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Abstract: Directed reduction of the 1.4 hydroxy-ketone % and the 1.4 aldchydo-ketone 12 with NaBH(OAc)y gave
stereoselectively in high yield the 1,4 diol 19, a key intermediate required in our synthesis of chiral carbocyclic
2'- deoxyribonucleosides.

Chiral carbocyclic nucleosides have attracted considerable attention as antivirall, antitumourZ and
purinergic agents3 as well as antisense oligonucleotides?. As a result there are a large number of synthetic
approaches® to chiral carbocyclic nucleosides, the more efficient and flexible of which are the convergent
approaches where the intact base is coupled directly to a suitably functionalised carbocylic moiety. This has
been illustrated by a variety of convergent syntheses to chiral carbocyclic ribonucleosides>. In contrast there are
relatively few convergent syntheses®:3¢ tailored to chiral carbocyclic 2"-deoxyribonucleosides 4.

In our search for a short, efficient and convergent synthesis of chiral carbocyclic 2-deoxyribonucleosides we
were attracted by the simpilicity of forming the required carbocyclic ring 3 in two stages. First by 1,4 addition of
a one carbon fragment to a chiral cyclopentenone I, a strategy that has been successfilly exploited in the
prostaglandin field” and in the synthesis of aristeromycin8, followed by stereoselective reduction of the resulting
ketone 2 as illustrated in Scheme 1.
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Our initial approach is illustrated in Scheme 2. Conjugate 1 4-addition of the higher order cuprate §
derived from the methoxymethoxymethyllithium® and lithium 2-thieny! cyanocupratel0 | to the S-enone!!
1 (R = TBDPS) gave the cyclopentanone 2 (R’ = MOM, R = TBDPS) in 67% vield. Similarly the PMB
analogue 6 derived from paremethoxybenzyloxymethyilithium!3 was added to enone 1 (R = ThexDMS) to give
2 (R’ = PMB, R = ThexDMS) in 69% yield. Stereoselective reduction of ketone 2 was expected to give, via
steric control, predominantly the required o alcohol 7, based on literature precedents!4.15. However with a
range of different reagents (Scheme 2) only marginal stereoselective reduction was seen, The mixtures of
alcohols 7 and 8 were produced in = 70% isolated yield.
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Scheme 2
7
6 = (2-Th)(MOMOCH ,)CuCNLi, OR R'= MOM, R = TBDPS.
§ = (2-Th)(PMBOCH,)CuCNL, 1 R' = PMB, R = ThexDMS.
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R'=MOM, R = TBDPS
Red-Al/ -70° 1 1
DIBAL /-70%° 1 1
NaBHy4 / IPA / -70 1o RT 3 2
LiBuS3BH /-70° 1, 3

R' = PMB.R = ThexDMS
Red-Al / -70° 3 2
DIBAL /-70° 3 2
NaBH,4 / IPA / -70° to.RT 3 2
LiBuS{BH /-70 3 2

Surprisingly the use of L-selectride gave predominantly the unwanted -alcohol when the primary alcohol
was protected with MOM. A possible explanation for this is that the L-selectride is chelated to the top face of
the ketone in a manner simitar to that shown in Scheme 3, this would then favour attack on the opposite face by

another molecule of hydride to give 8 (R' = MOM, R = TBDPS) as the predominant isomer.
Scheme 3

RO
A way round the lack of steric control in this attempted stereoselective reduction is to use a directed reduction!6
to the top face of the ketone utilising the primary alcohol as the directing functionality (Scheme 4).
Triacetoxyborohydrides 16 are known to reduce 1,3-hydroxy ketones stereoselectively, not simply because the
intermediate alkoxydiacetoxyborohydride does so intramolecularly but because it is actually a more potent
reducing agent than the triacetoxyborohydride parent.
Scheme 4

ThexDMSO
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Until recently” this has been limited to 1,3-hydroxy ketones, while 1,5-, 1,6- and 1,8-hydroxy ketones failed to
reduce!8 under similar conditions. Deprotection of the PMB group in 2 with DDQ gave the 1,4-hydroxy ketone
9 in 86% yield. Reduction of 9 with sodium triacetoxyborohydride gave exclusively the 1,4-diol 10 as a white
solid in 75% yield (Scheme 5). The stereochemistry of 10 was unambiguously determined by an NOE

experiment 18,
Scheme 5
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Reagents and conditions: (a) (2-ThXPMBOCH,)CuCNLi, / TMSCI, THF, -78° (b) DDQ, CH;Cly. (¢) NaBH(OAG)3, EtOAe, A. (d) (PhS),CHy,
nBuLi, THF, DMPU, -78° (&) CuO/CuCl,, acetone, A (f) Ph3CCl/ DMAP reagent, CHyCly, A

We have extended this concept of directed reduction It was noted that while sodium triacetoxyborohydride is
extremely sluggish to reduce ketones intermolecularly, it does reduce aldehydes!®. Thus in-situ reduction of an
aldehyde to form the reactive alkoxydiacetoxyborohydride intermediate should also lead to directed reduction of
the cyclopentanone, to give the diol 10  This strategy made it feasible to replace the difficult 1,4-cuprate
addition, which requires careful control of temperatures and times , by a more robust addition of a formyl
synthon to the cyclic enone The best of several formyl anion equivalents tried proved to be
bis(phenylthio)methane which added regio- and stereo-selectively to the enone 1 to give the 1,4 -adduct 11 in
78% yield. As a substitute for HMPA, which is normally required to ensure that the carbanion adds 1,4 rather
than 1,220, N,N'-dimethylpropyleneurea (DMPU)2! was used. Although this reaction is reported to go
satisfactorily at 0° 20, we found that the molecule decomposed when the reaction was allowed to warm up from
-78°. The reagent of choice for the dethiation step proved to be copper oxide and copper chloride in refluxing
acetonezz, which gave the aldehyde 12 in 77% yield (Scheme 5) Other reagents (isoamyl
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nitrite/dichloromethane/RT/5days)23 and (T I(CF3C04)3 /NagHPO4/THF)24 gave lower yields. Reduction of
the 1,4 -keto aldehyde 12 with sodium triacetoxyborohydride in ethyl acetate at reflux for 1/2 hour gave the diol
10 in 91% yield.

Selective protection of the primary alcohol in the diol 10 by acylation or silylation under a variety of
conditions failed to give the required product in high enough yield or with the selectivity needed. However,
tritylation25 of 10 with a preformed DMAP/Ph3CCl complex in dichloromethane at reflux gave 13 in 80% yield
(Scheme 5). The alcohol 13 may now be coupled to a variety of purine or pyrimidine bases to give chiral
carbocyclic 2'-deoxyribonucleosides.
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