition of sulfide anion, and in the range of pH 7.0 to 9.0, the neutral molecules and
it's anions attacked to the double bond, competitively. However, below pH7.0, only the neutral
molecules of thioglycolic acid or cysteine added to the carbon-carbon double bond.
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Fig. 1. The plot of 1/(Absorbance) vs.time at pH
3.0 and 25°C.
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Fig. 2. pH-rate profile for the addition reaction of
thioglycolic acid to B, B~dichlorostyrene at 25°C. Cir
cles are experimental points and curve is drawn acc-
ording to equation (9).
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Table 1. The rate constants for the addition reaction
of thioglycolic acid to g, f~dichlorostyrene at various
pH and 25°C

k(M 1sec™)
pH Buffer Solution
obs cale.
0.0 [ HCI 1.65X107% 1.65%10-2
1.0 » 1.71X107% 1.65x1072
2.0 ” 1.68X107% 1.65%X1072
3.0 ” 1.83x1073 1.67x10°2
4.0 | HOAc+NaOAc 2.11x1079 1.85x10°2
5.0 ” 2.79%X107%  2.79x1072
6.0 ” 3.45Xx1072 3.81X10°2
7.0 | KHoPO,+K,HPO,| 3,65x1072 3.99x1072
8.0 | H3BO3+NaOH 3.89X107% 4.02%1072
9.0 »” 4.02x107% 4.22X107%
10.0 ” 4.83X107% 4.83x1072
11.0 | NaOH 10.67X107% 12.12x1072
12.0 ” 62.44%x1079 85.02x1072

Table 2. The rate constants for the addition reaction
of Chioglycolic acid to §, 8-dichlorostyrene derivatives
at various pH and 25°C

brora (M1 sec™1) X102

pH
p-Cl p-CHj p-0OCH;
0.0 2.74 1.02 0.638
1.0 2.80 1.01 0.637
2.0 2.79 1.01 0.639
3.0 2.79 1.04 0. 660
4.0 3.12 1.35 0. 754
5.0 4.45 2. 56 1.412
6.0 5. 82 2.98 2. 057
7.0 5.98 3.27 2.284
8.0 6.21 3.41 2. 287
9.0 6.27 3.47 2. 362
10.0 7.33 394 2.824
11.0 15.48 9.85 5.918
12.0 109. 90 63.15 38.874

BE ol 4ol AE 29 Fxol FashA Toke
ZALE & F Ak (Fig. 3).
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Arpg

Thioglycolic acid 8] = 7}ul-2-o)
Mo o% BHede

o] A & 7o ul
Feldtd ¥ pH ¥
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Fig. 3. General base catalysed addition reaction of
thioglycolic acid to B, f-dichlorostyrene at pH 4.78
and 25°C.

Table 3. The rate constants for the addition react-
ion of cysteine to B, S-dichlorostyrene derivatives at
various pH and 25°C

™
*
~
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2.0 0.0
p-H pH 10
p-ocBy pCH3 pH 5.0
- pH 1.0
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Fig. 4. Hammett plots of addition reaction of thio-
glycolic acid to B, f-dichlorostyrene derivatives at
various pH.

™
+
Eeore (M 1sec1) X 102 E
pH K]
-H 2Cl #-CH;  p-CCHj3 ey
o
[}
0.0 0.81 1.35 0. 66 0. 261 -
1.0 0.83 1.33 0.64  0.261 20
cu; P p-Ccl
2.0 0.81 1.35 0.64  0.264 P PO T8 e pH100
pHS.
30| 08 13 071 0271 ol e w10
4.0 0.90 1.52 0.72 0. 407 n_/_o,/'v/’/’r
5.0 1.12 1.97 1.07 0. 964 r
6.0 1.42 2.69 1.58 1.615 s L L 1 1
7.0 1.64 2.92 177 1.647 02 010002 °
8.0 1.77 3.06 1. 90 1.681 Fig. 5. Hammett plots of addition reaction of cyste-
9.0 1.83 3.20 1.91 1.826 ine to B, f~dichlorostyrene derivatives at various pH.
10.0 2.51 3.69 2.36 2.031
11.0 6.68 8.57 5. 85 4. 489 .% OJ _/"I_ gJ‘ r;}-
12.0 48.76 52. 46 42. 36 26. 712
o
o A} B, f-dichlorostyrene - = A o] o} gt Cysteine A7} vk £ A= Fig. 2004 RE= upst
9 A kS ExAF, ko T F3H Table 3 7o)l pH 3.0 ol3lell A& A4 FEo] A glel
o yebl et AL dAE 3L sEAAwk, pH 3.0~8.0 Aol

(3) A3 2H

bS5 v 23719 G FE A
918 pH 1.00, pH5.00 2 pH 10.00914 8, 8-
dichlorostyrene --%%)o] w3} thioglycolic acid
4 cysteine &  logk, 3t-2 Hammett 2] oof of
) 22 A 474 Fig. 4 B Fig. 594 %
o o] AAY JEVERH p@ & FHEA
thioglycolic acid ¢] 7% pH 1.00¢]4 0.93¢]
B, cysteine & A5 pHI1.002]4 0.889]c},
webA] o] Hbge AAE msld 98 x4
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Thioglycolic acid &= pH el whel t}-&-3} 7bo)
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o}, ¥lzd &L pHolA & 4 9+ hychox-
ide ion 9] EFxo] wldE = A F2 OSCH,
CO0° 7+ A7t= &l —COO° & wrii 2 €4
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k
HSCH,;COOH + 20H8—==9SCH,CO0® + 2H,0

by
slow
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(DCS) (RS7) ky
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SCH,CO0° SCH,COQ®
+OH®

