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Forming a marked contrast to hydrolysis, the first-order rate constant in the acetolyses of 3-chloropropene
sulfide (I) and 2-chloroethyl methyl sulfide (II) has been observed to be seriously decreased; this may be ascrib-
ed to the return to the starting material of the sulfonium intermediate (III” or IV) by the chloride ion liberated in

the course of the reaction.

The reaction has substantially obeyed first-order kinetics, giving exclusively and

quantitatively skeletally-rearranged 3-acetoxy-thietane (the first-order rate constant; k;=2.1x10-%s7%, at 55.0
°C) and 2-acetoxyethyl methyl sulfide (k,=4.8x 10-%s7%, at 55.0 °C) from I and II respectively.

On the hydrolyses of 2-chloroethyl alkyl (or aryl)
sulfides, the kinetics (of the profound acceleration due
to sulfur participation) and mechanism (Syx1) involving
the rate-determining formation of the episulfonium
ion (III), followed by the facile destruction of III to
alcohol, as is expressed in Eq. 1, have been well es-
tablished.)

Making a marked contrast to the mechanistic and/or
kinetic simplicities in hydrolysis, in acetolysis some
complex observations have been reported.?
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For example, one report has stated that the rate of
decrease of 3-chloropropene sulfide in acetic acid
follows the apparent first-order kinetics to give many
kinds of unidentified products containing C—Cl bonds.?

Another report says that the acetolysis of 3-chloro-
propene sulfide gives 3-acetoxythietane only in a 339,
yield.® Along with these intricate observations, the
conspicuous mechanistic change in the acetolysis of
2-endo-chloro-7-thiabicyclo[2.2.1Theptane® (the rate-
determining acetoxy ion attack on the sulfonium
intermediate, Sy2) constrained us to investigate the
mechanism and kinetics of the acetolysis of 3-chloro-
ethyl alkyl sulfide, taking 3-chloropropene sulfide (I)
and 2-chloroethyl methyl sulfide (II) as typical models.

Results

The acetolyses of 3-chloropropene sulfide (I) and 2-
chloroethyl methyl sulfide (II) were performed in an-
hydrous acetic acid buffered with varying amounts
of sodium acetate ([I], [II]=0.05 M, [NaOAc]=0.0,
0.065, 0.25, and 1.00 M). The rate of solvolysis was
followed by means of the Volhard method for the lib-
erated chloride ion. In several runs, the rate was
also followed by means of vpc, where the amount of
the acetate produced was in accord with the results of
the titrimetric determination. The reuults for I and
IT are plotted in Figs. 1 and 2 respectively.
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The apparent first-order rate constants of I and II
drifted downward, especially in the runs with low
concentrations of sodium acetate. The same re-
sult was obtained for the acetolysis of IT in the one-tenth
concentrations involving with II and sodium acetate
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Fig. 1. Acetolysis of thiaepichlorohydrin (I) at
55.0 °C.

@: [11=0.05M, [NaOAc]=1.00M

®: [1]1=0.05M, [NaOAc]=0.25M

O: [1]=0.05M, [NaOAc]=0.065 M

Straight line was that obtained by means of numerical

treatment.
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Fig. 2. Acetolysis of 2-chloroethyl methyl sulfide (II)
at 55.0 °C.
@: [II]=0.05M, [NaOAc]=1.00M
®: [1I]=0.05M, [NaOAc]=0.25M
O: [II]=0.05M, [NaOAc]=0.65M
Straight line was that obtained by means of numeri-
cal treatment,
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Fig. 3. Acetolysis of 2-Chloroethyl methyl sulfide (II)
in the presence of added chloride ion at 55.0 °C,
O: [TI[=0.05M, [NaOAc]=0.25M
@: [II]=0.05M, [NaOAc]=0.25M,

[NaCl]=0.0041 M
The plots, obtained in the presence of added chlo-
ride ion, were slided by 8.19, reaction.

([1I]=0.005 M, [NaOAc]=0.0065 M).

In the absence of sodium acetate, no appreciable
amount of acetate was produced or of the chloride ion
was liberated within 5 hr for I and within 64 min for
II at 55.0 °C, indicating that no reaction proceeded
under those conditions.

