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Hydrolysis reactions of S-phenyl-S-vinyl-V-p-tosvlsullilimine (VSI) and 1ts derivatives at various pH have
been mmvestigated Kinetically, The hyvdrolysis reactions produced  phenylvinylsulloxide and  p-toluene
sullfonamide as the products. The reactions are (st order and Hammiett g values for pH 1.0, 6.0, and | 1.0 are
0.82, 0.45, and 0.57, respectively. This reaction 1s not catalyzed by general base. The plot o4 vs pH shows that
there are three different regions of the rate constants (&) in the prolile.. At pH <2 and pH > 10, the rate
constants are direetly proportional to the concentrations of hydronium and hydroxide 1on cataly zed reactions,
respectively. The rate constant remains nearly the samie at 2 <pH < 10. On the bases ol these results, the
plausible hydrolysis niechanism and a rate equation have been proposed: At pH < 2.0, the reaction proceeds
via the addition of water molecule to sulfur alter protonation at the mitrogen atont of the sulfilinuine, whereas at
pH > 10.0. the reaction proceeds by the addition ol hydroxide 1on o sullur direetly. Tn the range of pH 2.0-10.0,
the addition of water (o sulfur ol sulfilimine appears 1o be the rate controlling step.
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Introduction

The nuclcophilic addition of activated carbon-carbon
double bonds and carbon-nitrogen double bonds has been
subjected 1o cxtensive mechanistic and synthetic studics.’™
Extensive studics of nuclcophilic addition (o the double
bond of activated olefins and imine have led (0 a quantitative
understanding of the relationship between (he structure-
rcaclivity and changes in reactant structurc or rcaclion
conditions. In contrast. much lcss is known about ihe sul-
filimincs. having sulfur-nitrogen double bond (RR' S=NR').
Nicolet and Willard® reported the first synthesis of sul-
filimincs by rcactions of sulfide with positive halogen donor.
Mann ef a/.® also prepared sulfilimines from (he reactions of
chloramine T(sodium--chloro-p-tolucnesulfonamide) with
sulfidc. These compounds are interesting because much
information has appcarcd in (he litcralure concerning the
diurctic.” weedkiller.® and antimelancholia.” as well as anti-
tumour activitics.'” Kim and coworkers'! have synthesized a
scrics of adducts from the reaction of vinylsulfilimine
derivatives with  (hiophenol.  1-mcthyl-3-mercap-1.2.3 .4 .-
tctrazole. and phenol. Such adducts would exhibit potential
utility as biochemical and pharmaccutical products. They
also suggested a mechanism on the addition of imcrcaptan to
vinvIsulfilimines in a wide pH range.'*

As shown in above references. some kinetic studics for the
nuclcophilic addition of nuclcophilic such as thiol to vinyl-
sulfilimincs have been reported. However. the kincetic studics
for the hvdrolysis of vinylsulfilimine denvatives have not
reporied vel.

To understand the detailed mechanisim of  hyvdrolysis
reaction on the vinvisulfilimine. we have iwestugated the

mcchanism ol hyvdrolysis and the rate cquation of S-pheny[-
S-viny]l-¥-p-tosylsullilimine (VSI) over a wide pH range.

Experimental Scction

General procedure, All chemicals were reagent grade
unless othenwise specificd. The ionic strength of the buller
solutions was kept constant to 0.1 M by adding sodium
chloride except below pH 1.0, Kinctic runs and UV specira
were obtained from a Hatachi Recording Spectrophotomeier
200-20, IR spectra were taken with a Perkin-Elmer Tnfrarcd
710B. NMR spectra were obtained with a Varian EM 360
(060 MHz) and Pretkin-Elmer R-32 (90 MH7) spectromeler
in CDCls. Elemental analysis was performed by Perkin-Elmer
240 CHN Analyrcr and melting points were measured with
a Haake Biichler apparatus.

Sy¥nthesis of VSI. Vinyvlsulfilimine and its derivatives
were preparcd by three-step reactions which started from the
reaction of dibromocthane with (hiophenol derivatives by
known methods.

Product studics of hydrolysis from VSI. VSI (1.5 g.
5.0 x 10 7 mol) was dissolved in 30 mL of a buflfer solution
(pH = 9.0) of boric acid and sodium hydroxide contlaining
20% wmethanol. The solution was stirred for 24 hrs at 50 °C.
extracted with dicthyvlether (30 L), washed with bring.
dricd over anhydrous MgSO.. and then cvaporated. The
remaining residue was flash chromatographed on silica gel
(Hexane/E1OAc. 2/1) to afford phenylviny | sulfoxide and p-
toluencsulfonamide. phenylvinyl sulfoxide: TR (liquid. cm )
1050 (§=0): '"H NMR (CDCl;) § 7.5-7.6 (n. 5H. phenyl).
6.7 (m. 1H. SOCH). 5.9-6.2 (dd. 2H CH=CH:). p-toluenc-
sulfonamide: mp 138-139 °C: TR (KBr. ¢ ') 3350, 3230
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Figure 1. Plot of log absorbance vs. time tor the hvdrolysis of VSI
al pl1 1.0 and 50 °C.

