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Purines, Pyrimidines, and Imidazoles. Part 52.1 New Syntheses of Some 
1 -P-D-Arabinofuranosylaminoimidazoles and of Related Purine Nucleo- 
sides, including 9-p- D-Ara binof uranosyladenine 
By Kamaliah Kadir, Grahame Mackenzie, and Gordon Shaw,' School of Chemistry, University of Bradford, 

Bradford BD7 1 DP 

Ethyl 5-amino-l- ~-D-arabinofuranosylimidazole-4-carboxylate and the corresponding carboxamide have been 
prepared by reaction of ethyl 5-aminoimidazole-4-carboxylate or the carboxamide, respectively with 2,3,5-tri-O- 
benzyl-a-D-arabinofuranosyl chloride (but not the bromide or iodide) and deblocking. Reaction of the nucleoside 
ester with formamidine acetate gave 9-P-D-arabinofuranosylhypoxanthine. 5-Amino-4-cyano-1 -P-D-arabino- 
furanosylimidazole obtained by dehydration of the benzylated carboxamide or by direct glycosylation of 5-amino-4- 
cyanoimidazole and debenzylation of the product, when heated with triethyl orthoformate and ammonia, gave 
9-P-D-arabinofuranosyladenine. 2,3,5-Tri-O-benzylarabinofuranosyl chloride with sodium azide, followed by 
reduction of the glyosyl azide formed with platinic oxide, and condensation of the arabinosylamine produced with 
ethyl N- (carbamoylcyanomethyI)formimidate gave a mixture of 2,3,5-tri-O-benzyll -a- and -P-D-arabinofuranosyl- 
imidazole 4-carboxamides. Reduction of the azide with lithium aluminium hydride followed by debenzylation of 
the product gave, in addition to the two anomers, 5-amino-1 -D-arabinitylimidazole-4-carboxamide. 

ARABINOFURANOSYL-PURINES and -pyrimidines including 
especially the adenine (Ara-A) (1) and cytosine (Ara-C) 
derivatives have proven anti-tumour and anti-viral 
activity.2 We have been interested in preparing the 
corresponding 1 -p-D-arabinofuranosylimidazoles both as 
synthetic precursors of various types of arabinosyl- 
purines and as biochemical precursors of the purines in 
vivo and hence with potential activity. We have earlier 
recorded the synthesis of 5-amino-l-p-~-arabinofurano- 
sylimidazole-4-carboxylic acid 5'-phosphate (2), an 
analogue of the ribonucleotide CAIR (3) which is a 
central intermediate in purine nucleotide de novo 
biosynthesis, and also the inhibition of the enzyme AIR- 
carboxylase by this n~cleot ide.~ The activity of Ara-A 
is commonly considered to be due to its structural 
analogy to deoxyadenosine.2 However, the marked 
inhibitory activity of the arabinosylimidazoles in the 
pathway enzyme inhibition studies is unlikely to be due 
to their analogy to 2'-deoxyribosylimidazoles since the 
latter compounds are not involved in the pathway. 
Nevertheless, the arabinose derivative is markedly more 
active than any of the other analogues, including sugar 
variations, which have so far been examined. 

Unfortunately the arabinosyl nucleoside ester (4a), 
from which the nucleotide (2) was prepared, could only 
be obtained in low yield by reaction of the arabino- 
furanosylamine (5a), prepared by, in turn, reduction of 
the arabinofuranosyl azide (5b) with platinic oxide, with 
the formimidate (6a) and deblocking the benzoylated 
nucleoside (4b). The major product in this reaction was 
the a-anomer (7a). Moreover the total yield of imidazole 
nucleoside was diminished by O+N migration of the 
benzoyl group in the amine (5a) to form the N-benzoyl- 
3,5-di-O-benzoylarabinosylamine derivative, and addi- 
tionally, by O-alkyl fission during the exceptionally 
difficult removal of benzoyl groups in (4b) with methan- 
olic sodium methoxide. We have, accordingly, sought 
alternative routes to (4a) since we require relatively 
large amounts of both the nucleoside and nucleotide for 

further enzyme studies and for appropriate biological 
tests. 

