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The method for the synthesis of 6-imino-5-tetrahydro-1H-2-pyrrolylidenhexahydro-2,4-pyrimidinediones
is described. It is shown that the reaction of phosphorus trichloride, 2-pyrrolidones and 6-aminopyrimidines
brings to condensation producing 6-imino-5-tetrahydro-1H-2-pyrrolylidenhexahydro-2,4-pyrimidinedi-
ones as intermediates for the synthesis of C-azanucleosides. The reaction of 6-imino-1,3-dimethyl-5-tetra-
hydro-2-pyrrolylidenhexahydro-2,4-pyrimidinedione with benzoyl chloride produces 10-benzoyl-2,
4-dimethyl-6-phenyl-1,2,3,4,8,9-hexahydropyrimido[5,4-e]pyrrolo[1,2-c]pyrimidine-1,3-dione. A method
for the selective reduction of the carbomethoxy group of methyl 5-(4-imino-1,3-dimethyl-2,6-dioxo-
hexahydro-5-pyrimidinyliden)-2-pyrrolidine carboxylate by system NaBH4/1,4dioxane/CoCl2/PEG-400 is
described.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The modification of nucleosides has long been recognized as an
important approach to improve their antiviral or anticancer activ-
ities.1 In contrast to natural nucleosides, in C-nucleosides the ribo-
furanosyl moieties are linked to the heterocyclic base through a
carbon–carbon bond and they possess a more stable glycosidic
bond toward hydrolysis and enzymic reaction. Furthermore, the
sugar residue of C-nucleosides where the oxygen is replaced by a
nitrogen atom constitutes an another important class of C-azanu-
cleosides able to inhibit glycohydrolases which are responsible
for the cleavage of glycosidic bonds.2

The known methods for the synthesis of C-azanucleosides such
as Heck-coupling reactions, 1,3-dipolar cycloadditions, Mannich-
type C-nucleosidations, and Staudinger-aza-Wittig cyclization of
c-azido ketones have been described in the literature.3 These
methods are multistage and complicated. Consequently, develop-
ment of new more readily accessible methods for their synthesis
becomes actual.

In this Letter, we report a one-step simple synthesis of 6-imino-
5-tetrahydro-2-pyrrolylidenhexahydro-2,4-pyrimidinediones as
intermediates for the synthesis of C-azanucleosides and some fur-
ther transformations specific for these systems. The proposed ap-
proach assumes the application of hydrogenation processes in
the final stage of synthesis of C-azanucleosides.
ll rights reserved.

Martirosyan).
The structural determination of the synthesized compounds
was performed using X-ray crystallography, IR, and NMR spectro-
scopic methods.

2. Results and discussion

It is well known that the condensation of imino ethers or imino
chlorides, particularly derived from pyroglutamic acid, with active
methylene reagents such as Meldrum’s acid and methyl cyanoace-
tate, lead to corresponding b-enaminoesters.4 This precedent al-
lowed us to postulate a one-step condensation of 2-pyrolidones
with 6-aminopyrimidines 1a–b to prepare 6-imino-5-tetrahydro-
2-pyrrolylidenhexahydro-2,4-pyrimidinediones 2a–d by interac-
tion with phosphorus trichloride, probably through the formation
of intermediates such as the corresponding imino chlorides and
Vilsmeier-type complexes.5(Scheme 1).

It should be noted that the usage of 2-pyrrolidone instead of
1,4-dioxane brings to small increase of yields of synthesis of 2a–
b (Table 1). We believe that the low yields of 2b and 2d are caused
by bad solubility of the starting pyrimidines 1b, while the com-
pounds 2a and 2c were synthesized in good yields (Table 1).6

The condensation of 1a–b with 2-pyrrolidones gave only 2a–d,
and other isomers containing double bonds with the pyrrolidine
ring were not detected.