(N-H). 1323, 1140 (0=8=0). 'H NMR (CDCl;) § 7.5-7.8
(dd. 4H. pheny1), 7.2 (s, 2H, NH-), 2.3 (s, 3H. CHa3).

In acidic media. product analysis was carried out by the
saime method as in the basic media except using buffer
solution (pH = 2.0).

Kinetic studies. Kinetic mins were made in water at 50 °C.
The vinylsulfilimine was introduced as 1 mL of 1.0 x 107 M
methanolic solution in 100 mL of final aqueons solution and
the flask was quickly shaken. Each aliquot (3 mL) of the
sclution was removed from the volumetric flask at time
intervals and was placed in a quartz cuvette. The decrease of
absorbance at the wavelength of maximum (p-OCHa:
Awax = 227 nm. p-CHz! Ajpas = 230 nm. H: Apeex = 228 nim. p-
Cl: Auex = 230 nim. p-NOz: Ajpus = 229 nm) for the VSI and
its derivatives with time was monitored.

Results and Discussion

Determination of rate constants. Figure 1 shows the
tvpical plot of logarimathic absorbance versus time for the
hydrelysis reaction of VSI. The observed rate constant (Agr,s)
was estimated from the slope of plot of log absorbance vs.
time in Figure 1. Similar plots were obtained for the hydro-
Ivsis reactions of its derivatives at all pH ranges (plots not
shown). As shown in Figure 1. the observed rates of VSI was
alwavs of the first-order. The first-order rate constants (k)
obtained from the slope at various pH are given in Table 1
and Figure 2 shows pH-log (rate) profile of this reaction.
First-order rate constants of the VSI derivatives were also
determined by the same method (Table 2).

Substituent effect. The influence of S-aryl substituent
upon hydrolysis rates correlated statifactorily with the Hammett
equation using & values (Figure 3). Hammett p values were
0.82. 043, and 0.57 for pH 1.0. 6.0 and. 11.0. respectively.
This result indicates that the rate of hvdrolysis is accelerated
by electron withdrawing groups at all pH ranges.

General base catalysis. To determine whether this reac-
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Table 1. Rate constants for the hydrolysis of VSI“ at various
pH and 50 °C

ffsee DX 10

pti Bufler solution -
hobed™ kil
0.0 1ICI 982 992
1.0 LICI 450 4.33
2.0 LICI 1.90 1.81
23 LICI 1.70 1.66
3.0 LICH 1.69 1.61
33 HOAC ! NaOAc 1.67 1.60
4.0 HOAC ! NaOAc 1.57 1.60
5.0 HOAe 1 NaOAc 1.59 1.539
6.0 HOAe 1 NaOAc 1.54 1.39
7.0 KI:POs 1 K2HPO, 1.33 1.39
8.0 FLBOa - NaOFl 1.58 1.39
8.5 FILBOa - NaOFl 1.39 1.39
9.0 FIBOa - NaOFl 1.66 1.539
9.5 FBOa - NaOF 1.79 1.60
10.0 FBOs - NaOF 1.80 1.62
11.0 NaOl 2.30 221
12.0 NaQl ] 4.30 4.37

| Substrate| — (1-2) X 10 ¥ M. *I'he ionic strength of the bufler solutions
was kept constant to 0.1 M by adding sodium chloride exeept below pll
1.0. ‘Average rate constant for two or more kinctic runs. “Fstimated
uncertainty.  3%o.
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Figure 2. pH dependence of the tirst order rate constant tor the
hydrolysis of VSI at 50 °C. Circles are experimental points and the
solid line is drawn according to (3).

tion may be catalyzed by general base, the rate constants
were determined at various acetate ion concentrations at pH
4.78. Figure 4 shows this reaction is not catalyzed by general
base.

Rate equation and mechanism. As shown in Figure 2.
the hvdrolvsis rate of VSI can be expressed by the following
equation {1).

Rate = &[VSI] = (& + FHO0M + &M [OH 13[VST]
(N
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Table 2. Rate constants for the hydrolysis of V81 denvatives al
various pH and 50 °C

B et (360 l)>< 107

- p-OCHs p-CHs p-Cl p-NO:
0.0 4.02 552 16.1 338
1.0 292 348 7.01 205
2.0 1.83 245 542 746
25 1.40 1.79 408 4.3
3.0 1.25 1.49 303 3.31
35 1.24 1.35 236 3.05
4.0 1.20 1.32 232 287
5.0 1.22 1.32 210 2.76
6.0 1.21 1.32 2.05 2.76
7.0 1.27 133 215 277
8.0 1.23 132 2,19 2.83
8.5 1.25 1.36 234 2.89
0.0 1.24 1.40 224 2.97
95 1.35 144 233 3.66
10,0 142 1.58 2.93 4.7
11.0 1.66 2.01 3.63 6.67
12.0 1.93 232 448 -

“Substrate] - (1-2) x 10 *."Average rale conslant for two or more kinetic
runs. ‘Tstimated uncertainty, £ 3%.