In order to exclude the undesirable O+N migration we 
examined the use of alternative tri-o-benzylarabino- 
furanosyl derivatives. In preliminary experiments we 
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examined the preparation of the corresponding arabino- 
furanosylamine (8a) by reaction of the arabinosyl 
chloride (8b) with ammonia followed by reaction of the 
intermediate amine (8a) with the formimidate (6b). 
From the reaction mixture was isolated by chromato- 



graphy on silica gel, a mixture of nucleosides which 
could not be separated but whose mass spectra suggested 
that they were the a- and p-anomeric nucleosides (4c) 
and (7b) respectively. Similarly, reaction of the chloride 
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with sodium azide gave a product which was not 
crystallised but had properties [strong i.r. band at  
2 135 cm-1, mle 403 ( M  - NJ] consistent with the 
arabinosyl azide structure (8c). This was confirmed 
since after hydrogenation over platinic oxide and con- 
densation of the product, presumably (sa), with the 
formimidate (6b), the same mixture of a- and p-imidazole 
nucleosides (4c) and (7b) was obtained as in the previous 
experiment. In  both cases, however, apart from the 
difficulty in separating the anomers, the yields were low. 
As an alternative to the use of catalytic hydrogenation 
we have also examined the reduction of the azide (8c) 
with lithium aluminium hydride in dry ether. After 45 
min the azide band had disappeared (followed by i.r. 
spectroscopy), and the product was condensed with the 
imidate (6b). In this case three materials with positive 
Bratton-Marshall tests were observed on t.1.c. Of 
these, two corresponded to the mixture of anomers pro- 
duced in the earlier experiments. The third compound 
was readily separated, however, and obtained as a 
homogeneous gum (t.1.c.). It had a mass spectrum 
consistent with the arabinityl structure (9a) and this 
was confirmed by removal of the benzyl groups with 
palladium-hydrogen to give the arabinityl-imidazole (9b) 
which was obtained as a crystalline picrate. This is a 
novel route to such compounds and could possibly be 
extended. The failure of the above reactions to give 
reasonable yields of the desired (3-anomer (4a) in pure 
form prompted us to re-examine the synthesis of amino- 
imidazole nucleosides by direct condensation of a suitable 
imidazole with a glycosyl halide. 

Earlier attempts to prepare aminoimidazole nucleo- 
sides by direct condensation of a sugar derivative with an 
imidazole have proved very unrewarding. Various 
heavy-metal salts of the nitroimidazole ester (10a) with 
acylated glycosyl halides give mixtures of the 1- and 
(mainly) 3-glycosyl derivatives, the required 1-isomer 
being produced in very low yields.899 Similarly fusion of 
the nitro-imidazole (10a) with tetra-acetyl-a-D-ribo- 
furanose gave only the 3-isomer.lO In our hands several 
attempts to condense heavy-metal salts or silyl deriv- 
atives of several aminoimidazole derivatives with tri-0- 
benzoylribofuranosyl or arabinofuranosyl halides pro- 

duced only small amounts of condensation products, and 
similar results were obtained in a variety of fusion 
reactions. These results are in sharp contrast to those 
obtained with most purines and pyrimidines when good 
yields are frequently obtained by fusion reactions or by 
the use of silyl derivatives and acylated glycosyl halides. 
We now record a simple improved synthesis of the 
arabinosyl nucleosides (4a) and (4c). A preliminary 
account has been recorded.11 

Reaction of 2,3,5-tri-0-benzyl-a-~-arabinofuranosyl 
chloride 5 (8b) with the aminoimidazole ester 12 (lob) in 
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hot acetonitrile containing triethylamine was complete 
in less than 1 h and produced ethyl 5-amino-l-(2,3,5-tri- 
O-benzyl-p-~-arabinof uranosyl)imidazole-4-carboxylate 
(4d) which rapidly crystallised without chromatography 
in pure form (25-30%). The structure of the compound 
was confirmed by elemental analysis, mass and n.m.r. 
spectroscopy, and by its reaction with excess of formam- 
idine acetate in refluxing butanol-ethanol to produce 
the arabinosyl-hypoxanthine (1 la). The latter after 
palladium-catalysed hydrogenolysis of the benzyl groups 
gave 9-p-D-arabinofuranosylhypoxanthine (1 1 b) as a 
crystalline solid, identical with an authentic specimen.l3 
Hydrogenation of the imidazole nucleoside (4d) was 
similarly achieved with a palladium-barium sulphate 
catalyst to produce the aminoimidazole nucleoside (4a). 
The reaction permits the preparation of relatively large 
amounts of aminoimidazole arabinosides in the desired 
p-configuration without chromatography and, a t  the 
same time, offers an alternative route to purine p-D- 
arabinosides. The same compound (4d) was also 
produced by reaction in dichforomethane at room tem- 
perature over a longer period of time, or from a silyl 
derivative prepared from the aglycone (lob) and hexa- 
methyldisilazane and the arabinosyl chloride (8b) ; in 
each case, however, lower yields of product were obtained. 
In contrast to the ease of reaction of the arabinosyl 
chloride with the aglycone (lob), attempts to bring about 
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reaction of the corresponding arabinosyl bromide (8d) or 
iodide (8e) (produced like the chloride from 2,3,5-tri-O- 
benzylarabinofuranosyl e-nitrobenzoate with hydrogen 
halide) gave, even after long heating, only traces of 
nucleosides. It seems reasonable to assume that using 
the glycosyl chloride direct glycosylation under the 
conditions given largely, but not entirely, proceeds via an 
SN2 reaction involving displacement of the a-chlorine 
atom. In the case of the bromo- or iodo-derivatives an 
&1 mechanism presumably operates with dehydrohalo- 
genation as the major reaction. 

