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Studies on the Synthesis of 2-Bromomethylimidazole Nucleosides 
Related to  AKA-riboside [5-Amino-I - (  p-D-ribofuranosy1)imidazole- 
4-carboxamide] t 
M. Teresa Garcia-Ldpez," Rosario Herranz, and J. lgnacio Andres 
lnstituto de Quimica Medica, Juan de la Cierva 3, Madrid 6, Spain 

The synthesis of 2-methyl- and 2- bromomethyl-imidazole nucleoside derivatives, related to AICA- 
ri boside, is described. Ethyl N- (2,3,4,6-tetra - 0-acetyl- 0- o-glucopyranosyl) acetimidate and ethyl N- 
(2,3- O-isopropylidene- p-  o-r i  bofuranosyl) acetimidate, obtained from 2,3,4,6-tetra- O-acetyl- p- o-gluco- 
pyra nosy la m i ne and 2,3 - 0 - isopro pyl idene - D - ri bof u ra nosy lam i ne respectively, reacted with et h y I a- 
amino- a-cyanoacetate and u-amino- a-cyanoacetamide to give ethyl 5-amino-1 - (2,3,4,6-tetra-O- 
acetyl- P- D-glucopyranosyl) - and ethyl 5-amino-I - (2,3-O-isopropylidene- p-D-ribofuranosyl) -2-methyl- 
imidazole-4-carboxylate (3) and (5) and 5-amino-1 -(2,3,4,6-tetra-~-acety~-~-~-glucopyranosy~)- and 
5-amino-I - (2,3-O-isopropylidene- p-  D-ribofuranosyl) -2-methylimidazole-4-carboxamide (4) and (6), 
respectively. Treatment of 5-amino-2-methylimidazole glucosides (3) and (4) with Ac20 and H,PO, as 
catalyst followed by reaction with N-bromosuccimide (N BS) gave 5- (N,N-diacetylamino) -1 - (2,3,4,6- 
tetra- 0-acetyl-p-D-glucopyranosyl) -2- bromomethylimidazole-4-carboxylate and the N-acetyl4-carboxa- 
mide analogue, (1 8) and (1 7) respectively. Deisopropylidenation of the 5-amino-2-methylimidazole 
ribosides (5) and (6) followed by acetylation with Ac20 in the presence of 4-dimethylaminopyridine gave 
5- (N,N-diacetylamino) -1 - (2,3,5-tri-O-acetyl- p-D-ribofuranosyl) -2-methylimidazole-4-carboxylate and 
-4-carboxamide (1 2) and (1 0). Treatment of (1 2) with N BS afforded ethyl 5- (N,N-diacetylamino) - 
1 - (2,3,5-tri- 0-acetyl- 8- D-ribofuranosyl) -2- bromomethylimidazole-4-carboxylate (I  6). Structural 
assignments were made on the basis of H n.m.r. spectra. 

In earlier parts of this series we have reported the synthesis, 
cytostatic activity, and mode of action of a variety of nucleo- 
sides of halogenomethylpentaheterocycles as a new type of 
alkylating agent.'-4 The design of these nucleosides as potential 
antineoplastic drugs was based on the use of the alkylating 
benzylic-type halogenomethyl group as the active moiety of 
such compounds. Efforts to increase the specificity of the bio- 
logical action of the alkylating agents led various authors to 
attempt the preparation of compounds in which the alkylating 
group is attached to carrying-structures normally involved in 
cell growth.' 

Some of the alkylating derivatives related to naturally 
occurring nucleosides have been reported to show anticancer 
activity ; 6*7 5-amino-l-(~-~-ribofuranosyl)imidazole-4-carb- 
oxamide-5'-phosphate is a biosynthetic precursor of purine 
nucleotides,* and 4-(3,3-dimethyl-l-triazeno)-l-(~-~-ribo- 
furanosyl)imidazole-5-carboxamide is an alkylating nucleo- 
side which shows antileukaemic activity.' These facts led us to 
investigate the synthesis of nucleosides in which the chemically 
alkylating bromomethyl group is attached to carriers related 
to 5-amino-l-(~-~-ribofuranosyl)imidazole-4-carboxamide 
( AICA-ri boside). 

