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Abstract—A novel, unprecedented transformation of 8-hydroxysulfoxides into substituted tetrahydrofurans by a silicon promoted
Pummerer type reaction is disclosed. The transformation is shown to be general and is brought about under very mild reaction
conditions. The products with the sulfide group at the anomeric carbon provide a suitable handle to carry out further

transformations.
© 2003 Elsevier Ltd. All rights reserved.

The Pummerer rearrangement of sulfoxides is a reac-
tion with immense synthetic potential and has proved
useful for the preparation of a-substituted sulfides.! The
Pummerer reaction has been initiated with a variety of
electrophilic reagents.? Acetic anhydride, has been the
commonly used promoter either as the solvent at reflux
temperature or in combination with other solvents/co-
catalysts. Some trialkylsilyl reagents have also been
employed for this transformation. Miller and McKean®
reported on the transformation of sulfoxides into o,f-
unsaturated sulfides using iodotrimethylsilane and
Hunig’s base. The same transformation could be
effected with chlorotrimethylsilane* in the absence of an
added base on certain sulfoxides. Kita and co-workers®
have demonstrated the use of ketene methyl
t-butyldimethylsilyl acetal for effecting the Pummerer
type rearrangement under mild conditions. Trimethyl-
silyltrifiate and Hunig’s base® have been employed as
the reagent combination for carbon—carbon bond for-
mation in the reaction of allyl sulfoxides with enol
ethers. So also, z-butyldimethylchlorosilane in conjunc-
tion with DBU” has been employed for the transforma-
tion of sulfoxides into o-chlorosulfides. Herein, we
disclose a novel, silicon promoted, unprecedented trans-
formation of d-hydroxy sulfoxides into substituted
tetrahydrofurans® under very mild conditions (Eq. (1)).
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The tetrahydrofuran ring system is widely distributed in
nature and has attracted the attention of the synthetic
community relating to the total synthesis of natural
products.® The stereocontrolled construction of substi-
tuted tetrahydrofurans is challenging, prompting the
development of new methodologies for its efficient
elaboration.”

In the course of the synthesis toward (+)-allosedamine
(1), we wished to protect the hydroxy group of sulfox-
ide (2a) as its silyl ether. Treatment of 2a with
t-butyldimethylchlorosilane in DMF in the presence of
imidazole!! afforded a major product (60%) which was
not the expected silyl ether, but the tetrahydrofuran
(3a); the minor product (30%) turned out to be the silyl
ether (4) (Scheme 1).

In efforts to optimize the reaction to afford the substi-
tuted tetrahydrofuran as the sole product, the bulky
t-butyldiphenylchlorosilane was employed. Gratify-
ingly, the reaction proceeded cleanly to afford 3a in
80% yield. Extension to a number of similar 3-hydroxy
sulfoxides revealed the reaction to be general'? (Table
1). An inspection of Table 1 reveals that the reaction
proceeds sterecoselectively to afford a single isomer
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Table 1. Formation of tetrahydrofurans by silicon promoted Pummerer type reaction

Entry Hydroxysulfoxide Tetrahydrofuran Yield”
%
9 BnNTSs OH BnNT/s Br
é =
1 p-Tol” = Ph p-Tol SL OS//”Ph 90%
2b Br 3b
<l3 BnNTs OH
) p-ToI/ > Ph 3b 90%
2¢ Br
Br
O NHTsOH TsHN, K
3 p-TOI/ =z Ph p-TOIS 0 //’/Ph 86%
2d Br 3d
Br
O wHTSOH TsHN, o
S. = Me ,_Me 0
4 Ph” g oY, 90%
2e Br 3e
Me, Br
Q Me OH ”//\,__g
. =
5 Ph” \/\E/'\Ph Phs? 0" Ph 93%
2f Br 3f
o QTeDEs OJE0PSey
6 T I,S A Ph 82%
p-To \/\l/\ p-TolS™ ~g~ " Ph
2g Br 3g
o OTBDPS OTBDPS
s AN 0
7 p-Tol” X~ ~Ph p-Tols?>o” Ph 0%
2h Br 3h

a) All reactions were done on racemic substrates on 0.2 mmol scale in the presence of 1 eq. of -
butyldiphenylchlorosilane and 2 eq. of imidazole in DMF as the solvent. b) Yield refers to the isolated

yield.

wherein the sulfide is disposed anti to the substituent at
C3, except sulfoxide (2g) which afforded an equimolar
mixture of epimeric sulfides. The structure of 3b was
rigorously established by NOE experiments. Thus irra-
diation of the methine proton at C2 revealed NOE with

the N-benzyl protons and C4 methine proton. Irradia-
tion of the C5 methine proton revealed NOE with C3
methine proton (Fig. 1). The structure of the other
tetrahydrofurans were assigned by comparison of their
'"H NMR spectra with 3b.
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Figure 1.

The formation of tetrahydrofuran can be rationalized by
coordination of the sulfoxide oxygen to silicon to afford
the sulfoxonium salt, which on elimination of
t-butyldiphenylsilyloxy group (OTBDPS) would yield
the sulfonium ion which would then be attacked
intramolecularly by the hydroxy group. The substituent
at C3 would direct the sulfenyl moiety away from itself,
to minimize steric interactions, and afford the observed
product. The intermediate from 2g would experience
unfavorable steric interactions between the phenyl ring
and sulfenyl moiety while the latter is oriented anti to the
C3 OTBDPS substituent, which would probably explain
for the obtention of a mixture of sulfides in this case
(Scheme 2).

