SYNTHESIS OF ANALOGS OF 5(4)~-AMINOIMIDAZOLE-4(5)-
CARBOXAMIDE AND PURINES
VI.* 5(4)-AMINOIMIDAZOLE-4(5)-SULFONAMIDE DERIVATIVES

V. I. Ofitserov, Z. S. Mokrushin, UDC 547.784.1'785'87.07
Z. V. Pushkareva, and N, V, Nikiforova

4(5)-Sulfonyl chlorides, which were converted to the corresponding sulfamoyl derivatives, were
obtained from the amide and ethyl ester of 4(5)-mercaptoimidazole-5(4)-carboxylic acid by oxida-
tive chlorination, The azide of 4(5)-sulfamoylimidazole-5(4)carboxylic acid was synthesized
through 4(5)-sulfamoylimidazole-5(4)-carboxylhydrazide, and its conversion in various media to
5(4)-aminoimidazole-4(5)-sulfonamide derivatives and to 3,4-dihydro-3-oxoimidazo[4,5-e]-1,2,4-
thiadiazine 1,1-dioxide was studied.

The synthesis of 5(4)-aminoimidazole-4(5)-sulfonamide (I) and its acyl derivatives, which are analogs
of the biosynthetic precursor of purines 5(4)-aminoimidazole-4(5)-carboxamide (AICA), has been the goal of
a number of studies [2-4]; however, all attempts to obtain these imidazolesulfonamides have given negative
results. The present communication is devoted to the study of a new method for the synthesis of the previously
inaccessible derivatives of I.

We synthesized the corresponding sulfonyl chlorides (ITfa, b) by oxidative chlorination of the ester and
amide (IIa, b) [5] of 4(5)-mercaptoimidazole-5(4)-carboxylic acid; the IR spectra of IITa, b contain intense bands
of symmetrical and asymmetrical stretching vibrations of the SO, group at 1172, 1368, and 1179, 1367 cm-1,
respectively. Ethyl 4(5)-sulfamoylimidazole-5(4)-carboxylate (IVa) and 4(5)-sulfamoylimidazole-5(4)~car-
boxamide (IVb) were obtained by reaction of ITla, b with ammonia. Sulfonamide IVa was converted to 4(5)~
sulfamoylimidazole-5(4)-carboxylic acid hydrazide (V) by refluxing with hydrazine hydrate; we were also able
to synthesize V from IVd by transamination of the carboxamide group with hydrazine. Reaction of carboxy-
hydrazide V with nitrous acid gave the azide (VI) of 4(5)~sulfamoylimidazole-5(4)-carboxylic acid, the IR spec-
trum of which contains an intense band of an Ny group of 2176 em~!, We used azide VI as the key compound
for the synthesis of labeled analogs of AICA via the Curtius reaction.

Thus, when VI was refluxed in absolute ethanol, it was converted to 5(4)-ethoxycarbonylamidoimidazole-
4(5)-sulfonamide (VID), which was converted to the corresponding 5(4)-(3-methylureido)~ and 5(4)-(4-semi-~
carbazido)imidazole-4(5)-sulfonamides (VIII, IX) by reaction with methylamine and hydrazine hydrate. De-
composition of azide VI in water or in aqueous dioxane and toluene leads to the formation of symmetrical urea
derivative 5,5'(4,4")~ureylenebis[imidazole-4(5)~sulfonamide] (X). We were unable to isolate the corresponding
isocyanate derivative of imidazole by refluxing VI in anhydrous solvents (dioxane, toluene, and nitromethane),
and the final product in all cases was 3,4-dihydro-3-oxoimidazo[4, 5-e]-1,2,4-thiadiazine 1,1-dioxide (XI). The
IR spectrum of the latter contains bands of stretching vibrations of a CO group at 1682 em~! and of an NH
group at 3090, 3140, and 3360 cm~1; the band of vibrations of the N=C =0 group at 2240-2275 em~! is absent,
(See equation following page).

Attempts to effect the hydrolysis of VII, X, and XI under various conditions by means of HC1, NaOH, and
Ba(OH), in order to synthesize unsubstituted amine I were unsuccessful, and only destruction of the starting

*See [1] for communication V.
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compounds was observed. As seen from Table 1, the frequency of the symmetrical vibrations of the SO, group
is found at 1152-1170 cm™! in the IR spectra of synthesized sulfonamides IV-XI. The range of the frequency of
the asymmetrical vibrations is 1310-1325 cm™!, but the corresponding vibrations appear 50 cm™? higher in the
spectrum of cyclic sulfonamide XI. '

EXPERIMENTAL

The IR spectra of potassium bromide pellets of the compounds were recorded with a UR-20 spectrometer.
The UV spectra were recorded with a Perkin—Elmer 402 spectrophotometer, Chromatography was carried
out on Silufol UV-254 in butanol—acetic acid—water (4:1:1) Ry and propanol—0.2 N NH,OH (R'y) systems.
The physical constants, yields, and results of analysis of the compounds are presented in Table 1.

4(5)-Chlorosulfonylimidazole-5(4)-carboxylic Acid Ethyl Ester and Amide (IIla, b). Chlorine was bub-
bled with stirring at —2° through a suspension of 27.0 mmole of mercaptoimidazole IIa or IIb in 33 ml of 1 N
HCI, and the precipitated sulfonyl chloride was removed by filtration, washed with water and ethanol, and
dried over P,0j.