The preparation of certain bromomethylpyrazole and 4- and 
5-bromomethylimidazole nucleosides by reaction of the 
corresponding met hy 1 substituted nucleosides with N- bromo- 
succinimide (NBS), has been reported.lO*" We have now 
attempted to extend this procedure to the preparation of 
nucleosides of 5-amino-2-bromomethylimidazole-4-carb- 
oxylate and 5-amino-2-bromomethylimidazole-4-carb- 
oxamide. The precursors, 2-methyl substituted nucleosides, 
namely 5-amino-1 -(2,3,4,6-tetra-@acetyl-p-~-gluco- 
pyranosyl)-2-methylimidazole-4-carboxylate and -4-carbox- 
amide (3) and (4), and 5-amino-1-(2,3-0-isopropylidene-p-~- 
ribofuranosyl)-2-methylimidazole-4-carboxylate and -4-carb- 
oxamide ( 5 )  and (6),  were prepared by reaction of the hitherto 

t Part 11 in the series ' Alkylating Nucleosides.' Part 10, M. J. 
Camarasa aud F. G .  de las Heras, An. Quim. (C) in the press. 

unknown et h y 1 N-(2,3,4,6- te tra-0-ace tyl-S-~-glucopyranosyl)- 
acetimidate (1) and ethyl N-(2,3-O-isopropylidene-p-~- 
ribofuranosy1)acetimidate (2) with ethyl a-amino-a-cyano- 
acetate l 2  or a-amino-a-~yanoacetamide,'~ following the Shaw 
method for the synthesis of 5-amino-1-glycosylimidazoles from 
glycosylamines via N-glycosyiimidates l 4 v 1 '  (Scheme 1). It is 
interesting to note that the previously described condensation 
of 2,3-O-isopropylidene-~-ribofuranosylamine toluene-p- 
sulphonate with ethyl formimidate hydrochloride gave a 
mixture of a- and P-ribosylformimidates which reacted with 
a-amino-r-cyanoacetate to provide an anomeric mixture of 
5-aminoimidazole ribosides.14* *' An identical mixture of 
aminoirnidazole a- and 0-ribosides was also obtained by 
reaction of the same ribofuranosylamine with ethyl N- 
[alkoxy-carbonyl or -carbamoyl(cyano)methyl]formimid- 
 ate^.'^*'' In our case, reaction of ethyl acetimidate hydro- 
chloride with 2,3,4,6-tetra-O-acety~-~-~-g~ucopyranosy~- 
amine l6 and with 2,3-O-isopropylidene-~-ribofuranosyl- 
amine toluene-p-sulphonate gave, in each case, the corres- 
ponding P-glycosylacetimidates ( I )  and (2)  as the only reaction 
products. The structure assigned to the p-glucosylacetimidate 
(1)  was established by elemental analysis and IH n.m.r. 
spectroscopy. Although an analytically pure sample of the p- 
ribofuranosylacetimidate (2) could not be obtained, since it 
decomposed during chromatography, evidence for its structure 
came from its 'H n.m.r. spectrum which showed the presence 
of a single anomeric form and from its subsequent reaction 
with a-amino-a-cyanoacetate and with a-amino-a-cyano- 
acetamide to give, in each case, a single 5-amino-1-ribofuran- 
osyl-2-methylimidazole ( 5 )  and (6) respectively. Assignment 
of the P-anomeric configuration to the N-ribofuranosylace- 
timidate (2) was made by applying Imbach's criterion l7 to the 
5-aminoimidazole ribosides ( 5 )  and (6), obtained from (2). 
Thus, the 'H n.m.r. spectra of ( 5 )  and (6)  showed a difference 
in the 6 values of the isopropylidene methyl signals of 0.21 
and 0.23 p.p.m. respectively, consistent only with a p con- 
figuration (Table 1). 

2,3-O-Isopropylidene protected P-ribosides ( 5 )  and (6) were 



2304 J. CHEM. SOC. PERKIN TRANS. I 1983 

Table 1. 'H N.m.r. data of 5-amino-2-methylimidazole nucleoside derivatives recorded at 90 MHz. Chemical shifts ( 6 )  and coupling constant 
(Hi9 

Solvent 
CDCI3-DZ0 
CDCI3-DzO 
MezSO-DzO 
Me2SO-D20 
Me,SO-D,O 
Me,SO-D20 
CDCI3 

1'-H J1*,2* 

5.68 9 
5.66 9 
5.68 3 
5.63 4 
5.80 7 
5.65 7 

5.30-5.76 
a As picrate. * As hydrochloride. Multiplet including 1'-, 2'-, and 3'-H. 

Me Others 
2.34 
2.32 
2.33 1.31, 1.52 (CMe2) 
2.23 1.30, 1.53 (CMe,) 
2.56 
2.56 
2.36 5.36 (NH,) 

( 1 )  

I 

( 2 )  

AcO 
OAc 

( 4) 

Et4CLN,) Me 
NH N L 

" O N  O x 0  

HO OH 

( 7 )  

HO OH 

Scheme 1. 

