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2'-C-ALKYLRIBONUCLEOSIDES: DESIGN, SYNTHESIS, AND CONFORMATION

Rogers E. Harry-O'kuru, Emily A. Kryjak, and Michael S. Wolfe*
Department of Pharmaceutical Sciences, University of Tennessee,
Room 327, 847 Monroe St., Memphis, TN 38163

ABSTRACT: Certain 2'-C-alkylribonucleotides have been designed as potential
mechanism-based inactivators of ribonucleotide reductases. A short, flexible
route toward the corresponding nucleosides and NMR evidence concerning
their preferred solution conformations are discussed.

The incorporation of a carbon substituent into the 2'B position of
nucleosides has provided a number of analogs with promising anticancer and
antiviral activities.  Along these lines, considerable effort has gone into the
design, synthesis, and evaluation of 2'-C-branched 2'-deoxyribonucleosides. In
particular, the chemistry developed by the Matsuda laboratory over the past
decade toward analogs of this type have led to notable nucleosides with potent
antileukemic! and antiherpetic? activities, including one agent with a unique
DNA strand-breaking mechanism.3

In contrast, synthetic methodologies toward and biological effects of 2'-C-
branched ribonucleosides have been relatively unexplored. There are few
reported examples of such compounds,? and these have been virtually limited
to methyl substitutions. 2'-C-Branched ribonucleosides are potential antiviral
agents: 2'-C - methyladenosine inhibited vaccinia virus in a rat tail vein
assay.4¢ In addition, they are of interest as potential building blocks for
antisense drog design: incorporation of a methyl group into the 2'C position of
adenosine led to the predominance of Northern-type sugar conformations,4 P
similar to the sugar conformations of A-form double-stranded RNA and RNA-
DNA heteroduplexes.® Despite the potential of 2'-C-branched ribonucleosides
as chemotherapeutic agents and as tools for controlling the conformation of
oligonucleotides, to date there are no synthetic methodologies toward
molecules of this type which allows easy variation of the alkyl substituent.

It was with this backdrop that we first designed 2'-C-vinyl- and 2'-C -

ethynylribonucleotides 1 and 2 (scheme 1) as potential mechanism-based
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inactivators of ribonucleotide diphosphate reductases (RDPR).® Human RDPR
is an important target for anticancer chemotherapy, and selective inhibition
of viral RDPRs has become a recent goal toward developing antiviral agents.04
The mechanism of action of RDPRs involves removal of the 3'-H via a putative
thiyl radical followed by cysteine-assisted elimination of the 2'-OH. The
resultant radical cation is then reduced by the thiolate/thiol combination; the
hydrogen atom is returned to the 3' position, generating the product 2'-
deoxynucleotides.®  Similar turnover of a nucleotide such as 1 and 2 would
result in a radical cation that could be converted to a reactive o,B-unsaturated
ketone within the active site of RDPR (scheme 1, path ¢; illustrated for 1). The
nearby thiolate anion formed in the process should be ideally positioned for
alkylation by the reactive intermediate. Other paths (a and b) include
alternate substrate activity and turnover to a 3'-ketonucleoside (which
subsequently dissociates and fragments to a reactive furanone species).0

In designing an ideal synthetic route toward the nucleoside counterparts of
1 and 2, we desired brevity, efficiency, stereoselectivity, and the flexibility to
incorporate a variety of alkyl substituents and nucleobases. The general route
tlustrated in scheme 2 meets these criteria. Ketosugar 37 was treated with
organometallic reagents selective for ketones in the presence of esters. The
reaction between 3 and MeTiCl38 resulted in the simple I,2-adduct 4 and an
anomeric mixture of its transesterification product 5 in an overall yield of
66%. The 4/5 mixture was benzoylated to provide 6 in 72% yield (o/B 1:4).

Methylsugar 6 was coupled to pyrimidines (uracil, thymine, 6-azauracil) and
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Scheme 2

to purines (N6-benzoy1adenine, 6-methylthiopurine) wunder Vorbriiggen
conditions? in yields ranging from moderate (6-methylthiopurine, 47%) to
excellent (thymine, 94%). Deprotection with methanolic ammonia then
afforded 2'-C-methylribonucleosides 8a-e.10

Reaction between ketosugar 3 and organometallic reagents in the presence
of CeCl3!! proceeded in a similar fashion. Tetrabenzoylated 2-C-branched
ribofuranosides 6,9, and 10 were obtained in 60%, 84%, and 75%, respectively,
by (1) treatment with MeMgBr/CeCl3, CHy=CHMgBr/CeCl3, or TMSC=CLi/CeCl3,
and (2) subsequent benzoylation. Vinyl- and ethynylsugars 9 and 10 were
each coupled to uracil and to N #-acetylcytosine in 62-73% yield and
deprotected to provide 2'-C-vinyl- and 2'-C-ethynyluridine (11a and 12a), and
2'-C-vinyl- and 2'-C-ethynylcytidine (11f and 12f).12  We are currently
working toward converting these new nucleosides to their corresponding 5'-
diphosphates for evaluation as inhibitors of recombinant RDPRs.

Information concerning the solution conformation of 2'-C-methyl-
ribonucleosides 8b and 8d was obtained via !H-NMR experiments. The 2'-C-
substituent precludes gleaning such information from Jq'2' and J2'3' values,
leaving only J3'4' as a clue to the sugar puckering. For 8b in D70, the H3' peak
is not resolved from those of H4', HS', or HS", however, preirradiation of either
the 2'-methyl or H-6 peak resulted in selective enhancement of H3' (9.2% and
11.1%, respectively). Thus, J34' of 9.7 Hz was determined. Using J3'4' of 10.3 Hz



15:58 26 January 2011

Downl oaded At:

1460 HARRY-O’KURU, KRYJAK, AND WOLFE

as  100% N-pucker,!3 8b appears to be essentially locked in the Northern
conformation.  In addition, the large NOE effect between H3' and H-6 indicates
that, tike other pyrimidine nucleosides, 8b spends considerable time in the
anti conformation. This aquecus solution conformation of 8b is therefore
¢éssentially the same as that of a reported x-ray structure of 8a.4d With J34 =
9.1 Hz (DMSO-dgs + D20), 8d was also predominantly N-puckered, as previously
reported for this compound in CsDsN.#b  pre-irradiation of H-8 enhanced H-1'
4.6%, which, based on correlations reported by Rosemeyer et al,!'4 translates
into 40% population of syn conformers. For vinyl- and ethynylnucleosides
I11a, 12a, 11f, and 12f, the H-3' peaks were well-resolved, with J34 = 9-10 Hz
(i.c.. the swvgars are  N-puckered). The high proportion of Northern
conformations of these 2'-C-branched nucleosides should make compounds of

this general type attractive monomers for antisense design.
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