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In order to obtain information concerning the reaction mechanism of the pyrolysis of a sulfoxide bearing
an electron-withdrawing substituent on the B-position in the S-ethyl group of ethyl phenyl sulfoxide, 2-
(substituted phenyl)ethyl aryl sulfoxides(1) and 2-cyanoethyl (substituted phenyl) sulfoxides(2) were pyrolyzed.
The rate-enhancing effect of the B-phenyl group of 1 was small. The activation enthalpy and entropy of 1
were found to be 110 k] mol-! and —45 JK~! mol-1, respectively. Hammett plots for 1 gave positive trends for
the substituents, both on the B-phenyl group (p=0.76) and on the S-phenyl group (p=0.32), though the p-
value of the latter was about half of the former. On the other hand, the Hammett plot for 2 did not give a
straight line, but a concave curve in which a series of substituents from the p-OCHs to p-Cl groups gave a
negative trend (p=—0.49), while the p-NO: group afforded a positive trend. The pyrolytic rate of 2 was
found to be about 23-times faster than that of 1 at 100°C. The kinetic isotope effect for B-position hydro-
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gen in the B-phenylethyl group of 1 was considerably large (kn/kp=4.3).

From the obtained results, it was

suggested that the pyrolysis of 1 and 2 proceeds via a nearly carbanion-like mechanism in a five-membered

cyclic transition state.

Sulfoxides having at least one hydrogen atom on the
B-position carbon in the S-alkyl group are easily de-
composed to give olefins, like N,N-dimethyl-2-phen-
ylethylamine oxide,” at relatively lower temperatures
than those in the pyrolysis of xanthates, ie., a
Chugaev elimination reaction.? From studies on the
pyrolysis of various sulfoxides, it has been suggested
that the reaction proceeds through a five-membered
cyclic transition state:® That is, a concerted cis-
elimination process, like a Cope reaction."® Three
types of the Ei reaction mechanisms (an ideal cis-
concerted® (i.e., the electron-delocarized state), an El-
like*” and a radical pair® process) have been observed
in the pyrolysis of various sulfoxides of different
molecular structures. For example, Emerson et al.®
concluded that the pyrolysis of s-butyl propyl sulfoxide
proceeds via an ideal concerted mechanism from
observations of the product distribution. In contrast,
phenyl propyl sulfoxide® and phenyl ¢-butyl sulfoxide®
are considered to decompose thermally via an El-like
process from observations of Hammett substituent
effects.

On the other hand, Kingsbury and Cram® found
that a stereospecific cis-elimination of 1,2-diphen-
ylpropyl phenyl sulfoxides (7) is accompanied by a
concomitant radical C-S bond cleavage. It is of in-
terest to determine the mechanism regarding the
pyrolysis of the sulfoxide bearing an electron-
withdrawing group on the @B-position in the S-ethyl
group of ethyl phenyl sulfoxide; this has not yet been
investigated kinetically.

Thus, 2-(substituted phenyl)ethyl phenyl sulfoxides
(1) and 2-cyanoethyl (substituted phenyl) sulfoxides
(2) were prepared and subjected to pyrolysis. In the
present paper, we give a detailed account of a kinetic
study of the pyrolysis of the reaction system as well as
a possible mechanism.

Results and Discussion

Reaction Products. Pyrolysis was carried out by
heating a solution of the sulfoxide in dioxane in a sealed
tube in a thermostat adjusted to within the range
£ 0.05°C of the desired temperature. Though the
reaction products were not actually isolated, the prod-
ucts were identified by comparing their HPLC and
GLPC with those of authentic samples. Thus, under
these reaction conditions, the resultant products were
found to be both substituted styrene (3) and substi-
tuted diphenyl disulfide (4); 2 produced both 4 and
acrylonitrile (5). The disulfide 4 is probably formed
via an initial formation of arenesulfenic acid followed
by a dimerization process.'*'?

4
XC4H,-S-CH,CH,C,H,Y —
{
o)

XC,H,SSC,H,X + YC,H,-CH-CH,
4 3

4
ZC H,-S-CH,CH,CN — 4 + CH,-CHCN
J

o
2 5

The NMR spectra of the product mixtures that re-
sulted from the pyrolysis of sulfoxides 1 and 2 in CCl,
in sealed tubes at 100 °C showed that the yields of 3
and 5 are nearly quantitative.

