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ABSTRACT. The Kinetics of hydrolysis of styrylphenylsulfone derivatives in 50% methanol-water
at 25C and ionic strength of 0.10 was investigated by UV spectrophotometry in the pH range of 0.0-
14.0. The rate equations, which can be applied over a wide pH range, were obtained. The Hammett
rho constants for the hydrolysis are 1.85 at pH 7.0 and 1.54 at pH 13.0, respectively. On the basis of
the evidence, it is proposed that the general base-catalysis occurs in the hydrolysis of styrylphenylsul-
fone derivatives; above pH 11.0, Michael type nucleophilic addition take place, while below pH 9.0, the
reaction is initiated by addition of water and from PH 9.0 to pH 11.0 these two reactions occur com-

petitively.
INTRODUCTION may occur. It has been shown that the hydrol-
ysis of af-unsaturated compounds is catalyzed
Nucleophilic additions to carbon-carbon dou- by general bases in buffer solutions and in the
ble bonds are not so well documented as addi- hydrolysis, the addition of anion is the rate
tions in which protonation or other electrophilic determining step.!™
attack is the first step. When the electron den- In order to verify the mechanism of uncleo-
sity of carbon-carbon double bond is reduced philic addition, in previous paper,’ the au-
by strongly electron-withdrawing substituents, thours have investigated the rate and mecha-
nucleophilic attack at one of the vinylic carbons nism of the addition of L-cysteine to styrylphe-
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nylsulfone® and of thioglycolic acid te B-nitrost-
yrene derivatives®. In an effort to make more
through investigations of the kinetics of the
hydrolysis, including the effect of substituents
and general base-catalysis, we carried out the
studies on styrylphenylsulfone(3) derivatives in
this paper. '

EXPERIMENTAL

General. All chemicals used were reagent
grade unless otherwise specifed. NMR spectra
were obtained with a Varian 60MHz spectro-
méter, using tetramethylsilane as an internal
standard. IR spectra were examined with a JA-
SCO model DS701G spectrophotometer. Eleme-
ntal analysis was performed by Perkin-Elmer
240 CHN Analyzer and UV spectra were ob-
tained by a Pye-Unicam SP8800 spectrophoto-
meter. GC/mass spectra were taken in a Hew-
lett Packard 5730A spectrometer. Melting points
were measured with a Fisher Johns hot stage
melting point apparatus.

Synthesis of para-sub. Styrylphenylsul-
fone (3) Derivatives. Phenylmercaptoacetic
acid (1) was prepared by phase transfer catal-
ysis of corresponding thiophenol and monochlo-
roacetic acid, using butylammoniumhydrogensul-
fate (Aldrich) as catalyst’. Yield: 65%, mp.; 61.5
~625(it. 59 ~61C), NMR (CDCL/TMS) &ppm;
11.25 (s. -OH), 3.62(s. -CH), 7.15~7.60(m. phe-
nyl).

phenylsulfonylacetic acid (2) was prepared
by oxidation of (1) in the mixed solvent of
glacial acetic acid and hydrogen peroxide®,
Yield; 57%, mp.; 113C (it. 112-114C, IR (KBr)
Amax. cm?, 3018(w. CH- st), 1175(w. CO,H st.),
1725(s. CO st.), 1320-1355, 1180(s. SO st.), 720~
725(s. phenyl st). Styrylphenylsulfone(3a), p-
methoxystyrylphenylsulfone (3b), p-chlorostyryl-
phenylsulfone (3¢) and p-nitrostyrylphenylsul-
fone (3d) derivatives were prepared by conden-
sation of corresponding various para-substituted
benzaldehyde and (2)°. Melting points were de-
termined after recrystallization in diethyl ether
and ethanol. The analytical and spectral data-of
(3) derivatives are shown in Table 1.

Kinetic. The reaction rate reported herein
were determined UV spectrophotometrically by
procedures which have been previously descri-
bed®. The pH of solution was adjusted by a
Fisher Accumet model 525 digital pH/ion me-
ter. The solvent system used in the present
work is 50% methanol. Ionic strength was kept
constant at 0.10M by adding sodium chloride
solution, and all reactions were run at 25C.

Product Analysis. One gram of (3a) disso-
lved in the methanol solution was added to the
proper buffer solution containing 50% metha-
nal. The mixture was refluxed for 4~5hours
and dried in vacuo until a paste was obatined.
The paste was washed many times with distil-
led water and dried for a week in a vaccum

Table 1. Analytical and spectral data of para-substituted styrylphenylsulfone (3) derivatives

Yield mp UVmax.