transformed into 2,3,5-tri-O-acetyl-P-ribosides, since it had 
been previously demonstrated that one of the most important 
aspects in conditioning the cytostatic activity of alkylating N- 
glycosylhalogenomethylpentaheterocycles is the protecting 
group of the sugar hydroxy groups, the acetyl group being the 
most suitable of those investigated.' 5-Amino-(2,3,5-tri-0- 
acetyl-~-~-ribofuranosyl)-2-methylimidazole derivatives could 
not be directly prepared from 2,3,5-tri-O-acetyl-P-~-ribo- 
furanosylamine, since our attempts to obtain this starting 
material by catalytic hydrogenation of 2,3,5-tri-O-acetyl-P-~- 
ribofuranosylazide yielded mixtures of unstable com- 
pounds. This was not unexpected since the relative instability 
of the acyl derivatives of P-D-ribofuranosylamine had been 
previously reported." Removal of the isopropylidene pro- 
tecting group in the ribosides ( 5 )  and (6)  with ethanolic HC1 

AcO OAc AcO bhc 
( 1 2 )  (16 )  

AcO OAc AcO OAc 

Scheme 2. Reagenfs: i, Ac20-DMAP; i i ,  NBS, hv;  iii, 1 month, 
room temp. 

afforded ethyl 5-amino- 1 -(P-~-ri bofuranosyl)-2-methyl- 
imidazole-4-carboxylate (7) and 5-amino-l-(P-~-ribofuran- 
osyl)-2-methylimidazole-4-carboxamide [2-methyl AICA- 
riboside (8)] as hydrochlorides. When (7) and (8) were treated 
with acetic anhydride and pyridine at 10 O C , I 9  the formation of 
the various reaction products was detected by analytical t.1.c. 
Better results were found on treatment of (7) and (8) with an 
excess of acetic anhydride containing 4-dimethylamino- 
pyridine at room temperature (Scheme 2). In the case of the 4- 
carboxylate substituted riboside (7), the tri-0-acetyl derivative, 
namely ethyl 5-amino-1-(2,3,5-tri-~-acety~-~-~-ribofuranosy~)- 
2-methyIimidazole-4-carboxylate (9) was formed in almost 
quantitative yield within 5 h. However, in a similar experiment 
with the 4-carboxamide substituted riboside (8), no reaction 
was observed in this time and 6 days were required for its 
complete transformation. After this time, 5-(N,N-diacetyl- 
amino)- 1 -(2,3,5- tri-O-acetyl-P-~-ribofuranosyl)-2-methyl- 
imidazole-4-carboxamide (10) was isolated in 48% yield along 
with a minor amount (28%) of 5-acetamido-l-(2,3,5-tri-O- 
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Table 2. 'H N.m.r. data of amino-protxted 2-methyl- and 2-bromomethyl-imidazole nucleoside derivatives recorded at 90 MHz. Chemical 
shifts (6) and coupling constants (Hz) 

Me or 
Compd. Solvent 1 '-H J1'.2' CHzBr NAc Exchangeable protons 

Me2S0 
Me2S0 

Me,SO 
CDCI3 

CDCI, 
CDCI, 
CDC13 
CDC13 

CDClj 
CDCl3 
CDCI, 

Me2S0 

5.76 5.0 
5.13-5.66 a 

5.50-5.70 
5.84 5.5 
5.45 2.0 

4.96-5.73 
4.90-5.66 
4.90-5.66 

6.04 4.5 
5.75 6.0 

5.57 9.0 
5.03-5.43 

2.46 
b 

2.45 
b 

2.60 
2.66 
2.63 
2.67 
4.27 
4.66 
4.60 
4.67 

2.26, 2.13 7.40, 7.20 (CONHI) 
2.40 9.60 (5-NH), 7.06 (CONHI) 
2.14 8.71 (5-NH), 6.92, 5.90 (CONHI) 
2.32, 2.18 
2.36, 2.30 
2.50, 2.13 6.96, 6.00 (CONHI) 
2.46, 2.43, 2.08 9.37 (CCONH) 
2.42, 2.11 
2.32, 2.16 
2.46, 2.18 

2.45, 2.20 
2.46, 2.34, 2.26 9.33 (4-CONH) 

Multiplet including 1'-, 2'-, and 3'-H. Signal including Me and Me2S0. Multiplet including 1'- and 2'-H. * Multiplet including 1'-, 
2'-, 3'-, and 4'-H. 