Kinetics. Kinetic measurements were carried out
by following the intensity of the UV absorption (254
nm) by means of HPLC. In order to obtain pyrolytic
information concerning the sulfoxide bearing a stron-
ger electron-withdrawing group than the phenyl group
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Table 1.

Toshiaki YosHiMmura, Masaki YosHizawa, and Eiichi TsukuriMicHI

[Vol. 60, No. 7

The Kinetic Data for Pyrolysis of 2-Arylethyl Aryl Sulfoxides(1)

and 2-Cyanoethyl Aryl Sulfoxides(2)

1)

XC,H,-S-CH,CH,C,H,Y
J

o

Rate constant®

Sulfoxide Tt:gp Ex 105
X Y st
H $-OCH;, 120.0 5.54+0.12
H $-CH, 120.0 6.34+0.87
H m-CH, 120.0 7.5640.15
H H 100.0 1.41+0.03 AH*=(11043) kJ mol-?
H H 110.0 3.65+0.13 AS*=(—45+9) J K~ mol-*
H H 120.0 10.5 +0.3 (at 100 °C)
H H 130.0 22.3 +0.3
H H 140.0 46.6 +2.2 px=+0.32 (y=0.963)
H -Cl 120.0 11.2 +0.3
H #-NO, 120.0 36.0 +0.3 py=+0.76 (y=0.987)
»-CH, H 120.0 8.14+0.16
m-CH, H 120.0 10.6 +0.2
2-Cl H 120.0 11.1 +0.6
p-NO, H 120.0 18.2 +0.2
PhS(O)CH,CD,Ph 120.0 2.46+0.04 kglkp=4.3
2CH,-S-CH,CH,CN
{ )
o
Temp kXx 104
z °C 571
$-OCH, 100.0 5.03+0.53
$-CH, 100.0 4.38+0.17
H 100.0 3.30+0.22
2-Cl 100.0 2.92+0.15 pz=—0.49 (y=0.971)»
$-NO, 100.0 4.96+-0.20

a) The rate constants were calculated by the least-squares method and the errors are

standard diviations.

on the B-position, 2 was also subjected to pyrolysis.
The reaction rates of the sulfoxides were all correlated
in a fine manner with a first-order equation with re-
spect to the concentration of the substrate.

The kinetic data obtained are summarized in Table
1.

An Arrhenius plot for 2-phenylethyl phenyl sulfoxide
afforded a good straight line; the activation enthalpy
(110kJ mol™') and a considerably small activation en-
tropy (—45J K7' mol™') were obtained. A compari-
son of the pyrolytic rate of 1 to that of other sulfoxides
are listed in Table 2.

The pyrolytic rate of 2-cyanoethyl phenyl sulfoxide
(2) was found to be 200-times faster than that of ethyl
phenyl sulfoxide (6), while that of 1 was only 8-times
faster than that of 6. This finding reveals that the
rate-enhancing effect of the B-phenyl group in the
reaction system is rather small.

Kinetic Isotope Effect. The kinetic isotope effect
using 2-phenylethyl-2,2-d, phenyl sulfoxide was mea-

b) The datum for p-nitro derivative is not included in calculation.

Table 2. The Relative Rates of Pyrolysis of Sulfoxides

at 100 °C in Dioxane

Rate constant

Sulfoxide kX 105 Relative rate
s—-l
PhS(O)CH,CH, 0.165 1
PhS(O)CHCH, (threo) 43.5 264
Ph (erythro)  83.9 508
PhS(0)CH,CH,Ph 1.41 8.55
PhS(O)CH,CH,CN 33.0 200

sured and the effect was found to be kn/kp=4.3 (120
°C). The large kinetic isotope effect apparently re-
veals that the reaction process involves C-H bond
breaking in a rate-determining step.

The magnitude of the effect is larger than those for
the pyrolysis of heptyl-2-d phenyl sulfoxide (ku/kp=
2.9)'” and cis- and trans-N,N-dimethylcyclooctyl-2-
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- -0.2 0.2 0.4 0.6 0.8
T -3.81
S g
0 Fig. 2. Hammett relation for the pyrolysis of 2-cyano-
L =364 PRSCH,CH,CH, ¥ ethyl (substituted phenyl) sulfoxides (2).
0
-3.8 Table 3. Solvent Effect on Pyrolysis of 2-Phenyl-
ethyl Phenyl Sulfoxide at 120 °C
4.0 Rate constant
Dielectric Relative
Solvent constant kx10° rate
s—l
-4.2 :
| | | \ : | Dioxane 2.21 10.5 +0.3 1
o o 2 ™ e ™ Benzene 2.27 9.00+0.34 0.86
DMSO 48.9 6.02+0.22 0.57
o ..
. ] . Acetonitrile 37.5 4.13+0.08 0.39
Fig. 1. Hammett relations for the pyrolysis of 2-(sub- Ethanol 24.3 1.73+0.08 0.16

stituted phenyl)ethyl phenyl sulfoxides and 2-phenyl-
ethyl (substituted phenyl) sulfoxides (1).

d-amine oxide (kw/kp = 3.5) in benzene,” which pro-
ceed via a five-membered cyclic transition state.”

