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UNUSUAL OLEFIN FORMATION BY PhSe-F TRANS-ELIMINATION

Jinfa Du, Junxing Shi, Byoung-Kwon Chun, Ann Hobbs, Laurent Hollecker, and
Kyoichi A. Watanabe - Pharmasset, Inc., Tucker, Georgia, USA

o A new approach to the synthesis of 2',3-didehydro-2',3-dideoxynucleosides was described in
excellent yield through unusual olefin formation by PhSe-F trans-elimination.

Keywords Nucleoside, HBV, HIV, Elimination

INTRODUCTION

Several 2',3-didehydro-2',3"-dideoxynucleosides (d4-nucleosides) showed po-
tent activity against human immunodeficiency virus (HIV) in vitro."! D-2/,3-
Didehydro-3-deoxythymidine (d4T) has been approved by the FDA for clinical
treatment of HIV infection.”! p-2',3-Didehydro-2',3"-dideoxy-5-fluorocytidine
(d4FC) is currently in Phase II evaluation for the clinical treatment of HIV
infection, which is resistant to other nucleoside drugs, such as AZT and 3TC."!
Recently, 1-2',3"-didehydro-2',3"-dideoxy-3-fluorocytidine (L-3-Fd4C) was reported
to show promising antiviral activity against HIV infection."! Due to the importance
of d4nucleosides in antiviral chemotherapy, there are several methods developed
for the syntheses of d4nucleosides.’”” Mattock’s bromide, 2-acetoxyisobutyryl
bromide, made the synthesis of d4-nucleosides from ribonucleosides practical.”’l d4-
Nucleosides can be prepared in excellent yields by the treatment of ribo-nucleosides
with Mattock’s bromide followed by reductive-elimination with Cu-Zn and
deprotection. We herein report a new approach to the synthesis of d4-nucleosides
in excellent yield by the treatment of 2,2-anhydro-3"-fluorolyxofuranosyl nucleoside
with lithium phenylselenide (LiSePh).

In our ongoing drug development program, a sufficient amount of 1-3-Fd4C
was needed for in vivo evaluation. The original method from IL-arabinose in 13
steps gave very low overall yield (3.88%).1"! Therefore, it was necessary for us to
develop a novel procedure scalable for its preparation in a large quantity. Huang
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et al. reported that D-2',3"-didehydro-3-deoxy-2"fluorothymidine (2-Fd4T) was
synthesized from 2,3"-anhydro-2"-deoxy-2"fluorolyxofuranosyl-5-methyluracil in
excellent overall yield by elimination catalyzed by +BuOK in dimethylsulfoxide
(DMSO).I"" This strategy was utilized to explore the synthesis of 1-3-Fd4C through

the similar elimination of the key intermediate, 2,2-anhydro-nucleoside 7.

RESULTS AND DISCUSSION

The exploration for the preparation of L-3-Fd4C was illustrated in Scheme 1.
Compound 1 was prepared by Nomura’s method!"!! for its D-isomer. Oxidation of
compound 1 with NaOCI catalyzed by 2,2,6,6-tetramethyl-1-piperidinyoxy
(TEMPO) followed by reduction of the resulting ketone with NaBH, gave the
ribosugar 2 in excellent yield.""'? Treatment of 2 with (diethylamino)sulfur
trifluoride (DAST) in methylene chloride afforded the fluoro-sugar 3 in 80%
yield.[l?’] Acetolysis of compound 3 in AcyO/AcOH in the presence of HySO,
followed by coupling with silylated uracil in the presence of trimethylsilyl
trifluoromethanesulfonate (TMSOTH) provided B-nucleoside 5 in good yield.["!
Deacetylation of 5 with Et3N in MeOH produced 1-(3-deoxy-3-fluoro-L-
xylofuranosyl)uracil derivative 6 in moderate yield. The key intermediate 3™
deoxy-3"fluoro-2,2"-anhydronucleoside 7* was obtained by reaction of compound
6 with mesyl chloride in the presence of EtsN followed by treatment with 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) at reflux in methylene chloride. In contrast to
the preparation of 2-F-d4T, complete decomposition was observed when
compound 7 was treated with #BuOK in DMSO.!"Y It was reported that d4-
nucleosides could be prepared by the treatment of 2,2-anhydro-nucleosides with
phenylselenide ion followed by oxidative elimination of the resulting 2-
phenylselenonyl intermediate with hydrogen peroxide.”~'”] In order to prepare
2-phenylselenonyl intermediate 8, which could be further converted to inter-
mediate 10 for L-3'Fd4C by oxidative elimination with HyOy, compound 7 was
treated with lithium phenylselenide (LiSePh) in tetrahydrofuran (THF) at reflux
temperature. Instead of the expected 8, 5-O-(p-chlorobenzoyl)-B-1-2,3"-didehydro-
2',3-dideoxyuridine (9)" was obtained in 86% yield. The structures of 7 and 9 were
determined by high-resolution mass spectroscopy (HRMS) and comparison of
'H-NMR data with that reported in literature.!”!

