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SYNTHESIS OF 6-SUBSTITUTED PURINE 2'-AZIDO- AND 3'-AZIDO-
DEOXYPENTOPYRANOSES

Geneviéve Carret, Annie Grouiller*, Bernard Chabannes and Henri Pacheco
Institut National des Sciences Appliquées de Lyon, Bat.406
20 Av. A.Einstein, F-69621 Villeurbanne (France)

Abstract Various 6-substituted purine 3'-(2'-) azido-3',4'-(2',4'-)
dideoxy-R-DL-erythro-pentopyranoses (1) (2) have been prepared and
compared in terms of a substituent electromegativity parameter, The
nucleoside la (R—NH ) is a good competitive inhibitor of adenosine
deaminase.

Introduction

In previous papers we described the synthesis of two pentopyranosyl
purines, 9(—3—azido—3,4—dideoxy-a-DL-threo—pentopyranosyl)adenine1 and
its erythro isomer2 la (R=NH2). In view of the antiviral properties
exhibited by the former nucleoside analogueI and by various 2'- and 3'-
azido-deoxyribofuranosylnucleoside53_5, we have investigated the
synthesis of the corresponding adenine 2'-azido nucleoside EE.(R=NH2).

We have also utilized the respective nucleoside precursors 3 and 9 of
la and 23 for the preparation of various 6-substituted purine derivatives

of these both nucleoside analogues6
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Results and Discussion

As in the case of lg?, the precursor of 2a was a 6-chloropurine
nucleoside, the azidodeoxy-erythro-nucleoside 9. The starting compound
of its synthesis, methyl 2-azido-3-O-benzoyl-2,4-dideoxy-a or R-DL-
erythro-pentopyranoside (6), was prepared through the trifluoromethane-
sulfonylation of the a or B threo benzoate 37, followed by the azido
displacement of the resulting triflate. The triflation occured ounly with
the use of triflic anhydride in the presence of pyridine with ether as
solvent, but not in the presence of triethylamine in ether or dichloro-
methane. The a isomer of the triflate 5 is less stable than the g isomer
and has to be kept at —18°C after its dissolution in hexamethylphosphor-
amide. The azido displacement of the a or B triflate 5 was carried out
with lithium azide by heating at 70°C in hexamethylphosphoramide :
the only compound formed was the azidodeoxy derivative 6 in agreement
with the data of its NMR spectrum. This reaction was accomplished
without the pyranose to furanose cycle contraction previously observed
in the case of a benzoate displacements’g. There was also no partici-
pation of the neighboring 3-benzoyl or l-methoxy group through an
intermediate 2,3-acylonium or 1,2-epoxidium ion, as it occured in the
nucleophilic displacement of some furanosyl or pyranosyl sulfonates at
C-2]o’1] ! neither threo isomers of 6 nor an anomeric azido derivative
were detected,

The azidodeoxy derivative 6 was hydrolysed and then acetylated to
give the mixture of the o and B anomers 7 in the ratio of 4:1, based on
]H—NMR data. Conversion of 7 into the glycosyl chloride 8, followed by
condensation with 6-chloropurine in the presence of mercuric cyanide,
according to the method of Yamaoka et al.lz, gave predominantly the R
isomer of the 6-chloropurine nucleoside 9, with only 10% of the a isomer.
The treatment of 98 with methanolic ammonia afforded the adenine
nucleoside 2a.

In order to obtain the various purine nucleosides la-g and 2a-c
having NHZ’ NHCH3, N(CH3)2 or OCHZR groups at 6-position, the 6-chloro-
purine nucleosides 3 and 9 were treated according to the conditions of the
Table 1 with the suitable amines or alcoholates in the convenient alcohol.