808l Gz e S @At 2ol b
oxide ion 3} DCS Fxo uldldts Ao et
¥ 4 g

Rate=#,(DCS] (RS®)
=ky/k_y - k,(DCS) (RSH] (OH")
=#'(DCS) (RSH) (OH7) @

Z hy=K(OHo] v ojae A¥AQ
Michael 3 4--3-0]c}.
Fig. 294 1-‘:3]—2} 7o) 2 pH W94

A9l A7Mb-e 45 A44= hydroxide ion %9
v 8] gomzg w—lgr% e #4 e 7174 s
go] Agsety o 4hn AsHE A9
24+ HSCH,COOH, HSCH,CO0°, H,0 %
Ol 5 s & Qlont % pHolAE
OH°&x& FAT & Y= Hzo 7 ArE =
SEE o ejez FAS g pHI1.0
~3.04}e}o] HSCH,COOH 2} HSCH,COO~¢]
FENE G2 SEA4, ke A9 24
AR ulFo] o5 w4 L v£dttn B

3. thioglycolic acid &} A #3}¢}9) 1}
zARA Ges pe AAYEE AR ngt
o

Q. o]
Elaccins

k
Ar—CH=CCl,+HSCH,COOH—
(DCS) (RSH) &

Ar—CH—*CCl,

|
HSeCH,COOH
@

k
Ar—CH—®CCly+ B——> Ar—CH—SCCl,+ BH®

Hlse;— CH,COOH SCH,COOH
6y )

tasf

Ar—CH—°CCl;+BH*—— Ar—CH—CHCIl,+B

I l
SCH,COOH SCH,COOH

o714 B general base o]t}

(D3 7+ dipolar ion & &A% o)A A&
= gA g9t A4 LNl A B-nitrostyrene & 7}
FEH A o]} AR BEEFE M T o rA
A% A4S AR 4 AR 204 D
8} 72 Zo].2o] hydronium ion 3 Z& Al 4k
o2 FH JHAE dotEols Sre Hw3
Wz o2l FH s = 1949 254 vt
Lo o8 A" Folck General base &) %
7 ols & Aol 1A} e 24D
AL 2 Aolw, EEAF bov €AT 7%
& A & Aotk o]A-& Fig. 344 v&
v}e} 7ol general base Q] acetate ion 2] ¥ % 7}
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1 k1+k22 (B) =14
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)

A (5)cll Al general base, B9 ¥=7} A4
boE hog 38 4 & 3tk AAelAE &
o} #4S 3} general base 24+ 3} hydr-
oxide ion2H& A7 4 glevg G)4E 6)
A3t 2ol & % Aot

1

®)

pH 3.0 o] 3] Al & hydroxide ion & F=7}

FAG ¢+ & Az Fonz 4L (DA
o2 F523 F At '

™

1.1, 1
ko b (ki/koy) (AP0 (H0)}

A (5)ol A general base 8] FE7F AAY ko
= IR kS HA HEW kS SHA A
& Fig. 30]4 vehd AXH 4.02x107°(M™
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u}]zL L FAY g JormZ b=4.02X1072(M
¢™) k3 pH=00]49] k=1.65X10"2(M™

sec‘l)2 AL (Dol YA kifky - (BH0(HO0)
=2.80x1072& ARk  (B)AY Ak (ROH"
(OH))E= hydroxide ion 8] Fx7} vz AA
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80x107% % (OH)=10"°M & (6)Alol =43l
A kyfkoq - kOPHT=6.32X107 & AT
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= TexeTt

2.80% 10'2+61. 32X 107(OH]}
fyp=L: 13X 10:4+2. 54 x10°(OH7) ®)
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pH 9.0 o] il A 9] &5 % A<F+= hydroxide
ion9 %o westez, pH 10.0014 k=4.
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(Aol delabd kO =81.0% &5 A
ol & thA (DAle]l st pHel wE AA
wSE e A b oA (93 2ol el 5
et
b=k + k8 [OH™)

_1.13%1073+2.54 X 10°(OH ")
6.82x10724+6.32x10"(OH")

+81.0(OH") )

Table 14 & AZAE 2 @ o= A
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k
Ar—CH=CCl,+ HSCH,—CH—CO0®5—>

| b
©NH,
Ar—CH—°CCl,
SH—CII{Z,—CH—COOe
oNH,

3
Ar—ICH—GCC12+B—2>Ar—CH—|~9CC12
HS@—-CIHZCHCOOG SCH2C|HCOOe
Q;NH3 @NH3
fast
Ar—CH—eCClz+BH‘B—>Ar—C|H—CHClg
|
SCHZClHCOOe SCHZCIHCOOG
oNH3 " ‘@NH;
o}-2-2] hydroxide ion Fxof H|g 3 =&
pH ol A4 9] cysteine 8] A4 FA7k-So o)
AE e 2 w7 &g Askg o
3
HSCH,CHCOO® +20H9:1—_*95CH2CIHCOOG
. | -1
oNHj ®NH;

. slow
Ar—CH=CCl,+°SCH,CHCOO®—>

oNHj
Ar—ClH—eCClz
SCH2C|H2CHCOOe
oNH;

i fast )
Ar—CII-I—eCC12+ H20—>Ar—C|H—CHC12
SCH,CHCOO® SCH,CHCOO®

l
oNH oNH;
+OH®
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