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The work of Johnson and Phillips1 showed that alkoxysulfonium fluoroborate
salts could be reduced to their corresponding sulfide using sodium borohydride
as the reducing agent. Yields of sulfide using this procedure range from 27-90%
with most compounds being reduced in the 75-90% yield range. The alkoxysulfon-
ium salts were prepared by O-alkylation of the corresponding sulfoxides with
trimethyloxonium fluoroborate.1 This procedure is simple and rapid but the use
of the strong reducing agent sodium borohydride precludes the existance of other
sensitive gfoups2 elsewhere in the molecule. Chasar? reported that sulfides may
be prepared by the reduction of sulfoxides in the presence of a cobalt chloride/
sodium borohydride reagent. VYields were usually high in this procedure, but
again the very strong reducing conditions4 precluded this reagent's use where
other reactive groups were present. We wish to report a reduction method which
is not affected by the above disadvantages.

The selectivity of sodium cyanohydridoborate has been studied in recent
years.5 We have found that this selectivity may be extended to the reduction of
alkoxysulfonium salts. The reaction conditions are mild, clean and essentially
quantitative based on recovered starting material. Isolated yields of sulfide
range from 55-91%. Table I tabulates our results on a few model sulfoxides.

We also find that our method allows the reduction of sulfoxides in the
presence of other functional groups. For example, when the alkylation of a
sulfoxide is performed with methyl fluorsulfonate® at 0° in methylene chloride
vith a ketone function present, only alkylation of the sulfoxide is observed,7
which is then reduced to the corresponding sulfide when sodium cyanohydridoborate

in methanol isadded. If this procedure is performed at room temperature,
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extensive degvadation is observed.8 We observed that, in general, sulfoxides
were alkylated at 0° with methyl fluorosulfonate while ketones showed no reac-
tion at all. Since the reduction proceeds well at 0°, keto sulfoxides may be

reduced to the corresponding keto sulfides very efficiently.

TABLE I
Sulfoxide Yield of Sulfide®’P
dibutylsulfoxide 85%
diphenylsulfoxide 77%
dibenzylsulfoxide 91%
tetramethylenesulfoxide 87%

isolated yield after workup

all sulfide yields were essentially quantitative based on recovery of
starting material. No other products besides sulfide and sulfoxide were
observed when the crude reaction products were examined by thin layer
chromatography or gas chromatography.

In our initial studies we formed the alkoxysulfonium salt in methylene
chloride at 0°, removed the solvent at 0° after alkylation of the sulfoxide,
then reduced the residual salt at 0° using NaBH,CN in methanol (or ethanol).
We looked for a procedure which would allow us to perform the reduction of the
alkoxysulfonium salt without removal of the methylene chloride. We found that
the attempted reduction of the alkoxysulfonium salt in methylene chloride with
NaBH3CN gave essentially no reduction (<5%). The recent observations of Liotta9
on the reactivity of potassium salts in the presence of 1,4,7,10,13,16-hexaoxa-
cyclooctadecane (18-crown-6)lo led - us to examine whether this crown ether would
efficiently complex sodium cyanohydridoborate in methylene chloride. A catalytic
amount of 18-crown-6 was added to the alkoxysulfonium salt in methylene chloride
and a solution of sodium cyanohydridoborate in methanol was added at 0°. The
yield of sulfide was increased from 2.7% to 58.3% with the only other product
being starting sulfoxide. The yield of sulfide was gquantitative based on re-
covered starting material.

Two representative procedures are as follows: A) Dibenzylsulfoxide (700 mg,
3 mM) was dissolved in 15 ml methylene chloride and cooled to 0°. To this cold

