DAEHAN HWAHRAK HWOEIEE

(Journal of the Korean Chemical Society)
VYol. 32, No. 3, 1988

Printed in the Republic of Korea

B, p-Dichlorostyrene S x|2| Cysteine 5 Thioglycolic Acidoj|
CHEE RIMY B7HaESe] HISSE a2 A

SXRB' - WIET - AW

zd e o) Hats)
(1988. 2. 16 AF)

Kinetic Studies on the Nucleophlic Addition of Cysteine
and Thioglycolic Acid to 8, 8-Dichlorostyrene Derivatives
Tae-Rin Kim', Jong-Yol Ryu, and Duk-Chan Ha

Department of Chemistry, Korea University, Seoul 136-075, Korea
(Received February 16. 1988)

2 9k 8, §-Dichlorostyrene fx4] (p-H, p-Cl, »-CH; ¥ »-OCH,)ol 3 thioglycolic acid
% cysteine 9] A4 FAYESEE A EFEAP oz 345 pHo| Mz eseys
9 ¥3l, Ak (general base) R AYy] AFFoz PH WL pH WslolA AP 3 QX3
E HEEEAN S FHY 2, AP F 2 dkg vl EE AGsdt, Z pH 9.0 o] A
8 M3EEE sulfide anion o] pH9.0~7.001 4= thioglycolic acid @ cysteine 8] 24 £A}e} 29|
anion 0] F4H 22 A5 pH7.0 o3l A& thioglycolic acid R cysteine & 24 ZA}ato|
A7H S et

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 $-OCHg) were photoche-
micaly determined at various pH and a rate equation which can be applied over a wide pH range
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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3 Amaxe=269nm)of Al A} A $-F 3 A (Unicam
SP 500) & &3 #4lrh,

o
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k=1.81x10"2(M'sect) o] 3l ek,
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o] 27 ¥2F 4AA ZAZRE Aol o
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1 Table 1. The rate constants for the addition reaction
A of thioglycolic acid to B, B-dichlorostyrene at various
&r pH and 25°C
£ (M™sec™)
sk #H Buffer Solution
obs cale.
! 0.0 | HC) 1.65X10°% 1.65x10°2
1.0| # 1.71X107% 1.65X10°2
20 » 1.68X107% 1.65x10°2
. e 3.0 » 1.83%10°4 1.67x10°2
X sec
' . 4.0 { HOAc+NaOAc | 2.11x10°4 1.85x10°2
Fig. 1. Tlle plot of 1/(Absorbance) vs.time at pH 5.0 ” 2. 791074 2.79x10°2
3.0 and 25°C.
6.0 ” 3.45x1077 3.81x10°?
} 7.0 | KH,PO,+KHPO, ! 3.65x10°2 3.993¢102
g 8.0 | H;BO3+4-NaOH 3.89x107% 4.02x107%
2.0 9.0 ” 4.02X1072 4.22Xx10°¢
! 10.0 ” 4.83X107% 4.83x107?
Lol 11.0 | NaOH 10, 67X 10°% 12.12x10"2
’ 12.0 " 62.44 % 10‘2| 85.02x 1072
0
Table 2. The rate constants for the addition reaction
0 1 2 3 4 s e v s s o of Chioglycolic acid to 8, 8-dichlorostyrene derivatives
Pl at various pH and 25°C
keon (M1 sec™1) x 102
Fig, 2. pH-rate profile for the addition reaction of pH
thioglycolic acid to f, S~dichlorostyrene at 25°C. Cir »Cl #»CHs 2-OCHj,4
01:218' zmet experail:}:nta}g)points and curve is drawn acc- 0.0 2.74 1,02 0. 638
OPHINE To equation 2. 1.0 2.80 1.01 0. 637
2.0 2.79 1.01 0.639
o| o] F nh-g-A & Lsirt, 3.0 2.79 1.04 0. 660
Ao e ez We pH BddA F u 4.0 a1z f L [ 0754
$EA 27155E Rold TR he BE " ol o T e
Agdoen o 9] ) o yge ) ) ’ ’
Table 1] A9 e o kg, 3t . og W& W 7.0 5. 08 397 2984
pH g9 A& 23 £ A3 Fig. 29 2o, 8.0 6.21 3.41 2. 987
ol ke & FEE 9490 98 A A 9.0 6.27 3.47 2.362
ole}. Table 2% 2 Wyeoz f, S-dichloro- 10.0 7.33 3.94 2.824
styrene 54 o) ¥ § thioglycolic acid & 37} 11.¢ 15.48 9.8 5.918
WS4 EARE W pH ¥Rol4 TR0, 120 WL e ] wm

