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ABSTRACT

Various alkenes were prepared from phenyl sulfides in a one-pot manner at room temperature by converting them to the corresponding
S-aminosulfonium salts with O-mesitylenesulfonylhydroxylamine, followed by treatment with potassium carbonate. Alkenes were formed by
cis -elimination of in situ generated phenyl sulfilimines.

Pyrolysis reactions of esters,1 xanthates,2 amine oxides,3

sulfoxides,4 and selenoxides5 are important for the synthesis
of alkenes.6 Phenyl sulfides are useful precursors of alkenes
since they are relatively tolerant of basic and acidic condi-
tions, andcis-elimination of their sulfoxides proceeds at
temperatures ranging from 100 to 150°C.4 It could be
expected that the synthetic utility of the elimination would
be enhanced if the elimination could be induced under milder
conditions such as at room temperature.

We have been studying the unique reactivity ofN-tert-
butylbenzenesulfinimidoyl chloride (1)7 as an oxidizing
agent, and we found that1 dehydrogenated carbonyl

compounds to the correspondingR,â-unsaturated carbonyl
compounds via sulfilimine2 even at-78°C in a few minutes
(Scheme 1).8 Compared to the elimination of theR-phenyl-

sulfinyl group from3, which required reaction temperatures
ranging from 100 to 150°C for several hours,4 the1-medi-
ated dehydrogenation proceeded under surprisingly mild
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conditions. It was thought that the differences in reactivity
between sulfilimine2 and sulfoxide3 arose from the en-
hanced basicity of the nitrogen in2 compared to the oxygen
in 3. Along the same lines, we speculated that elimination
of sulfilimines4 would proceed under milder conditions than
those for elimination of sulfoxides5 (Scheme 2). Several

examples of elimination ofN-substituted sulfilimines,9

including N-ethoxycarbonyl-,10 N-tosyl-,11 N-carbamoyl-,12

N-acyl-,13 N-phenyl-,14 and N-H sulfilimines,15 have been
reported. However, sulfilimines that have an electron-
withdrawing group on the nitrogen atom (R3 of 4 ) electron-
withdrawing group) required elevated temperatures for
elimination. We therefore planned to establish a new method
for the efficient and mild elimination of sulfilimines that do
not have an electron-withdrawing group (R3 of 4 * electron-
withdrawing group). We describe here a one-pot elimination
of phenyl sulfides to alkenes viaN-H sulfilimines that
proceeds at ambient temperature which is also applicable to
the synthesis ofR,â-unsaturated carbonyl compounds.

First, we investigated elimination of sulfilimines bearing a
tert-butyl group on the nitrogen atom (R3 of 4 ) tert-butyl)
expecting mild elimination as observed in the intermediate
2. However, preparation ofN-tert-butyl phenyl sulfilimines

4a from phenyl sulfides failed in spite of many trials, and
so we then planned to prepareN-H sulfilimines from phenyl
sulfides. Among some methods known for the preparation
of N-H sulfilimines from phenyl sulfides,16,17 the use of
O-mesitylenesulfonylhydroxylamine (MSH)18 was chosen as
this reagent seemed to allowN-H sulfilimines to be prepared
under mild conditions.17

Phenyl sulfide6 was treated with MSH at 0°C in
dichloromethane to generateS-aminosulfonium salt7 (Scheme
3). Quantitative formation of7 was confirmed by1H NMR

analysis of a mixture of6 and MSH in CDCl3.19 Then suitable
bases needed for the in situ generation of sulfilimine8 from
7 were screened (Table 1). The use of DBU directly gave

alkene 9 in 42% yield even at room temperature, while
diisopropylethylamine did not give9 (entries 1 and 2). The
use of potassiumtert-butoxide improved the yield of alkene
9 to 78% yield (entry 3). Inorganic bases such as potassium
carbonate and cesium fluoride were found to be effective,
and the presence of molecular sieves 4A did not affect the
efficiency of the elimination (entries 4-6). As described
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Scheme 2. Comparison between Elimination of4 and That of
5

Scheme 3. One-Pot Elimination of6 to 9 Using MSH

Table 1. Effect of Bases on One-Pot Elimination of Phenyl
Sulfide 6 to Alkene9a

entry base (equiv) yield (%)b recovered 6 (%)b

1 i-Pr2NEt (2) 0 0
2 DBU (2) 42 16
3 t-BuOK (1.5) 78 8
4 K2CO3 (10) 80 6
5 K2CO3 (10) + MS4A 80 10
6 CsF (5) 83 6

a For reaction conditions, see Scheme 3.b Determined by1H NMR
analysis.