Substituent Effect. The substituent effects for the
pyrolysis of 1 and 2 were studied in dioxane. Figure
1 shows Hammett plots for 1 with both g-aryl and §-
aryl substituents at 120 °C.

As is apparent from Fig. 1, log k nicely correlates
with g-values, showing a positive trend for both the
X-side (7 =0.96) and the Y-side (y=0.99). The p-
value for the Y-side was +0.76, while that for the X-
side (o=++0.33) was only about half of the Y-
side. Thus, in the pyrolysis of 1, electron-
withdrawing substituents are apparently more favor-
able than electron-releasing types. On the other
hand, the Hammett relation for 2 did not afford a
straight line, but a concave curve in which a series of
the substituents from the p-OCHj; to p-Cl groups gave
a negative trend (p=—0.49, y=0.97), while the p-
NO, group, as a strong electron-withdrawing substi-
tuent, afforded a positive trend. The effect for 2 is
shown in Fig. 2.

It appears at first sight that, due to the negative
trend, that pyrolysis proceeds via another mechanism
than that for 1. However, since the effect correspond-
ing to that of X-substituents in 1 is small, the pyroly-
sis mechanism should also be the same as that for 1.
The result of a Hammett relation for 2 together with
the behavior of the p-NO, substituent will be discussed
later.

- 71,9 except for reactions in protic solvents.

Solvent Effects. Pyrolysis was carried out in five
kinds of solvents; the obtained rate constants are
summarized in Table 3. The pyrolysis was not much
affected by solvent change. Though it seems that an
increase in the solvent polarity tends to cause a re-
tardation of pyrolysis, the rates of pyrolysis are not
correlated to the dielectric constants and the effect is
small. This indicates that the transition state of the
reaction is not ionic. This observation is similar to
those for the pyrolysis of sulfilimines'” and sulfoxides
The small
decrease in the rate for reactions in dipolar aprotic sol-
vents is interpreted in view of the more solvation in
the starting state by a dipole-dipole interaction than
in the transition state. Meanwhile, a large rate re-
tardation in the pyrolysis of sulfoxides and sulfilimines
in protic solvents has been shown.® Kingsbury and
Cram reported that the pyrolysis of sulfoxide 7 in
methanol is 1000-times slower than that in dioxane.®
Though the rate difference in both solvents is not so
large, hydrogen-bonding to the sulfoxide oxygen in the
starting state apparently prevents pyrolysis. Recently,
we demonstrated the effect of hydrogen-bonding in the
pyrolysis of aryl ethyl sulfilimines in protic solvents.'®

From the above results the following conclusion can
be obtained. In the first place, the considerably large
B-hydrogen kinetic isotope effect rules out a radical
pair mechanism, since the free radical mechanism in-
volving the rate-determining C-S bond cleavage is not
in accord with the large kinetic isotope effect.
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Secondarily, an El-like mechanism is also ruled out
because of the positive p-value for Y-substituents and
the small p-value for X-substituents. For example,
recently it has been found that the pyrolysis of 1-
phenylethyl phenyl sulfoxide, which has been revealed
to proceed via an El-like mechanism, gives relatively
large positive p-values for S-phenyl substituents and
negative p-values for electron-releasing substituents on
1-phenyl group.?

Oace et al.'” proposed that the pyrolysis of $-(1- and
2-phenylethyl)-S-phenyl-N-tosylsulfilimines  proceeds
via an El-like cis-concerted mechanism in view of the
following results: A small kinetic isotope effect
(ku/kp=2.9), a substituent effect of the opposite rela-
tion giving a positive p-value for S-aryl substituents
against a negative one for l-aryl substituents, a large
rate acceleration by a-phenyl group and a small rate-
enhancing effect of g-phenyl group [ken/ku=2000 for
PhS(NTs)CH(R)CHs, ke/ku=1.5 for PhS(NTs)-
CH.,CH:R (R=H and Ph)].