The deprotection of the 3'-hydroxyl accompanied the substitution at C-6.
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(For simplicity, only the D series is depicted in this scheme)

Spectroscopic_studies

Ultraviolet absorption properties, as shown in Table 2, supported the
N-9 glycosylation and the nature of the substitutions at C-6 : the maximum
at higher wavelength of the nucleosides la-g and 2a-c was in relative good
agreement with the maximum calculated from the ].iterature13 in function

of the 6- electron-donating group, 253 (OCH3), 260 (NHZ)’ 266 (NHCH3)

and 275 N(CH3)2 .
The NMR assignment of H, and Hy signals were done according to the
work of Schweizer et al.lA and Bullock et al. 3 : the nucleosides were

heated in D,0 at 100°C for 10 to 20 min. The intensity of the high field
peak decreased because of an exchange of the 8-proton with deuterium. The
low field peak which was unaffected was assigned to the 2-proton.

Coburn et 31.16 have correlated the proton magnetic resonance chemical
shifts of H-8 for 2,6-disubstituted purines with some reactivity

.o . +
parameters such as Brown's electrophilic substituent constant cp .
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In our case a good linear correlation was established as shown in

Figures | and 2 when § and § of the six nucleosides la-f were

plotted against the 6-§u§stituegt8parameters op calculated by Daniel

and Brown'’ : for Sy, T =0.98,n=6; for §_¢ r=0.99, n = 6.
Thus the chemical shifts of H-2 and H~8 are controlled by the electronic
effect of the 6-substituent. The unknown value of cp for the methoxy-—
ethyl group was deduced from this correlation and the p.m.r. data of

the nucleoside lg : cp = =0,12. The weak relative proton chemical

shifts ( A = 6H-8 - GH—Z ) ascertained again the N-9 glycosylation1

Biological activity

In view of the very important role played by adenosine deaminase
inhibitors in Chemotherapy and Immunosuppressionlg, we have examined the
susceptibilities to adenosine deaminase (ADA) of all the synthesised
nucleosides la-g and 2a-c. Calf intestinal mucosa adenosine deaminase
(0.8 unit per mg) (EC 3.5.4.4.) was purchased from Sigma Chemical
Company. The assay procedure was based upon that of Kaplanzo; however
the deamination and the formation of inosine were not followed spectros-—
copically, but with HPLC according to a new method involved in our
laboratoryZI. Briefly adenosine deaminase (0.005 unit) was incubated
in an ! wml final volume at 37°C for various time with 50 mM potassium
phosphate buffer (pH 7.0), 10 to 140 uM adenosine and tested nucleosides
in the range concentration of lO-5 to 10_3 M. The nucleosides were
dissolved in 100 pyl DMSO. For the blanks, the incubation mixture
contains 100 pul DMSO without effector. At the end of incubation,

100 ul of 4N perchloric acid was added followed by 100 ul of 5N

potassium acetate and the mixture cooled at 0°C., After centrifugation at
1000 x g, the supernatant was analyzed by HPLC22. The column was u-
Bondapak—Cl8 (Waters). The mobile phase was 0.1 M sodium acetate buffer
(pH 3.6) containing 3.5 7 ethylalcohol (flow rate 1.5 ml per min).
Inogsine formed was assayed by comparing the height of its peak with

the height of a standard peak run in the same way. The inosine production
was linear for at least 30 min at all adenosine and nucleoside concentra-
tion used. Only 9(3-azido-3,4-dideoxy-B-DL-erythro-pentopyranosyl)adenine
la was found to be a good competitive inhibitor of the deamination of

5 M (Km for adenosine = 66.7 x 10_6 M) .

These nucleosides were not substrates for adenosine deaminase. From the

adenosine, with a Ki = 45 x 10~

studies of other nucleosides, it was precedently noticed that no

pyranosyl nucleoside has ever served as a substrate23.
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Experimental

General Methods. Melting points were determined with a Kofler melting

point apparatus and are uncorrected. ]H—NMR spectra were recorded with
a Brucker WP-80 spectrometer and are reported relative to the tetra-
methylsilane signal. IR spectra were recorded with a Beckman Acculab-4
spectrophotometer and UV spectra with a Beckman DBG spectrophotometer.
Column chromatography was performed on Silica Gel 60 F254 (Merck), and
TLC on Silica Gel 60 F254 aluminum sheets (Merck); substances were made
visible by spraying with the phosphomolybdic acid reagent and heating
at 120°C, Elemental analyses were performed by the Service Central

d'Analyse du CNRS.