In order to test the generality of the reaction we have 
in preliminary experiments examined the condensation 
of the chloride (8b) with the amide aglycone (1Oc). A 
similar reaction occurred to produce the crystalline carb- 
oxamide (4c). The structure of this compound was 
confirmed by its identity with the compound produced 
by amination of the ester (4d) with aqueous alcoholic 
ammonia. In this last reaction it was found that 
alcoholic ammonia with the nucleoside (4d) at 120 "C 
over 2 days produced very little conversion into the 
amide as revealed by t.1.c. However, using the maxi- 
mum ratio of aqueous ammonia (d 0.88) to alcohol 
consistent with achieving dissolution of the benzylated 
nucleoside (1 : 1.5) at 120 "C over 4 days, a ca. 30% yield 
of the carboxamide (4e) resulted; some 20% of un- 
changed ester was recovered. The remainder of the 
imidazole could not be accounted for and it must pre- 
sumably have suffered degradation, probably to acyclic 
products. The possibility of an equilibrium reaction 
between the amide and the ester in this reaction can be 
excluded since, when the pure amide was heated with 
alcoholic ammonia under the same condition, no evidence 
for ester formation could be found. 

The cyano-aglycone (10d) is not readily accessible but 
a solution prepared from aminomalononitrile, triethyl 
orthoformate, and ammonia was found to react with (8b) 
to produce the arabinosyl nitrile derivative (4f). The 
structure of this compound was confirmed by its identity 
with the compound produced by dehydration of the 
carboxamide (4c) with phosphoryl chloride. In addi- 
tion, the nitrile (4f) was smoothly debenzylated in high 
yield by treatment with boron trichloride in dichloro- 
methane to produce the crystalline nucleoside (4g) which, 
when heated with triethyl orthoformate and ethanolic 
ammonia in a modification of an earlier adenine synthesis, 
produced a good yield of crystalline arabinofuranosyl- 
adenine (1), identical with an authentic specimen. 

EXPERIMENTAL 

Evaporations were carried out with a Buchi rotary 
evaporator, under a water-pump vacuum with a flask 
temperature < 40 "C unless otherwise stated. U.V. 
absorption spectra were measured with a Unicam SP 800 
spectrophotometer and i.r. spectra with a Perkin-Elmer 157 
spectrophotometer, lH n.m.r. spectra with a JEOL JNM- 
MH-100 spectrophotometer (6 in p.p.m. with SiMe, as 
internal standard), and mass spectra with an A.E.I. MS-903 
spectrometer. Silica gel (0.05-0.20 mm, 325-70 mesh 
Machery Nagel and Co.) was used for column chromato- 

graphy and silica gel 60 F 0.25 mm pre-coated aluminium 
254 plates (Merck) was used for t.1.c. with (A) CHC1,-MeOH 
(9 : l) ,  (R) toluene-ethyl acetate (4 : l), (C) n-butanol- 
acetic-acid-water (6 : 6 : I), and (D) CHC1,-MeOH (1 : 1) as 
development solvent systems. Imidazoles were detected 
on t.1.c. plates by U.V. absorbance or the Bratton-Marshall 
test. 