solution was added methyl fluorosulfonate (Magic Methyl, Aldrich Chemical Co.,
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342 mg, 3 mM) dropwise over several minutes. The mixture was then stirred for
1 hour at 0°C. The solvent was evaporated under vacuum at 0°, and to the resi-
due was added sodium cyanohydridoborate (200 mg, 3.17 mM) in 15 ml ethanol at
0°. The mixture was then stirred for several hours, the ethanol removed under
vacuum, and the residue partitioned between water and methylene chloride. Re-
moval of the methylene chloride gave only dibenzylsulfide along with a small
amount of starting sulfoxide. The yield was quantitative based on recovery of
starting material, 92% based on isolated dibenzylsulfide. B) Diphenylsulfoxide
(600 mg, 3 mM) was alkylated with methyl fulorosulfonate (342 mg, 3 mM) in 15 ml
methylene chloride for 3 hours at 0°. To the cold solution was added 18-crown-6
(130 mg, 0.5 mM), followed by sodium cyanohydridoborate (200 mg, 3.17 mM) in 15
ml methanol. The solution was stirred at 0° for several hours and worked up as
above to give 58.3% diphenylsulfide along with 40% diphenylsulfoxide. When the
reaction was run without the inclusion of 18-crown-6 only 2.7% diphenylsulfide
was obtained.

In conclusion, we think that this procedure offers a very mild, high
yielding reduction of sulfoxides to sulfides. The reaction may be used in the
presence of aldehydes and ketones to give only sulfoxide reduction.7 Incdorpo-
ration of crown ethers into this reaction sequence allows one to run the reac-
tion in solvents not usually associated with cyanohydridoborate anion reductions.
Work is continuing to extend these observations into other areas of anion reac-

tivity.

Acknowledgement: We wish to thank Dr. Charles L. Liotta for discussing with us
some of his preliminary results on anion activation using 18-crown-6. We also
wish to thank F.N.S.M. Institutional Grants, SUNY at Buffalo, and the Under-
graduate Research Council, Student Government Association, SUNY at Buffalo, for
partial support of this work. The National Science Foundation provided financial

assistance in the purchase of the nmr spectrometer used in this research.



1780 No. 19

REFERENCES

1. C.R. Johnson and W. Gary Phillips, J. Org. Chem., 32, 3233 (1967); C.R.
Johnson and W. Phillips, J. Org. Chem., 32, 1926 (1967).

2. H.O. House, Modern Synthetic Reactions, second edition, W.A. Benjamin, Inc.,
Menlo Park, California, 1972, pp. 45-49, 62~65 and references cited
therein.

3. D.W. Chasar, J. Ong. Chem., 36, 613 (1971).

4., T. Satoh, S. Suzuki, Y. Suzuki, Y. Miyaji, and Z. Imai, Tetrahedron Llettenrns,
4555 (1969).

5. R.F. Borch, M.D. Bernstein, and H. Dupont Durst, J. Am. Chem. Soc., 93,
2897 (1971); R.O. Hutchins, D. Hoke, J. Keogh, and D. Koharski, Tetra-
hedron Lettens, 3495 (1969); R.O. Hutchins, B.E. Marycnoff, C.A. Milew-
ski, J. Am. Chem. Soc., 93, 1793 (1971).

6. R.W. Alder, et. al., Chem. Comm., 1533 (1968).

7. The selective alkylation was studied in two ways: A) One equivalent of a
model sulfoxide and one equivalent of a ketone were alkylated at 0°C,
reduced, and the sulfide and ketone recovered. If this reaction was
performed at room temperature, extensive degradation of the ketone was
observed. B) A series of model aliphatic and aromatic keto sulfoxides
were synthesized and exposed to the above reaction conditions. All
reactions reduced normally except B-ketosulfoxides, in which only
Pummerer reaction was observed. (See G.J. Mikol and G. Russel, 01g.
Syn., 48, 109 [1968]). a-Ketosulfoxides were not examined.

8. T.B. Lambert and D.M. Johnson, J. Am. Chem. Scec., 90, 1349 (1968).

9. C.L. Liotta and H.P. Harris, First Fall Organic Conference, Cape Cod, Mass.,
Oct. 1, 1973, Abstract #5; C.L. Liotta, personal communication, 1973.

10. 1,4,7,10,13,l6-hexaoxacyclooctadecane (18-crown-6) may be synthesized by
the procedure of R.N. Greene, Tefrahedron Letters, 1793 (1972) or by
that of G.W. Gokel and D.J. Cram, Department of Chemistry, University
of California at Los Angeles, 04g9. Syn., submitted.



