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Abdract-While benzyl trichloromethanesulfenate undergoes no rearrangement to sulfoxide even at 
high temperatures, the corresponding anisyl ester rearranges to p-anisyl trichloromethyl sulfoxide in 
hexane under mild conditions. Substitution of hexane by chloroform under similar conditions, lead to 
the formation of p-anisyl chloride and dichlorosulfine as main reaction products. This process is 
enhanced by the use of more polar solvents and higher temperatures. The conversion of 
trichloromethanesulfenate to chloride has also been observed with the benzyl and benzhydryl esters 
on heating in various solvents, though at very differing rates. Both rearrangements are suggested to 
take place by an ionization mechanism. Depending on the reaction conditions and nature of the 
substrate, the sulfenate anion can either recombine with the cation to give sulfoxide, or further 
dissociate to dichlorosulline and chloride ion, which gives the benzyl chloride. The observation of an 
.%I type mechanism for rearrangement of sulfenates appears lo be unique. 

In recent years considerable interest has been focu- 
sed on the thermal sulfenate-sulfoxide interconver- 
sion, not only because of its mechanistic and 
stereochemical interest,L5 but also because of its 
valuable application in the stereospecific and ste- 
reoselective synthesis of olefins.6 Most of the 
mechanistic work performed has centred around 
the interconversion of allylic sulfoxides and sulfe- 
nates.2’ This interc onversion represents a typical 
example of a generalized class of [2,3] sigmatropic 
rearrangements’ and has been studied independen- 
tly by Mislow and coworkers’ and by us.’ The very 
large rate enhancement observed by Mislow and 
coworkers* for the racemization of optically active 
allylic sulfoxides as compared to dialkyl or diary1 
sulfoxides, has prompted these authors to investi- 
gate the rearrangement of allylic sulfenates. On the 
other hand, our interest in the behaviour of these 
esters originated from previous studies on the [2,3] 
sigmatropic rearrangement of allylic arenesulfina- 
tes to sulfones.“” 

We have shown’ that depending on the type of 
substitution, allylic trichloromethanesulfenates un- 
dergo rearrangement to allylic trichloromethyl sul- 
foxides by one of two different pathways. 

The rearrangement by route a, which is accompa- 
nied by an IJ-allylic shift and occurs sponta- 
neously even at low temperatures is a reversible 
process believed to proceed by a concerted intra- 

‘Dedicated lo the memory of the late Professor D. 
Danvish of the University of Alberta, Edmonton, Canada. 

molecular mechanism. This type of process has 
been observed with allyl, crotyl and a, a- 
dimethylallyl trichloromethanesulfenates. On the 
other hand, the corresponding cinnamyl and y, y- 
dimethylallyl esters have been found to rearrange 
by route b. which proceeds only at higher tempera- 
tures, and could be explained in principle by some 
type of dissociation-recombination mechanism. 
The lack of an 1,3-allylic shift in this case is a result 
of the loss of conjugation energy and/or increase in 
steric crowding in the product, as well as the low 
driving force for the sufenate-sulfoxide rearrange- 
ment in general (AAF - 3 k&mole).‘” As an ex- 
tension of this work, and in order to study the 
mechanism of route b in further detail, we have 
investigated the behaviour of the chemically analo- 
gous benzylic system. 

RlBUL’lY AND DIXUSSlON 
(a) Sulfenote-sulfoxide rearrangement. This in- 

vestigation was initiated by an examination of 
p -anisyl @ -methoxybenzyl) trichloromethanesul- 
fenate 1. which was prepared by the usual proce- 
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dure,).9 by reaction of the corresponding alcohol 
with ChCSCI. This ester was found to undergo facile 
thermal rearrangement to the corresponding sul- 
foxide on heating in highly nonpolar solvents. The 
rate of rearrangement in hexane was conveniently 
measured by NMR by following the rate of decrease 
of the methylene NMR signal of 1 (singlet at T 4.80, 
in CDCI,). First-order rate constants and activation 
parameters for the rearrangement of 1 in hexane are 
shown in Table 1. 

R,RXHOSCCI, 
1: R, = p-CH,OC,H,, Rz = H 
2: R,=C&. R,=H 
3: R, = R, = C,H, 

4: R,= / \ 
0 

,R,=H 

5: R, = Cz, RI = CH,. 

