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New 4-amino-5-H-2,3-dihydroisothiazole-1,1-dioxides from sugar
a-aminonitriles using the CSIC reaction
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Abstract—4-Amino-5-H-2,3-dihydroisothiazole-1,1-dioxide ring was attached to a monosaccharide ring system by carbanion-
mediated sulfonate intramolecular cyclisation (CSIC) of either secondary or tertiary aminonitrilesulfonamide carbohydrate
derivatives using NaH, Cs2CO3 or BuLi as a base. These new bicyclic systems were used as glycone precursors of aza analogues
of TSAO RT inhibitors. We report the first synthesis of an aza analogue of TSAO-m3T. © 2001 Elsevier Science Ltd. All rights
reserved.

Carbanion-mediated sulfonate intramolecular cyclisa-
tion (CSIC) was first reported by Gómez de las Heras
in 1988.1 Since then, this reaction has been used exten-

sively to synthesise various sulfonates from
cyanohydrins2–4 and to sulfonamides from aminoni-
triles.4–8 Also, Camarasa used the CSIC reaction for

Scheme 1. (a) CH3SO2Cl, DMAP–pyridine; (b) CH3-I, K2CO3, acetone; (c) NaH, acetonitrile; (d) Cs2CO3, acetonitrile.
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the synthesis of 3%-spiro-5¦-(4¦-amino-1¦,2¦-oxathiol-
2¦,2¦-dioxide) nucleosides (TSAO nucleosides), which
represents a particular type of specific HIV-1 RT
inhibitor.9 Marco-Contelles widely studied the scope
and limitations of the CSIC reaction using derivatives
of aldehydes and ketone.5–8 He demonstrated that the
central nitrogen atom of aminonitrilesulfonamides
would have to be fully substituted in order for the
CSIC reaction to proceed, otherwise the amino nitro-
gen would be removed to give insoluble sodium salts of
the alkylsulfonamidonitriles. Whatever the initial sulfo-
nate or sulfonamide, the carbanion is generated by the
removal of a proton from the methylene neighbouring
the SO2 group with non-nucleophilic bases such as
DBU, NaH and Cs2CO3.

Recently, we have reported the stereoselective synthesis
of the D-allose (1a–d) and D-ribose (2a–d, 3 and 4)
a-aminonitriles from the corresponding uloses using
titanium(IV) isopropoxide as a mild Lewis acid catalyst
and TMSiCN as a cyanating agent.10

We now report the derivatisation of these a-aminoni-
triles using the CSIC reaction to obtain novel monosac-
charides possessing a 4-amino-5-H-2,3-dihydro-
isothiazole-1,1-dioxide ring system at position 3 of the
furanose ring. As a first approach, we restricted the
cyclisation study to N-H and N-Me sulfonamide
derivatives. Compounds 1a, 2a, 3 and 4 were reacted
with methanesulfonyl chloride to give the sulfonamides
5, 6, 7 and 8, respectively (Scheme 1). N-Methylation
was performed using MeI and K2CO3 in acetone or
acetonitrile to give 9–12, which were cyclised with either
NaH or Cs2CO3 to give the target monosaccharide
derivatives 13–14, respectively, in good yields (Scheme
1).11

It is notable that under similar basic CSIC reaction
conditions no reaction was observed with the sulfon-
amides 5–8. This lack of reactivity would be explained
by the removal of the acidic hydrogen atom from the
nitrogen atom of the sulfonamide group to give the
corresponding insoluble salt.8 Alternatively, an excess
of butyl lithium was used with the objective of generat-
ing the lithium salt which would be expected to be
sufficiently soluble to undergo a second attack of the
base leading to the carbanion required for the cyclisa-

tion (Scheme 2).12 However, no CSIC reaction was
observed for the benzoylated derivative 8 and the initial
compound was not finally recovered.

These interesting results showed that a fully substituted
central nitrogen atom, in the sugar aminonitrilesulfon-
amides studied, is not necessary for the CSIC reaction
to take place if an alkyl lithium is used as base.

Over the last decade, extensive structure–activity rela-
tionship studies on TSAO derivatives have been con-
ducted.2,9,13,14 In order to prepared aza analogues of
these non-nucleoside RT inhibitors, we first synthesised
the thymine and uracil a-aminonitrilesulfonamide
nucleoside derivatives. CSIC reaction of the key
nucleoside intermediates gave [3-N-methyl-1-[2%,5%-
bis-O - (tert -butyldimethylsilyl) -b -D-ribofuranosyl]thy-
mine]-3%-spiro-3¦-(4¦-amino-5-H-2¦-methyl-2¦,3¦-dihy-
droisothiazole-1¦,1¦ -dioxide) (21) and [3-N -methyl-1-
[2%,5%-bis-O-(tert-butyldimethylsilyl)-b-D-ribofuranosyl]-
uracil]-3%-spiro-3¦-(4¦-amino-5-H-2¦-methyl-2¦,3¦-dihy-
droisothiazole-1¦,1¦-dioxide) (22), which are the first
aza analogues of TSAO-m3-T and TSAO-m3-U.15

In conclusion, we have demonstrated that sugar a-
aminonitriles are important key intermediates for the
synthesis of systems in which a 3-(4-amino-5-H-2-
methyl-2,3-dihydroisothiazole-1,1-dioxide) ring is at-
tached to a furanose ring using the CSIC reaction. The
preliminary results reported herein proved that cyclisa-
tion could be achieved from a secondary sulfonamide
group using alkyllithium as a base. This strategy
appears to provide convenient access to a new range of
aza analogues of TSAO nucleosides (ATSAOs). Studies
in this direction are in progress.

Scheme 2. (e) BuLi–THF.
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Ministère Français de la Recherche for financial sup-
port, M. Pillon for technical support and G. Mackenzie
for helpful discussions.

References

1. Calvo-Mateo, A.; Camarasa, M. J.; Dı́az-Ortiz, A.; de las
Heras, F. G. J. Chem. Soc., Chem. Commun. 1988, 1114–
1115.
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Velázquez, S.; Álvarez, R.; Chamorro, C.; Jimeno, M. L.;
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