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Abstract: The use of the 3-O-(N-acyl)carbamoyl directing groups in the synthesis of the potent anti-
Herpes virus agent 2'-deoxy-5-cthyl-4'-thio-D-uridine is described. This includes details of
experiments to optimise the carbamate substitution and a multi-gram exemplification of the key steps.

2'-Deoxy-4'-thionucleosides have received considerable recent interest due to potent biological activity in
the series. In particular 2'-deoxy-5-ethyl-4'-thio-D-uridine (1) has shown considerable therapeutic promise due
to potent anti-Herpes virus activity.! The published synthetic routes to such molecules? have been
compromised, especially on a large scale, by either or both poor anomeric selectivity in the base glycosylation
and difficulties in late stage deprotections. In this paper we describe further studies based on (2), our prototype
3-O-carbamoy! glycosylating agent, used in the anomer-selective synthesis of natural 2'-deoxy nucleosides.3
This was applied to a multi-gram scale synthesis of 2'-deoxy-5-ethyl-4"-thio-D-uridine (1).
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Construction of the appropriately substituted glycosylating agent was readily achieved (Scheme 1) from
tribenzyl 2-deoxy-1,4-thio-D-erythro-pentofuranoside (3),4 an intermediate available in kilogram quantities.
The di-de-O-benzylation of (3), proved somewhat capricious and was best facilitated using titanium IV chloride
in dichloromethane. This deblocking, followed by silylation, furnished (4) in about 40% yield, starting from 25
g of (3). This was readily converted to the required 3-O-(N-benzoyl)carbamoyl derivative (5) in 85 % yield,
by treatment with commercially available (Aldrich) benzoy! isocyanate in dry toluene.
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Scheme 1

Small scale couplings between (5) and bis(trimethylsilyl)-5-ethyluracil (Scheme 2) were used to
investigate the applicability of conditions from our prototype oxygen series3 to furnish the diprotected 4'-thio
nucleoside (6). Pleasingly, the coupling yields were reproduced, though the directing effect produced with the
thiosugar was slightly diminished, giving ratios in the region of 3:1 B:o; changing the conditions produced
similar trends in the observed coupling ratios. Scaling up the procedure, using essentially the same conditions

as in the oxa- series, 10.9g of (5) gave a 72% isolated yield of (6) with 3.2:1 B:x ratio.6
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In an effort to optimise the directing effect and to investigate possible alternatives to the unstable and

hazardous benzoyl isocyanate, a number of analogues were synthesised with variation in the carbamate

To this end, (4) was reacted with para-toluenesulphonyl isocyanate and a number of acyl

substituent.
isocyanates,’ furnishing para-toluenesulphonyl carbamate (7) and the variously acylated (8) to (13) (Scheme 3)
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Bis-Trimethylsilyl-5-ethyl uracil was glycosylated by each donor (7) to (13) on a 1 mmol scale utilising
the conditions described above (entries 2 to 8 in the table); which were compared to an averaged ratio (entry 1)
for the benzoylated donor (5). The generality of the directing effect was apparent from these experiments,
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whilst the ters-butanoyl derivative (10) emerged as the most viable alternative, with slightly improved anomer
ratios and comparable yields to the prototype benzoyl (5).8

Table: Illustrative Average Coupling Ratios Between Variously Substituted Carbamates
(7) to (13) with Bis(TMS)-5-ethyl-uracil Under the Conditions of Scheme 2.

Entry Compound R= Ratio B:a.
1 (5 Ph 3.7:1
2 () (SOypTol) 3.1:1
3 (8 CCl3 3.7:1
4 ¢)) Me 2.5:1
5 10y CMes 4.2:1
6 (11 CH»Ph 2.9:1
7 _(12) nHexyl 2.8:1
8 (13) cHexyl 2.3:1

Two further compounds gave interesting and informative results. The role of the nitrogen in the directing
effect was corroborated by the ~2:3 B:a ratio obtained on coupling the acetoacetate (14), which was prepared
by DCC coupling of (4) and acetylacetic acid. A potential short cut, utilising bis-O-carbamoyl (15), formed by
treatment of the debenzylation product from (3) with excess benzoyl isocyanate; was precluded by a coupling
ratio of 1:3 B:q; presumably due to preferential interaction by the 5-O-carbamoyl group.
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Deblocking of the 3' and 5" hydroxyls of (6) completed the synthesis. The carbamate groups were readily
removed using sodium methoxide in refluxing methanol. Surprisingly, these conditions also produced up to
60% cleavage of the 5'-O-silyl protection. Although attempts were made to fully deprotect (6) in one pot,
separate treatment of the 5'-O-silylated derivative with tetracthylammonium fluoride in thf-methanol proved
most efficient. Ultimately, 11.0 g of (6) was deblocked quantitatively and >90% of the available pure B-(1),

identical to authentic samples, 16:2d was recovered from the anomeric mixture following repeated crystallisations
from ethanol.
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Thus we have facilitated the incorporation of two important features into a synthesis of 2'-deoxy-5-ethyl-
4'-thio-D-uridine (1), namely the introduction of anomeric selectivity during the coupling step, followed by
deprotection using conditions more amenable to large scale production. A new approach to the glycosyl donor
is described in the following paper.
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