o] %kgo] general base o) oo} &7 = E=A&
97198) CHCOOH % CH,COONa &) - 5.+] &
1:1(0]%) pH 4.78) 2 3}<] acetate ion 9] %
Ale] }E 4% F 543 Fig. 33 2
< A34EF 9%

A7 A o] g€ Lo general base &) =
=9 J¥E ol Atk LA3 acetate ion 9

TR o}l A 29 FEo TR FUE
ZALE ¢ T+ Ack(Fig. 3).
(2) B, B-Dichlorostyreneo] & cysteine 9
Arbig
Thioglycolic acid &) #F7l}-Sol Af e} 2o W
Hog oA ulgd g #UFE 2 W2 pH WY
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Fig. 3. General base catalysed addition reaction of
thioglycolic acid to B, S-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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Fig. 4. Hammett plots of addition reaction of thio-
glyeolic acid to B, S-dichlorostyrene derivatives at
various pH.

Erobe (M™1sec™1) X 102 E
tH s
»-H €l »CHs  p-CCH; g
Q
0.0 0.81 1.35 0.66 0. 261 -
1.0 0.83 1.33 0.64  0.261 22 L
cH, pH p-C
2.0 0.81 1.35 0.64  0.264 L ;r:’_c_‘*_s__f__L__ﬁ_/——a—pmobo
pHS.
30| 08 135 071 021 ol o ut.0
4.0 0.90 1.52 0.72  0.407 f/_o_/ﬂ
50 1.12 1.97 1.07 0. 964 r
6.0 1.42 2.69 1.58 1.615 ) 1 1 1 1
7.0 1.64 2.92 177 1.647 0z 00 e 0l °
8.0 1.77 3.06 1.90 1.681 Fig. 5. Hammett plots of addition reaction of cyste-
9.0 1.83 3.20 191 1.826 ine to 8, S~dichlorostyrene derivatives at various pH.
10.0 2.51 3.69 2.3  2.031
1.0 6.68 8.57 5.85  4.489 & o % 9l
12.0 | 48.76  52.46  42.36  26.712

oA 8, B-dichlorostyrene -f- X Ao &} Cysteine
2 Apig SEAF, ke & T3] Table 3
o e AT,

(3 A&7l 23

S-S5 vlAe AE2 9 §FE A
19 pH1.00, pH5.00 © pH 10.009) 4 B, 8-
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9 cysteine & logk, 3t Hammett o ool o
# o A A7 Fig. 4 R Fig, 59 %
v} o] AL FEI 2R o3RS PR
thioglycolic acid9l 2% pH 1.004]4 0.93 9]
o, cysteine 2 79 pH1.00e]A 0.889]t},
uebd o] b AAF sl Y F2d
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el =2 - pH G4 8, f-dichlorost-
yrene fEAle] A2 ¢ & BAY FFH2
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S A7A 3REE A2 ¢ Ak oAEY
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5% vf$ =gjeg FAYL Y pHILO
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o,
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(DCS) (RSEY A4

