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Studies on the Regio and the facial-selectivities of Nucleophilic
Substitution and A ddition Reactions at the 2’ and
3’-Positions of 2’-Deoxy-2’-methylene Pyrimidine Nucleosides
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Abstract

This thesis is divided into two parts dealing with developments of new strategies for the
synthesis of sugar modified nucleosides as potential antitumor and antiviral agents. The
first part consists of studies on the chemical reactivity of the allyl alcohol moiety of 2’-
deoxy-2’-methylenecytidine (DMDC), a potent antitumor agent, and the utilization of
the observed regioselectivity of nucleophilic substitution reactions for the synthesis of
analogues of DMDC. Namely, (3’ §)-3’ -amino-2’ 3’ -dideoxy-2’ -methylene pyrimid-
ines, (3’ R) and (3'S5)-2' 3’ -dideoxy-3’-fluoro-2’ -methylene pyrimidines, and 2’ 3’-
didehydro-2’ 3’ -dideoxy-2’ -C-fluoromethyl pyrimidine nucleosides. In the second
part, a practical methodology for the geometrical conversion of the easily accessible
(2)-2’ -cyanomethylene-2’ -deoxy pyrimidine nucleosides into their E-congeners was
addressed. The efficacy of this methodology was verified and utilized to convert (2)-
2’ -tert-butoxycarbonylmethylene-2 ’-deoxy-uridines into their E-congeners.

Part I: Tt was envisioned that DMDC exhibits its antitumor effects by the consequences
of the incorporation of its 5’ -triphosphate derivative (DMDCTP) into DNA. That is, the
structural features of the resulting allyl phosphate ester would result in: 1) An intra-
molecular rearrangement of the allyl phosphate moiety would lead to a structural
changes of the DNA strand. 2) An intermolecular nucleophilic attack at the terminus of
the exo-methylene group of the allyl phosphate ester (assuming that an Enz-SH or Enz-
NH, would attack in an SN2’ manner), and consequently result in a chain termination of
the DNA strand. To verify the aforementioned proposed mechanism: first; the mode of
reaction of the probes; 2’ -deoxy-2’ -methylene-5’ -O-trityluridines and 2’ -deoxy-3’-0O-
methanesulfonyl-2’ -methylene-5’ -O-trityluridines with various nitrogen, oxygen,
sulfur, and halogen nucleophiles were investigated. It was found that the regioselectivity
of the nucleophilic substitution reactions is dependent on the nature of the nucleophile:
soft and borderline nucleophiles reacted in SN2' manner, while harder nucleophiles
preferred the SN2 reactions. Second; for structural-activity relationship correlations,
inversion of the configuration at the 3’ -position of DMDC as well as substitution of the
3’-hydroxyl by an amino and fluoro groups were performed. The aforementioned
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regioselectivity was verified and utilized for the synthesis of 2’ 3’ -didehydro-2’ 3’-
dideoxy-2’ -phenyl-selenomethyl-5’ -O-trityluridines. An oxidative [2,3]-sigmatropic
rearrangement of the latter compounds in the presence of ter-butylcarbamete provided
an access to (3’ S5)-3" -amino-2 ’ 3’ -dideoxy-2 ’ -methyleneuridines.

Part 2: The enzymatic studies on the mechanism of action of DMDC have revealed that
the 5’ -triphosphate of DMDC (DMDCTP) inhibits DNA polymerases from E. coli and
the 5’-diphosphate of DMDC (DMDCDP) inhibits ribonucleoside diphosphate
reductase (RDPR) from E. coli. Based on the proposed mechanism of inactivation of
RDPR by DMDCDP, a suitably placed radical acceptor at the 2’ -position in the plane of
the sugar ring might result in potential inactivation of RDPR and consequently inhibit
DNA synthesis. Therefore, (E) and (2)-2’ -(alkoxycarbonyl, carboxy, and cyano)-
methylene-2’ -deoxy pyrimidines were synthesized. As an example, Wittig reaction of
1-{3,5- O-(1,1,3,3-tetraisopropyldisiloxan-1,3-diyl)- B-D-erythro-pentofuran-2-ulosyl]-
uracil with Ph;P=CHCN afforded exclusively (Z)-2’-cyanomethylene-2’-deoxy-3,5-0-
(1,13 3-tetraisopropyldisiloxan-1 3-diyl)uridine. ~ The corresponding E-isomer was
accessed from its Z-congener through a sequence of stereoselective addition of
thiophenol to the cyanomethylene moiety and subsequent stereoselective oxidative syn-
elimination of the resulting sulfoxide. The diastereofacial selectivity of the
phenylthiolate addition was found to be influenced by the nucleobase participation,
steric etfects of the sugar protecting groups, and the thiolate counter cation. The o-
facial selectivity of the phenylthiolate addition to the cyanomethylene moiety was
achieved by manipulation of the sugar protecting groups, that is maximizing the steric
hindrance at the B-face concomitant with minimizing it at the o-face. Oxidative syn-
elimination of (2'5)-2’-cyanomethyl-2’-deoxy-2’ -thiophenoxy-5’ -O-(triisopropyl-
silyl)uridine resulted in the corresponding (£)-2’ -cyanomethylene derivative selectively
in high yield. The applicability of the successive addition and oxidative syn-elimination
reactions to convert the configuration of (Z)-2’-alkoxycarbonylmethylene derivative to
their corresponding E-congener, was investigated. However, an unusual p-facial
selective addition of thiophenol to (Z)-2’-deoxy-2’ -ethoxycarbonylmethylene-3.5-0-
(1,1,3.3-tetraisopropyldisiloxan-1 3-diyl)uridine was observed. A chelation of the
lithium counter cation between the 2-carbonyl moiety of the nucleobase and the ethoxy
moiety of the 2’ -ethoxycarbonylmethylene moiety is thought to be the origin of this
unusual B-facial selectivity. The desired «a-facial selectivity was achieved upon
introducing a bulky tert-butoxy group at the alkoxycarbonylmethylene moiety and the
use of a relatively softer potassium counter cation. Oxidative syn-elimination of (2’S)-
2’ -tert-butoxycarbonylmethylene-2 ' -deoxy-2 ’-thiophenoxy-5 ' -O-(triisopropylsilyl)-
uridine resulted in the corresponding (E)-2’ -tert-butoxycarbonylmethylene derivative
exclusively. The (£) and (Z)-2’ -carboxymethylene-2’ -deoxyuridines were achieved by

acid catalyzed hydrolysis of the corresponding tert-butoxycarbonylmethylene
derivatives.
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Studies on the Regio-and the Facial-selectivities of Nucleophilic
Substitution and Addition Reactions at the 2’-and
3’-Positions of 2’-Deoxy-2’-methylene Pyrimidine Nucleosides
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