Ethyl 5-A mino- 1-( 2,3, 5-tri-O-benzyl-P-~-arab~nofuranosyl)- 
imidazole-4-carbo~yZate (4d) .-(a) A solution of 2,3,5-tri-O- 
benzyl-D-arabinose (30 g)  in dichloromethane (1 15 ml) was 
added to a solution of p-nitrobenzoyl chloride (14.5 g)  in 
dichloromethane (75 ml) and anhydrous pyridine (22.5 ml) . 
The mixture was set aside at  room temperature overnight 
and then washed successively with 2M-hydrochloric acid 
(3 x 50 ml), aqueous sodium hydrogencarbonate (3 x 50 
ml), and water (50 ml). The solution was dried (Na,SO,) 
and concentrated to give a waxy crystalline solid (44 g) of 
2,3,5-tr~-O-benzyl-l-O-p-n~trobenzoyl-~-arab~nose~ which 
was dissolved in dichloromethane (800 ml) pre-saturated 
with anhydrous hydrogen chloride at  0 "C. Anhydrous 
hydrogen chloride was then passed through the solution for 
10 min which was then set aside at  0 "C overnight. The 
precipitated p-nitrobenzoic acid (1 2 g)  was removed and the 
filtrate concentrated to a syrup which was kept at  1 mmHg/ 
30 "C for 2 h. A solution of the 2,3,5-tri-o-benzyl-a-~- 
arabinofuranosyl chloride thus prepared in dry acetonitrile 
(50 ml) was added to a solution of ethyl 5-aminoimidazole-4- 
carboxylate (11.1 g)  12 and triethylamine (7.2 g) in dry 
acetonitrile (200 ml). The solution was refluxed for 1 h, 
cooled, and evaporated to leave a gum. T.1.c. examination 
(system A) showed a major Bratton-Marshall active spot 
(RF 0.67) and some aglycone ( R F  0.32). Further t.1.c. 
examination (system B) revealed two Bratton-Marshall 
active spots (RF 0.25, 0.15) and some aglycone (RF 0.0). A 
solution of the foregoing gum in dichloromethane (200 ml) 
was washed with 2~-sodium hydroxide (3 x 20 ml) and 
water (20 ml) respectively. The organic phase was separ- 
ated, dried (Na,SO,), and evaporated to leave a gum which 
crystallised from a mixture of benzene (5 ml) and ether 
(50 ml) to give the arabinose nucleoside as needles (9.6 g) ,  
m.p. 98 "C (Found: C, 68.75; H, 6.7; N, 7.35%; M+, 
557. C32H36N30, requires C, 68.9; H, 6.35; N, 7.55%; 
M ,  557) ; lH n.m.r. [(CD,),SO] : 6 5.73 (H-1', J1,2, 5 Hz), 7.15 
(H-1, s), 5.40 (NH,, s), 1.37 (CH,, t ) ;  A,,,,. 268 nm (a 
10 800) in MeOH. 

(b) Two samples of the foregoing 2,3,5-tri-O-benzyl-l-O- 
9-nitrobenzoyl-D-arabinose (1 g) were separately treated 
with saturated solutions of anhydrous hydrogen bromide 
and hydrogen iodide, respectively, in dichloromethane 
(25 ml). After 2 h a t  0 "C, the precipitated nitrobenzoic 
acid (92 and 86% respectively) from each reaction was 
removed and each filtrate evaporated to a gum which was 
kept a t  1 mmHg/30 "C for 2 h. A solution of each of the 
foregoing gums in acetonitrile (5 ml) was added to a solution 
of ethyl 5-aminoimidazole-4-carboxylate (0.25 g) and tri- 
ethylamine (0.25 g) in acetonitrile (10 ml) and each mixture 
boiled under reflux. 

T.1.c. examination (system A) of the reaction involving 
hydrogen bromide showed the presence of a small amount 
of benzylated arabinose nucleoside (RF 0.67) after prolonged 
heating (5 h). However, t.1.c. examination (system A) of 
the reaction involving hydrogen iodide showed only a trace 
of nucleoside (RP 0.67) after 10 h. 

( G )  A suspension of ethyl 5-aminoimidazole-4-carboxylate14 
(5.5 g) in hexamethyldisilazane (12 g) was refluxed for 6 h. 



The imidazole gradually dissolved and a t  the end of the 
period a homogeneous solution was obtained which was 
evaporated to leave a thick oil. A solution of this and 
freshly prepared 2,3,5-tri-O-benzyl-o-~-arabinofuranosyl 
chloride (18 g) in dry acetonitrile (50 ml) was refluxed for 1 h. 
The mixture was cooled and evaporated to leave a gum, a 
solution of which in dichloromethane was washed success- 
ively with 2xl-sodium hydroxide and water. The organic 
phase was separated, dried (Na,SO,), and evaporated to 
dryness. The residue crystallised from benzene-ether as 
needles (4 g), m.p. 98 "C, identical (t.l.c., m.p., mixed m.p., 
and i.r.) to those obtained in (a) .  

