Journal of the Korean Chemical Society
Vol. 35, No. 3, 1991
Printed in the Republic of Korea

B-Nitrostyrene 750l CHEt Thiourea?| &4
HOMESol| et gSSTRN 7

LM - MBR - WHE
Feueta shatz
seho)ets et
(1990. 11. 14 AH4)

Kinetic Studies on the Nucleophilic Addition of Thiourea to
B-Nitrostyrene Derivatives

Tae-Rin Kim', Yeun-Soo Chung, and Myung-Sook Chung*
Department of Chemistry, Korea University, Seoul 136-701, Korea
*Department of Chemistry, Dankook University, Seoul 140-714, Korea
(Received November 14, 1990)
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$EE A0 FFENHLR 33 pHoll M2 4% A4S W3, general base X A7) 3}
TLERE ¢l pH HedAd dPA} & YAshe MEEE4E iz, AP A P wg
shgE Atstsich F pH 9.00 o)AellA9) ulg4% &= hydroxide ione] %o B)# 3= sulfide
anion®) A7}l A3 A Michael type2) ¥hg-e] Uojuin], pH 9.00~7.000] ¥ thiourea?] 427}s}
29 anionEe] AAA 2 AHrE pH 7.00 o)#lel ¥ thioureas] FAEAIDe] A7hYS Yo

ABSTRACT. The rate constants for the nucleophilic addition reactions of thiourea to -nitrostyrene
derivatives(p-H, p-Cl, p-CHs, p-OCHs, p-NO;) were determined by UV spectrophotometer and rate equa-
tions which can be applied over a wide pH ranges were obtained. On the basis of substituent effect,
general base catalysis and rate equations, a reaction mechanism was proposed and revealed quantitively.
Above pH 9.00, sulfide anion adds to the double bond(Michael type addition) and between pH 7.00
and 9.00, the neutral molecules and its anions add to the double bond competitively. Below pH 7.00,
the addition reaction to double bond is initiated by the addition of neutral thiourea molecule.
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Table 1. Rate constants for the addition reaction of
thiourea to P-nitrostyrene at various pH and 25T

Table 2. Rate constants for the addition reaction of

thiourea to f-nitrostyrene derivatives at various pH
and 25T

pH Buffer solution kM 'sec™)
obs. calc.
0.0 HC1 0917X10°' 918x10°2
1.0 HCI 092x107" 9.18Xx10°2
20 HCl1 0919X107! 919X10°2
30 HCI 092X107" 928X1072
40 HOAc+NaOAc 1.13X107' 101x1¢7?
50 HOAc+NaOAc  167X107"  1.64X10°!
6.0 HOAc+NaOAc  320x107!' 3.14x107?
70 KH,PO,+K.HPO, 3.85X10°t! 3.73X10°?
80 H;BO;+NaOH  4.05X10°! 396x107?
85 H;BO;+NaOH  428X107%' 4.34%107!
9.0 H:BO;+NaOH 530X107' 553x10°!
95 H;BO;+NaOH  9.15X10°! 926X107}
100 H:BO;+NaOH  2.11 211
105 H:BO;+NaOH 516 550
110 NaOH 16.43 17.68
logk, +2

aF
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Fig 1. pH-rate profile for the addition reaction of
thiourea to B-nitrostyrene at 25%¢. Circles are experi-

mental points and the curve is drawn according to
- equation(8).
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30  1.73X107% 308X107? 1.16X10' 155X10"!?
40 250X107% 337X107% 153X10°! 2.14X10"!
54 563X107? 543X107% 305X 107 345%107!
60 980X1072 129X107) 4.20X107 4.77X10"!
70 120X107' 173X107! 431X107! 491xX10°!
80 125X107! 191X10°! 474X 107! 545%10!
85 1.35X107" 2.13X107! 588X10™! 6.94% 10!
90 205X10°! 283X10°! 105 129
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Fig. 2. General base catalyed addition reaction of
thiourea to B-nitrostyrene at pH 4.78 and 25¢C. Circles

are experimental points and the curve is drawn acco-
rding to equation(11).
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Fig. 3. Hammett plots for the addition reaction of
thiourea to B-nitrostyrene derivatives at various pH.
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