The intermediacy of the sulfonium ion is confirmed by
the fact that the same product is obtained from reactions
done individually on diastereomeric sulfoxides 2b and 2c.
It is worthwhile to note that the sulfenyl group provides
a suitable handle for further elaboration into more
complex molecules.'?

In summary we have disclosed a highly stereoselective
route for the elaboration of tetrahydrofurans from
d-hydroxy sulfoxides under very mild conditions in a
Pummerer like reaction. The products have a suitable
handle for further manipulations.

Acknowledgements

S.R. is thankful to Dr. J. S. Yadav, Head, Organic Div.
I, Dr. K. V. Raghavan, Director, IICT, for constant

p-TolS® Br BnNTs  _Br
In

/

p-Tols® o7 “Ph
3b

OTBDPS
//’ ‘\\Br

p-TolS™ ~O Ph
3g'

OTBDPS
Z \\Br

’ N

p-TolS" Yo~ ¥Ph
3gVV

support and encouragement and to Dr. A. C. Kunwar
for NMR spectra. A.R., M.A.R and S.R.K. are thankful
to CSIR (New Delhi) for the senior research fellowship.
Financial assistance from DST is gratefully acknowl-
edged.

References

1. (a) Pummerer, R. Chem. Ber. 1909, 42, 2282; (b) Kennedy,
M.; McKervey, M. In Comprehensive Organic Chemistry;
Trost, B. M.; Fleming, 1., Eds.; Pergamon: Oxford, 1991;
Vol. 7, p. 193; (c) Russell, G. A.; Mikol, G. J. In
Mechanisms of Molecular Migration; Thyagarajan, B. S.,
Ed.; Wiley: New York, 1968; Vol. 1, pp. 157-207; (d)
Padwa, A.; Gunn, D. E., Jr.; Osterhout, M. H. Synthesis
1997, 1353.

2. De Lucchi, O.; Miotti, U.; Modena, G. Organic Reactions;
Paquette, L. A., Ed.; Wiley: New York, 1991; Chapter 3,
pp. 157-184.

3. Miller, R. D.; McKean, D. R. Tetrahedron Lett. 1983, 24,
2619.

4. Lane, S.; Quick, S. J.; Taylor, R. J. K. Tetrahedron Lett.
1984, 25, 1039.

5. Kita, Y.; Yasuda, H.; Tamura, O.; Itoh, F.; Tamura, Y.
Tetrahedron Lett. 1984, 25, 4681.

6. Hunter, R.; Carlton, L.; Cirillo, P. F.; Michael, J. P.;
Simon, C. D.; Walter, D. S. J. Chem. Soc., Perkin Trans.
11989, 1631.

7. Kersey, I. D.; Fishwick, C. W. G.; Findlay, J. B. C.; Ward,
P. Tetrahedron 1995, 51, 6819. Also refer to: Tokitoh, N.;
Igarashi, Y.; Ando, W. Tetrahedron Lett. 1987, 28, 5903.

8. For the preparation of lactones by Pummerer type reac-
tion, refer to: Su, H.; Hiwatari, Y.; Soenosawa, M.; Sasuga,
K.; Shirai, K.; Kumamoto, T. Bull. Chem. Soc. Jpn. 1993,
66, 2603. For the preparation of lactams refer to: (a) Iwao,
M. Heterocycles 1994, 38, 45; (b) Kaneko, T. J. Am. Chem.
Soc. 1985, 107, 5490; (c) Kita, Y.; Shibata, N. Synlett 1996,
289; (d) Kita, Y.; Shibata, N.; Kawano, N.; Tohjo, T.;
Matsumoto, K. Tetrahedron Lett. 1995, 36, 115. For the
synthesis of dihydrofurans/furans, refer to: Chan, W. H.;
Lee, A. W.M.; Chan, E. T. T. J. Chem. Soc., Perkin Trans.
11992, 945.



8256

9. (a) Harmange, J. C.; Figadere, B. Tetrahedron:Asymmetry

10.

11.

12.

S. Raghavan et al. / Tetrahedron Letters 44 (2003) 8253-8256

1993, 4, 1711; (b) Boivin, T. L. B. Tetrahedron 1987, 43,
3309.

For a review refer: Elliott, M. C. J. Chem. Soc., Perkin
Trans. 12002, 2301.

Corey, E. J.; Venkateswarlu, A. J. Am. Chem. Soc. 1972,
94, 6190.

Typical experimental procedure: To the substrate (0.2
mmol) in dry DMF (0.2 mL) were added imidazole (27
mg, 0.4 mmol) followed by TBDPS-CI (55 mg 0.2 mmol)
at room temperature under N, atmosphere. The reaction

mixture was stirred at room temperature until TLC
revealed complete consumption of the starting material.
The reaction mixture was diluted with ether and washed
successively with water, brine and dried over Na,SO,.
The solvent was evaporated under reduced pressure to
afford the crude product mixture. Purification by column
chromatography using EtOAc:hexane (1:24) afforded the
pure product.

. Brown, D. S.; Bruno, M.; Davenport, R. J.; Ley. S. V.

Tetrahedron 1989, 45, 4293. Review: Chemla, F. J. Chem.
Soc., Perkin Trans. 12002, 275.



	Synthesis of tetrahydrofurans via silicon promoted Pummerer type reaction
	Acknowledgements
	References