(d) A mixture of ethyl 5-aminoimidazole-4-carboxylate 
(1.55 g) and 2,3,5-tri-O-benzyl-a-~-arabinofuranosyl chloride 
(5 g) was heated in an oil-bath at  110 "C for 1 min. T.1.c. 
examination (system A) showed the appearance of a strong 
Bratton-Marshall active spot (RF 0.67), much aglycone 
(RF 0.32), and a U.V. absorbing spot (RF 0.80) which cor- 
responded to the arabinosyl chloride. The fusion mixture 
was cooled, dissolved in dichloromethane, and the solution 
washed successively with 2hl-sodium hydroxide and water. 
The organic phase was separated, dried (Na,SO,), and 
evaporated to dryness. The residue in chloroform (2 ml) 
was applied to a silica-gel column (2.5 x 60 cm) equilibrated 
with ethanol-chloroform (1 : 100). The product (RF 0.67) 
was eluted with ethanol-chloroform (2 : 100) and evaporated 
to leave a gum, which crystallised from benzene-ether as 
needles (0.4 g), m.p. 98 "C, identical (t.l.c., m.p., mixed m.p., 
and i.r.) to those prepared in (a) and (G). 

5-A mino- l- P-warabino furanosylim~dazole-4-carb- 
oxylate (4a) .-Palladium (10%) on barium sulpliate (7.5 g) 
and a solution of ethyl 5-amino-1-(2,3,5-tri-O-benzyl-P-~- 
arabinofuranosyl)imidazole-4-carboxylate (5  g) in ethanol- 
acetic acid-water (8:  1 : 1) (250 ml) were shaken under 
hydrogen for 30 h. The catalyst was filtered off and 
washed with methanol. The filtrate and washings were 
combined and evaporated to dryness. The hydrated 
arabinose nucleoside crystallised from water as needles 
(2.3 g), m.p. 101 "C (Found: C, 42.4; H,  6.2; N, 13.0%; 
M f ,  287. CllHl,N30,,1.5H,0 requires C, 42.05; H, 6.35; 
N, 13.35%; M ,  287). The lH n.m.r. spectrum in (CD,),SO 
had signals a t  6 5.80 (H-1', J l * , , ~  5 Hz), 7.30 (H-1, s), 5.99 
(NH,, s), and 1.24 (CH,, t). It had A,,,. 269 nm (f 11 100) 
in water. 

9- P-D-A rabinofuranosylhypoxanthine (1 lb) .-To a reflux- 
ing solution of ethyl 5-amino- 1-(2,3,5-tri-O-benzyl-P-~- 
arabinofuranosyl)imidazole-4-carboxylate (0.2 g) in butanol 
(20 ml) and ethanol (5  ml) were added 50-111g portions of 
formamidine acetate a t  15-inin intervals; the reaction was 
followed by t.1.c. A total of 1.2 g of formamidine acetate 
was required to remove the starting material. The solution 
was cooled and evaporated to leave a gum, which was freed 
from traces of butanol by repeated evaporation with water. 
A solution of the residue in chloroform (1 ml) was applied to 
a silica-gel column (2 x 60 cm) equilibrated with ethanol- 
chloroform (1 : 100). The product was eluted with ethanol- 
chloroform (5  : 100) and evaporated to give a foam (0.19 g), 
M f ,  538 (C,,H,,N,O, requires M ,  538). Palladium (10%) 
on barium sulphate (0.25 g) was added to a solution of the 
foregoing material in methanol-acetic acid-water (8 : 1 : 1) 
(20 ml) and the mixture was shaken under hydrogen for ca. 
30 h. The catalyst was filtered off and washed with 
methanol. The filtrate and washings were combined and 
evaporated to dryness. The residue crystallised from water 
as needles (20 mg; 20%) identical (m.p., mixed m.p., and 
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h-.) with an authentic sample of 9-P-D-arabinofuranosyl- 
hypoxanthine, m.p. 239-241 "C. 

5-Amino-l- (2,3,5-tri-O-benzyZ-a- and -P-D-arabznofurano- 
syl)imidazole-4-carboxamide (4c) and (7b) .-(a) A solution of 
2,3,5-tri-O-benzyl-~-arabinofuranosyl chloride (2.2 g) in 
methanol (50 ml) pre-saturated with ammonia was set aside 
for 18 h. The precipitated ammonium chloride (2.3 g) was 
removed and the filtrate evaporated to leave a gum which 
was re-evaporated with methanol (2 x 10 ml) and then kept 
a t  1 mmHg/30 "C for 45 min. A solution of the residue 
N-(carbamoylcyanomethy1)formimidate (1.5 g) and tri- 
ethylamine (0.1 g) in acetonitrile (40 ml) was set aside a t  
room temperature overnight. T.1.c. examination (system 
A) showed the presence of two Bratton-Marshall active 
spots (RF 0.46 and 0.48), much aglycone (RF 0.32), and a 
u.v.-absorbing spot (Rp 0.78) which corresponded to the 
arabinosyl chloride. The reaction mixture was evaporated 
to a gum which was dissolved in chloroform and the solution 
washed successively with 2xl-sodium hydroxide and water. 
The organic layer was dried (Na,SO,) and evaporated to 
dryness. The residue in chloroform (2 ml) was applied to a 
silica-gel column (2.5 x 70 mm) equilibrated with ethanol- 
chloroform (1 : 100). Elution with ethanol-chloroform 
(1 : 100) failed to achieve satisfactory separation of products 
(RF 0.46 and 0.48). Evaporation of the fractions containing 
the foregoing products gave the a- and P-arabinose nucleo- 
sides as a hard gum (0.4 g), the mass spectrum of which 
showed a molecular ion (M+, 528; C3,H3,N,0, requires M ,  
528) and an aglycone peak (m/e 155) A,,,, (MeOH) 268 nm. 