Table 1. Rate constants and activation parameters 
for the rearrangement of p-anisyl trich- 
loromethanesulfenate 1’ to p-anisyl trichloromethyl 

sulfoxide in hexane 

Temp 
“C 

k x lo’, 
set-’ 

Activation 
parameters 

44.0 048 AH’, 27.9 t 0.5 kcal/mole 
60.0 4.2 *0X19 AS’. 4,9 + 1.6 eu 
77.0 34.3 * 0.3 

‘[Ester] = O-042 M. 

The positive entropy of activation tends to 
indicate that the observed 1,2 0 --) S shift does not 
take place by a concerted intramolecular mechan- 
ism, but rather by a homolytic or heterolytic 
mechanism. The homolytic mechanism could be 
excluded by a negative DPPH test, as well as by the 
lack of any free-radical type products, such as 
di-p-anisyl or thiosulfonate, as observed in the 
racemization of optically active benzyl p-tolyl sul- 
foxides,’ which is believed to proceed by a free 
radical mechanism. In order to check the possible 
operation of an ionic mechanism, we have first 
attempted to measure the effect of solvent polarity 
on the rate of rearrangement. However, we have 
found that the rearrangement is very sensitive to 
the nature of the solvent. Thus, substitution of 
hexane by chloroform, under similar conditions, 
lead to the formation of p-anisyl chloride and 
dichlorosulfine as the main reaction products. This 
process is enhanced by the use of more polar 
solvents and higher temperatures (see Section b). 

In sharp contrast to the facile rearrangement of 1, 
we have found that benzyl trichloromethanesulfe- 
nate 2 does not undergo rearrangement to sulfox- 
ide. and remains practically unchanged, even after 
five days of heating at 80” in hexane solution, or 
after heating for 24 h at 120” in benzene.” This 
result also contrasts to that reported’ for the 
rearrangement of benzyl p -toluenesulfenate to ben- 

zyl p-tolyl sulfoxide which proceeds at a conve- 
nient rate (k = 8.75 x lo-’ set-‘) at 120” in benzene 
solution. Although a radical pair mechanism has 
also been considered for this rearrangement,h it 
was rejected in favor of a concerted intramolecular 
mechanism, on the basis of negative entropy of 
activation (AS’ = - 2 eu) and the predominant re- 
tention of configuration at carbon observed in the 
rearrangement of ( - )-(R)-benzyl-a -d p - 
toluenesulfenate to ( + ) - benzyl-a-d p -tolyl sul- 
foxide.” Obviously, such a mechanism cannot 
apply for the rearrangement of 1 to the correspond- 
ing sulfoxide, since it could not explain the enorm- 
ous difference between 1 and 2, with respect to this 
reaction. The same is true with regard to a free 
radical mechanism. On the other hand, the results 
are easily explained by an ionic mechanism in view 
of the well known rate enhancement of ionization 
of benzyhc systems, of approximately four powers 
of ten, caused by a p-methoxy group.” 

Further support for the suggested mechanism 
was obtained from the behaviour of other esters 
capable of developing stable carbonium ions. Thus, 
benzhydryl trichloromethanesulfenate 3 rearranged 
to the corresponding sulfoxide after 10 minutes of 
reflux of a hexane solution, while the rearrange- 
ment of the furfuryl ester 4 proceeded at a rate 
similar to that of 1. These results are reminiscent to 
those reported for the rearrangement of benzyl and 
furfuryl thiocyanates to isothiocyanates,” as well 
as the rearrangement of benzylic sulfinates to 
sulfones and thionocarbamates to thiocarbamates. 
‘led Information with regard to the type of ioniza- 
tion was obtained from an examination of the 
rearrangement of optically active (-)-a- 
phenylethyl trichloromethanesulfenate 5, [alom = 
-20.5” (ethanol), which rearranged on heating in 
hexane to ( - )-a -phenylethyl trichloromethyl sul- 
foxide, [alDm = -17%. This result tends to exclude 
ionization to dissociated ions as the major course of 
the rearrangement, since such a mechanism would 
yield a racemic product. On the basis of the 
evidence presented, we feel that the formation of 
trichloromethyl sulfoxides (including the cinnamyl) 
proceeds primarily by an ionization and ion pair 
recombination mechanism, e.g.: 

