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TRICHLOROMETHYL SULFOXIDES, 

SULFONES AND THEIR PRECURSORS 
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The unusual chemistry of trichloromethylsulfenates, sulfinates, sulfoxides and sulfones is 
briefly reviewed. 13C NMR chemical shifts for both C a  (the carbon directly bound to the 
functional group) and the CC1, group are reported, as a useful diagnostic tool for determining 
the nature of the sulfur-containing moiety. 
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Trichloromethanesulfenyl chloride was the first sulfenyl chloride to be 
prepared by Rathke,' as early as 1870, by reacting carbon disulfide with 
chlorine. This compound, also known as perchloromethyl mercaptan or 
PCMM, is the most stable sulfenyl chloride. For example, one can use 
even steam distillation for its purification. Hydrolysis takes place only in 
acidic or basic aqueous Unlike other sulfenyl chlorides, this 
compound has a variety of synthetic applications of both academic and 
industrial interest especially in the area of pesticides. 

Due to the powerful electronic withdrawing ability of the trichlorome- 
thy1 group which is similar to the well-known trifluoromethyl group, the 
properties of C1,CSCl and its derivatives are rather unique. In our studies 
on the rearrangement and solvolysis of various organosulfur compounds 
during the past three decades, C13CSC1 and its derivatives have played a 
central role.4 We have thus shown that allylic trichloromethanesulfenates 
exhibit enhanced thermal stability with regard to the [2,3]-sigmatropic 
rearrangement to allylic sulfoxides and that in certain cases such as the 
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cinnamyl ester the rearrangement occurs without allylic shift.5 The study 
of the allylic trichloromethanesuifenates was thus essential in the discov- 
ery of the now famous reversible allylic sulfenate-sulfoxide interconver- 

6 sion, also known as the Mislow-Braverman-Evans rearrangement (eq. 1). 

CH3* C H 3 7  

c13c-s=o I _ _  
CI,C-s-0 

Our subsequent discovery of the propargylic trichloromethanesulfenate 
to allenylic trichloromethyl sulfoxide rearrangement was just an obvious 
extension.' Another example of the effect of the CCl, group was nicely 
demonstrated in the case of the benzylic sulfenates.' Thus, unlike benzylic 
arenesulfenates which undergo rearrangement to sulfoxide only under 
drastic conditions, the thermal rearrangement of benzylic trichlorometh- 
anesulfenates proceeds readily in highly nonpolar solvents such as hexane 
by an ionization mechanism. Undoubtedly, this may be attributed to the 
relative high acid strength of C13CSOH, and the consequent high leaving 
group ability of its anion as compared to sulfenate anions in general. The 
use of more polar solvents such as acetonitrile or even CH,Cl, lead to the 
formation of benzylic chlorides and dichlorosulfine due to dissociation of 
the CI,CSO anion and recombination of the generated chloride ion with 
the initial carbocation. The reactivity of benzyl trichloromethanesulfenates 
with regards to solvolysis is also unique. In sharp contrast to the benzyl 
arenesulfenates which undergo solvolysis by sulfur-oxygen bond scission, 
under drastic conditions, the corresponding trichloromethanesulfenates 
undergo solvolysis at room temperature with carbon-oxygen bond scission 
by an ionization mechanism.' More recently, we have shown that both 
allylic and benzylic trichloromethyl sulfoxides undergo a facile and unex- 
pected p-elimination of chloroform and afford mono and disubstituted 
sulfines (eq. 2 ) .  lo  

H 

Benzyl trichloromethanesulfinates are easily obtained by oxidation of 
the corresponding sulfenates" or by a modified Sharpless procedure.12 
Their behavior with regard to solvolysis and rearrangement parallels the 
behavior of the corresponding sulfenates, and represent the most reactive 
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sulfinates reported to date with respect to both reactions. Their solvolytic 
reactivity is quite similar to the corresponding tosylates, and some 6 orders 
of magnitude faster than the equivalent benzyl arenesulfinates. The rear- 
rangement of these esters affords the corresponding sulfones which can be 
used as excellent substrates to the well known but much more expensive 
trifluoromethyl ~ulfones. '~  An unusually facile Ramberg-Backlund rear- 
rangement of these sulfones has recently been observed (eq. 3) .  l4 

The brief survey presented above demonstrates the effect and utility of 
the trichloromethyl group substitution in the various organosulfur func- 
tionalities described. The low price of the C13CSCI on the one hand and 
the similar inductive effect of the trichloro and trifluoromethyl groups 
should provide a further incentive for the use of these compounds. In the 
course of this work, we have often been faced with the identification of the 
sulfur-containing moiety. We found that the chemical shift of the carbon 
directly connected to the substituent, and also that of the 13CC13 had the 
best diagnostic value for that purpose. In this paper, we provide a compila- 
tion of such data, which may be of use as future reference. 

RESULTS AND DISCUSSION 

We have obtained carbon spectra for a variety of trichloromethyl- 
sulfenates, sulfinates, sulfoxides and sulfones. In the Table we show, for a 
few representative compounds, the chemical shifts for C, (the carbon 
directly bound to the functional group) and for the trichloromethyl carbon; 
we also provide averages for the chemical shifts of the CCl,. We see that 
the latter are quite insensitive to the nature of the rest of the molecule; the 
shift ranges are narrow enough to provide unambiguous assignment of the 
oxidation state of the sulfur function. The deshielding of the CC13 group 
when the sulfenate is oxidized to a sulfinate is reminiscent of the deshield- 
ing of carbons a to a carbonyl group, as compared to the related hydrocar- 
bon. We should point out, however, that this facile analogy does not hold 
for the sulfoxidelsulfone pair, in which the second oxygen causes shield- 
ing. 
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The chemical shifts of the a carbons also show definite patterns, if com- 
pared e.g. to the corresponding alcohols. Sulfenates and sulfinates are 
deshielded relative to the alcohol, with the former at considerably lower 
field. In contrasts in the sulfoxides and sulfones C, is at higher field than 
the corresponding carbinol, as expected for a sulfur as opposed to an oxy- 
gen substituent. Again, the sulfones are surprisingly shielded relative to 
the corresponding sulfoxides (see previous paragraph), except for doubly 
benzylic methines such as fluorenyl or benzhydryl. 

EXPERIMENTAL 

'H NMR and 13C NMR spectra were recorded on Bruker AC-200, 
DPX-300 or DMX-600 spectrometers in either CDCl3 or other deuterated 
solvents and using TMS as internal standard. Chemical shifts are reported 
in ppm units. 
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