(b)  A solution of 2,3,5-tri-O-benzyl-~-arabinofuranosyl 
chloride (2.2 g) and dry finely powdered sodium azide (5  g) 
in dry acetonitrile (50 nil) was refluxed for 1.75 h. The 
resulting mixture was filtered whilst hot and the solid 
washed with hot acetonitrile (3 x 10 ml). The combined 
filtrates were evaporated to give a syrup (2.3 g) which 
showed a strong band at  2 135 cm-' (N3) in the i.r. spectrum 
and, in the mass spectrum, m/e of 403 ( M  - N3). The 
2,3,5-tri-O-benzyl-~-arabinosylazide thus prepared in ethyl 
acetate (100 ml) was added to a suspension of pre-reduced 
Adam's platinum catalyst (0.25 g) in ethyl acetate (25 ml). 
The mixture was shaken under hydrogen for 1 h. The 
catalyst was filtered off and a solution of N-(carbamoyl- 
cyanomethy1)formimidate (1.5 g) and triethylamine (0.1 g) 
in ethyl acetate (40 ml) was added. The reaction mixture 
was set aside at  room temperature overnight. T.1.c. examin- 
ation (system A) showed the presence of two Bratton- 
Marshall active spots (RF 0.46 and 0.48) and much aglycone 
(RF 0.32). The solvent was evaporated and a solution of the 
residue in dichloromethane was washed with 2~-sodium 
hydroxide and water. The organic phase was separated, 
dried, and evaporated to dryness. A solution of the residue 
in chloroform (2 ml) was applied to a silica-gel column 
(2.5 x 80 cm) equilibrated with ethanol-chloroform (1 : 
100). Elution with ethanol-chloroform failed to achieve 
satisfactory separation of products and no crystalline 
material was recovered from the evaporated fractions. The 
fractions corresponding to the products (RF 0.46 and 0.48) 
were evaporated to give a hard gum of the ct- and P-arabinose 
nucleosides which was identical (t.1.c. and mass spectrum) to 
that obtained in (a). 

E-Amino- l-~-cwabinitylimidazole-4-carboxamide (9b) .-A 
suspension of lithium aluminium hydride (0.75 g) in a solu- 
tion of 2,3,5-tri-O-benzyl-~-arabinofuranosylazide ( 1.5 g) in 
dry ether (25 ml) was shaken a t  room temperature. The 
reaction was followed by i.r. spectroscopy [ie. disappearance 



of v,,,. 2 135 cm-l (N3)] of the reaction mixture a t  15-min 
intervals; i t  was complete in 45 min. Water (10 ml) was 
added to the mixture and the organic phase was separated, 
dried (Na,SO,), and added to  a solution of N-(carbamoyl- 
cyanornethy1)formimidate (1 g) and triethylamine (75 mg) 
in ethyl acetate (50 ml). The mixture was set aside at room 
temperature overnight. T.1.c. examination (system A) 
showed the presence of three Bratton-Marshall active spots 
(RF 0.46, 0.48, and 0.38) and some aglycone (RF 0.32). The 
solvent was evaporated and a solution of the residue in 
dichloromethane washed with 2~-sodium hydroxide and 
water. The organic phase was separated, dried, and 
evaporated. The residue in chloroform (2 ml) was applied 
to a silica-gel column (2.5 x 80 cm) equilibrated with 
ethanol-chloroform (1 : 100). The products (RF 0.46 and 
0.48) were eluted with ethanol-chloroform (1 : 100) but no 
separation was achieved. The fractions were evaporated 
to leave a hard gum (0.125 g) which was identical (t.1.c. and 
mass spectrum M+, 528) to that obtained in the foregoing 
synthesis of the 5-amino-1-(2,3,5-tri-O-benzyl-a- and - P - m  
arabinofuranosyl) imidazole-4-carboxamides . The product 
(RF 0.38) was eluted with ethanol-chloroform ( 5  : 100) and 
obtained as a hard gum (0.325 g) (homogeneous on t.1.c. in 
systems A and R) of 5-amino-1-(2,3,5-0-benzyl-~-arabi- 
nityl)imidazole-4-carboxamide which showed &If 530 
(C3,H3,N40, requires: M ,  530) and an aglycone peak (m/e 
155) in the mass spectrum; i t  had A,,,,. 267 nm (MeOH). 
A suspension of palladium (10% on barium sulphate) in a 
solution of the foregoing compound in methanol-acetic 
acid-water (8 : 1 : 1) was shaken under hydrogen for 40 h. 
T.1.c. examination (system C) showed one Batton-Marshall 
active spot (RF 0.42). The catalyst was filtered off and the 
filtrate evaporated to dryness ; the residue was re-evapor- 
ated with water (3 x 5 ml). An excess of saturated 
methanolic picric acid was added to a solution of the fore- 
going residue in methanol (2 ml). The crystalline pre- 
cipitate, which rapidly separated, was collected and re- 
crystallised from methanol to give the hydrated arabinityl 
imidazole picrate as yellow needles (14 mg), m.p. 210 "C 
(decornp.) (Found: C, 33.7; H,  4.75; N, 18.0%; m/e, 260. 
C1,H1,N,01,*2.5H,0 requires C, 33.7; H,  4.5; N, 18.35% ; 
M - C,H,N,O, 260. A solution of the free base in water 
was liberated from the picrate using Dowex AG1 x 2 
resin OH- form; it had A,,,,. 267 nm (c 9 500). 