CH,O-(=$CH,OSCCI, 
\--/ 

, 
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While ion-pair mechanisms in nonpolar solvents 
are known in the literature,” the observation of 
such a mechanism for the rearrangement of sulfe- 
nates to sulfoxidesLs is apparently unprecedented.” 
Undoubtedly, this may be attributed to the relative- 
ly high acid strength of ChCSOH, and the conse- 
quent high leaving group ability of its anion, as 
compared to sulfenate anions in general.” As 
mentioned above, the stability of the carbonium ion 
is also of crucial importance. 

(b) Sulfenate-chloride rearrangement. As men- 
tioned in the previous section the rearrangement of 
1 was very sensitive to the polarity of the solvent. 
For example, substitution of the hexane by chloro- 
form, under similar conditions, leads to the forma- 
tion of a mixture composed of p-anisyl chloride, di- 
chlorosulhne (70%, each) and the corresponding 
sulfoxide (30%). while the use of more polar sol- 
vents, such as methylene chloride or acetonitrile 
leads to the almost exclusive formation of the fist 
products: 

CH,O CHzOSCCh 

= CH,O+H,Cl + +=(I 

The possibility of the formation of p-anisyl chlori- 
de through the intermediacy of the sulfoxide was 
excluded by appropriate controls. For example, p- 
anisyl trichloromethyl sulfoxide remained comple- 
tely unchanged after 5 h in refluxing chloroform. 
The conversion of trichloromethanesulfenate to 
chloride and dichlorosuhine has also been observed 
with the benzhydryl, furfuryl, and cinnamyl and 
even benzyl esters, on heating in various relatively 
polar solvents, though obviously at very differing 
rates. The second product, dichlorosulfine. 
(ClC=S=O),‘6 was isolated and identified with the 

aid of its infrared spectrum which shows three 
characteristic peaks” at 1150, 1050 and 950 cm-‘, 
and its mass spectrum (M’, 130,132,134 in the ratio 
1: O-6: O-1). This compound has recently been obtai- 
ned also by the hydrolysis of trichloromethanesul- 
fenyl chloride” and by the oxidation of 
thiophosgene.” 

A kinetic study of the rearrangement of 1 and 2 to 
the corresponding chlorides under various condi- 
tions was performed by following the disappearance 
of the methylene signals in the NMR of the two 
esters, at r 48 and r 4.7, respectively. A summary of 
the first order rate constants, thus obtained, is 
presented in Table 2. Inspection of the data in this 
Table shows that the entropy of activation for the 
rearrangement of 1 in acetonitrile is positive (AS’, 
IO.5 + 1.5 eu), which is indicative of a nonconcerted 
mechanism. Taking into account that the rearrange- 
ment to sulfoxide in nonpolar solvents proceeds by 
an ion-pair mechanism, it is conceivable that in the 
present case, dissociation to free ions is the major 
course of reaction. Evidence in support for this 
postulate is derived from an examination of the 
solvent and substituent effects on the rate of 
rearrangement as shown by the data in Table 2. 
Considering first the effect of the solvent, one linds 
that the rate of rearrangement of 1 is greatly enhan- 
ced by increasing the ionizing power of the solvent. 
A graph of log k for rearrangement of 1 to chloride 
in acetone, acetic anhydride, DMF, acetonitrile and 
nitromethane at 77’ plotted against log k for 
ionization of p-methoxyneophyl tosylatem in the 
same solvents at 75” gives a straight line with a 
slope (a valuem) of 0.9. 

These data may be used as supporting evidence 
for an ionization mechanism for the reaction of 
p -anisyl trichloromethanesulfenate. A comparison 
between the rates of rearrangement of 1 and 2, 
indicates that the former ester reacts by almost four 
hundred times faster. The size of this effect is also 
consistent with an ionic mechanism for the rearran- 
gement. As observed in the rearrangement to 

Table 2. Rate constants for the rearrangement of benzyl and p-anisyl trich- 
loromethanesulfenates to the corresponding chlorides 

