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ABSTRACT 

(2.Deoxy-D-cr~rhro-pentofuranosyl)imidazok nucleosides have been synthesised by glycosylation 

of the sodium salt of ethyl 5-aminoimidazole-4-carboxylate with 2.deoxy-3,5-di-O-p-toluoyl-cc-D-fr)’lhro- 

pentofuranosyl chloride. Glycosylation of ethyl S-aminotmidazole-4-carboxylate with 2-deoxy-P-D-er~t/zro- 

pentofuranose was also achieved enzymically using E. coli, immobilised by ionotropic Relation in an alginate 

gel, with 2’-deoxyuridine as glycosyl donor. 5-Amino-l-(2-deoxy-P-o-er~rhro-pentofuranosyl)imida~ole-4- 

carboxylic acid 5’-phosphate and 4-amino-1-(2-deoxy-~~-o-rrJ:~hro-pentof~~ranosyl)imidazole-5-carboxylic 

acid 5’.phosphate were synthesised by phosphorylation of the respective nucleosides and examined as 

inhibitors of phosphoribosylaminoimidazole carboxylase (EC 4.1. I .21) and phosphoribosylaminoimidazo- 

lesuccinocarboxamide synthetase (EC 6.3.2.6), which are involved in the de nova biosynthesis of purine 

nucleotides. 

INTRODUCTION 

(2-Deoxy-erythro-pentofuranosyl)imidazole nucleosides were first prepared’ by 

the fusion method. In particular, 4-amino- l-(2-deoxy-a- and -P-D-erythro-pentofurano- 

syl)imidazole-Scarboxamides were obtained by condensation of methyl Snitroimida- 

zole-4-carboxylate with 1,3,5-tri-O-acetyl-2-deoxy-D-er),thro-pentofuranose at 145”, 

followed by deacylation, and catalytic reduction of the nitroimidazole formed. Methyl 

1-(3,5-di-O-p-chlorobenzoyl-2-deoxy-cl-~-e~~c~~o-pentofuranosyl)-4-nitroimidazole- 

5-carboxylate was produced’.3 in low yield by reaction of the corresponding mercury or 

silver derivatives of methyl 4-nitroimidazole-Scarboxylate with 3,5-di-O-p-chloroben- 

zoyl-2-deoxy-a-D-erythro-pentofuranosyl chloride. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 

’ Author for correspondence. 

000%6215/91/$03.50 @ 1991 - Elsevier Science Publishers B.V 





(2-DEOXY-I~-~~~thr0-PENTOFURANOSYL~IMIDAZOLE NUCLEOSIDBS 111 

TABLE I 

Effect of reaction conditions on the synthesis of 3a-6a 

Rmctiow 
conditions 

I3a.w Yields ( % ) Ratios 
reacted (y/o ) 

3a 4a 5a 6a N-3:N-1 Bta 

NEt, in MeCN 
reflux 
NaH (50% in oil) 
room temperature 
NaH (anhydrous) 
room temperature 

, 
35 8 2 19 6 2.5:1 1:3.8 

15 3 2 7 3 2.0: 1 1:2.4 

39 0 10 1 28 2.9: 1 29: 1 

la r?‘=C02Et, R2=NHz 
1 b R’=CONH2, R’=NHz 
lo R’=CN, R2=OH 

3 a R’ =COzE it, R2 = R3= COC6H4-p-Me 
3b R’=COzE It, R2=R3=H 

(a -NJ) 

5a R’=COzEt, R2=R3= COC6H4-p-Me 
5b R’=COzEt, R2=R3=H 

!? 0 
pMe-C6H,,C5 

v 
Cl 

p-Me-CbHL,O 

0 

2 

R30 

4 a R’ = co2Et, R2= R3 = COCsHop -Me 

4 b R’=COzEt, R2=R3=H 
4 c R’=CO2H, R2=H, R3=PO(OH)2 

(@ -N3) 

6 u R’ = C02Et, R2 = R3= COCsHa-p-Me 
6 b R’=CO2Et, R2=R3=H 
fj c R’=C02H, R2=H, R3=PO(OH)2 
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Fig. 1, Effect of 4c on the activity of phosphoribosylaminoimidazole carboxylase (EC 4.1.1.21): -A--, 

CAIR only; -A-, in the presence of 4c at a fixed concentration of 95pM. 
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Fig. 2. Effect of 6c on the activity of phosphoribosylaminoimidazole carboxylase (EC 4.1.1.21): -A--, 

CAIR only; -A-, in the presence of 6c at a fixed concentration of 97,uM. 
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The efSect of substrate analogues on the activity ofphosphoribosylaminoimidazole- 
succinocarboxamide synthetase (EC6.3.2.6). -The 2’-deoxy-P-N- 1 CAIR analogue 4c 

showed (Fig. 3) a maximum inhibition of 54% at m 30~~ CAIR and 30% at 85~~. The 

K, (Fig. 3) for CAIR was O.l15mM, and the apparent K, in the presence of the inhibitor 

was increased 1.43 times, to 0.164mM. No substrate activity was observed. 