6096 Org. Lett., Vol. 8, No. 26, 2006



above, phenyl sulfide6 was completely converted to7 by
the reaction of MSH, but phenyl sulfide6 was regenerated
in 6-16% yield after treating7 with bases (entries 2-6).
These results are in accordance with results of a previous
report mentioning thatN-H sulfilimines decompose readily
to sulfide, NH3, and N2 at room temperature.16 Our results
suggest that the regeneration of6 was influenced by the bases
employed and that bases such as potassium carbonate and
cesium fluoride minimize the decomposition of8 to 6.

The effects of solvents were next examined using potas-
sium carbonate as a base (Table 2). It was found that the

present elimination proceeded smoothly in both polar and
nonpolar solvents except diethyl ether. In the case of diethyl
ether,9 was formed in only 18% yield, probably due to the
low solubility of S-aminosulfonium salt7 in diethyl ether
(entry 3). Dichloromethane was generally employed as a
solvent in this elimination since it was observed that
S-aminosulfonium salts were sometimes insoluble in toluene
when another phenyl sulfide was employed. Alkene9 was
isolated by thin-layer column chromatography on silica gel
after organic extracts were washed with diluted NaOCl
solution in order to oxidize benzenesulfenamide10 and
regenerated phenyl sulfide6 (entries 2 and 7).

Next, the scope and limitations of the present elimination
via sulfilimines were examined using MSH, potassium

carbonate, and dichloromethane (Table 3). Longer reaction
times were sometimes needed for convertingS-aminosulfo-
nium salts to alkenes. Protecting groups such as PMB, BOM,
and TBDPS groups were tolerant of the MSH-mediated
elimination of phenyl sulfides (entries 1-3). It should be
noted that enamide12ewas obtained in good yield as in the
case of generatingN-allyl amide12d (entries 3-4). Thus,
the present method would be applicable to the preparation
of labile olefinic compounds.

In order to investigate the stereochemistry of the present
elimination reaction, diastereoisomeric phenyl sulfides13and
16 were subjected to the present elimination reaction
(Scheme 4). Phenyl sulfide13 gave14 in 85% yield, and
isomer15 was not detected by1H NMR analysis. On the
other hand, phenyl sulfide16 afforded14 and15 in a ratio
of 1:40 after 3 h. It was found that15 isomerized to14since

Table 2. Effect of Solvents on One-Pot Elimination of Phenyl
Sulfide 6 to Alkene9a

entry solvent yield (%)b

1 toluene 82
2 CH2Cl2 80 (77)
3 Et2O 18
4 THF 75
5 CH3CN 79
6 MeNO2 77
7 DMF 80 (76)

a For reaction conditions, see Scheme 3.b Determined by1H NMR
analysis. Numbers in parentheses are isolated yields.

Table 3. Mild One-Pot Elimination of Phenyl Sulfides11a-e
to Alkenes12a-e

entry R reaction time (h) product yield (%)a

1 PMBO(CH2)3 11a 6 12a 83
2 BOMO(CH2)3 11b 6 12b 76
3 TBDPS(CH2)3 11c 24 12c 77
4 BzNHCH2 11d 12 12d 78
5 BzNH 11e 12 12e 65

a Isolated yield.

Scheme 4. Stereochemistry

Table 4. Elimination of theR-Phenylthio Group of17a-c to
R,â-Unsaturated Carbonyl Compounds18a-cUsing MSH and
K2CO3

a Isolated yield.
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a longer reaction time (6 h) changed the ratio of14/15 )
1:40 to14/15) 1:3.6. Therefore, it was confirmed that the
present elimination of sulfilimine proceeded bycis-elimina-
tion. Moreover, the present elimination gave15 more
stereoselectively than elimination ofN-Ts sulfilimine of16
(80 °C, 5 h, 14/15) 1:17).11c

Finally, the present method was applied to conversion of
R-phenylthio carbonyl compounds to obtainR,â-unsaturated
carbonyl compounds (Table 4). The elimination proceeded
in a one-pot manner at ambient temperature to affordR,â-
unsaturated esters (18a,b) and amide (18c) in high yields.
It should be noted that only (E)-isomers were obtained in
the case of acyclic substrates and that MSH-mediated
elimination of R-phenylthio carbonyl compounds gave the
correspondingR,â-unsaturated carbonyl compounds more
efficiently than that of phenyl sulfides to alkenes (Tables 3
and 4).

In summary, various alkenes were prepared from phenyl
sulfides in a one-pot manner at room temperature using MSH
and potassium carbonate. It was previously thought that the

intermediates,N-H sulfilimines, were unstable and decom-
posed to sulfides;16 however, we found thatcis-elimination
took place as the major reaction pathway by the present
procedure. The mildness and efficiency of the present
elimination reaction would be useful for introduction of
carbon-carbon double bonds in various kinds of molecules.
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