Trichloromethane- 
sulfenate Solvent Temp., ‘C [Ester], M k x IO’, set-’ 

p -Anisyl 

BenzYl 

Acetone n 
Acetic Anhydride 77 
DMF 77 
Acetonittile’ 77 
Nitromethane 77 
Acetonitrile 42 
DMSO 42 
Acetonitrik 106 
Acetonitrik 106 

0.042 
OWI 
0.043 
0.041 
0WO 
0.042 
og40 

o-042 

6.9r0.2 
28.2 r O-2 
38.3 + 0.9 
57.0 -+ 1.2 
91*2&O-9 

0.5 f 0.03 
27.0 kO.3 

13@ 
3.5 20.09 

‘In this solvent, AH’ = 29.3 2 O-49 Kcallmole, AS’ = IO.5 * 1.5 eu. 
bExtrapolated from values at lower temperatures. 
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sulfoxide (Section a), the rate of rearrangement of 
the benzhydryl ester 3 to the corresponding chlori- 
de is higher than that of 1, and is completed within 
several minutes of heating at 80” in CHICN solu- 
tion. Finally, we have found that the rearrangement 
of the optically active (-)-a-phenylethyl ester 5 
gave a racemic chloride after heating for 6 h at 
80” in acetonitrile. This result suggests that unlike 
the rearrangement to sulfoxide, the rearrangement 
to chloride proceeds by an ionization mechanism to 
the stage of dissociated ions. Subsequently the 
trichloromethanesulfenate anion undergoes fast de- 
composition to dichlorosulflne. and chloride anion 
which combines with the carbonium ion to give the 
observed product: 

dor 

ROSCC~G=R+ + -0SCCb 

cl3cso- + c1*C=S=O + cl- 

R’ + Cl- + RCl 

The instability of sulfenate anions is well 
known,lJ and evidence for the rapid decomposition 
of the trichloromethanesulfenate anion can be 
found in the spontaneous decomposition of 
CLCSOH to dichlorosulfine and hydrogen chlori- 
de.” The main difference between the two rearran- 
gements presented above lies in the ability of this 
anion to undergo recombination with carbonium 
ion to give sulfoxide or to undergo further decom- 
position. This in turn depends on the life time of the 
anion due to stabilization by the medium. The 
observed change in ths type of rearrangement with 
change in solvent polarity, becomes thus a natural 
consequence of the suggested mechanism. It is 
worthwhile noting that the rearrangement of tri- 
chloromethanesulfenates to chlorides is not 
completely new in the literature. Such a process has 
actually been observed during attempted thermal 
homolysis of the O-S bond in t-butyl trichlorome- 
thanesulfenate by Irwin and Kharasch.” Since the 
same volatile products were formed when this ester 
was decomposed as a liquid at 140” or as the vapor 
at 460”, a cyclic intramolecular mechanism has been 
prefered over an ion-pair mechanism.*’ However, 
no further mechanistic data were reported in 
support of this suggestion. Again, as outlined in 
Section (a) with regard to the sulfenate-sulfoxide 
rearrangement, the observation of an ionization 
mechanism for the sulfenate-chloride rearrange- 
ment presented above, appears to us to be novel 
and unique. 

EXPERIMENTAL 

M.ps and b.ps are uncorrected. IR spectra were recorded 
on Perkin-Elmer Grating Infrared Spectrophotometer 
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Model 257. NMR Spectra were recorded on Varian HA 100 
NMR Spectrometer, and mass spectra on Perkin-Elmer 
Hitachi RMU 6 Spectrometer. Optical rotations were 
measured with a Perk&Elmer 141 Polarimeter. All com- 
mercial reagents and materials were distilled or crystal- 
lized before use and all solvents employed were carefully 
purified by standard procedures.” 