Methyl 3-O-benzoyl-4~deoxy-2-O-trifluoromethanesulfonyl—-o or B-DL-threo-

pentopyranosides (3)

To a magnetically stirred suspension of 3% molecular sieve (10 g) in
anhydrous ether (200 ml) and dry pyridine (4.5 ml) was rapidly added at
0°C trifluoromethanesulfonic anhydride (20g, 70.9 mmole), then a solution
of 4a or 48 (5g, 19.8 mmole)7 in anhydrous ether (100 ml)., The reaction
mixture was kept for 3h at room temperature, then filtered. The filter
cake was washed with ether and the combined filtrates with cold 5%
sodium hydrogencarbonate (3x100 ml) and then water (2x100 ml). The
organic layer was dried (sodium sulfate) and evaporated under reduced
pressure (130 Pa, 15°C). The crude crystalline product formed 5 was
immediately used for the next step (for analytical purposes, a sample
was purified by silica gel column chromatography with 1:2 (v/v) ether-—
pentane as eluent)

5a (5.7g, 75%) : mp 102-~103°C. TLC (ether—pentane, 1:10) R

f
IR(KBr) : Vnax 1740, 1610, 1420, 1230 and 1080 cm_]. ]H NMR (CDC1

0.41

3)

§ 7.37 (m, 5H, Ar), 5.23 (m, IH, H-3), 4.7 (dd, I, I, , 9Hz, J, , 5.33Hz,
3 ’

Ty, 4 10-4Hz, H-2), 4.37 (4, 1H, J, , 6.83Hz, H-1), 4.03 (m, IH, Iy

12.3Hz, JSe,4a 5.17Hz, JSe,4e 2.66Hz, H-5e), 3.53 (s and m, 3H and IH,

OCH3 and H-5a), 2.3 (m, 1H, JAe,Ba 5.33Hz, J4e,4a 134z, J4e,Sa = J4e,5e

2.66Hz, H-4e), 1.7 (m, IH, I, o 10.5Hz, J, . 9.3Hz, J, .. 5.17Hz,

H-4a).

Anal. Calcd for CIAH15F3O7S : C,43.75; H,3.9; F,14.84; S,8.33.

Found : C,43.68; H,3.93; F,15.0; S,8.13.
5B (7.5g, 987Z) : mp 99-100°C. TLC (ether-pentane, 1/10) R; 0.59
IR(KBr) : v__ 1740, 1610, 1420, 1220-1210 and 1060 cm'. 'H NMR

(CDC13) & & 7.68 (m, SH, Ar), 5.56 (m, 14, H-3), 5.1 (m, 2H, J; , 3.5Hz,
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J2’3 10,6Hz, H-1 and H-2), 3,53 (m, 2H, H-5a and H-5e), 3.47 (s, 3H,
OCH3), 2,03 (m, 2H, H-4a and H-4e).
Anal. Caled for C, H, _F.0.8 : C,43,75; H,3.9; F,14.84; S5,8.33,