acetyl-P-D-ri bofuranosyl)-Zmet hylimidazole-4-carboxamide 
(11); this was probably formed by partial N-deacetylation of 
(lo), since when pure (10) was allowed to stand at room 
temperature for 1 month, conversion into the 5-monoacetyl 
derivative (11) in 72% yield took place. A similar prolonged 
acetylation (8 days) of the deblocked 4-carboxylate substituted 
riboside (7) also led to  diacetylation of the 5-amino group to 
provide ethyl 5-(N,N-diacetylamino)-l-(2,3,5-tri-O-acetyl-P-~- 
ribofuranosyl)-2-methylimidazole-4-carboxylate (1 2) in 74% 
yield. The structures of the acetylated ribosides (9), (lo), ( l l ) ,  
and (12) were assigned on the basis of their elemental analyses 
and 'H n.m.r. spectra (Tables 1 and 2). Thus, the 'H n.m.r. 
spectra of (10) and (12) showed, besides the signals corres- 
ponding t o  the three 0-acetyl groups, two singlets at 6 2.26 
and 2.13, and 6 2.32 and 2.18, corresponding to  two N-acetyl 
groups (Table 2). These two singlets were not present in 
compound (9), but there were two exchangeable amino 
protons at 6 5.36 (Table 1). In  the case of the 5-monoacetyl- 
amino riboside (1 l), the 'H n.m.r. spectrum in CDCIJ showed 
three NH protons at 6 8.71, 6.92, and 5.90, respectively, and, 
in the acetyl region, four signals corresponding to three 0- 
acetyl and one N-acetyl groups (Table 2). 

When bromination of the poly-0-acetylated nucleosides 
(3), (4), (9), and (10) with NBS, under irradiation, was 
attempted, complex mixtures of compounds which decom- 
posed on t.1.c. were obtained. This was not very surprising, 
especially in the case of the unprotected 5-amino derivatives 
(3), (4), and (9), since alkylating nucleosides of halogeno- 
methyl substituted five-membered ring heterocycles bearing 
free OH or  N H  groups had been previously observed 
to  be highly  unstable,'^^ probably owing to  the reaction 
of these nucleophilic functions with the CH2X group. 
These results led us to protect, as much as possible, the NH 
groups of (3), (4), and (10) (Schemes 2 and 3) and to use the 
N-diacetylamino riboside (12), instead of (9), in the next 
bromination experiment. Acetylation of the 4-carboxamide 
substituted glucoside (4) with acetic anhydride in the presence 
of 4-dimethylaminopyridine for 8 days led to diacetylation of 
the 5-amino group providing 5-(N,N-diacetylamino)-l- 
(2,3,4,6-tetra-0-acetyl-~-~-glucopyranosy~)-2-methy~- 
imidazole-4-carboxamide (13) in 60% yield. Since the reaction 
of the 4-carboxamide substituted riboside (10) with NBS did 
not lead to the desired 2-bromomethyl derivative, different 
acetylation conditions were attempted in order to also 
acetylate the 4-carboxamide group in nucleosides (4) or  (13) 
and (10). Treatment of the glucoside (4) with acetic anhydride 
in the presence of phosphoric acid as catalyst at reflux 

AcHNOC N 

A c 2 N  ci)Me 

""# AcO 

OAc 

(13)  

OAc OAc 

(14 )  ( 1 7 )  

( 3 )  Et02C 
Ac2NCi )CH2Br  

OA c 

(18)  

Scheme 3. Reagents: i, Ac20-DMAP, 8 days; ii, Ac20-P04H3; 
i i i ,  NBS, hv 

temperature for 1 h gave N-acetyl-5-(N,N-diacetylamino)- 
1 -(2,3,4,6-tetra-0-acetyl-~-~-g~ucopyranosyl)-2-methyl- 
imidazole-4-carboxamide (1 4) in 67% yield. Unfortunately, in 
the case of the riboside (lo), these same conditions led to the 
complete cleavage of the ribosidic bond because of the acidic 
medium and no reaction took place when the experiment was 
carried out at room temperature. Finally, reaction of the 
glucoside (3) with refluxing acetic anhydride in the presence of 
phosphoric acid gave ethyl 5-(N,N-diacetylamino)-1-(2,3,4,6- 
tet ra-O-acetyl-~-~-glucopyranosyl)-2-methyl~m~dazole-4- 
carboxylate (15) in 78% yield. Structural assignments of the 
5-(N,N-diacetylamino) glucosides (1 3), (14), and (1 5 )  were 
made on the basis of their elemental analyses and 'H n.m.r. 
spectra (Table 2). Thus, the diacetylaticlh of the 5-amino 
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group of compounds (1 3) and (1 5) was shown to have occurred 
by the presence of six signals in the acetyl region, two of them 
at 6 2.50 and 2.13, and 2.42 and 2.11, respectively, corres- 
ponding to the N-acetyl groups. That the 4-carboxamide 
function of (14) had been monoacetylated was demonstrated 
by the presence of seven acetyl signals, three of them at 6 2.46, 
2.43, and 2.03, attributed to the N-acetyl groups. At the same 
time, compound (1 4) only showed one exchangeable proton 
at 6 9.37 corresponding to the partially protected 4-carbox- 
amide group, instead of two exchangeable protons as in 
compound (1  3). Slow conversion of the S(N,N-diacetyl- 
amino) derivatives (12), (13), (14), and (15) into more stable 
compounds could be observed by analytical t.1.c. Although 
these compounds were not identified, the transformation 
should be due to partial deacetylation of the 5-(N,N-diacetyl) 
group to a 5-acetamide group, as demonstrated in the case of 
the riboside (10). 