The marked retardation of the reaction was observed
in the presence of initially-added sodium chloride (8.1,
to substrate; 0.0041 M). However, the time-conver-
sion curve obtained in the presence of an added chlo-
ride ion could be just superimposed on the curve
(at 8.19, conversion) obtained under the corresponding
conditions where the chloride ion was not added (see
Fig. 3).

On the basis of the vpc, NMR, and IR spectra of
the reaction mixture of I, the exclusive and quantita-
tive formation of skeletally-rearranged 3-acetoxythietane
was observed, but the recovered sulfur chloride was not
contaminated with the skeletally-rearranged 3-chloro-
thietane. From 2-chloroethyl methyl sulfide, 2-ace-
toxyethyl methyl sulfide was obtained in a quantitative
yield (see Experimental section).

Discussion

Our observation that no appreciable amount of
liberated chloride ions was detected in the absence of
sodium acetate is quite in accord with the observation
reported by Morita and Oae® that, in the absence of a
base, the acetolysis (at 105 °C) of 3-chloropropene sulfide
(I) gave mainly many kinds of unidentified products
containing C—Cl bonds, along with small amounts of
acetates (3-acetoxypropene sulfide and 3-acetoxythie-
tane).

An examination of Fig. 2 will make it clear that,
under the conditions of ([KOAc]/[II]=1.45, on a steam
bath for 20 hr) which Adams et al.5 employed to ob-
tain 339, of 3-acetoxythietane, the reaction practically
ceases at around a 30~409, reaction.

The result in the run of a high dilution ([II]=
0.005 M, [NaOAc]=0.0065 M) indicates that the di-

Iwao TasBusHi, Yoshinao TAamArvu, and Zen-ichi YosHipa

[Vol. 47, No. 6

rect displacement reaction by the acetoxy ion (§y42)
is not operative.

Figures 1 and 2 indicate that, in the initial period of
reaction, the reaction proceeds at practically the same
rate, with a small but appreciable amount of the salt
effect of sodium acetate. This seems to indicate that
the reaction proceeds via the rate-determining forma-
tion of the carbonium ion (delocalized by sulfur, Syl
mechanism) and that the retardation is due to the lib-
erated chloride ion (Eq. (2)). This explanation is
supported by the quantitative retardation caused by the
added chloride ion (Fig. 3) and can be reconciled with
the fact of no reaction in the absence of a base (Eq. (2)).

The validity of this explanation is also reflected by
the numerical treatment of the data (see the section
on the numerical treatment of the rate data), by which
the first-order rate constants, together with the ratios
of the competition factors of the chloride ion to the
acetoxy ion (k Cl-/k OAc-, given in parentheses) were
determined to be 4.8 x10~% s~ (ca. 30) for II and 2.1 X
10-35-1 (ca. 30)" for I.
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The apparent difference between the behavior in water
and in acetic acid may partly be explained in terms
of the differences in nucleophilicities of these solvents.
Using the ratio of nucleophilicities!® among acetic
acid, water, and the chloride ion, the following relation
may be drawn:

0.016 for hydrolysis (3)
Y-t Yacom =1 : 0.0013 for acetolysis 4)

Thus, in a less nucleophilic solvent, as in acetic acid,
the reaction seems to be governed exclusively by the
chloride ion liberated, thus returning the sulfonium
ion to the starting chlorosulfide (See Egs. (2) and (4)).

The exclusive formation of the skeletally-rearranged
3-acetoxythietane and the absence of 3-acetoxypropene
sulfide or 3-chlorothietane!® in the reaction mixture
(at 109, and 669, reactions), as monitored by means
of vpc and NMR spectra, indicate that the acetoxy ion
and the chloride ion reacted regioselectively with
1-thiabicyclo[1.1.0]butonium ion (IV) to produce 3-
acetoxythietane and 3-chloropropene sulfide respec-
tively. (See Eq. (5))
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The rate of I is about seventy times the published
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combined acetolysis-rearrangement constant for cyclo-
propylmethyl chloride.’® This is typical of enhanced
rate data supporting delocalization as the driving force
for ionization. In view of the observed product, sulfur
participation to form IV would seem to be a reasonable
explanation for the reactivity of I. The moderately
diminished reactivity of I compared with that of II
may be due to the remarkable strain in the intermediate,
IV, andjor to the expected poorer electron donation
of episulfide.1®

Numerical Treatment of Rate Datal?)