Preparation of the sulfenates. p-Anisyl trichlomne- 
thanesulfenate 1. A lO.OOg quantity (O-072 mole) of 
p-anisyl alcohol and 8@Og (0.1 mole) of pyridine were 
weighed into a 250 ml round bottom flask. After addition 
of 100 ml of anhydrous ether, the flask was cooled in a dry 
ice-acetone bath, and 15 g (0.075 mole) of CI,CSCl dissol- 
ved in 15Oml of dry ether were added gradually during 
45 min. with stirring. The reaction mixture was kept in the 
cooling bath for an additional hour, and then transfered to 
a separatory funnel containing 200 ml of ether. The ether 
solution was washed 3 times with lOOmI portions of 
water, 3 times with lOOmI of 5% HCI. 3 times with 
portions of NaHCO, and again 3 times with lOOmI por- 
tions of water. After drying over anhydrous MgSO., ultra- 
tion and evaporation of ether, a yellowish product was 
obtained. This was purified with active carbon and 
crystallized at 0” from petroleum ether (hp. 40-60”). 
M.p. = 27.5-28.5” (85% yield), IR absorption (CHCI,) she 
wed bands at 940 and 910 cm-‘, characteristic of sulfena- 
tes. The NMR spectrum (CDCI,) showed signals at 7 6.20 
(3 H, s), 4.80 (2 H, s), 3.16 (2 H, d, J = 8 Hz). 2.70 (2 H, d, 
J = 8 Hz). The mass spectrum was also in accord with the 
assigned structure.” Calcd. for C9Hp02SCL: C, 37.58; H, 
3.15. Found: C, 37.80; H, 3.23%. 

Eenzyl triclrloromethanesunate 2 was prepared from 
benzyl -alcohol and Cl,CSCi as described for 1 (yield 
80.2%). nnzJ = 1.5428. characteristic IR absorption (CHCI,) 
at 9308nd 900 cm-‘, &R (CDCI,) 7 4.70 (2 h, s) Ad 2.70 
(5 H, s). Calcd. for CsH,OSCCI,: C, 37.30; H, 2.74. Found: 
C, 37.43; H, 2.81%. 

Benzhydryl trichloromethanesulfenate 3, was prepared 
from benzhydryl alcohol and Cl,CSCI as described for 1. 
Purification by sublimation of the crude product gave a 
white solid, m.p. 58-60” (yield 60%). IR absorption 
(CHCI,) showed characteristic bands at 940 and 910 cm-‘. 
The NMR spectrum (CDCI,) showed two singlets at 7 3.60 
(1 H, s) and 2-70 (IOH, s).Calcd. for C,&OSCl,: C, 
5060; H, 3.31; Found: C, 50.38; H, 3.26%. 

Furfuryl trichloromethanesulfenate 4 was prepared 
from furfuryl alcohol and C1,C.W as described for 1, 
no ” = I .5183. characteristic IR bands (CHCI,) at 930 and 
910 cm-’ and NMR absorption (CDCI;) at 7i.5 (1 H, d), 
3.52 (1 H, d), 3.70 (I H, q) and 4.78 (2 H, s). Because of the 
low stability of this ester elemental analysis was not 
performed. 

( - )-a -Phenylethyl trichloromethanesulfenate 5 was 
prepared by reaction of ( - )-a-phenylethyl alcohol, (ob- 
tained by the method described by Isaac~,~ [a]g = - 12” 
(ethanol), lit.” [aID= -13”). with CI,CSCI, as described 
for 1 (yield 80%). [alom= -20.5" (ethanol). The IR 
spectrum (CHCI,) showed a sulfenate characteristic peak 
at 94Ocm-‘. and the NMR spectrum (CDCI,) showed si- 
gnals at 7 8.31 (3 H, d, J = 7 Hz), 460 (I H, q. J = 6 Hz) 
and 2.60 (5 H, s). Calcd. for C+H,OSCI,: C, 39.80; H, 3-33. 
Found: C. 40.02; H, 3.38%. 

Rearrangements of sulfenates to sulfoxides. Rearrange- 
ment of p-anisyl trichloromethanesuffenate 1. A solution 
of 0.500 g of 1 in 10 ml. of hexane was heated in a sealed 
tube for 3 h at 80”. After cooling and evaporation of the 
solvent at the water aspirator a solid residue (0.490 g, 98% 
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yield) was left. Crystallization from pentane gave crystals, 
m.p. Ill+112.5”. The IR spectrum (CHCI,) showed 
characteristic= absorption at 1100 cm-‘, and the NMR 
spectrum (CDCI,) displayed three groups of lines. An 
aromatic AA’BB’ quartet (4H) centred at T 2.96 (Av 
0.4 ppm, JU = Js, = 8 Hz), an AB quartet (2 H) centred at 
T 592 (Av O-5 ppm, J,. = 12cps) due to the dias- 
tereotopic- methylenic protons, and a sharp singlet at T 
6.23 (3H). Calcd. for CvH@ZXI,: C, 37.58; H, 3.15. 
Found: C, 37.56; H, 2.96%. 