Bromination of the amino and sugar hydroxy-protected 
nucleosides (12), (14), and (1 5) with NBS, under irradiation 
from a 200-W lamp, gave in each c a x  the corresponding 2- 
bromomethylimidazole derivative namely, ethyl 5-(N,N- 
diacetyIamin0)- I -(2,3,5-tri-O-acetyl-P-~-ribofuranosyl)-2- 
bromomethylimidazole-4-carboxylate (16), N-acetyl-5-(N,N- 
diacetylamin0)- 1 -(2,3,4,6-tetra-~-acetyl-~-D-g~ucopyranosy~ j- 
2-bromomethylimidazole-4-carboxamide (17), and ethyl 5- 
(N,N-diacetylamino)-l-(2,3,4,6-tetra-~-acety~-~-~-g~uco- 
pyranosyl)-2-bromomethylimidazole-4-carboxylate (1 8), in 60, 
45, and 50% yields respectively (Schemes 2 and 3). The 
elemental analyses and 'H n.m.r. spectra of compounds (16), 
(17), and (18) were in agreement with these structures (Table 
2). However, analytical t.1.c. showed that all these 5-(N,N- 
diacetylamino)-2-bromomethylimidazole nucleosides were un- 
stable compounds which decomposed on standing to give 
various spots. This was not very surprising since, on the one 
hand, partial deacetylation of the 5-(N,N-diacetylamino) 
group is known to occur (see above), and, on the other, 
several 4- and 5-bromomethylimidazole nucleosides, pre- 
viously reported," were also unstable compounds. 

The 2-bromomethylimidazole nucleosides (1 6), (1 7), and (1 8) 
were evaluated as cytotoxic agents against HeLa cell cultures 
following the described procedures,20 and none of them 
showed activity. The lack of activity is probably due to 
instability, since the ineffectiveness as cytostatics of unstable 
nucleosides of halogenomethyl substituted five-membered 
ring heterocycles is a well known fact.'.'' 

Experimental 
M.p.s were measured with a Kofler hot-stage apparatus. 
'H N.m.r. spectra were recorded with a Varian EM-390 
spectrometer operating at 90 MHz, with Me,Si as internal 
standard. Analytical t.1.c. was performed on aluminium sheets 
coated with a 0.2-mm layer of silica gel 60F254 (Merck), and 
preparative layer chromatography was performed on 20 x 20 
cm glass plates coated with a 2-mm layer of silica gel PF254 

(Merck). Compounds were detected with U.V. light (254 nm) or 
by spraying the plate with ethanol-sulphuric acid (3 : 1) and 
heating. 

Ethyl N-(2,3,4,6-Tetra-O-acetyl-~-~-glucopyranosyl)acetimi- 
date ( 1) .-2,3,4,6-Tetra- 0-ace tyl-P-~-glucopyranosylaniine l6 

(3.47 g, 10 mmol) in dry acetonitrile (50 ml) was treated with 
ethyl acetimidate hydrochloride (1.85 g, 15 mmol) and tri- 
ethylamine (1.4 ml, 10 mmol) and the solution was refluxed 
for 1 h and then evaporated to dryness. The residue was dis- 
solved in CHC13 (20 ml) and the solution was washed with 
H20 ,  dried (Na2S04), and evaporated to dryness. The solid 
residue was crystallized from ethanol to give the acetimidate 

(1) (3.75 g, 90%), m.p. 110-111 "C (Found: C, 52.0; H, 6.9; 
N, 3.1. Calc. for C18H2,NOlo: C, 51.8; H, 6.50; N, 3.35%); 
&(Me2SO) 5.37 (d, 1 H, 1'-H, J18,2 ~9 Hz) and 2.05 (s, 3 H, Me). 

Ethyl N-(2,3-O-Isopropylidene-~-~-ribofuranosyl)acetimi- 
date (2).-To a solution of triethylamine (4.2 ml, 30 mmol) in 
dry acetonitrile (1 50 ml) were added 2,3-O-isopropylidene-~- 
ribofuranosylamine toluene-p-sulphonate (1.08 g, 30 mmol) 
and ethylacetimidate hydrochloride (4.08 g, 33 mmol). The 
mixture was stirred at room temperature for 2 h, then filtered 
and evaporated under reduced pressure. The residue was 
dissolved in CHCI, (60 ml), washed with H20, dried (Na2S04) 
and evaporated to dryness to give the acetimidate (2) (3.9 g, 
50%) as a homogeneous syrup which decomposed on pre- 
parative t.1.c. and was identified on the basis of its 'H n.m.r. 
spectrum; GH(CDC13) 5.40 (d, 1 H, 1'-H, J1t,21 < 2 Hz), 2.05 
(s, 3 H, Me), and 1.53 and 1.34 (s, 6-H, 2 Me, isopropylidene 
group). 