Ar—cl}{—66012
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I

k
Ar—CH—CCl;+ B—> Ar—CH—eCCl,+ BH®

HS¢—CH,COOH SCH,COOH
64) an
tasf
Ar—CH—®CCl;+BH*—> Ar—CH—CHCl,+B

I |
SCH,COCH SCH,COOH
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(D= 22 dipolar ion 2] &A= o} AFE
T %A A4 Aol A]  S-nitrostyrene o J}
FEH A ol&} AT HEEFE AT
A Ade 2 AHE + AR, F A AD
& z2& goj2o] hydronium ion %} & 4l 4t
0.8 B FA4AE olEolE SEE
wte e 2l QA g4 Ee 1942 254 v
Sl 28 Aejd Ao}, General base 9] ¥ =
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g ZA B Reolth, oA & Fig. 344 B
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f=As AAD uESEAFsF AR ;T
Zevhe 4849 AdAE A7 R
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on 2 97t SE24AA N = 7 FE
dAE 1A 297 o ol W FEo
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$F FEJ} WA gz vlFos EAFUT
Z724 (Dell A8 steady-state approximation §-
AA7™, A4 4% F e H¥ERAT
ko ch83 2o} vebd F 3o

Rate=/,(DCS) (RSH) =£.(1) 2 (B)

_ k- EY(B)
=tarhyer DIRSH @

LB

1 _h+kIB)_ 1 1
Fio k- ken(B) k0 k/ky - k2I(B)

(5)
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hoe heg 98 ¢ 4 Utk AddAe &
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oxide jon 22 A7 4 ez ()4 & 6)
A% 2ol €& 5 vk

1 -1

kll) kl

(6)

pH 3.0 ©l3}o A= hydroxide ion &y FX=7}

2AY ¢ ¢ A= Fong AL (DA
22 §=2% 9 A+ ‘

1_1 1
b h G EEeEoy O

4] (5)ell A general base 8] 557} ARW &y
E FHA &2 A3 sl £ SHA A
€ Fig. 3414 vebg ARE 4.02x107% (M
.secyo]c}, pH3 ¢]8}oll A= hydroxide 8 &
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1 :
+ T PO TH,0) + &% (OHT)

Age FAY ¢ oemz ,=4.02x10"2(M
“1sec™!) 7} pH=0ol A9 k=1.65x10"2(M!
sec )& A (Dol WA & fk - (BHC(H0)
=2.80x1072% AUk @AY k/E (RN
(OH")) & hydroxide ion ¥ ¥ =7} vz AA
general base 249 &0 AL FAY ¢ g
A% vebdek 3 42 pH5 0014 £=2.79
X107% k=4.02X107% k/k (F°(H0})=2.
80x107% 2 (OH}=10M & (6)Al =H4IH
A kfkoy - BPRT=6.32X107 & Al
A Fg 2E FFE B HYsHA
kot T 843 7ol ved 5 dH
T
2.80 10‘2+61. 32X 107(OH)
fyg= L 13X 207442, 54 X 10°(OH") @®)
6.82x1072+6. 32X 107 {OH)

pH 9.0 o} Aol 49 ul-8-& 5452 hydroxide
ion® Fxo wledog, pH 10.004 k=4
83%107%, (OH )=10"*M, #£,0=4.02X10"2%&
(Al dddle £ =81.0% &5 Ut
ol& oAl (Ao Rglstd pHol W& AHA
WSS A4 kv g (@) 2ol vEld
b

=kt 7 ®H (OH")

_ 1.13x1073+2.54 X10°(OH"]
6.82X10724-6. 32X 107 {OH")

+81.0(0H") @

Tadle 16] Q& AL 4 D 4R A
A8k gtEol, Fig. 29 FAR o|Aql 93
233 Aold, APAd AR FUAAFL &
T A

glof A B wiehze] 9l o# -2 pH A
fol A9 thioglycolic acid A71$ =3, Z
FH A G Y SAol e A4y Frkgk
29 s EE S E AR 2 ARYE T
A,

Cysteine 2} AAA Hop-gol A E FAEH ub
$oA S ALY F Aok F RS pHellA
= b 2erAUEFes Avhbgol A4l
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eaiNHa ' 'elNHa
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Ay Gg3 22 dES At

'

HSCH,CHCOQ® +2OH9“;«298CH2CHC00°

N, T ek
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oNH;
AI'—CH—BCCIQ
SCH;_-CngCHCOOe
oNHa

. fast
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SCH,CHCOO0® SCH,CHCO0®

I I
eNHs oNHg
+OH®
g 8 & 8
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