14715377
Found : C,43.99; H,3.90; F,15.08; S,8.30.

Methyl 2-azido-3-O-benzoyl-2,4~dideoxy-a or B-DL-erythro-pentopyranoside 6

To a stirred solution of 5a or 58 (6g, 15.6 mmole) in freshly
distilled N,N',N" hexamethylphosphoric triamide (120 ml) were added
38 molecular sieve (3g) and lithium azide (3g, 6! mmole). The mixture
was heated for 1.5h at 70°C, while monitoring the reaction by IR
(disappearance of the sulfonyl band at 1420 cm_] and appearance of the
azido band at 2120 cm_]). After the mixture had been cooled, the solution
was taken up with water, then extracted with ether. The organic layer
was dried (sodium sulfate) and evaporated. The crude product was
chromatographed on a silica gel column with 1:3 (v/v) ether-pentane as
eluent to give 6 as an oil which crystallizes in the case of the B
isomer,

6o (2.43g, 88%) : TLC (ether-pentane, 1:2.5) Rf 0.41, IR(KBr)
v__. 2120, 1720, 1610 and 1270 em 'L TH MR (CDCL,) & 6 7.77 (m, SH,
Ar), 5.33 (ddd, 1H, J3,4a 8Hz, J3,4e 3.33Hz, H-3), 4.6 (d, IH,

J],2 2,17Hz, H-1), 4.06 (ddd, IH, JSe,Sa 128z, JSe,Ae 4.66Hz, H-5e),
3.50 (m, 2H, J, 5 4.66Hz, H-2, H-5a), 3.57 (s, 3H, OCH,), 2.0 (m, 2H,
H-4a, H-be).

Anal. Calcd for C]3H]5N304 : C,56.32; H,5.41; N,15.163 0,23.10.
Found : C,56.60; H,5.32; N,14.95; 0,23,08.

68 (2.57g, 93%) : mp 70-71°C. TLC (ether-pentane, 1:2.5) Rg 0.59.
IR(KBr) @ v__ 2120, 1720 and 1270 em '. 'H NMR (CDCLy) : & 7.8
(m, SH, Ar), 5.57 (ddd, 1H, Jy , 3.6Hz, Jy . 8.9Hz, H-3), 4.73
(d, 1H, J],Z 3.33Hz, H-1), 3.83 (m, 3H, J2’3 5.3Hz, H-2, H-5a, H-5e),
3.47 (s, 3H, OCH;), 2.0 (m, 2H, H-ba, H-de).
Anal. Calcd for €, H,.N.O, : C,56.32; H,5.41; N,15.16;5 0,23.10.

13715374
Found : C,56.40; H,5.29; N,15.02; 0,23.19.

2,3

1-0-Acetyl-2-azido-3-0-benzoyl-2,4-dideoxy—a- and —R~DL-erythro-

pentopyranose 7.
Compound ba or 6B (4g, 14.4 mmole) was hydrolyzed by heating its

solution in glacial acetic acid (30 ml) with concentrated hydrochloric
acid (5.5 ml) and 10 molecular sieve powder (lg) for 7h at 50°C. The
solution was made neutral with sodium hydrogencarbonate (5.5g) and
evaporated to dryness (50°C) under reduced pressure. The residue was

suspended in chloroform (20 ml) and pyridine (20 ml). After addition



09: 51 27 January 2011

Downl oaded At:

340 CARRET ET AL.

of acetic anhydride (17 ml), the suspension was stirred for 6h at 35°C
and evaporated in vacuo. The residue was diluted with ice-hydrochloric
acid and extracted with chloroform. The organic layer was washed
successively with 5% aqueous sodium hydrogencarbonate and water. After
being dried (sodium sulfate), the chloroform extract was evaporated.
The residual oil was chromatographed on a silica gel column with 1:4
(v/v) ether-pentane as eluent to afford both « and B anomers of 7 in a
4:1 ratio (3.5g, 807).

79 : oil. TLC (ether-pentane 1:2.5) Rf 0.5. IR(KBr) : Vax 2120,
1750, 1720, 1600 and 1580 cm '. 'H NMR (CDC1,) & 6 7.83 (m, 5H, Ar),
6.03 (d, IH, J , 2.67Hz, H-1), 5.47 (ddd, IH, J; , 6.67Hz, Jy . or
J3,2e 3.34 or 4.67Hz, H-3), 4,03 (m, 2H, H-5a, H-5e¢), 3.80 (dd, lH, H-2),
2,27 (s, 3H, OAc), 2.13 (m, 2H, H~4a, H-l4e).