Rewangement of benzhydryf trichloromethanesulfena- 
te 3. A solution of 1 *O g of 3 in 20 ml of hexane was heated 
for 10 min at reflux temperature. After evaporation of the 
solvent and crystallization from pentane 0.9 g (90% yield) 
of white crystals were obtained, which had m.p. 79’, 
exhibited the characteristic= sulfoxide band at 1085 cm-’ 
in IR, and gave two NMR signals (CDCI,) at 7 2.82 
(IOH, s) and 4.74 (1 H,s). Calcd. for C&,OSCI,: C, 
5060; H, 3.31. Found: C. 50.42; H, 3.27%. 

Rearrangement of furjuryl trichloromethanesulfenate,4. 
A solution of 1 a0 g of 4 in 20 ml dioxan was heated for 2 h 
at reflux temperature. The solution darkened during the 
heating because of partial decomposition. After dilution 
with 100 ml of ether, it was washed with three IoOml 
portions of water, and dried over anhydrous MgSO,. The 
black residue obtained after evaporation of the ether, was 
dissolved in petroleum ether (b.p. 40-W) and purilied 
with active carbon. After evaporation of the solvent, 
0.75 g (75%) of the sulfoxide was obtained as a yellowish 
liquid, noz( = 1.5395. The IR showed characteristic absor- 
pGon (CHCl,) at 1110 cm-’ and the NMR spectrum 
(CDCI,) showed sianals at 7 2.50 (1 H. d. J = 2 Hz). 3.44 
(1 H, & J = 2 Hz).?58 (1 H, q. J = 2 i&), 540 (iH, d, 
J = 14 HZ), 5.90 (I H, d, J = 14 Hz). 

Rewangement of ( -)-a-phenylethyl trichlorometha- 
nesulfenute 5. A solution of I *O g of (- )-5 in 10 ml of 
hexane was heated in a sealed tube for an overnight pe- 
riod at 80”. After evaporation of the solvent 0.9 g (90%) of 
solid material was left, m.p. 120”, [a],” = - 17.8” (etha- 
nol). The IR spectrum (CHCI,) showed characteristic ab- 
sorption at 1100 cm-‘, and the NMR spectrum (CCL) dis- 
played three sets of lines, a singlet at 7 2.7 (5 I-I) two 
quartets at 7 5.47 (J = 6 Hz) and 5.76 (together 1 I-Q and 
two doublets at 7 8.57 (J = 7 Hz) and 8.74 (together 3 H). 
Calcd. for C&.OSCI,: C, 39.80; H, 3.33. Found: C, 40.12; 
H, 3.35%. 

Attempted rearrangement of benzyl trichloromcthane- 
sulfenate 2. A solution of 1*18g in 1Oml hexane was 
heated in a sealed tube for 123 h at 80”. After cooling and 
evaporation of the solvent under reduced pressure, un- 
changed starting material was obtained as indicated by IR 
and NMR spectra. 

DPPH test. To a solution of 1 .OO g (O-003 mole) of 1 in 
10 ml of hexane, 0.76 g (0.002 mole) of diphenylpicryl hy- 
drazyl was added. The colored solution was heated in a 
sealed tube for 10 h at 80”. No change in the intensity of 
the color was noticed. On cooling. a white solid precipita- 
ted which was collected by filtration (097g, 97%) and 
showed IR and NMR spectral data identical with that of 
p-anisyl trichloromethyl sulfoxide. 

Rearrangements of sulfenates to chlorides. Rearrange- 
ment of p-anisyl trichloromethanesulfenate 1. A solution 
of 5.00 g of 1 in 10 ml acetonitrile was heated in a sealed 
tube for 2 h at 80”. After evaporation of the solvent a liquid 
residue (4.85g. 97%) was left. Its IR spectrum (CHCI,) 
showed peaks at 950,105O and 1150 cm-‘, characteristic of 
dichlorosulfine and at 1030, 1170, and 1250, I510 and 

1610 cm-‘, due top -anisyl chloride. The crude product was 
distilled and the fraction boiling at 84-5” (5 mm Hg) was 
collected (2.3 g, 80%) and identilied as p -anisyl chloride by 
its IR specbum (see above), NMR spectrum (CDCI,): T 
6.20 (3 H, s); 546 (2H, s), 3.12 (2 H. d, J = 9 Hz) and 2.70 
(2 H, d, J = 9 Hz); as well as by its mass spectrum which 
showedM*peaksatm/e 156and158intheratioof3:l. 