Compds| (it®) (L) (loge) Formula C CaJ}.;%) N g ou?;(%;q IR(cm™Y¢ 1(?;?;?‘7; ))
) ___(© (nm)
(3a) |30(39) 75(74-75) 270(4.60) C.H:SO, 688 492 — 686500 — 3060, 1310, 1150, 920, 860 244.5(14.5)
(3b) |15(19) 119(120) 275(340) CisHwSOs 65.7 511 — 656 510 — 3070, 1295, 1140, 960, 845 274(8.5)
(3c) |55(63) 128(129) 282(4.39) CisHuSO:Cl 603 398 — 604 400 — 1510, 1340, 969,830,720  279(20)

(3d) |45(50) 169(170) 300(441) CisHuNSO, 58.1 3.81

48 580 4.00 46 1520,1320,1110,800,725 289(12.5)

“ref. 8,"'All mps are without corrected., ‘in methyl alcohol, *KBr disc.
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desicator, and recrystallized twice from ether
(Yield, 65%). The mp. 89~90C (it. 88~89T),
agreed with phenylmethylsulfone. Anal, calc
(CyHsSO; (156)): Cale. (%); C 53.85, H 5.13,
found (%); C 54.0, H 5.08. And from the filt-
rate, benzaldehyde was identified by Brady

reagent.

Table 2. First order rate constants (8107 obs. sec™)

for the hydrolysis of styrylphenylsulfone (3)
derivatives’
pH (3a) (3a)*  (3b) 3¢y 3dy
0.0 0.330  0.398 0.20 248 9.46
05 0450  0.398 0.20 225 13.2
1.0 0455 0.398 0.20 2.04 16.8
15 0398  0.398 0.30 231 16.9
20 0405 0.398 0.19 240 13.2
25 0402  0.398 0.16 2.50 17.0
30 0378 0.398 0.29 2.50 14.2
35 0400 0.398 0.38 2.50 17.2
40 0425  0.398 0.30 2.73 13.5
45 0450  0.398 0.25 2.25 16.8
50 0450  0.398 0.28 315 17.0
55 0450 0.398 0.15 2.15 19.0
6.0 0.405 0.398 0.26 241 16.6
6.5 0.397 0398 0.30 243 15.5
70 0.342 0.398 0.25 2.33 17.5
75 0380 0.398 0.20 2.35 17.0
80 0365  0.402 0.33 2.25 17.5
85 0.400 0411 0.25 2.35 18.0
9.0 0.402 0.437 0.25 485 18.0
9.5 0.550 0.520 0.38 6.40 230
10.0 0.550 0.783 0.32 7.50 30.0
10.5 1.37 1.610 0.35 4.35 315
11.0 345 4.25 2.15 555 133.
115 16.0 12.40 500 215 165.
12.0 335 37.90 135 258 804.
125 | 134. 120. 442 65.5  2100.
130 | 371 371 145. 180. 6680.
13.5 |1240. 1171. 488. 600.  34200.
14.0 |3340. 3700. 1550. 2500.  66000.

“The ionic strength was mintained at 0.1M by the
addition of sodium chloride solution except below
pH 1.0 and above pH 13.0., "The values were cal-
culated using the equation (6)., ‘ref. 10a., “ref. 10b.

RESULT

The logarithmic plots of the absorbance (log
OD)of (3) vs. times were linear and used to
calculated the first-order rate constants. The
hydrolysis rate constants at various pH are gi-
ven in Table 2, and Fig. 1 shows the logk
against pH. The solid line in Fig 1 is a theo-
retical value calculated according to the equa-
tion (6) and circles are experimental points.

General base catalysis rate constants were
extrapolated to zero buffer concentration and the
values are determined at various acetate ion
concentration as shown in Fig. 2.

DISCUSSION

Substitution Effect.
the constant of the hydrolysis leads to a strai-

The Hammett plot" of

ght line a slope of p=1.85 at pH 7.0 and p=
1.54 at pH 13.0, respectively. Therefore, the
rate of hydrolysis of (3) derivatives is accelera-
ted by electron withdrawing groups at all pH
range, suggesting that the hydrolysis proceeds
through similar mechanism in acidic and basic
media. The p>0 value would be large for
those reactions, in which bond making occurs
prior to bond breaking.

logh+ 8

Fig. 1. Plots of log obs. against pH for the hydro-
lysis of styrylphenylsulfone (3a) in 50% methanol.
(The points are experimental and solid
calculated according to the equation (6).

line 1is
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Fig. 2. General base catalyzed hydrolysis of p-nit-
rostyrylphenylsufone (3d) at pH 4.75 and 25C.
Extrapolated to zero buffer concentration. (The ci-
rcles are experimental and curve is drawn accor-
ding to equation (4-3).