The 2’-deoxy-P-N-3 CAIR analogue (6~) showed (Fig. 4) a maximum inhibition 

of 46% at 8.5~~ CAIR. This result contrasts with the lack of inhibition exhibited by this 

analogue on phosphoribosylaminoimidazole carboxylase (EC 4.1.1.21) activity, The K, 

(Fig. 4) for CAIR was 0.116mM (in good agreement with the value obtained above), and 

the apparent K,,, in the presence of the inhibitor was increased twofold to 0.233mM. No 

substrate activity was observed. 

TABLE II 

N.m.r. data for imidazole nucleosides 3ada and 3b-6b 

3a 4a 5a 6a 3b 4b 5b 6b 

H-l’ 6.00 5.98 
H-2’a 2.95 3.02 
H-2’b 2.89 2.60 
H-3’ 5.68 5.65 
H-4 4.6 4.54 
H-5’a 4.6 4.71 
H-5’b 4.6 4.62 
H-2 1.36 7.12 

NH, 5.27 5.29 

OCH, 4.34 4.32 

c-2 
c-4 
C-5 
C-l’ 
C-2’ 
C-3’ 
c-4 
C-5’ 
co 
OCH, 

J,,.TS 
J,.,,., 
J Z’a.Yb 
JZ%., 
J2.b.l 
J 7.4’ 
J 4.5a 
J 4.5% 

128.8 
112.4 
145.9 
84.9 
36.4 
14.5 
83.8 
63.8 

164.8 
60.0 

6.6 
2.5 

-15.5 
6.8 
2.4 
2.3 
jl 

u 

113.0 
145.7 
85.4 
36.2 
74.4 
83.0 
63.9 

164.8 
60.0 

9.0 
5.2 

- 14.1 
6.7 
1.8 
2.6 
3.6 
3.0 

- 12.3 

6.60 6.62 
2.95 2.4 
2.57 2.91 
5.62 5.58 
4.87 4.60 
4.56 4.67 
4.56 4.61 
1.60 7.68 
4.86 4.89 
4.28 4.31 
4.32 4.31 

136.4 135.9 
156.1 156.0 
100.8 101.0 
89.2 87.5 
41.0 40.7 
74.9 74.7 
85.4 82.9 
64.3 64.0 

161.1 160.9 
60.0 60.0 
6.6 7.0 

< 1.0 5.8 
- 15.4 -14.1 

6.7 6.6 
< 1.0 2.8 

1.0 3.3 
4.2b 3% 
4.2h 3.8’ 
1 U 

5.93 5.96 
2.65 2.39 
2.12 2.14 
4.3 4.32 
4.02 3.82 
3.4 3.55 
3.4 3.55 
1.42 7.35 
6.14 6.16 

4.16 4.16 

129.5 129.5 
109.1 109.5 
145.9 145.9 
88.0 87.4 
” u 

70.6 70.6 
83.4 83.7 
61.5 61.3 

163.9 163.9 
58.4 58.3 
1.7 7.8 
3.4 6.1 

-14.2 - 13.2 
7.0 6.2 
3.0 2.8 
3.0 2.8 
4.5h 3.9h 
4.5h 3.9D 
‘I 0 

6.35 
2.54 
2.03 
4.2 
4.1 
3.4 
3.4 
7.67 
5.66 
4.18 
4.22 

137.9 
156.4 
99.3 
89.1 
” 

70.1 
87.1 
61.7 

160.5 
58.9 
7.1 
1.9 

- 14.2 
6.6 
1.9 
2.6 
0 

6.36 
2.16 
2.28 
4.2 
3.78 
3.58 
3.52 
7.83 
5.7 
4.18 
4.21 

137.3 
156.5 
99.4 
87.2 
41.9 
69.2 
85.8 
60.8 

160.4 
59.0 
5.9 
6.1 

- 13.3 
6.0 
5.0 
3.8 
4.0 
4.4 

- 13.9 

a Data inacessible. ’ Average values 
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salt/ice mixture and saturated with dry ammonia, kept at 4” for 15 h, then concentrated, 

and the residue was partitioned between chloroform and water. The aqueous phase was 

co-concentrated several times with ethanol, and the residue was crystallised from 

ethanol-ether-light petroleum to give 4b (0.23 g, 85%). m.p. 1433144”, [tl]b +4” (c 2.9, 

methanol); E.~.$u 270 nm. 