78 : oil. TLC (ether-pentane 1:2.5) Re 0.4,
6 7.80 (m, SH, Ar), 6.10 (d, IH, J, , 3.73Hz, HB-1), 5.60 (ddd, IH,
J3,4a 8.33Hz, J3,4e or J3,2e 3.33 or 4.83 Hz, B-3), 3.9 (m, 3H, H-2,
H-5a, H-5e), 2.1 (s + m, 5H, OAc, H~4a, H-4e).

Anal, Calcd for C,  H,. N, O  (mixture) : C,55.08; H,4.92; N,13.77;

147157375
0,26.23, Found : C,55.09; H,4.89; N,13.68; 0,26.25.

1 MR (enet,)

9-(2-Azido-3-0-benzoyl-2,4-dideoxy-oa— and B-DL-grythro—pentopyranosyl)-

6-chloropurine 9.
To a solution of 7 (1.35g, 4.43 mmole) in anhydrous ether (20 ml)

were added molecular sieve 3& (3g) and acetyl chloride (1.5 ml, 21 mmole).
Through this solution, cooled to 0°C, was bubbled dry hydrogen chloride
until the gas escaped from the drying tube. The mixture was then kept

for 6h at room temperature. Evaporation of the mixture to dryness gave

a pale-yellow foam, which was immediately dissolved in dry nitromethane
(25 ml). To this solution were added molecular sieve 3& (1.5g), 6-chloro-
purine (1.35g, 8.73 mmole) and mercuric cyanide (1.35g, 5.34 mmole),

and the mixture was heated under reflux for 4h., The reaction mixture

was filtered hot, and the filter cake was washed with hot nitromethane.
After evaporation of the combined filtrates, the residue was extracted
wth chloroform, which was washed consecutively with 307 potassium

bdide in half-saturated sodium chloride (80 ml) and saturated sodium
chloride (2x30 ml). Evaporation of the dried organic layer gave 9 as an
oily mixture of the a and B anomers that was chromatographed on a

column of silicic acid using ether-pentane (2:1) giving a clear separation
of the two anomeric products. Elution of the first minor isomer gave

131 mg (7.4%) of 9a; continued elution with the same solvent gave 1.32¢g
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(74.6%) of 98, mp 169-170°C, TLC (ether—pentane, 2:1) R; 0.36. IR(KBr)

v 2120, 1720, 1600 and 1560 cm_]. UV(EtOH) : A 232 (e 21,000) and
max max
§ 9.17 and 9.0 (2s, 2H, H-2 and

262 (e 12,200) nm. 'H NMR (Me,S0-d)

H-8), 8.0 (m, 5H, Ar), 6.23 (d, IH, Jyr gv 10.5Hz, H-1'), 6.0 (m, IH,
Iyu 41 2+5H2, Jau 40, 3.3Hz, B-3'), 5.17 (dd, IH, Jy, 5 3Hz, H-2'),
3.97 (m, 2H, H-5"e, H-5'a), 2,17 (m, 2H, H-4'a, H-4'e).

Anal., Calcd for C,.H, , CINO, : C,51.06; H,3.50; Cl, 8.88; N,24.53.

17714777773
Found : C€,50.84; H,3.37; C1, 9.08; N,24.35.

6-Substituted purine nucleosides la-g and 2a-c.

The general procedure was to react g? or 9 with the suitable

nucleophile in an alcoholic solution according to the conditions

described in the Table 1. The reaction mixture was evaporated in vacuo

(in the case of le-g, the solution was neutralized with 0.5N
chlorhydric acid before the evaporation). The product was then
purified by chromatography on a column of silicic acid using elution

with ethyl acetate - ethanol.
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