General base Catalysis. As shown in Fig
2, to make sure that this reaction is catalyzed
by general base, the rate constants were deter-
mined at various acetate ion concentration [Ac™]
at pH 4.75°. From the equation (4), k. step
shows general base catalysis; kv depends only
on the concentration of acetate ion at constant
pH 4.75, whereas, the reaction velocity is not a
linear function of catalyst concentration. Fig. 2
shows that & values calculated by equation (3-
3), are in good agreement with observed values
and experimental values.

Rate Equation and Mechanism. As shown
in Fig. 1, the change of logk vs. pH is compli-
cated; below pH 9.0, the logk remains almost
constant, whereas above pH 11.0, the slope is
ca. 1.0, ie, k& values are directly proportional
to the hydroxide ion concentration. Analysis of
Fig. 1 shows that the rate constant (kt) can be
divided into two part; one part is directly pro-
portional to hydroxide ion concentration and
the other is not. Therefore, the observed rate
constants of the catalyzed hydrolysis can be
expressed to be base catalyzed hydrolysis as
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equation (1), where ky is the first order rate
constant for the spontaneous hydrolysis below
pHY.0 and ks is the catalytic rate constant for
the base catalyzed reactions above pH 11.0. °

k=kx+ks (OH"] o))

From the substituent effect (p> 0), and the ks
part where the rate constant is proportional to
hydroxide ion concentration® (¢.. =kslOH™J),
can be given a rate equation of the Michael
type reaction. Hence, the mechanism of the hy-
drolysis is proposed as Scheme 1.
0
(3) + OH ———= ph—%iH-?H»phAX

o
(1)

i
[SRIRS PH - > Ph-S-CHp=CH-ph-X &+ on”
Fast 5 (I)H

(11)

0
{I1) + 0" —— 5 p‘n-%-CHZ-ClH-ph-X + HZ{)
0 [
(111)
0
(1) XepheCio + ph-:%-EHz
1y,

(1v) + HZO —— pn-fsl-c.w, + OH
T
Scheme 1

The observed rate constant below pH 9.0
was almost constant irrespective of hydroxide
ion concentration, the hydrolysis is catalyzed by
the general bases, the hydrolysis rate is not
proportional to the concentration of hydroxide
ion. Therefore, the reaction would proceed via
the reaction path different from that of Scheme
1. These facts suggest that the reaction mecha-
nism is complicated as the case of B-nitrosty-
rene® and from the results of substitution ef-
fect (p> 0) and general base catalysis (Fig. 2),
following mechanism in proposed as Scheme 2.

First step (k) reaction of the above mecha-
nism (Scheme 2) is inintiated by attack of nuc-
leophile, water molecule (B), and produces zwi-
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Scheme 2

tter ionic intermediate (I). Second step (k)
shows general base catalysis, and (II) would
swiftly accept a proton to produce (III) by third
step. Therefore, the over-all reaction rate
should be controlled by the second step of the
Scheme 2. But, at the range of lower pH in the
sponteneous  hydrolysis (pH 0.0 ~9.0), where
proton concentration is high as compared to
hydroxide ion concentration the zwitter ionic in-
termediate (1) should be protonated at the
anionic center rather than losing a proton to a
general base, Therefore, rate determining step
(k2) may be change to another step™. In gene-
ral, among all the possible mechanism, first
step reaction of Scheme 2 is reversible, whereas
second step is irreversible and (I) is very un-
stable. During the reaction, if(I) is present in
small amount and do not change in its concent-
ration and a steady-state approximation is app-
licable with respect to (I)5%

d[3] _kik[3]E[B]

Rate=— = A8l 8 @
Then kx is given as following;
Vhks=1k-+1/k/k-kE[B] (3
= b Xk,[B] @
k.t Tk B]

From the equation (4), it can be shown that
if the concentration of general base is high
(:[B])) k.), then ky will take limiting value,
ki=hky.1

Fig. 2 shows the rate constants for the hyd-
rolysis of (3d) at various acetate ion concentra-
tions at pH 4.75. Consequently, kv depends
only upon the concentration of the acetate ion
at constant pH” while, acetate ion acts as a
general base catalyst”. Since, at low pH, the
concentrations of hydroxide ion and acetate ion
are negligile compared to water concentration,
ky is given as equation (5).