Ethyl 5-Amino-1-(2,3,4,6-telra-0-aceryl-~-~-g~ucopyranosy~)- 
2-methylimidazol~-4-carboxylate (3).-A solution of compound 
(1) (4.17 g, 10 mmol) and ethyl a-amino-a-cyanoacetate l2  

(2.56 g, 20 mmol) in dry acetonitrile (50 ml) was refluxed for 
1 h, and then evaporated to dryness. The residue was chromato- 
graphed on preparative t.1.c. plates using EtOAc as eluant. 
The resulting compound crystallized from benzene to give 
(3) (3.13 g, 63%), m.p. 112-113 "C (Found: C, 47.3; H, 6.3; 
N, 7.9. Calc. for C21H29N3011*2H20: C, 47.1; H, 6.15; N, 
7.8 5%). 

5-Amino- 1 -(2,3,4,6-tetra-0-acety/-~-~-g~ucopyrunosy~)-2- 
nzethylimiduzole-4-carboxamide (4).-A solution of compound 
(1) (4.17 g, 10 mmol) and a-amino-a-cyanoacetamide 
(1.50 g, 15 mmol) in dry acetonitrile (50 ml) was refluxed for 
1 h and then evaporated to dryness. The residue was chromato- 
graphed on preparative t.1.c. plates using acetone-CHCI, 
(1 : 1) as solvent. The major band gave compound (4) (1.8 g, 
38%) as a foam (Found: C ,  46.5; H, 6.0; N, 11.2. Calc. for 
C19H26N4010.H20: C, 46.75 ; H, 5.75 ; N, 11.5%). 

Ethyl 5-Amino-1-(2,3-0-isopropylidene-~-~-ribofurunosyl)-2- 
methylimiduzole-4-carboxylate (5).-A solution of compound 
(2) (6.0 g, 23.2 mmol) and ethyl a-amino-a-cyanoacetate l2 

(3.08 g, 24.0 mmol) in dry acetonitrile (100 ml) was refluxed 
for 1 h and then evaporated to dryness. The residue was 
chromatographed on preparative t.1.c. plates using EtOAc as 
eluant. The resulting compound from the major band crystal- 
lized from benzene-light petroleum to give (5) (2.0 g, 24%); 
m.p. 164-166 "C (Found: C, 50.4; H, 6.8; N, 11.6. Calc. for 
CiSH23N306.HZO: C, 50.15 ; H, 6.95 ; N, 11.7%). 

5-Amino- 1 -(2,3-O-isopropylidene-P-~-ribo furanosyl)-2- 
methylimidazole-4-carboxaniide (6).-A solution of compound 
(2) (6.0 g, 23.2 mmol) and a-amino-r-cyanoacetamide l3 

(2.5 g, 23.2 mmol) in dry acetonitrile (100 ml) was refluxed 
for 1-t h and then evaporated to dryness. The residue was 
chromatographed on preparative t.1.c. plates using acetone- 
CHC1, (1 : 1) as eluant. The resulting compound crystallized 
from methanol to give the carboxamide (6) (3.90 g, 64%); 
m.p. 258-259°C (decomp.) (Found: C, 49.7; H, 6.3; N, 
17.9. C13H20N405 requires C, 50.0; H, 6.4; N, 17.95%). 

Ethyl 5-Amino- 1 -( ~-~-ribofirranosyl)-2-methylirrzidazole-4- 
carboxylate Hydrochloride (7).-Compound (5) (1.34 g, 4 
mmol) was treated with a saturated solution of HCI in EtOH 
(20 ml) and then evaporated to dryness. The residue was 
washed with acetone to give a solid which crystallized from 
propan-2-01 to provide compound (7) (1.10 g, 81.5%); m.p. 
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163-165 "C (Found: C, 42.5; H, 6.0; N, 12.1. C12H20C1N306 
requires C, 42.65; H, 5.65; N, 12.45%)). 

5- Amino4-( P-D-ribo furanosyl)-2-methylimidazole-4-carbox- 
amide Hydrochloride (8).-Compound (6) (1 S O  g, 5 mmol) was 
treated with a saturated solution of HC1 in EtOH (30 ml) and 
then evaporated to dryness. The solid residue was crystallized 
from MeOH-EtOAc to give compound (8) (1.51 g, 98%); 
m.p. 171 "C (decomp.) (Found: C, 39.0; H, 5.6; C1, 11.75; 
N, 17.8. Cl0HI7C1N4O5 requires C, 38.9; H, 5.5; C1, 11.5; N, 
18.15%). 