The most plausible reaction pathway for the acetolysis
of II is illustrated in Eq. (6).

k x
1 2
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CH,SCH,CH,CL == cu3§ﬂ >~ CH,SCH,CH, 0% (6)
k_l OAc
ca”  c1”
1I \'%

where k_,[C1-][V] and £,[OAc~][V] are assumed to
be much larger than £,[II]. The rate of the disap-
pearance of the substrate can, then, be written as:
_ d[R-CI] _ kky[R-ClJ[OAc-]
de T k_,[Cl-]+k,[OACc]
The substitution of 1-x for R-Cl, x for Cl-, a—x for
OAc~, and x for ROAc gives:
_d(1—x) _ kky(1—x)(a—x)

™)

= 8
de k_x+ky(a—x) @)
where x: conversion expressed in terms of the frac-
tion.
a: molar ratio of the sodium acetate to the
substrate.
Integration gives:
1 k- ( 1 a
kit =1 {1 —
! - + ky(a—1)\ "1k aln a—x) ©)

The k_,/k, term is the ratio of the competition fac-
tors of the chloride ion to the acetoxy ion. Figure 4
shows the results calculated according to Eq. (9),
with the value of k_,/k, varying from 0 to 90, in which
a systematic change could be observed; when the value
of k_,/k, was overestimated, an upward derivation of
the calculated k; with the time was observed. An
underestimation of the k_,/k, value results in downward
deviations of k;. The first-order rate constant, £,
and the ratio of the competition factors of the chloride
ion to the acetoxy ion in the acetolysis of II at 55.0 °C
were determined from Fig. 4 to be (4.8+0.7) x 10—
s71 and ca. 30 respectively. Similarly, k£, and k_,/k,
for the acetolysis of I at 55.0 °C were determined to
be (2.1+0.30) x 10%s~! and ca. 30 respectively (see
Fig. 5).

Effect of Added Chloride Ions. The rate constant,
k,, in the presence of added chloride ions was similarly
expressed as:
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Fig. 4. Acetolysis of 2-chloroethyl methyl sulfide at
55.0°C; The plots obtained from Egs. (9) and (10),
varying the v.lue of k_,/k, from 0 to 90.

(A): [NaOAc]=1.00M, (B): [NaOAc]=0.25M,
(C): [NaOAc]=0.065M, (D): [NaOAc]=0.25M,
[NaCl] =0.004 M.
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Fig. 5. Acetolysis of thiaepichlorohydrin at 55.0 °C;
The plots obtained from Egs. (9) and (10), varying
the value of k_,/k, from 0 to 60.
(A), [NaOAc]=1.00M, (B): [NaOAc]=0.25M,
(C): [NaOAc]=0.065 M.
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where « is the molar ratio of the added sodium chlo-
ride to the substrate. The £, value calculated on the
basis of Eq. (10) is plotted in Fig. 4.

Experimental

All the boiling points are uncorrected. The NMR spectra
were recorded with a Varian T 60 spectrometer, while chem-
ical shifts were reported in 8 values relative to the TMS
internal standard. The infrared spectra were measured with
a Hitachi Model EPI-G3 grating spectrophotometer, and
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the mass spectra were recorded with a Hitachi Model RMU
6C mass spectrometer.

The acetic acid was used after distillation from a mixture
containing 59, of acetic anhydride (118.0—118.3 °C). The
sodium acetate was used without further purification
after drying by means of Abderhalden at the toluene reflux
temperature.

2-Chloroethyl Methyl Sulfide (II). Into a solution of
20.0 g of f-hydroxyethyl methyl sulfide in 100 ml of benzene
we vigorously stirred dry hydrogen chloride at room tem-
perature for 3 hr. The reaction mixture was diluted with
100 ml of pentane, and the excess hydrogen chloride was
neutralized with sodium bicarbonate. After washing with
saturated sodium chloride, the organic layer was dried over
magnesium sulfate. After the distillation of the solvent
through a 10-cm Vigreux column, II was distilled twice
under reduced pressure (66.5—67.2 °C/70 mmHg, 87.0—
87.8 °C/138 mmHg), 22.0g of II was thus obtained (the
yield was 829%,). 6557 3.56 (2H, triplet, J=9Hz), 2.70 (2H,
triplet, /=9 Hz) and 2.08 (3H, singlet). »2% 1220 (s),
705 (s) and 680 cm~1 (s).

