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Abstract: 5-Amino-4-sulfonamido—1-(B-D-ribofumnosyl)imidazole £ and two more complex sulfonamides § and 7
have been prepared as potential inhibitors of intermediate stages in the de novo biosynthesis of purine nucleotides;
cyclization of a protected form of § gave 5-(B-D-ribofuranosyl)imidazo[4,5-¢]-1.2,4-thiadiazine-1,1-dioxide 8, a novel
analogue of adenosine and inosine.

The pathway for the de novo biosynthesis of purines plays an essential role in rapidly proliferating tissues, and
thus inhibition of the enzymes of this pathway has attracted attention in the search for new agents in anti-tumour
chemotherapy.! The intermediate stages in purine nucleotide biosynthesis (Scheme 1) involve the enzyme-
catalysed carboxylation of 5-aminoimidazole ribonucleotide (AIR, 1) to give the 4-carboxycompound CAIR 2,2
the ATP-dependent linking of 2 with L-aspartate to give the N-succinylamide SAICAR 3, and the subsequent
elimination of fumaric acid to give the carboxamide AICAR 4. The enzymic conversionsof 1to2 andof2to 3
are closely linked in both mammalian3 and avian tissues, with a bifunctional enzyme being involved in the latter
case4 The conversion of 2 to 3 can be envisaged as involving the formation of an acyl phosphate by interaction
of 2 with ATP, followed by reaction with L-aspartate vig a tetrahedral intermediate. Thus this enzyme may well
be susceptible to inhibition by appropriate transition state analogues.
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Scheme 1
We here describe the synthesis of the simple imidazole sulfonamide S, which can be regarded either as a
substrate analogue of 2 and 4,5 or as a simple transition state analogue for the conversion of 2 to 3, and also the
more complex structures 6 and 7, which incorporate wholly or partially the L-aspartyl unit. We also report the
cyclization of an intermediate in the synthesis of 5, leading to the novel imidazothiadiazine dioxide 8, a potential
inhibitor of enzymes which effect reactions at C-6 of adenosine, inosine, or their nucleotides.
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When 4(5)-nitro-5(4)-sulphonamidoimidazole 96 was silylated, followed by reaction of the silylated
heterocycle with the D-ribose derivative 10 in the presence of trimethylsilyl trifluoromethanesulfonate (TMSOTY)
overnight, a separable mixture of the two isomers 11a (39%) and 11P (48%) was formed (Scheme 2). The
formation of an a-anomer in such condensations is unusual, even under conditions of thermodynamic control,
but it is significant that a similar condensation of 10 with 2-nitroimidazole also gives the o-product.? When the
condensation of 9 and 10 was carried out under conditions of kinetic control, however, a mixture of 11p (41%)
and the required isomer 12 (44%) was obtained. Reduction of nitrocompound 12 gave the aminosulfonamide
13 in high yield, and this, on debenzoylation, give the triol 1.
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Scheme 2. i, 9, TMSCI, HMDS, xylene, reflux; ii, add 10, TMSOTT, MeCN, 0 °C to r.t,, 16 b; iii, as ii, but 3 min.; iv,
H3, Pd/C, EtOAc; v, NH3, MeOH.

The structures of isomers such as 11a, 11 and 12, and related compounds described below, are
supported by a number of self-consistent NMR criteria: (a) for any o,B-pair (e.g. 11 and 11f), H-1' of the o-
anomer appears at lower field, and with a larger coupling constant Jy, than is the case for the B-anomer; 78 (b)
for any regioisomeric pair (e.g. 118 and 12), reduction of the nitro group to an amino function induces a greater
upfield shift for H-1' in the case of the 5-nitro isomer (e.g. 12), as would be expected on the basis of the greater
proximity of the nitro/amino function to H-1' in this regioisomer; (c) for any regioisomeric pair of
aminosulphonamides (e.g. 13 and the reduction product from 11p), the signals for C-4 and C-5 are more widely
separated in the case of the 4-amino-isomer (AS ~50 ppm) than is found for the corresponding 5-aminocompound
(A8 ~25 ppm).?

