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FUNCTIONALIZATION OF PYRIMIDINE AND PURINE NUCLEOSIDES AT
C4 AND C6: C-NUCLEOPHILIC SUBSTITUTION OF THEIR C4- AND
C6-(1,2,4-TRIAZOL-1-YL) DERIVATIVES

Victor Timoshchuk 5 TriLink BioTechnologies Inc., San Diego, California, USA

5 A study of C-nucleophilic substitution at the C4-position on pyrimidine and C6-position on
2’-deoxyguanosine to produce novel nucleosides is presented with the spectroscopic properties of their
respective substitution products. C4-(1,2,4-triazol-1-yl) pyrimidine nucleosides 1 were treated with
nitroalkanes, malononitrile, acetylacetone, ethyl nitroacetate, acetoacetate and cyanoacetate at 100�C in
dioxane in the presence of DBU resulting in the production of novel nucleosides 2^11. To explore the
application of this methodology to purine chemistry, this approach was used to produce novel analogs
from 2’-deoxyguanosine. We found that the triazolo derivative 12 undergoes C-nucleophilic substitution
with nitromethane, malononitrile, acetylacetone, ethyl nitroacetate and cyanoacetate in the presence of
potassium carbonate (K2CO3) in DMF at 100�C to give novel nucleosides 13^17.

INTRODUCTION

The synthesis of pyrimidine and purine nucleosides modified at the C4 and C6
positions respectively is of considerable interest, particularly their potential
biological effects. Several publications demonstrate that pyrimidine nucleosides
properly activated at the C4-positions are easily transformed into numerous
derivatives by SNAr displacement. Efficient substitution with nitrogen, oxygen, and
sulfur based nucleophiles occurs when the activating group on the nucleoside is a
(1,2,4-triazol-1-yl),[1 –7] arylsulfonyl,[8–12] or (imidazol-1-yl).[13]

Surprisingly there are no publications about C-4 displacement of pyrimidines
with C-nucleophiles thus activated. Nor are there publications describing the
modification of 2’-deoxyguanosine using this approach with any nucleophile. This
paper presents our initial results on the use of C-nucleophiles with (1,2,4-triazol-1-yl)
activated pyrimidine nucleosides and 2’-deoxyguanosine.
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Pyrimidine Modification

The 4-(1,2,4-triazol-1-yl) derivatives of 3’,5’-di-O-acetyl-2’-deoxyuridine, 2’,3’,5’-
tri-O-acetyluridine, 3’,5’-di-O-acetylthymidine and 3’,5’-O-(tetraisopropyl-disilox-
anyl) thymidine were chosen as starting materials for the C-nucleophilic reactions
shown in Scheme 1.

Solutions in dioxane were heated at 100�C with nitromethane in the presence
of DBU (1 eq.) to give 4-nitroolefinic nucleosides 2. The presence of two singlets for
the NH and olefinic protons in the NMR spectra is strong evidence of these
structures. The formation of only one of two possible isomers suggests strong
stabilization by an intramolecular hydrogen bond, and is known to occur with other
b-amino derivatives of nitroolefins.[14]

The reaction between triazolo derivatives of uridine and nitroethane gave only
one isomer 3. In the case of thymidine, two separate isomers 4 and 5 were formed
with a ketimine structure, confirmed by NMR. The 5-methyl group in thymidine
causes steric hindrance in the enamine form, resulting in the formation of the
preferable ketimino structure. The treatment of nucleosides 1 with ethyl
nitroacetate afforded the mixture of two isomers 6 and 7 with a slight prevalence
of 6.

4-Dicyanomethylene nucleosides 8 were formed in the reaction of 1 with
malononitrile. The heating of 1 and ethyl cyanoacetate yielded nucleosides 9.

SCHEME 1 The substitution of 4-(1,2,4-triazol-1-yl)pyrimidine nucleosides with compounds possessing an active
methylene group.
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The interactions of 1 with ethyl acetoacetate and acetylacetone gave compounds
10 and 11 as the sole isomers as expected from the cleavage of b-ketoesters
and b-diketones.

2’-Deoxyguanosine Modification

The 6-(1,2,4-Triazol-1-yl) derivative of ful ly protected 2’-deoxyguanosine 12 did
not react with C-nucleophiles when dioxane was used as the solvent under the
conditions described for the pyrimidine modifications. However, the reactions
occurred readily when carried out in DMF at 100�C in the presence of potassium
carbonate. Compounds 13 17 were obtained by this very efficient method as
shown in Scheme 2. Their structures were confirmed by NMR and UV spectra.

These nucleosides were deprotected by treatment with TBAF or methanolic
ammonia without any visible decomposition. Strong acids and bases are not
suitable for deprotecting these compounds as b-aminonitroolefinic compounds are
easily destroyed by them.[14]

CONCLUSION

C-nucleophilic substitution of C4-(1,2,4-triazol-1-yl) pyrimidine and C6-(1,2,4-
triazol-1-yl) 2’deoxyguanosine nucleosides was found to be an efficient method for

SCHEME 2 The substitution of 6-(1,2,4-triazol-1-yl)purine nucleosides with compounds possessing an active
methylene group.
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the synthesis of these novel derivatives. These analogs possess characteristic long
wavelength absorbance at 350–420 nm as a result of the enamine structure which is
stabilized by an intramolecular hydrogen bond, suggesting a potential application
as fluorescent nucleosides.

We observed stereoselectivity of C-nucleophilic replacement in most cases.
This can be attributed to the formation of a hydrogen-bound chelate, similar to that
found in b-diketones. Al l synthesized nucleosides are stable in the presence of
acetic acid, ammonia and TBAF. Conversely, they are destroyed easily by strong
acids and bases, acyl chlorides, and reducing agents (Zn/AcOH, NaBH4, [H]/Pd/C).
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