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AN EFFICIENT TOTAL SYNTHESIS OF 3'-AZIDO-3'-DEOXYTHYMIDINE (AZT) AND
3'-AZIDO-2',3'-DIDEOXYURIDINE (AZDDU, CS-87) FROM D-MANNITOL
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Summary: An efficient stereoselective total synthesis of 3'-azido-3'-deoxythymidine (AZT) and
3'-azido-2',3'-dideoxyuridine (AZDDU, CS-87) from readily available and inexpensive starting
material, D-mannitol has been achieved.

3'-Azido-3'-deoxythymidine (AZT) has been found to be a potent antiviral agent against
human immunodeficiency virus type 1 (HIV-1) ig_zi&zgl_s and found to decrease the mortality
and opportunistic infections in patients with acquired immunodeficiency syndrome (AIDS)6.
Currently, AZT is the only chemotherapeutic agent available for AIDS patients. 3'-Azido~-
2',3'-dideoxyuridine (AZDDU, CS-87) has also been found to be a potent antiviral agent against

HIV-1 in vitro7’8 and is presently undergoing preclinical toxicology.

AZT was originally synthesized from thymidine by Horwitz and his coworkersg. AZDDU

10,11

(CS-87) has also been synthesized from 2'-deoxyuridine by a similar approach Short

supplies of AZT, due to the high demand for the drug as well as the expensive starting materi-
al (thymidine and 2'-deoxyuridine) required for the synthesis of both AZT and AZDDU prompts us

to develop an efficient general method for these compounds.

Recently, total synthesis of AZT by the condensation of thymine with a preformed 3-

12,13

azido-2-deoxyribofuranose derivative has been reported However, in these methods, the

intermediate azido sugar has been prepared from D-xylose via the intermediate 1,2:3,5-di-0-
isopropylidene-D-xylofuranose or methyl 3,5~0-isopropylidene-D-xylofuranoside through

multistep processesla_lG. In anticipation of the requirement of large quantities of AZDDU for

clinical studies, we wished to develop an efficient synthetic method utilizing a readily
available and inexpensive starting material. In this paper we describe a new synthetic method
for both AZT and AZDDU from azido sugar l, which can also be readily utilized for the

synthesis of other 3'-azido-2',3'-dideoxy-pyrimidine and -purine nucleosides.

The D-glyceraldehyde derivative 1, which can be readily prepared from D-mannitol in two
stepsl7’18, was treated with (carbethoxymethylene)triphenylphosphorane in methanol at 0°C to

19,20

obtain predominately the Z-isomer 2 (8:1) (Scheme 1). The E- and Z-isomers were readily

separated by a flash silica gel column using hexanes-ethyl acetate (8:1) as the eluent. The
Z-isomer 2 was treated with dil-HCl to obtain the key intermediate, the o,B-unsaturated

21,22

lactone in good yield (90%). The procedure is a modification of the method of Hafele

and Jager18 and amenable to a large scale synthesis (>100 g). Our initial approach for
introducing the azide group at the 3-position of 223 with lithium azide produced a
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3-azido-a,B- mixture (6:1). However, the formation of the undesirable isomer (B-azide) was
circumvented by introducing a bulky group such as t-butyldimethylsilyl or t-butyldiphenylsilyl
group at 5-position of 3. The bulky group in 4 probably prevents the azide ion from
approaching from the top side of the double bond, which results in only the desired a-isomer
224’25. The reduction of lactone 5 was accomplished with DIBAL in methylene chloride at -78°C
to give lactol 9?6 in good yield (77%), which was acetylated to the key sugar intermediate

727. Condensation of 7 with silylated thymine in 1,2-dichlorcethane in the presence of

trimethylsilyl triflate28 gave a a,B-mixture of 8b and 9b (66%), which was inseparable to
individual isomers by column chromatography. However, 1H NMR spectrum showed a o,B-mixture in
a ratio of 1:1., The mixture was desilylated with n-tetrabutylammonium fluoride and then
separated by a silica gel column using a mixture of ethyl acetate-hexanes (10:1) as the eluent

to give 10b and 11b29a,29b

(overall yield of 10b from 7 was 25%). 1In the case of AZDDU
(CS-87), the condensation of Z_with silylated uracil in 1,2-dichloroethane with trimethylsilyl
triflate followed by silica gel chromatography (chloroform:methanol, 19:1) gave a 55% yield of
a,B~ mixture (33:67). After treatment of the inseparable a,B-mixture (33:67) with
n—tetfabutylammonium fluoride and passage through a short silica gel flash column, AZDDU

2 was crystallized from isopropanol in the presence of its a-isomer lla30 (overall
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Compounds 3, 4 and 5 are numbered as sugar derivatives.