3-Chloropropene Sulfide (I). I was prepared according
to the method of Culvenor.!® Thus, into a solution of 92 g
(1.0 mol) of epichlorohydrin in 300 ml of methanol, chilled
with ice, 84 g (1.1 mol) of thiourea was gradually dropped as
a crystalline over a period of 1 hr: the reaction mixture
was then stirred at 0~5 °C for an additional 2 hr and then
at room temperature for an additional 2 hr.

The reaction mixture was subsequently poured onto 21
of ice-water and extracted with two 300-ml portions of ether.
The combined ether extracts were washed twice with saturated
sodium chloride and dried over calcium chloride. After the
distillation of the ether through a 10-cm Vigreux column, the
residue was distilled twice under reduced pressure (77.0
°C/93 mmHg, 81.0 °C/112 mmHg). Sixty grams of I were
thus obtained (the yield was 55%). 3-Chloropropene sulfide
should be stored in refrigerator to prevent decomposition.
At room temperature, I decomposes at a moderate speed to
give an amorphous white solid. d5p, 3.9 (1H, multiplet),
3.2 (2H, multiplet), 2.6 (1H, multiplet and 2.25 (1H, mul-
tiplet). wina’, 1260 (s), 1040 (s) and 705 cm=-1 (s).

3-Acetoxythietane. A reaction mixture consisting of 500
ml of acetic acid, 62 g (0.75 mol) of sodium acetate, and 10 g
(0.093 mol) of I was heated at about 60 °C for 5 day.

The reaction mixture was then poured into 31 of water
and extracted with two 250-ml portions of petroleum ether;
the combined petroleum ether extracts were washed with
saturated sodium bicarbonate until the evolution of carben
dioxide had ceased and then washed with saturated sodium
chloride. After the evaporation of the solvent, 3-acetoxythi-
etane was distilled under reduced pressure (83.5 °CG/23 mmHg)
(the yield was 829%). dghif 5.56 (1H, quintet, J=8 Hz),
3.46 (2H, triplet, /=8 Hz), 3.26 (2H, triplet, J=8 Hz)
and 2.00 (3H, singlet). »32% 1740 (s), 1370 (m), 1240 (s),
1040 (s) and 905 cm—* (w). m/e 132 (Pt), 89, 72 and 43.

B-Acetoxyethyl Methyl Sulfide. A mixture consisting of
50 ml of acetic acid, 2 g-of IT, and 10 g of sodium acetate was
heated at 60 °C for 8 hr. The reaction mixture was then
poured into 300 ml of water and extracted with two 50-ml
portions of petroleum ether. The combined extracts were
neutralized with sodium bicarbonate, washed with saturated
sodium chloride, and then dried over calcium chloride. After
the evaporation of the solvent, the f-acetoxyethyl methyl
sulfide was distilled under reduced pressure (125 °C/133
mmHg). (Yield, ca. 90%). 8557 420 (2H, triplet, J=
7 Hz). 2.65 (2H, triplet, /=7 Hz), 2.08 (3H, singlet) and
2.00 (3H, singlet). wppats 1755 (s), 1396 (m), 1240 (s) and

Vmax >
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1040 cm~—?! (m), m/e; 74 (100), 61 (75), 43 (90).

Procedure for Titration. In a 25-ml measuring flask,
1.25 mmol of the substrate was dissolved with acetic acid
containing some sodium acetate, heated to 55.00+0.05 °C
beforehand, up to 25 ml; this flask was immersed immediately
into a bath maintained constant at 55.00+0.05 °C. At
desired intervals of time, 3-ml samples were measured out
and dropped into a separatory funnel containing 15 ml of
distilled water and 10ml of carbon tetrachloride. After
vigorous shaking, the aqueous portion was washed once more
with 10 ml of carbon tetrachloride and then transferred into
a flask quantitatively. (The separatory funnel was washed
off with 2 ml of distilled water). To a combined aqueous
layer, we then added 2.00 ml of 0.100 M of silver nitrate,
two drops of fuming nitric acid, and a few drops of a saturated
ferric ammonium sulfate solution, after which this solution
was back-titrated with 0.116 M ammonium thiocyanate
(Volhard method).
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