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Abstract: The rearrangement of secondary S-methyl xanthates to S-methyl dithiocarbonates at room temperature using
trimethylaluminum has been studied. This reaction affords an efficient and simple method for converting secondary
alcohols to thiols. Copyright © 1996 Elsevier Science Ltd

The high temperature rearrangements of xanthates to dithiocarbonates is well-documented for
xanthates without a B-hydrogen atom.! An analogous hi§h temperature reaction is used in the Newman-Kwart
rearrangement, which converts phenols into thiophenols. The Chugaev elimination involves the pyrolysis of
alcohol xanthates at falrly high temperatures to afford olefins.> It has a unimolecular mechanism and proceeds
with cis-elimination.*

Extensive work by Taguchi® has shown that when a cation stabilizing group is present, as in 2-
dialkylaminoalkyl S-methyl xanthates and allylic S-alkyl xanthates, rearrangement to dithiocarbonates occurs at
more modest temperatures An ion pair mechamsm is probably involved. On the other hand, rearrangement
of ordinary pnmary or secondary xanthates’ requires heatings at above 200 °C. A few years ago, the
catalytic rearrangement® of xanthates to dithiocarbonates was shown to occur under milder conditions using
Lewis acid or pyridine N-oxide catalys1s but the yields are low for secondary xanthates.  Recently, an
enantioselective synthesis of thiols’ has been accomplished by treating xanthates with an optically active
pyridine N-oxide at 100 C for a prolonged period.

In earlier work'® we had shown that carbohydrate dimethylketals were smoothly converted into glycol
mono-t-butyl derivatives with trimethylaluminum. In this letter we report that secondary §-methyl xanthates
rearrange at room temperature to the corresponding dithiocarbonates upon treatment with trimethylaluminum
(TMA) or triethylaluminum. In a typical reaction, to the cyclododecyl S-methyl xanthate 1 (200 mg, 0.73
mmol) in 1 mL of hexanes (Scheme 1) TMA (1.5 eq.; 2M in hexanes) was added in one portion at 0 °C and
stirred at room temperature for 15 hrs under Ar. After quenching by slow addition of water and extraction
into ether, the dlthlocarbonate 2 was obtained (83%) by column chromatography on silica gel. There was no
trace of cyclododecene.'’  The use of triethylaluminum in toluene under the same conditions resulted in a
lower yield (70%). The structure of 2 was proven by conversion to the thiol 3 and oxidation to the disulfide 4
in nearly quantitative yield.""
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A primary xanthate, hexadecyl S-methyl xanthate, did not rearrange under the same conditions nor did 2,4,6-
trimethylphenoxy S-methyl xanthate. The observation that the NMR signals, corresponding to the methine
hydrogen and carbon atoms, were significantly shifted after xanthate 1 (‘H: 6= 6.5 ppm; B¢: 6= 79.2 ppm,
C¢Ds) was treated with 1.2 eq. TMA indicated that xanthate 1 initially coordinated to TMA (‘H: 8= 6.1 ppm;
13C: 5= 82.7 ppm, C¢Dg) in a fast reaction. However, the rearrangement is relatively slow (see above).

In order to study the stereoselectivity of the rearrangement, 3B- (5a) and 3a-cholestanyl S-methyl
xanthate (5b) were examined (Scheme 2). First, the reaction of 5a with TMA gave a mixture of two products
consisting of isomers 6 and 7 in a 4:1 ratio (65-70% isolated yield).
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In addition to the rearranged products, the dimeric productIz 8 was also detected. To elucidate the structure
of 8 (200 mg, 0.24 mmol) it was first reduced with LAH and methylated (n-BuLi/Mel) to give a 1:1 mixture
of the thio ethers 8a (31 mg, 0.074 mmol, 31%) and 8b (34 mg, 0.081 mmol, 34%) which were purified by
column chromatography (hexanes/EtOAc= 98/2). These were identical with the authentic compounds
prepared by methylation (Scheme 3) of 10a and 10b, respectively. In every reaction with TMA, all of the
initial 5a was consumed without elimination according to TLC and NMR data. The major isomer 6 (w/2= 11
Hz, width of band at half height'®) was isolated and reduced with LAH to yield cholestan-3a-thiol which was
oxidized to give the dicholestan-(3a)-yl disulfide. Authentification'* (Scheme 3) of cholestan-3a-thiol and
dicholestan-(3ct)-yl disulfide was accomplished by treatment of 3B-cholestanyl tosylate (w/2= 24 Hz) of 9a
with KSCN in acetone to produce 3c-cholestanyl thiocyanide (60%, w/2= 10 Hz) which was reduced by LAH
to yield 10a (81%, w/2= 12 Hz) and oxidized to 11 (84%, w/2= 9 Hz).

Rearranged xanthate 7 (w/2= 26 Hz), as a minor isomer, was also separated and compared with an
authentic sample (Scheme 3) prepared by reaction of the 3a-cholestanyl tosylate (w/2= 8 Hz) of 9b with
KSCN in acetone to give 3B-cholestanyl thiocyanide (55%, w/2= 25 Hz). This was reduced by LAH to yield
thiol 10b (60%, w/2= 24 Hz). Treatment of thiol 10b (500 mg, 1.24 mmol) with n-BuLi/CS, and Mel gave
thiocarbonyl compound 12 (430 mg, 0.87 mmol, 70.2%), which was treated at room temperature in THF with
1 eq. of benzeneseleninic anhydride'5 to produce the authentic 7 (55%, w/2= 25 Hz).'"

We further examined the reaction of 5b with TMA. Xanthate Sb was easily prepared from the
corresponding 9b (w/2= 8 Hz) which was obtained by the selective reduction of 3-cholestanone with L-
selectride.!” However, treatment of 5b with TMA under the same reaction conditions above produced exactly
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the same results as the xanthate 5a (Scheme 2). The major isomer 6 (w/2=10 Hz) was isolated and fully
characterized by NMR spectra and mixed m.p. which proved it identical to the major compound from the
reaction of 5a and TMA.

Scheme 3
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The original concept that initiated this study was that TMA would complex so strongly with the
thiocarbonyl of a secondary xanthate that fragmentation to anion and carbocation might take place. Since the
TMA would be more strongly bonded to the potential carbonyl oxygen than to the sulfur the ionic complex
might then neutralize itself by forming irreversibly the rearranged dithiocarbonate. The experiment with the
cyclododecane xanthate 1 shows that this new reaction does indeed take place in good yield under room
temperature conditions. We had expected that the two cholestane xanthate 5a and Sb would afford the same
mixture of products by this mechanism. Indeed this is the case, but the axial 3a-product is the major
constitutent of the mixture in both cases. It would seem very improbable that the 3o-xanthate complexed to
TMA would be more stable than its 3B-isomer. Therefore the identical product mixture must come from a
more favourable kinetic approach of the anionic complex to the a-side of the molecule opposite to the 10B-
methyl group. We presume that the coordination of TMA renders the complex as bulky as adding a #-butyl
group to the thiocarbonyl of the xanthate.
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