All new compounds have been fully characterized by IR and lH NMR.

5: m.p. 35-36°C; IR(Neat): 2110(N3), 1790 cm_l(C = 0); lH NMR (CDCl3): §0.08(6H, s, CH3),
0.89(94, s, t-butyl), 2,50(1H, dd, J = 18, 3.25 Hz, H-2), 2.97(1H, 4d, J = 18, 7.25 Hz,
H-2), 3.84(2H, m, H-5), 4.40(2H, m, H-3 and H-4). Anal. Calcd. for CllH21N3O331: C,
48.68; H, 7.80; N, 15.49. Found: C, 48,58; H, 7.82; N, 15:45,

6: (a,6-mixture, 1:2): IR(Neat): 3600-3100 (OH), 2110 em = (N,); 'H NMR (CDCL,): §0.07
and 0.13 (6H, 2s, CH3), 0.89 and 0.93 (9H, 2s, t-butyl), 2.0 - 2.5 (2H, m, H-2), 2.99(1H,
d, J = 6.37 Hz, OH exchangeable), 3.5 - 3.8 (2H, m, H-5), 4.0 - 4.3 (2H, m, H-3 and H-4),
5.4 - 5.6 (l1H, m, H-1). Anal., Caled. for 011H23N303Si: C, 48.32; H, 8.48; N, 15.37.
Found: C, 48.39; H, 8.52; N, 15.28.

7: (o,B-mixture, 1:2): IR(Neat): 2110(N3) and 1755 cm_1 (COCH3); 1H NMR (250 MHz, CDCl3):6
0.086 (B) and 0.091 (a) (5H, 2s, CH3), 0.89 (B) and 0.92 (a) (9H, 2s, t-butyl), 2.04 (B)
and 2.09 (o) (3H, 2s, COCH3), 2,10-2.24 (1H, m, H-2), 2.34-2.49 (lH, m, H-2),
3.62-3.8(3H, complex multiplet, H-4 and 5), 3.95-4.27 (1H, complex multiplet, H-3),
6.29[0.66H, dd, J=1.6 and 5.27 Hz, H-1(B)] 6.34(0.33H, dd, J = 0.83 and 5.35 Hz, H-1 (a)]
Anal. Calcd. for C13H25N304Si: C, 49.52; H, 7.93; N, 13.33, Found: C, 49.60; H, 8.03; N,
13.30.

H. Vorbruggen, K. Krolikiewicz, and B. Bennua, Chem. Ber., 114, 1234 (1981).

(a) Compounds 10a, 10b were identical in physical and spectroscopic properties with
authentic samples. (b) Physical and spectroscopic properties for 11b were identical to
those previously reported in Ref. 13.

p ~ 4-6° (c, 0.49, CHJOH); IR(KBr): 2120 em™ ! (N9)5 ly wr
(DMSO—d6):6 2.1(1H, dt, J = 14, 4 Hz, H-2'b), 2.73(1H, dt, J = 14, 7 Hz, H-2'a), 3.47(2H,
m, H-5'), 4.1-4.45 (2H, complex multiplet, H-3' and 4'), 5.02(1H, t, OH-5"',
exchangeable), 5.63(1H, d, J = 8 Hz, H-5), 6.07(1lH, dd, Jl',2'a = 7 Hz, Jl’,2'b = 4 Hz,
H-1'), 7.67(1H, d, J = 8Hz, H-6), 11.27(1H, bs, NH, exchangeable). Anal. Calcd. for

C9H11N504.1/4 H20: C, 41,943 H, 4.46; N, 27.18. Found: C, 41.95; H, 4.55; N, 27.08.

lla: Hygroscopic foam: [a]
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