Ethyl 5-Amino-1-(2,3,5-tri-O-acety~-~-~-ribofuranosyl)-2- 
methylimidazole-4-carboxylate (9).-A solution of compound 
(7) (0.40 g, 1.1 mmol) and 4-dimethylaminopyridine (0.14 g, 
1.1 mmol) in acetic anhydride (10 ml) was allowed to stand at 
room temperature for 5 h. After this time, the solution was 
added to crushed ice (10 g), extracted with CHC13 (3 x 25 ml), 
and the combined extracts were successively washed with 
saturated aqueous NaC0,H (25 ml) and H 2 0  (25 ml), and 
dried (Na2S04). Evaporation of the CHC13 left a residue which 
was chromatographed on preparative t.1.c. plates using 
acetone-CHCI, (1 : 3) as eluant. The major band gave 
compound (9) (0.44 g, 92%) as a syrup (Found: C, 48.2; 
H, 6.3; N, 9.5. C18H25N309*H20 requires C, 48.55; H, 6.1; 
N, 9.45%). 

5-(N,N-DZ~~etylamino)- 1-(2,3,5-tri-O-acetyl-p-~-ribof~ran- 
osyl)-Zmethylimidazole-4-carboxamide (1 0) and 5-Acetamido- 
1 -(2,3,5-tri-O-acetyl-~-~-ribofuranosyl)-2-methylimidazole-4- 
carboxamide (ll).-A solution of compound (8) (0.62 g, 
2.0 mmol) and 4-dimethylaminopyridine (0.27 g, 2.2 mmol) 
in acetic anhydride (15 ml) was allowed to stand at room 
temperature for 6 days. After this time, the solution was 
added to crushed ice (20 g), extracted with CHCI, (3 x 50 ml) 
and the combined extracts were washed with saturated aqueous 
NaC0,H (2 x 25 ml) and H 2 0  (50 ml) and dried (Na2S04). 
Removal of the CHC1, left a residue which was chromato- 
graphed on preparative t.1.c. plates using acetone-CHC1, 
(1 : 1) as eluant. Two major bands were observed. From the 
faster moving band compound (10) (0.46 g, 48%) was obtained 
as a syrup (Found: C, 46.6; H, 5.6; N, 10.7. C20H26N4010. 
2H20 requires C, 46.35; H, 5.8; N, 10.8%). 

From the slower moving band compound (1 1) (0.070 g, 8%) 
was obtained as a syrup (Found: C, 49.3; H, 5.7; N, 12.7. 
C18H24N409 requires C, 49.1 ; H, 5.45; N, 12.7%). 

Compound (10) (0.24 g, 0.5 mmol) was allowed to stand at 
room temperature for 1 month. After this time, it was chrom- 
atographed on preparative t.1.c. plates using acetone-CHC1, 
(1 : 1) to give compound (1 1) (0.16 g, 72%). 

Ethyl 5-(N,N-Diacetylamino)-1-(2,3,5-tri-O-acety~-~-~- 
ribofuranosyl)-2-methylimidazole-4-carboxylate (1 2).-A solu- 
tion of compound (7) (0.47 g, 1.3 mmol) and 4-dimethyl- 
aminopyridine (0.19 g, 1.6 mmol) in acetic anhydride (10 ml) 
was allowed to stand at room temperature for 8 days. After 
this time, the solution was added to crushed ice (10 g), 
extracted with CHC13 (3 x 25 ml) and the extracts were 
washed with saturated aqueous NaC0,H (25 ml), H 2 0  (25 rnl), 
and dried (Na,SO,). Removal of the CHC1, left a residue which 
was chromatographed on preparative t.1.c. plates using 
EtOAc-hexane (3 : 1) as eluant. The resulting compound was 
crystallized from CC14 to give compound (12) (0.49 g,  74%), 
m.p. 136-138 "C (Found: C, 51.4; H, 5.7; N, 8.2. C22H29N,011 
requires C, 51.05; H, 5.6; N, 8.05%). 

5-(N,N-Diacetylamin0)- 1 -(2,3,4,6-tetra-O-acetyl-~-~-gluco- 
pyranosyl)-2-methyZimidazole-4-carboxamide (1 3).-A solution 

of compound (4) (0.10 g, 0.2 mmol) and 4-dimethylamino- 
pyridine (0.01 g, 0.08 mmol) in acetic anhydride (3 ml) was 
allowed to stand at room temperature for 10 days. After this 
time, the solution was added to crushed ice (2 g), extracted with 
CHCl, (3 x 10 ml), and the extracts were washed with 
saturated aqueous NaC0,H (10 ml), H 2 0  (10 ml) and dried 
(Na2S04). Removal of the CHCl, left a residue which was 
chromatographed on preparative t.1.c. plates using acetone- 
CHCI, (1 : 1) as eluant to give compound (13) (0.079 g, 64%) 
as a foam (Found: C, 50.2; H, 5.1; N, 10.0, C23H30N4012 
requires C, 49.85; H, 5.4; N, 10.1%). 