The method for selective reduction of amide and nitrile groups
by NaBH4/CH3OH/CoCl2 is well established.7 On the other hand, it
is known that cyclic polyethers (crown ethers) are able to acceler-
ate the reaction rates and induce high selectivity in reactions by
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Table 1
Synthesis of 6-imino-5-tetrahydro-2-pyrrolylidenhexahydro-2,4-pyrimidinediones
2a–d

Compd no. Solvent Yield (%)

2a 1,4-Dioxane 75
2a 2-Pyrrolidone 80
2b 1,4-Dioxane 30
2b 2-Pyrrolidone 35
2c 1,4-Dioxane 70
2d 1,4-Dioxane 28
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the crown ether-activated anion species. Polyethylene glycol (PEG-
400) is an excellent substitute for crown ethers and it has been
used as a co-solvent in the reduction of carbon–carbon triple or
double bonds by NaBH4/PdCl2 in PEG-400/CH2Cl2, where PdCl2 is
used in catalytic quantities.8 Using the system of NaBH4/1,4-diox-
ane/CoCl2/PEG-400 we anticipated a simple and selective reduc-
tion of the 6-imino group of 2c.

However, the 6-imino group of 2c had shown stability in the
conjugated system with carbon–carbon double bond, we observed
the reduction of the ester moiety of 2c with 3 equiv of NaBH4/1,4-
dioxane/CoCl2/PEG-400 in 80% yield (Scheme 2).9

In an attempt to increase the reductive activity of the 6-imino
group we used benzoyl chloride to acylate 2a. Surprisingly, we
found that a double incorporation of the benzoyl moiety had oc-
curred involving migration of C–C double bond into pyrrolidine
ring accompanied by an acylation of the enamine and condensa-
tion to give 4 (Scheme 3).10

It should be noted that a thin layer chromatography (TLC) con-
trol of the course of the reaction shows only the presence of the
starting and the final compounds. The final compound 4 was con-
sumed completely after the addition of 2 equiv of benzoyl chloride.
This observation allows supposing that all the above-mentioned
processes take place simultaneously.

The assignment of the structure was further confirmed by X-ray
structure analysis of 4 as shown in Figure 1. The diffraction exper-
iment was carried out on CAD4 ‘Enraf-Nonius’ diffractometer. The
compound 4 C24H20N4O3 is crystallized in monoclinic C 2/c space
group (a = 36.230(7) Å, b = 5.4187(11) Å, c = 21.741(4) Å, b =
NN
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110.43(3)�). A total of 9159 reflections were collected and 4763
are unique (Rint = 0.057). R1 and wR2 are 0.0549 [I > 2r(I)] and
0.1188 (all data), respectively. All observed interatomic distances
were in good agreement with their mean statistical values.11

It should be noted that all these compounds showed moderate
activity in primary lymphocytes infected with human immunode-
ficiency virus type 1 (HIV-1).12 HIV drug susceptibility assay was
done as previously described.13

3. Conclusion

The synthesis of novel 6-imino-5-tetrahydro-2-pyrrolyliden-
hexahydro-2,4-pyrimidinediones as intermediates for the synthe-
sis of C-azanucleosides has been accomplished. The application
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of hydrogenation on the final stage of the synthesis of C-azanucle-
osides provides wide choice of catalysts for stereo selective and
asymmetric synthesis.

Described above, examples of transformations specific for these
systems (2a–d) such as the reaction of 6-imino-1,3-dimethyl-5-
tetrahydro-2-pyrrolylidenhexahydro-2,4-pyrimidinedione with
benzoyl chloride and a method for the selective reduction of the
carbomethoxy group of methyl 5-(4-imino-1,3-dimethyl-2,6-
dioxohexahydro-5-pyrimidinyliden)-2-pyrrolidine carboxylate by
system NaBH4/1,4dioxane/CoCl2/PEG-400 may play an essential
role in understanding and planning future investigations of similar
systems.

Studies on the extension of these reactions for the synthesis of
various C-aza nucleoside derivatives and 1,2,3,4,8,9-hexahydropy-
rimido[5,4-e]pyrrolo[1,2-c]pyrimidine-1,3-diones are in progress.
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