_ (ky/ k- )k*°(H,0]
1+ (%" H,01/ %)

5

The valies of constants in equation (5) shows
the efficiency of hydroxide ion and water as
the base catalyst”® As the result, in case of
(3a)® overall rate constant (k) becomes equa-
tion (6).

7.74X10 *+4.11X10 2[OH ]

- - —+3.70%10 ‘(OH 1(6)
1.94X10°"+3.0X%10 °(OH ]

(3a);k.=

Fig. 1 and Table 2 show that the values of
over-all rate constant, calculated by equation
(6), are in good agreement with observed va-
lues, similarly, the rate equations obtained for
the derivatives of (8b-3d) are as follows;

1.63X10°*+7.70X10 “[OH ]
8.13X107%+217X10*[OH ]

(3b)k, = +145X10 ‘[OH 1(7)

2.14X10°%+237%10 *(OH ]
+1.75X10 ¢
9.26X107'+4.88%10 “[OH" ] 17510 [OH. 1®

Be)k =

2.95X10""+540X10 *[Ac ]

- = +652x10°[OH 1(9)
1.76X10 °+344 %10 *[Ac ]

3d)k =

On the basis of rate equations (6)~(9), substi-
tuent effect, general base catalysis and hydroly-
sis products analysis, the mechanism of the hy-
drolysis of (3) derivatives over wide pH range
is fully explained. One may draw a conclusion
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following; below pH 9.0, the hydrolysis is

initiated by the addition of water but above pH
11.0, Michael type addition occurs by addition
of hydroxide ion. And from pH 9.0 to pH 11.0,
these two reactions occur competitively.”

1.
2.

3

4.

11.

12.

13.

14.

15.
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Which is maximum point %2,=1.57X10"% (3d)
in Fig. 2 and k=1.37X1077 (3a) at pH 10.5
in Fig. 1. If water and hydroxide ion are ge-
neral base present in the solution, equation (4)
becomes equation (4—1).
kx=kik w20 [ H,01+ k2,2 [OH™ 1k~ + k110
[Hz0]+%,°%[OH"] “4-1
The acetate ion acts as a general base catalyst,
equation (4) becomes as (4—2),
_ky/ k) kMOTHO1+ G/ - D™ [OH ]+ (ei/k- e’ ~[Ac ]
1+ GPTH0) & )+-M (OH™ ) k- +kA [AcT]
“4-2)
In case of (3d), kx ’constants becomes equation
4-3).
2.95X107"+540X 10 %[Ac"]
1.76X107°+3.44X 10"*[Ac"]

N

“4-3)

N=

18. In case of (3a), the value of (k,/k- )kt 20[H,0]

can be determined form the k=137X1077
sec.”’ at pH,10.5 and observed rate constant,
==3.98X107% sec.”! at pH 1.50, and is found
to be (ky/k-k"[H,01=5.16X10"8 according
to equation (5). By substituting £=5.50>X1078
sec.”! at pH 9.50 and (ky/k-Y'*° [H,Ol=5.
61X1078 into equation (4—1), (b/k- k""" [OH
“1=1.13X10" can be obtained. As a result,
If only water and hydroxide ion are present,
apparent rate constant, kn becomes equation (4
—4).

7.74X10 ¥ +4.11X1072[OH"]
1.94X1077+3.00X107{OH"]

“-9

N=

The various contants in equation (5) used to cal-

culate the kn value of (3) derivatives are summe-

rized as follow.

Comp- i (e k- k2O (kBi/k-1)k°0"
ounds [H;0] [OH"]
(3a) | 1.37X1077 5.61X10°% 1.13X1073
(3b) 1355%X107? 4.58X107® 2.17X1073
(3c) |4.85X107° 4.41X10°® 4.88%X1073
(8d) |157X1077 1.88X1077 6.47X10°2




19.

20.
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The nucleophilic addition constant of hydroxide
ion, £p=3.70X107* sec.”' is determined by
substituting the value of 2=3.45X10"7 sec.”!
at pH 11.0 and 2=3.34X107* sec.”! at pH
14.0, into equation (1).

The ratios of contribution of water and hydro-
xide ion on the hydrolysis of (3a) are given

as follow.

pH ’9.0 95 100 105 110 115

(OH /H:0¥ [ 01 03 10 30 10. 30.

“calculated by equation (6).
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