imidazole-4-carboxamide (4c) .-(a) Ethyl 5-amino-1-(2,3,5- 
tri-O-benzyl- P-D-arabinofuranosyl) imidazole-4-carboxylate 
(9  g) was dissolved in saturated ethanolic ammonia (90 ml) 
and aqueous ammonia solution (d 0.88; 135 ml). The 
reaction mixture was heated a t  120 "C for 4 days. Evapor- 
ation of the solution afforded a gum which was dissolved in 
methanol (5 ml) and applied t o  a silica-gel column (3 x 50 
cm) and the products eluted by chloroform-methanol 
(98: 2). The cuvboxamide (3.3 g, 39%) crystallised from 
toluene as needles, m.p. 101 "C (Found: C, 67.9; H,  5.8; N, 
10.5%; M f ,  528. C,,H,,N,O, requires C, 68.15; H, 6.10; 
N, 10.6%; M ,  528), A,,,. (MeOH) 266 nm (E 12 400); 6 
(CDCl,) 5.72 (H-l', J 1 t 2 ~  4 Hz), 5.33 (NH,), and 7.20 (C,H,). 
Unchanged imidazole ester (2 g) was recovered and crystal- 
lised from benzene-ether as needles, m.p. 98 "C. 

Use of alcoholic ammonia in the above experiment a t  120 
"C over 2 days resulted in very little amide formation. 

(b) A mixture of 2,3,5-tri-O-benzyl-~-~-arabinofuranosyl 
chloride (12 g) , 4(5)-amino-5(4)-imidazolecarboxamide 
hydrochloride (4.5 g), and triethylamine (5.5 g) in aceto- 

5-Amino- 1- (2,3 , 5-tri-O-benzyE-P-~-arabino furanosyl) - 
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nitrile (150 ml) was refluxed for 1.25 h. T.1.c. examination 
in system A showed a U.V. and Bratton-Marshall active spot 
(RE. 0.61). The cooled solution was evaporated and the 
residue in dichloromethane (100 ml) was washed with ZM- 
sodium hydroxide solution (2 x 40 ml). The dried 
(Na,SO,) organic layer was filtered and evaporated to dry- 
ness. The residue in chloroform (5 ml) was applied to a 
silica-gel column (2 x 60 cm). The product was eluted by 
chloroform-methanol (98 : 2) to give a hard gum, homo- 
geneous on t.1.c. Crystallisation from toluene afforded the 
arabinofuranosylimidazoleamide as needles (3.5 g) , m.p. 
10 1 "C. The product was identical (t.l.c., m .p., mixed m.p., 
and i.r.) with the product prepared under (a). 

