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Abstract:

A set of carbocyclic

nucleoside analogs have been prepared using a novel modilication of the Mitsunobu

reaction. This approach helps solve an important synthetic problem in the preparation of carbocyclic an.llogs of
nucleosides.
Analogs of oligonucleotides having dimethylene sulfide, sulfoxide, and sulfone units replacing the phosphate
diester groups in the backbone, compounds that are potential antisense reagents, have been synthetic targets in
these laboratories for some time 2,3,4. As a part of this work, we wished to have a variant of these analogs with
the ring oxygen replaced by a -CH2- group (e.g., 1).
Efforts to prepare building blocks for these analogs
encountered several synthetic problems that are common in the synthesis of carbocyclic analogs of nucleosides
generally.5 Attachment of cyclopentane or other substituents to a purine via direct alkylation often yields both N7
and @ substituted derivative&, while alkylation of pyrimidines (e.g., with tosylates and mesylates)7 is generally
low yielding. Alkylation of purines using epoxides has successfully yielded carbocyclic analogs of nucleosides
8~,10+11,12.However, this approach necessarily gives ring systems that are hydmxylatcd in an inconvenient
position. Further, stepwise construction of purine and pyrimidine ring systems around a carbccyclic amine13
proved in our hands to be tedious and low-yielding, and involved reaction conditions that were incompatible with
groups used in our systems to protect functionality on the side chains of the cyclopenryl
ringsId.
We therefore have extended Mitsunobu-type procedures’s to append the heterocyclic rings 6-chloropurine
(2), 2,Gdichloropurine
(3), N2-isobutyryl-06.[2-Q-nitrophenyl)ethyl]guanine
(4)16, N%enzoyl-thymine
(5),
and N3-benzoyluraci1 (6)17 to the cyclopentanol cores A,B,C,D1*under modified Mitsunobu conditions.
Other carbocyclic nucleoside analogs were prepared from these products by direct modification. Recently
published work19,20,21 reports the interest of many laboratories in analogous carbocyclic nucleosides, derived in
part from the fact that carbocyclic oligonucleotide analogs may be useful both as anti-viral and as anti-sense
drugs 22,23
. In view of this interest, and the fact that many laboratories encounter synthetic pa>blems noted above,
we believe that it is appropriate at this time to make these procedures available.
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The experiments were carried out in two modifications. If the base is soluble in TIFF the Ph+DEAD
(diethylazodicarboxylate)
complex is preformed in THF at O”C, followed by the addition of a mixture of the
alcohol and the nucleoside base derivative in THF at the desired temperature. If the base is insoluble in THF, a
suspension of the nucleoside base derivative, the alcohol and Ph3P in dioxane is treated with DEAD in THF at the
desired temperam&.
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The success of the Mitsunobu procedures depends on the structure of the nucleos:.de base acting as a
nuclcophile in the reaction and the conditions under which the reaction was run, but not (apparently) on the
structure of the alcohol. Even with strained cyclobutanol (E), the replacement of the hydroxy function with the
guanine derivative 4 was possible in reasonable yield (entry 9). Side chains on the cyclopentanol seemed not to
have a large influence on the yields (entry 6 and 7) unless they were adjacent to the h;:droxyl _group in the
cyclopentane ring (entry 8).
One notable feature in the synthesis of derivatives bearing a purine ring is the absence of the formation of
products bearing I@ substituents. This fact is especially notable in the preparation of :;uanosine derivatives
(entries 3, 6, and 9). Derivatives of guanine alkylated on I@ are especially difficult to prepare by standard
alkylation procedures, and this building block should be useful for the preparation of a range of these derivatives.
While the origin of the high regioselectivity in this reaction is unknown, steric factors may play an important role.
In the preparation of thymine and uracil derivatives by this approach, the yields (entries 4 and 5) of rhe
protected compounds are typically only between 47% and 52%. Some of this low yield is undoubtedly due to the
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partial loss of the N-benzoyl group from the ring nitrogen during purification. If, as is normally the case,
debenzoylation is the desired next step, the yields of deprotected compound are considerably higher.
Ncvcrtheless, the single step procedure presented here is considerably more efficient than alternative routes to
these compounds involving the construction of the pyrimidine ring on a cyclic amine.
The building blocks for preparing carbocyclic oligonucleotide analogs with dimethylsulfide, -sulfoxide, and
-sulfone linkers (e.g., 1) are directly prepared from the carbocyclic nucleoside analogs containing the cyclopentanol cores B or C. In case of the adenosine building block, 7 was treated with ammonia (25% aqueous, in an
equal vol. dioxane at 60°C) to yield 8 25. After protection of the free amino function with benzoyl chloride (6
equiv, in pyridine), the reduction of 9 with lithium trlethylborohydride
(in THF at -18°C) led to 10, that was
finally treated with thioacetic acid under Mitsunobu conditions33 to give the desired, protected adenosine building
block 11.
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