However, in system 1, the substituent effect on the
B-phenyl group gave a positive Hammett correlation
in both py and px; also, the kinetic isotope effect for
Fhydrogen gave a large value. Thus, the present
data suggest that the pyrolysis of both 1 and 2 pro-
ceed via a nearly carbanion-like internal concerted cis-
elimination.

The small rate-enhancing effect of the g-phenyl
group might reveal that pyrolysis proceeds via an El-
like mechanism, since some E2 reactions'? and Cope
eliminations,'® which are presumed to proceed via a
nearly carbanion like mechanism, show large rate-
enhancements by the A-phenyl group.'>'® For the
above reason, the small enhancement effect appears to
be somewhat inconsistent with the nearly carbanion
like mechanism; however, it may be explaind as
follows. In general, the pyrolysis of the alkyl aryl sul-
foxides tends to proceed, essentially, via an El-like
mechanism, which should give a positive Hammett p-
value in the substituent effect on the S-phenyl group.
On the other hand, in the nearly carbanion-like
mechanism, the basicity of a sulfoxide-oxygen atom
should affect the rate of the reaction giving a negative
Hammett p-value for the substituent effect on the S$-
phenyl group. In the pyrolysis of 1 the p-value still
shows a positive trend like other sulfoxides,” though
the trend becomes considerably small. This small
positive p-value is attributed to the substituent effect
on the S-phenyl group being more susceptible to C-S
bond cleavage than proton abstraction. In other
words, the 2-phenyl group as a relatively weak elec-
tron-withdrawing substituent is insufficient to give a
negative trend in the Hammett relation for S-phenyl
substituents.

Therefore, the sulfoxide bearing a stronger electron-
withdrawing group at the g-position can be expected
to give a negative Hammett p-value. Thus, the

Toshiaki YosHimura, Masaki YosHizawa, and Eiichi TsukuRIMICHI

[Vol. 60, No. 7

- 6+l /
~s5--¢f —s--¢”
[ d {4
. H'/ N 61_+| N
E1 like Carbanion like

Fig. 3. El-like and Carbonion-like cyclic transition
states.

Hammett relation on the pyrolysis of 2 indicated a
negative trend. The result reveals that the transition
state is apparently changed to a nearly carbanion-
like type by the CN group as a stronger electron-
withdrawing group than the phenyl type. Meanwhile,
the positive trend for the p-Cl to the p-NO, group in
the Hammett plot may be explained as follows. The
substituent, the p-NO, group, is so strong in electron-
withdrawing that the rate-enhancing effect by the CN
group on the B-position might be weakened; thus, the
reaction was conversely accelerated.

The Hammett relation for 2 apparently suggests
that the transition state is gradually changed from a
nearly carbanion-like to an El-like type in going from
p-CH; to p-NO, substituents (Fig. 2). Thus, it can be
concluded that the pyrolysis of sulfoxides bearing elec-
tron-withdrawing substituents on the g-position car-
bon in the S-ethyl group proceeds via a nearly carban-
ion-like mechanism in a five-membered cyclic transi-
tion state (Fig. 3).

Experimental

Measurements. All the melting points are uncor-
rected. The IR spectra were determined on a JEOL-810
spectrometer. The 'H NMR spectra were recorded with a
Hitachi R-24B spectrometer in CDCI; or CCl, using TMS as
an internal standard. The HPLC analysis were carried out
with a JASCO FAMILIC-100N and UVIDEC-100 SYS-
TEM apparatus by using silica gel (SS-10) and styrene-di-
vinylbenzene copolymer (HP-01) columns (CH;CN/HO,
hexane/THF as eluting solution). The peak area were me-
sured by a TAKEDA-RIKEN TR-2217 integrater. The MS
spectra were taken with JEOL-JMS-D 300 mass spectrom-
eter.

Procedures and Materials.  All the reactions were
monitored by TLC (MERCK, Kieselgel 60 GF), and the
substrates were separated by column chromatography using
Merck kieselgel 60 silica gel, Wako Activated Alumina (200
mesh). All the substrates obtained were identified by IR,
'HNMR, GC, MS, and elemental analyses. The computa-
tions were performed on the NEC 9801-F computer.
Elemental analyses were carried out by Chemical Analysis
Center in Toyama Medical and Pharmaceutical University.
All reagents were obtained from Wako Pure Chemical In-
dustries Ltd., Tokyo Kasei Co. Ltd., or Aldrich Chemical
Co. The reagents and solvents used were further purified
by general methods.