5-A mino-4-cyano- 1 - (2,3,5-tri-O-benzyl-P-~-arabino furano- 
syl)inziduzole (4f) .-(u) A solution of 5-amin0-1-(2,3,5-tri-O- 
benzyl-~-~-arabinofuranosyl)imidazole-4-carboxamide (3 g) 
in chloroform (200 ml) containing triethylamine (2.87 g) and 
phosphoryl chloride (1.74 g) was refluxed for 2 h. T.1.c. 
examination (system A) showed a single spot (RF 0.70) and 
absence of starting material. The cooled solution was 
poured into ice-sodium hydrogencarbonate solution and the 
organic phase dried (Na,SO,) and evaporated to a gum. A 
solution of this in chloroform (2 ml) was applied to a silica- 
gel column (2 x 30 cm). The product was eluted with 
chloroform-methanol (97 : 3). The cyanoirniduzole arab- 
inoside hemihydrate ( 1.8 g) crystallised from benzene 
as needles, m.p. 97-99 "C (Found: C, 69.5; H, 5.9; N, 
10.5y0 ; M f ,  510. C,,H3,N,04*0.5H,0 requires C, 69.35; 
H, 5.05; N, 10.7%; M ,  510), A,,, (MeOH) 254 nm (E 

11 800); VCN 2 230 cm-l. 
(b) Dry ammonia was passed through a suspension of 

aminomalononitrile toluene-p-sulphonate l5 (3 g) in dry 
acetonitrile (100 ml) with stirring and cooling for 20 min. 
Precipitated ammonium toluene-p-sulphonate was removed 
and the filtrate evaporated to ca. 50 ml; triethyl ortho- 
formate (1.8 g) was then added to i t  and the solution 
refluxed for 10 min. The cooled solution was treated with a 
saturated solution of ammonia in dry acetonitrile (25 ml) 
and then set aside at room temperature for 5 h. Excess of 
ammonia was removed in vacuo. To the cyano-imidazole 
solution was added 2,3,4-tri-O-benzyl-a-~-arabinofuranosyl 
chloride (4.9 g) in acetonitrile (10 ml) and triethylamine 
(1.5 g) and the reaction mixture was refluxed for 2 h. 
T.1.c. examination in system A showed the presence of a 
spot (RF 0.70). The cooled solution was evaporated to 
dryness. The residue in dichloromethane (50 ml) was 
washed with 2M-sodium hydroxide (2 x 20 ml). The dried 
(Na,SO,) organic layer was filtered and evaporated to dry- 
ness and a solution of the residue in chloroform (1 ml) 
applied to a silica-gel column (1 x 25 cm). The tri-0- 
benzylarabinofuranosylimidazole carbonitrile was eluted by 
chloroform-methanol (97 : 3). The compound (0.6 g) was 
identical (t.1.c. in systems A and C) with material prepared 
under (a). 

5-Amino-4-cyano- l-P-~-arabinofuranosylimidazole (4g) .- 
To a solution of 5-amino-4-cyano- I -( 2,3,5-tri-o-benzy1-13-~- 
arabinofuranosy1)imidazole (0.8 g) in dry distilled dichloro- 
methane (8 ml), maintained a t  0 OC, was added a dichloro- 
methane solution of boron trichloride (3.2 ml; 25 g per 100 
ml) . The solution was allowed to come to room temperature. 
A solid precipitate was observed after ca. 5 min. T.1.c. 
examination of the solid in system D showed a major spot 
(RF 0.59). After 2 h, the solid was collected, washed with 
dry dichloromethane (2 x 5 ml) and then dissolved in 
ethanol (5 ml) ; the solution was evaporated to  dryness. A 
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solution of the residue in ethanol (0.5 m1) was applied to a 
silica gel column (1 x 27 cm) . The product was eluted with 
chloroform-methanol (80 : 20). The cyano-imidazole 
nucleoside (0.2 g) crystallised from ethanol as needles, m.p. 
151-152 "C (Found: C, 45.1; H, 5.0; N, 23.10,/,; M+, 240. 
C,H,,N40, requires C, 45.0; H, 5.05; N, 23.3%; M ,  240), 
Amx. (MeOH) 250 nm ( E  11 040) ; VCN 2 230 cm-l; 6 (Me,SO) 
5.77  (H-1', Jl12t 4 Hz), 6.08 (NH,, s), and 7.34 (H-1, s). 
9-p-D-Arabinofuranosyladenine (1)  .-A mixture of 5- 

amino-4-cyano- l-~-~-arabinofuranosylimidazole (0.05 g), 
ethanol (3 ml) saturated with ammonia, and triethyl 
orthoformate (0.031 g) was heated a t  150 "C for 6 h. T.1.c. 
examination (system D) showed a single spot a t  RF 0.49 and 
absence of starting material. On cooling, a dark amor- 
phous solid precipitated, which was removed. The filtrate 
was evaporated to leave a solid residue which was dissolved 
in hot water (30 ml) and the solution treated with decolouris- 
ing charcoal. The clarified filtrate was evaporated to a 
small volume which gave crystals when cooled. The 
arabinofuranosyladenine (0.038 g, 68%) had m.p. 254-257 
"C and was identical (t.l.c., mixed m.p., ix.) with an authen- 
tic specimen. 
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