*Compound 7: 'H NMR (400 MHz, DMSO-dg) 6 7.94 (d, J = 8.4 Hz, 2H, 2BzH), 7.90 (d, / = 7.2 Hz, 1H, H-
6),7.62 (d, J = 8.4 Hz, 2H, 2BzH), 6.20 (d, / = 6.0 Hz, 1H, H-1'), 5.88 (d, / = 8.0 Hz, 1H, H-5), 5.72 (m, 1H, H-2'),
5.61 (dm, J = 56.0 Hz, 1H, H-3'), 4.65 (m, 1H, H-4'), 5.59 (dd, J = 4.4, 12.0 Hz, 1H, H-5'), 4.40 (dd, J = 8.0, 12.0 Hz,
1H, H-5”). Anal Calcd for C,¢H;9CIFN,O5: C, 52.40; H, 3.30; N, 7.64. Found: C, 52.19; H, 3.35; N, 7.65.

iCompound 9: '"H NMR (400 MHz, DMSO-dg) 6 11.40 (s, 1H, D3O exchangeable, NH), 7.94 (d, / = 8.0 Hz,
2H, 2BzH), 7.64 (d, J = 6.8 Hz, 2H, 2BzH), 7.34 (d, / = 8.8 Hz, 1H, H-6), 6.82 (m, 1H, H-1'), 6.53 (d, / = 6.0 Hz,
1H, H-3'), 6.05 (d, J = 6.0 Hz, 1H, H-2), 528 (d, / = 84 Hz, 1H, H-5), 5.12 (br s, 1H, H4'), 4.55 (dd, /= 3.2,
12.0 Hz, 1H, H-5'), 4.45 (dd, J = 5.2, 12.0 Hz). Anal Calcd for C;cH;3CIN,O;- 1/4H50: C, 54.35; H, 3.75; N, 7.92.
Found: C, 54.31; H, 3.81; N, 7.85.
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SCHEME 1 Reagents and conditions: a) i. TEMPO, NaOCI, HyO; ii. NaBHy; b) DAST, CHyCly; c) AcyO,
AcOH, HySOy; d) silylated uracil, TMSOTY, CHyCly; ) EtsN, MeOH; f) i. MsCl, EtsN, CHyCly; ii. DBU, CHyCly;
g) (PhSe),, LiBH,, EtOH.

Possible mechanism of generation of compound 9 was also illustrated in
Scheme 1. Phenylselenide ion might attack the 2-position of compound 7 to pro-
duce an intermediate 8, which could be converted to d4-nucleoside 9 by the direct
trans-elimination of F-Se or through intermediate 11. Our observation is unique
because fluorine is not considered a leaving group in the aliphatic system.'*'®!

In conclusion, a new approach to the synthesis of 2',3-didehydro-2',3"
dideoxynucleosides has been developed in excellent yield by the treatment of 2,2'-
anydro-3'-deoxy-3'fluorolyxofuranosyl nucleoside with lithium phenylselenide
through a quite unusual mechanism.
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