4(5)~-Sulfamoylimidazole-5(4)-carboxylic Acid Ethy! Ester and Amide (IVa, b). An 8.05-mmole sample
of sulfonyl chloride IIla or IIth was added to with stirring at 0° to 10 ml of concentrated NH,OH, and the mix~
ture was vacuum evaporated to dryness. Water (5 ml) was added to the residue, and the mixture was acidi-
fied to pH 3 with concentrated HCl. The precipitate was removed by filtration and crystallized from water,

4(5)-Sulfamoylimidazole-5(4)~carboxylic Acid Hydrazide (V). A) A solution of 0,32 g (1.46 mmole) of
IVa in 5 ml of hydrazine hydrate was refluxed for 3 h, after which it was vacuum evaporated to dryness.
The residue was dissolved in 4 ml of water, and the solution was acidified to pH 4 with concentrated HCI
and cooled. The resulting precipitate was removed by filtration to give 0.24 g (80.1%) of V.

B) A 3.1-g (14.9 mmole) sample of IVb was refluxed in 25 ml of hydrazine hydrate for 4 h, and hydra-
zide V was isolated as in method A. The yield was 2.8 g (88.9%).

4(5)-Sulfamoylimidazole-5(4)-carboxylic Acid Azide (VI). A solution of 0.22 g (3.19 mmole) of sod-
ium nitrite in 3 ml of water was added gradually with stirring at —3° to a solution of 0.6 g (2.92 mmole)
of V in 6 ml of 1 N HCI, and the mixture was allowed to stand for 15 min. The precipitate was removed by
filtration and washed with water, alcohol, and ether to give 0.55 g of VI,

5(4)-Ethoxycarbonylamidoimidazole-4(5)-sulfonamide (VII). A 1.5-g (6.95 mmole) sample of VI was
refluxed in 60 ml of absolute ethanol for 3 h, after which the mixture was vacuum evaporated to dryness,
and the residue was crystallized from water to give 1.17 g of VII.

5(4)-(3-Methylureido)imidazole-4(5)-sulfonamide (VIII). A solution of 0.45 g (1.95 mmole) of VI in
45 ml of ethanol saturated at 0° with methylamine was heated in a sealed tube to 145° and maintained at
this temperature for 5 min. It was then cooled and vacuum evaporated to dryness. The residue was
crystallized from water acidified to pH 4. The yield was 0,26 g.

5(4)-(4-Semicarbozido)imidazole-4(5)-sulfonamide (IX). A 0.2-g (0.86 mmole) sample of VI was heated
in 5 ml of hydrazine hydrate on a boiling~water bath for 1.5 h, after which it was vacuum evaporated to dry-
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ness. The residue was dissolved in 3 ml of water, and the solution was acidified to pH 5 with concentrated
HC1 and cocled. The precipitate was removed by filtration and crystallized from water, The yield was 0.1 g.

5,5'(4,4')~Ureylenebis[imidazole-4(5) sulfonamide] (X). A 0.21-g (0.97 mmole) sample of VI was refluxed
in 10 ml of 80% dioxane or water for 10 min, after which the mixture was vacuum evaporated to dryness, and
the residue was crystallized from water. The yield was 0,11 g,

3,4~Dihydro-3-oxoimidazo[4, 5-e}-1,2,4~thiadiazine 1,1-Dioxide (XI). A 1-g (4.63 mmole) sample of VI
was added in portions to 10 ml of refluxing pyridine, and the mixture was allowed to stand for 5 min, It was
then cooled and treated with 10 ml of ethanol, and the resulting precipitate was removed by filtration and crys-
tallized from water acidified to pH 4. The yield was 0.7 g.
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1,4-DIAZABICYCLO[2.2.2]0OCTANES
II*., SYNTHESIS AND PROPERTIES OF 1,4-DIAZABICYCLO[2.2.2]
OCTANE-2~-CARBOXYLIC ACID BIS(METHYLBROMIDE)

L. B. Mrachkovskaya, K. F. Turchin, UDC 547.895'861,3.8,07: 542,944
and L. N. Yakhontov

1,4-Diazabicyclo[2.2.2]octane-2-carboxylic acid bis(methylbromide), which is readily converted
with splitting out of hydrogen bromide to the corresponding quaternary betaine, was synthesized.

1,4-Diazabicyclo[2.2.2]octane-2-carboxylic acid derivatives are of interest in connection with the phar-
macological activity of the corresponding deaza analogs — quinuclidine-2-carboxylic acid derivatives and pri-
marily diokhin (diethylaminoethyl quinuclidine-2-carboxylate dimethiodide)., Moreover, 1,4-diazabicyclo[2.2.2]-
octane-2~-carboxylic acid and its derivatives are unknown, and attempts to obtain them have been unsuccess-
ful: intramolecular fragmentation occurs during the synthesis through 4-(8,3 -diethoxycarbonylethyl)pipera-
zines [2, 3], 1,1,4,4-tetramethylpiperazinium bromide is formed in reactions of 1,4-dimethylpiperazine with
methyl a,8-dibromopropionate or @, ~dibromopropionitrile [4], and monothiooxalic acid bis(N-methylpiper~
azide) is obtained in the synthesis from 3-(N-methylpiperazinyl)propionic acid through its @-bromo derivative.

Our experiments on the condensation of piperazine with diethyl acetylenedicarboxylate also gave neg-
ative results. Instead of the bicyclic derivative we obtained a mixture of products, from which we isolated 1-(«,8-
diethoxycarbonylethylene)piperazine (I) and 1,4-bis{x,B5-diethoxycarbonylethylene)piperazine (I1).

*See [1} for communication II.
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