N-Acetyl-5-(N,N-diacet~lumino)-1-(2,3,4,6-~etra-O-acetyl- 
~-~-glucopyranosyl)-2-methylimidazole-4-carboxaniide ( 14) .- 
To a solution of compound (4) (0.94 g, 2 mmol) in acetic 
anhydride (1 1 ml), phosphoric acid (1 drop) was added and the 
mixture was refluxed for 1 h. Then the mixture was evaporated 
to dryness to give a residue which was treated with crushed ice 
(10 g), extracted with CHCJ3 (20 ml), and the extract dried 
(Na2S04). Removal of the CHC1, left a residue which was 
chromatographed on preparative t.1.c. plates using acetone- 
CHC13 (1 : 3) as eluant to provide compound (14) (0.8 g, 67%) 
(Found: C, 50.4; H, 5.7; N, 9.3. CZSH34N4013 requires C, 
50.25; H, 5.55; N, 9.4%). 

EthyZ 5-(N,N-Diacetylamino)-1-(2,3,4,6-tetra-O-acetyl-~-~- 
glucopyranosyl)-2-methylimidazole-4-carboxylate (1 5).-To a 
solution of compound (3) (1.0 g, 2 mmol) in acetic anhydride 
(11 ml), phosphoric acid (1 drop) was added and the mixture 
was refluxed for 1 h. Then the mixture was evaporated to 
dryness to give a residue which was treated with crushed ice 
(10 g), extracted with CHC1, (20 ml), and the extract dried 
(Na2S04). Removal of the CHC1, left a residue which was 
chromatographed on preparative t.1.c. plates using acetone- 
CHCl, (1 : 3) as eluant to give compound (14) (0.9 g ,  78%) as a 
foam (Found: C, 51.5; H, 5.8; N, 7.0. C25H33N3011 requires 
C, 51.45; H, 5.65; N, 7.2%). 

Ethyl 5-(N,N-Diacetylamino)-1-(2,3,5-tri-O-acetyl-~-~- 
rib0 furanosyl)-2-bromonzethylimidazole-4-carboxylate ( 1 6) .- 
To a suspension of compound (12) (0.40 g, 0.8 mmol) in CCI, 
(25 ml) was added N-bromosuccinimide (0.15 g, 0.85 mmol) 
and the mixture was irradiated for 1 h by suspending the 
flask 1 cm above a 200-W lamp. After this time, it was 
evaporated to dryness to give a residue which was chromato- 
graphed on preparative t.1.c. plates using EtOAc-hexane (3 : 1) 
as eluant to provide a solid which was crystallized from CCl, 
to give compound (16) (0.28 g, 60%), m.p. 143-144°C 
(Found: C, 44.9; H, 5.0; Br, 13.4; N, 7.1. C22H2SBrN3011 
requires C ,  44.75; H, 4.75; Br, 13.55; N, 7.1%). 

N- Acetyl-5-(N,N-diacetylamino)- 1-(2,3,4,6-tetra-O-acetyl-P- 
~-glucopyranosyl)-2-bromomethylimidazole-4-carboxamide 
(17).-To a solution of (14) (0.60 g, 1 mmol) in CC14 (25 ml), 
N-bromosuccinimide (0.27 g ,  1.5 mmol) was added and the 
mixture was irradiated for 15- h with a 200-W lamp as indicated 
above. Removal of the CC14 gave a residue which was chrom- 
atographed on preparative t.1.c. plates using CHC13-acetone 
(9 : 1) as eluant to provide conzpound (1 7) (0.30 g ,  45%) as a 
foam (Found: C, 43.4; H, 4.8; Br, 11.3; N, 8.1. CZSH32- 
BrN401,.H20 requires C, 43.2; H, 4.6; Br, 11.5; N, 8.05%). 

Ethyl 5-(N,N-Diacetylamino)-1-(2,3,4,6-tetra-O-acetyZ-~-~- 
glucopyranosyl)-2-bromomethylimidazole-4-carboxylate (1 8)- 
To a solution of compound (1 5 )  (0.58 g, 1 mmol) in CCl, (25 
ml) was added N-bromosuccinimide (0.27 g, 1.5 mmol) and 
the mixture was irradiated for 13 h with a 200-W lamp as 
indicated above. Removal of the CC14 gave a residue which 
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was chromatographed on preparative t.1.c. plates using 
CHC13-acetone (9 : 1 )  as eluant to give compound (18) (0.33 g ,  
50%) as a foam (Found: C, 41.6; H, 5.1; Br, 12.5; N, 6.2. 
C25H32BrN3010 requires C, 41.4; H, 4.85; Br, 12.1 ; N, 6.35%). 
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