Preparation of Sulfoxides. 2-(Substituted phenyl)-
ethyl phenyl sulfoxides were prepared by treating methyl
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phenyl sulfoxide with LDA and with substituted benzyl
chlorides in dry ether at —78 °C, and were extracted with
chloroform. The extracts were dried and evaporated. The
residues were purified by column chromatography (a mix-
ture of ether and hexane as eluent). Ethyl phenyl sulfoxide
and 2-phenylethyl (substituted phenyl) sulfoxides were pre-
pared by oxidizing the corresponding sulfides with hydrogen
peroxide in acetic acid, and was isolated through SiO,-
column chromatography (chloroform as eluent), or was re-
crystallized from ether-methanol. 2-Cyanoethyl (substi-
tuted phenyl) sulfoxides (2) were prepared by oxidizing the
corresponding sulfides obtained in the method described be-
low with hydrogen peroxide, and was worked up as de-
scribed above. The sulfides were prepared by treating acry-
lonitrile and substituted benzenethiol in benzene under the
presence of a minute amount of triethylamine.

Preparation of 2-Phenylethyl-2,2-d, Phenyl Sulfoxide.
2-Phenylethyl-2,2-d, phenyl sulfoxide were prepared by treat-
ing methyl phenyl sulfoxide with LDA and with benzyl-g,a-
d, chloride in dry ether at —78 °C.

Benzyl-a,a-d;, Alcohol: Methyl benzoate was treating
by lithium aluminium deuteride in the usual way; after the
solution was extracted with ether and the solvent evapo-
rated, the residue was distilled under reduced pressure.
Yield 60 %.

Benzyl-a,a-d, Chloride: The deuterated alcohol was
converted into the corresponding chloro compound with
thionyl chloride. Yield 60 %.

2-(Substituted Phenyl) ethyl Phenyl Sulfoxides (1):
p-OCH;: 'HNMR (CDCl;) §=2.89—3.25 (4H, m, CH,-
CH.), 3.58 (3H, s, OCH;), 6.57—7.65 (9H, m, CsH,,
CsH,); IR (neat) 1030cm™ (S=0). Found: C, 68.32; H,
6.18%. Calcd for CisHO,S: C, 69.20; H, 6.19 %.

p-CH;: 'HNMR (CDCl) =220 (3H, s, CH,), 2.56
—2.98 (4H, m, CH,CH,), 6.85 (5H, s, C¢H;), 7.26—
7.53 (4H, m, CsH,); IR (KBr) 1040 cm™" (S=0O). Found:
C, 73.00; H, 6.54%. Calcd for CH,;OS: C, 73.73; H,
6.60%. Mp 46.0—47.5°C.

m-CH;: 'HNMR (CDCl;) §=2.30—2.80 (4H, m, CH.-
CH,), 2.58 (3H, s, CH;) 7.09—7.60 (9H, m, CcHs, CsH,); IR
(neat) 1040 cm™' (S=0).

p-Cl: 'HNMR (CDClL;) §=2.70—3.30 (4H, m, CH.-
CH,), 7.20 (5H, s, C¢H:), 7.06 —7.61 (4H, m,CsH,); IR
(KBr) 1040cm™ (S=0). Found: C, 63.71; H, 5.04%.
Caled for C,,H,;sCIOS: C, 63.51; H, 4.95%. Mp 62.5 — 63.5
°C.

p-NO;; 'HNMR (CDClL) §=2.85—3.45 (4H, m,
CHzCHz), 8.22—9.15 (9H, m, CsHs, Cqu), IR (KB,) 1040
cm™' (S=0). Found: C, 61.24; H, 4.69; N, 4.60%. Calcd
for C,HisNOsS: C, 61.07; H, 4.76; N, 5.09%. Mp 111.5—
113.0 °C.