Anal. Calc. for C,,H,,N,0;H20 (271): C, 45.66; H, 6.62; N, 14.53. Found: C, 

45.43; H, 6.84; N, 14.47%. 

Similarly,6a wasconvertedinto6b(0.19 g, 71%), m.p. 152-153”, [cl],, t47” (~4.6, 

methanol); E.r,$” 278 nm. 

Anal. Found: C, 45.90; H, 6.84; N, 14.36. 

Zsolation of3b-6b by reverse-phase h.p.l.c. ~ A solution of the mixture (3.0 g) of 

3a-6a, described above, in ethanol (200 mL) was saturated with anhydrous ammonia, 

kept overnight at 4”, and then concentrated. The residue was partitioned between 

chloroform and water, and the aqueous layer was concentrated. A solution of the 

residue in ammonium hydrogen carbonate buffer (50mM, pH 7.5, 4 mL) was filtered 

through a 0.25-ym membrane and applied (batchwise) to a semi-preparative ODS 

column (Dynamax, 30 x 2.5 cm, fitted with a 10 x 2.5 cm guard column) equilibrated 

with the same buffer. The flow rate was 7 mL/min. The column was developed with a 

linear methanol gradient t&50%, during 1 h, at the same flow rate. The capacity factors 

were determined as a-N-1 (3b), 3.10; b-N-1 (4b), 3.29; a-N-3 (5b), 3.67; and b-N-3 (6b), 

3.91 (c$ 0.99 for 2’-deoxyinosine). 

T.1.c. (1 -butanol-acetic acid-water, 6:2:2) of the fractions showed the products to 

be homogenous, with R, values 3b, 0.34; 4b, 0.34; 5b, 0.43; and 6b, 0.41. 

Prepuration of 4b and 6b by transgfycosylution. ~~ A solution of la (1.02 g, 6.6 

mmol) and 2’-deoxyuridine (3.0 g, 13.2 mmol) in ammonium acetate buffer (165 mL, 

O.OSM, pH 5.8) was stirred slowly for 20 h at 37” with 800 Cali beads (diam. 5 mm) that 

each contained 8 x 10’ cells of E. coli SPT”. The mixture was ultrafiltered. and the 

pellets were mechanically disintegrated in 200 mL of the same buffer, stirred for 2 h, and 

ultrafiltered. The combined filtrates were freeze-dried, a solution of the residue in water 

(40 mL) was filtered through Celite which was then washed with water (20 mL), and the 

filtrate was applied to a column (200 x 2.4 cm) of octadecylsilica gel (30 pm) in water. 

Elution with water at 3 mL/min afforded a fraction that contained 2’-deoxyuridine (I .6 

g), followed by la (0.25 g), and a mixture (1.3 g, 70%) of 4b and 6b. 

This mixture was fractionated in 50-mg portions on a column (25 x 1.6 cm) of 

Separon SGX-Cl8 (10 pm) with triethylammonium hydrogen carbonate buffer (50mM, 

pH 7.5) that contained methanol (gradient &20%). The appropriate fractions were 

combined and concentrated in uacuo at 30” and 2 kPa. Ethanol was distilled twice from 

the residue, which was then crystallised from ethanol-light petroleum-ether to afford 4b 

(340 mg, 19O/,), m.p. 143-144”, and 6b (700 mg, 39.4%) m.p. 152-153”. 

5-Amino-l-(2-deoxy-~-D-erythro-pentofuranos~~l)imidazole-4-carboxylic acid 5’- 
phosphate (4~) and 4-amino-l-(2-deoxy-P-D-erythro-pentofuranosyl)imidazole-5-carbo- 
xylic acidY-phosphate (6~). -To a solution of the nucleoside4b or 6b (0.1 g, 0.37 mmol) 

in triethyl phosphate (5 mL) at 0” was added phosphoryl chloride (0.075 mL, 0.8 mmol) 