Rearrangement of benzyl trichloromethunesuljenate 
2. This ester was treated as described for 1, except that 
heating was continued for 98 h. The IR of the crude 
material also showed the presence of dichlorosultine 
(peaks at 950, 1050 and 1 I50 cm-‘). After distillation (b.p. 
57-58” at 8 mm Hg), benzyl chloride was obtained, nom = 
1.5363, NMR spectrum (CDCl,): 7 5.42 (2 H, s) and 2.82 
(5 H, s), and mass spectrum: IW at m/e 126 and 128 in the 
ratio 3:l. 

Rewangemenr of benzhydryl ttichloromethanesulfe- 
nate 3. This ester was treated as described for 1, except 
that heating was only for 10 min. The IR SpeCtNIn of the 
crude material also indicated the presence of dich- 
lorosuffine. The isolated benzhydryl chloride was iden- 
titied by its NMR spectrum (CDCI,) which showed two 
signals at T 3.90 (1 H, s) and at 2.70 (10 H, m) and by its 
M’ in thi mass spectrum at m/e 202 and 204 (3: 1). 

Rearrangement of (- )-a-phenylethyl trich- 
loromethunesulfenate 5. A 2.0 g quantity of ( - )-5 was 
dissolved in 8Oml of acetonitrile and the solution was 
heated in a sealed tube at 80” for 6 h. After evaporation of 
the solvent, the residue showed an NM< spectrum 
(CDCI,) consistent with a-phenvlethvl chloride: T 268 
(5H,s), 4.90 (1 H,q,J=6.iI-I$ ad 8.21 (3 H,d,J= 
6 Hz). The mass spectrum exhibited M’ peaks at m/e 140, 
142 in the ratio of 1:0.3. [alo = 0” (ethanol). 

Isolation of dichlorosrcljine. A 30.0 g quantity of 1 was 
dissolved in 50 ml of acetonitrile and refluxed for 8 h. 
After evaporation of the solvent, the crude residue was 
fractionally distilled, and the fraction boiling at 
40-41”/28 mm Hg was collected. This sharp odor material 
showed characteristic IR absorption (CHCI,) at 950. 1050 
and 115Ocm-’ and M+ in the mass spectrum at m/e 130, 
132, 134 in the ratio 1:0.6:0.1 (base peak at 82 due to 
ccl,+). 

Kinetic measurements. Essentially the same procedure 
was used for the kinetic runs of both rearrangements de- 
scribed above. A quantity of the ester was weighed into a 
volumetric flask and the appropriate solvent was added to 
the mark. The solution (ca 1%) was shaken and transfer- 
red to ampoules in 5 ml portions. After the ampoules were 
sealed and immersed in the constant temperature bath, 
they were removed at appropriate time intervals and 
quenched in a cooling bath. The solvent was evaporated 
under reduced pressure and the NMR spectrum, in CDCI, 
using TMS as internal standard, was recorded. The rate 
constants were calculated from the first-order kinetic ex- 
pression, k = (2.303/t) log (a/a-x). The calculations were 
based on the intensities of the methylenic signals of the 
ester and sulfoxide or chloride. For example, in the 
rearmngement of 1 to the corresponding chloride, a 
represents the sum of the areas of the peaks at 7 4.80 and 
546, while a-x represents the area of the peak at 7 4.80, at 
time 1. Plots of log (a/a-x) vs t gave good straight lines for 
each run. The transition-state enthalpy of activation, 
AH’, was obtained from a plot of loa kn vs In. 
AH’ = -slope. 2.303 R. The entropy of activation was 
calculated by the Eyring equation; k = (k’T/h)eAS”“. 
e-OHc”T; where k is the rate constant, while k’ and h, are 
the Boltzmann and Planck constants, respectively. 
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