-

where 4" is the pH independent rate. i.e.. the constant due
to the catalysis by H-O. and & and k™ are the hydroninm
and hydroxide ion dependent rate constant, respectively.

As the result. over all rate equation becomes;

for = J M2 4 FHLOT] + A M[OH ] @)

Substituting the numerical values obtained from the fit of
experimental data to equation (2). the 4 is given by equation
(3)
fi=1.39%10  +221x 10 *[H;0" +2.77 x 10 J[OH |
(3)

Table 1 and Figure 2 show that the overall rate constant. &

2.4+
pH=1.0
p=0.82(r=0.999)
2.0+
k' pH=11.0
; p=0.57(r=0.990)
o
1.6+
pH=6.0
1.2+ p=0.45(r=0.999)

Figure 3. Hammett plots for the hydrolysis of VSI.
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Figure 4. Fitect of general base concentration on the rate of
hydrolysis ot VST at pH 2.85 and 50 °C.

calculated by equation (3) are in good agreement with the
observed values.

Similarly. the rate equation obtained for the hydrolysis of
V1P derivatives are as follows.

S-p-Mcthoxyphenyl-S-vinyl-\-p-tosylsulfiliming:
fi=122x 107+ 1210 x 10 *[H30' +2.66 x 10 *[OH ]
S-p-Methy Ipheny [-S-viny I-A=p-tosy Isulfiliming:
Lh=143x10 T+228x 10 hrH;O*'] +833x 10 \I-OH ]
S-p-Chloropheny I-S-viny[-V-p-tosy lsulfilimine:
h=2.10x10 T+385x 10 hrH;O*'] + 776 x 10 \I-OH 1
S-p-Nitropheny I-S=viny1-¥-p-tosylsulfilimine:
=276x10 "+ [45x (0 5|‘[_]3O+] £196x 10 .LIOH 1

At low pH. hydrolysis of VSI is not subject to general base
catalysis (Figure 4) and the rate of hvdrolysis is proportional
to the hvdromium ion concentration (Figure 2). Thus pH
dependence must be caused by very rapid equilibrium of
VSL S. with its conjugated acid, SH' which undergoes rate
controlling through the attack of water. It follows that &y; =
AM2MK =221 x 107%sec™". These results may be explained in
term of the mechanism in following reaction scheme.

The rate-determining step of the reaction may be decided
by the general base effect and Hammett p value. [n the acidic
solution, the third step is not rate liming because this reaction
does not exhibit a general base effect. The concentration of
SH™ is expected to increase by the electron donating group,
whereas the 4~ shonld be enhanced by the electron-withdrawing
substituents. The observed p=0.82 at pH = 1.0. indicates
that the second step must be the rate limiting under this
condition.

The stucture of the transition state for the rate limiting
step may also be deduced by considering the Hammett p
value. The p value indicates the extent of charge development
at the reaction site in the transition state. In the acidic
mechanism. the p value was given as 0.82. indicating that
electron-withdrawing groups facilitate the reaction. A positive
p value means that electron density on reaction site increases
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in going from reactant to transition state.

At high pH. since the rate constant is directly proportional
to hvdroxide ion concentration. the following reaction
mechanism is proposed.

In alkaline pH's. since the rate of hydrolysis is accelerated
by the electron-withdrawing group with p = 0.537 at pH =
11.0. the rate limiting step should be the direct attack of
hydroxide ion at sulfur atom. As shown in acidic solution.
electron-withdrawing groups can facilitate the addition of
the OH™ by favorable interaction with the electron-rich sulfur
atom that develops in the rate determining step.

In addition. the magnitude of p. whether positive or
negative. also provides information about the rate-determin-

ing step of a reaction. A large p indicates high sensitivity to
substituent groups and implies that there is a large redistri-
bution of charge imvolved in forming the transition state.'”
The rate constant &' would be less sensitive to change in &
than 4 because the hvdroxide ion should be more reactive
than water in the addition step (p =082 at pH=1.0. p =
057atpH=11.0).

At 2 <pH < 10. the hvdrolysis rate of VSI is almost
independent of pH change. therefore, it seems most reason-
able to conclude that the addition of water to sulfur atom is
the rate controlling step.

The structure of this transition state can also be rationaliz-
ed using the p value similarly. Considering that water is less
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reactive than hydroxide ion. the p value for this reaction is
expected to be larger than that determined under basic
condition. However. the observed p=0435 at pH 6.0 is
smaller than p=0.31 at pH = 11.0. At present the origin of
this dichotomy is not clear.

As shown in above mechanism. if the intermediate is a
reactive, unstable species. its concentration will never be
very large. Therefore. when the steady-state approximation
is applied with respect to the |intermediate]. the Ayt values
(Table 1 & 2) shown in Figure 2 are given by eq. 2.

In conclusion, the rate equations which can be applied
over a wide pH range were obtained. On the basis of various
kinetic results. a reaction mechanism was proposed. However.
to further expand our understanding of the transition state
and intermediate on the this reaction mechanism. the
detailed mechanism of the hydrolysis will be the subject of
our future investigation.
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