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Abstract: 4-Hydroxymethylbenzisothiazolone-1,1-dioxide could be facilely syntheblsed wa a

1 A2 OV e
highly regioselective Diels-Alder cycloaddition between furfuryl alcohol and 2-(ferr-butyl)-

isothiazolone-1,1-dioxide, followed by aromatization of the adduct under basic conditions. A
secondary effect from intramolecular hydrogen bonding is found also to influence the
regioselectivity of the cycloaddition. Unequivocal proof of the regiochemistry of the Diels-Alder
reaction is provided by X-ray crystallography and ab initio calculations showed electronic and
steric effects on transition structure asynchronicity. © 1998 Elsevier Science Ltd. All rights reserved.
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in the CNS-active drugs like Ipsapirone and Su pldlmxde Compounds containing the benzisothiazolone»l,l-

ucleus have also been explored for use as therapeutic agents for treating a variety of diseases.! A survey

=

of the existing literature showed that substituted benzisothiazolone-1,1-dioxides are mostly limited to alkyl and
alkoxy derivatives.” Methods to prepare substituents, functionalized at the benzylic carbon with heteroatoms, that
can serve as the side chains of hydrophilic amino acids (e.g. those of arginine, serine, threonine, cysteine) are
lacking. Herein, we report a simple and rapid construction of 4-hydroxymethylbenzisothiazolone-1,1-dioxide via
the Diels-Alder reaction between furfuryl alcohol 1 and 2-(ferr-butyl)-isothiazolone-1,1-dioxide 2.?

Furfuryl alcohol (1.3 equiv.) reacted smoothly with 2-(zert-butyl)-isothiazolone-1,1-dioxide 2* in toluene at

ambient temperature to give a ~1:1 mixture® of the C-4° exo product
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yield after separation by flash column chromatography (10% — 50% EtOAc/hexane)’ (Scheme 1). No C-7
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isomers could be identified by 300 MHz 'H NMR analysis on the crude reaction mixture. Unlike previous
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examples, we found that the adducts are very stable at ambient temperature, and no fragmentation and extrusion of
SO, was detected.® The confirmation of the structure and the regiochemistry was performed by X-ray
crystallography on the exo isomer 3 (Figure 1).°

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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Figure 1: Stereoview of the C-4 exo product 3

The observed regioselectivity was predicted by ab initio molecular caiculations on the transition structures of
the Diels- Alder reaction between furfuryl alcohol 1 and isothiazolone-1,1-dioxide 6. Transition structures located
at the MP2/6-31G* level of theory' predicted that those for the C-7 regioisomers (8 and 10) were about 2
kcal/mol higher in energy than the ones for the C-4 regioisomers (7 and 9) (Scheme 2).
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Scheme 2: MP2/6-31G* Transition Structures and Energies (kcal/mol) for the Cycloaddition between 1 and 6.

It was anticipated that differential intramolecular hydrogen bonding by the hydroxyl group of furfuryl alcohol
may play a role in enhancing the desired regioselectivity, although, intramolecular hydrogen bonding is not

evident in the solid state structure of 3 in which the hydroxyl group is hydrogen bonded intermolecularly.
Calculations on the reaction between 2-methylfuran 5§ and 6, where intramolecular hydrogen bond is absent,
showed a much decreased level of regioselectiviy in favor of the C-4 regioisomers (Scheme 3). Experimentally,

300 MHz ‘H NMR analysis on the crude reaction mixture of the cycloaddition reaction between 5 and 2 under
identical conditions (PhMe, r.t.) showed one major exo isomer and two endo isomers in a ratio of 4:2:1. It is thus
reasonable to assume that the regioselectivity of the Diels-Alder reaction involving the unsymmertrical dienophile

can be influenced by intramolecular hydrogen bonding.
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Scheme 3: MP2/6-31G* Transition Structures and Energies (kcal/mol) for the Cycloaddition between 5 and 6.
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The Diels-Alder transition structures were found to be asynchronous™ in terms of the two forming C-C o-
bonds. The C-C forming bond involving the dienophile carbon attached to sulfonyl was more advanced than that

involving the dienophile carbon attached to carbonyl, except in the case of unfavorable 10. The resonance effects
of the carbonyl group dominate polarization and orbital interactions of the dienophile with the diene. The intrinsic
orbital perturbations by the carbonyl group resulted in asynchronous bond formations of a longer C--C(C=0)
bond than C--C(SO,) bond. Steric gauche repulsion between SO, and CH,OH in 10 elongated C--C(SO,) bond,
which is accompanied by a shortening of the C--C(C=0) bond to compensate the overall extend of bond formation
in the transition structure. The gauch;t interactions are much less significant in the endo transition structure §,
where S-C--CC torsional angle is 84° as compared to that of 40° in 10.

The dehydration of the exo adduct 3 and its endo isomer 4 to the aromatic saccharin nucleus in 15’ was then

examined separately under various reaction conditions. The dehydration of 3 under acidic conditions (TFA, HCI,
PP & B «F s Y Y. I tonnffrntivin nev A lad alélm b oo o TN 1. AT 3. A.-_.__A'__.
CUIRL. T1Ho\,) lJlUVCU. {0 o€ Incliective and 1Sy eitner to a retr DIKCIS-ALUCT ICACLION, C(.Ompobl[lon or no erCUOn

Basic conditions were explored despite of the fact that the aryisuifonamide carbonyl group is susceptible to
nucleophile attack. It was found that dehydration of exo adduct 3 using LHMDS in the presence of TMSCI
(Scheme 4) provided 4-hydroxymethylbenisothiazolone-1,1-dioxide 15 in 70% yield"? after purification by flash
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Scheme 4: (a) LHMDS, TMSCI, THF/CH,Cl,, -78°C (b) Bz,0, DMAP, CH,Cl,, r.t. (¢) TFA, 85°C (83%) or

column chromatography. Interestingly, the dehydration performed on the endo isomer 4 under identical
conditions only led to retro Diels-Alder reaction with the dieneophile 2 isolated in 81% yield.”” More
conveniently, upon completion of the Diels-Alder reaction, the solvent was removed in vacuo and the crude
mixture of adducts was dehydrated to give the hydroxymethylsaccharin 15 in 76% theoretical yield (38% overall

yield), together with the recovered dienophile 2 which could be recycled. After protection of the benzylic
yuam 3 t11] gemriem Af A BL ~meald lin mmsamiantley sasm~erad
hydroxy! group in 15 as a benzoate ester, the N-tert-butyl group of compound 16 could be conveniently removed

under acidic conditions to give the saccharin derivative 17 in high yields (Scheme 4).

In summary, 4-hydroxymethylbenisothiazolone-1,1-dioxide could be readily prepared from inexpensive and
readily available materials in two steps. Different ester analogues of 17 could be easily prepared by this sequence.
These compounds should serve as useful synthetic intermediates for further functionalization to provide

benzisothiazolone-1,1-dioxides with interesting biological activities.
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