2-Phenylethyl (Substituted Phenyl) Sulfoxides (1). p-
CH;: 'HNMR (CDCL;) §=2.32 (3H, s, CHs), 2.37—2.98
(4H, m, CH.CH.,), 7.05 (5H, s, C¢H;), 6.92—7.50 (4H, m,
CeH,); IR (neat) 1050cm™ (S=0O). Found: C, 72.60; H,
6.44%. Calcdd for C,;H,:OS: C, 73.73; H, 6.60 %.

m-CH;: 'HNMR (CDCl3) §=2.35 (3H, s, CHs), 2.62—
3.35 (4H, m, CH,CH.,), 7.09 (5H, s, C:H;), 6.90—7.63 (4H,
m, CsHy); IR (neat) 1055 cm™ (S=0O). Found: C, 72.95:
H, 6.50%. Calcd for C;H,sOS: C, 73.73; H, 6.60%.

p-Cl: 'HNMR (CDCl;) §=2.70—3.30 (4H, m,
CH.CH,), 7.20 (5H, s, C:H;), 7.06 —7.61 (4H, m, CsH,); IR
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(neat) 1050 cm™' (S=0). Found: C, 62.57; H, 4.97%.
Calcd for C,,H,;CIOS : C, 63.51 ; H, 4.95%.

p-NO,: 'HNMR (CDCL) §=2.75—3.68 (4H, m,
CH.CH.), 7.18 (5H, s, C¢H;), 7.69—8.39 (4H, m C.H.); IR
(KBr) 1055cm™ (S=0). Found: C, 61.09; H, 4.84; N
5.38% . Caled for C,H3NOsS: C, 61.07; H, 4.76; N,
5.09%. Mp 101.5—103.0 °C.

2-Cyanoethyl (Substituted Phenyl) Sulfoxides (2).
p-OCH;: 'HNMR (CDCL) §=3.90 (3H, s, OCHs), 2.50
—3.30 (4H, m, CH.CH,), 7.05—7.70 (4H, m, C¢H,); IR
(neat) 1050 cm™' (S=0).

p-CH;: 'HNMR (CDCl;) §=2.48 (3H, s, CHs), 2.39—
3.35 (4H, m, CH.CH.), 7.55 (4 H, s, C¢H,); IR (KBr) 1050
cm™' (S=0). Found: C, 62.29; H, 5.63; N, 7.29%. Calcd
for C,eH,NOS : C, 62.15; H, 5.74; N, 7.25%. Mp 49.5—
50.1 °C.

H: 'HNMR (CDCl3) §=2.24—3.35 (4 H, m, CH,CH,),
7.58 (5H, s, CsHs); IR (KBr) 1045 cm™ (S=0O). Found: C,
60.47; H, 5.01; N, 7.59%. Calcd for C;H,NOS: C, 60.31;
H, 5.60; N, 7.81%. Mp 64.0—65.0 °C.

p-Cl: '"HNMR (CDCL) 6=252—3.50 (4H, m,
CH.CH,), 7.62 (4H, s, C¢H,); IR (KBr) 1045 cm™ (S$=0).
Found: C, 50.62; H, 4.00; N, 6.66%. Calcd for
C.H:NCIOS : C, 50.59; H, 3.77 ; N, 6.55%. Mp 66.8 —67.5
°C.

p-NO;: 'HNMR (CDCl;) §=262—3.25 (4H, m,
CH,CH,), 7.79—8.58 (4H, m, C:H,) ; IR (KBr) 1050 cm™"
(5=0). Found: C, 47.95; H, 3.61; N, 12.59%. Calcd for
C.H:N,OsS: C, 48.21; H, 3.60; N, 12.49%. Mp 114.0—
115.0 °C.

Kinetics. A pre-cooled solution of desired amount of a
sulfoxide (7.0 X107° mol dm™?) in an anhydrous solvent was
prepared and devided into a number of 10 ul of sealed capil-
lary tubes, which were immersed in a constant temperature
silicone oil bath (£ 0.05°C), at appropriate time intervals,
the tubes were taken out and frozen in ice bath to stop the
reaction. The reaction rate was then calculated by follow-
ing the decreasing peak area at UV 254 nm due to the reco-
vered sulfoxide, which was separated from the reaction mix-
ture by HPLC (column; HP-01, eluent; CH,CN : H,O=5:
2) using diphenyl ether or diphenyl sulfide as an internal
standard. The rate constants were calculated by a least-
squares method using the 8—12 points accumulated during
70% completion of reaction. When the data were plotted as
In (Vo/Vo~V,) vs. time (where ¥, is the initial volume of sulfo-
xide and V, is the volume of sulfoxide at a particular time), a
linear correlation was observed suggesting that the kinetics is
of first order. Activation parameters were computer calcu-
lated by a least-squares méthod using In k vs. 1/7. The
Hammett p-value was computed by the least-squares
method using ¢g-values and the logarithmus of the rate con-
stants.

The authors are grateful to Professor Shigeru Oae of
Okayama University of Science, and Professor
Naomichi Furukawa, the University of Tsukuba, for
their helpful discussions.
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