These correlations, particularly the very useful criterion (c), were validated by the preparation of separate
samples of the aminosulfones 14o, 14PB, 15a and158, each of which was prepared by reduction of the
corresponding nitrosulfone. Two of these nitrosulfones (the precursors of 140 and 14B) were synthesised by
the coupling of 10 with 4(5)-methylthio-5(4)-nitroimidazole, 10 followed by oxidation to the sulfone, whilst the
other pair were obtained by carrying out the coupling at the sulfone level of oxidation. We have previously
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shown that, for couplings carried out using 4(5)-alkylthio-5(4)-nitroimidazoles, the regiochemistry of the
products can be easily distinguished by UV measurements, and these are supported ultimately by X-ray

crystallography. 10
Ske o
nzocnl < :[ B'OCHz <

B0 OBz BzO OBz
140, o-anomer 15a, o-anomer
148, p-anomer 158, B-anomer

The more complex analogues 6 and 7 were prepared in a similar way. Thus, when the sulfonamide 16,
prepared by reaction of the sulfonyl chloride® with ethyl glycinate hydrochloride (Et3N, DMF, 56%), was
condensed with 10 under conditions of kinetic conwol, the two readily-separable products 17 (33%) and 18
(34%) were produced (Scheme 3) [under conditions of thermodynamic control, 17 (32%), its o-anomer (27%)
and the -anomer of 18 (14%) were the products]. Reduction of the correct regioisomer 18 gave
aminosulfonamide 19 (8; 141.1 and 116.6, Ad 24.5; reduction product of 17, &: 102.4 and 154.2, A 51.8)
quantitatively, and deprotection gave the triol 6.
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Scheme 3. i, TMSCIL, HMDS, xylene, reflux, 2 b; ii, 10, TMSOTf, MeCN, 0 °C, 3 min; iii, Hp, Pd/C, BtOAc; iv,
NaOMe (cat.), MeOH, then NaOH aq,

A very similar sequence (3 min reaction time) was used (Scheme 4) to convert the sulfonamide 20 (from
the sulfonyl chloride and diethyl L-aspartate in DMF and EtzN) into an easily separable mixture of the 4-nitro-3-
isomer 21 (38%), and its regioisomer 22 (29%); under thermodynamic control a mixture of 21 and its a-anomer
were obtained. Reduction of 22 to the aminosulfonamide (§; 140.7 and 117.7, A8 23.0; reduction product of
21, 3; 103.0 and 154.0, Ad 51.0), and deprotection gave the N-sulfonylaspartate 7.
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The availability of the imidazole nucleoside § and its precursors opened the way for the preparation of 5-
(B-D-ribofuranosyl)imidazo[4,5-e]-1,2,4-thiadiazine 1,1-dioxide 8, a potentially interesting analogue of
adenosine and/or inosine. The 7-(B-D-ribofuranosyl)-regioisomer of 8 was reported some years ago as the sole
product of direct ribosylation of the bicyclic heterocycle.!l Treatment of 13 with triethylorthoformate did not
lead directly to the bicyclic system, but to the bis-(cthoxymethylene) compound 23 (Scheme 5); it had been found
earlier that the presence of an alkyl group adjacent to the amine markedly slowed similar cyclizations.11
However, when a methanolic solution of 23 was maintained at pH 81! and subsequently at pH 10, cyclization
and debenzoylation occurred readily to give the imidazothiadiazine dioxide 812 in 71% yield.
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Scheme 5. i, HC(OEt3, 120 °C, 4 h; ii, MeOH, NaOH aq o pH 8, 2 h, then adjust 10 pH 10, 2 h

We hope to report elsewhere on the enzyme inhibitory properties of §5-8 and their 5'-phosphates, but
initial cytotoxic testing proved disappointing, none of these compounds displaying significant cytotoxicity against
the MAC 15A cell linc at concentrations below 10ug. cm-3,
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