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NITRODIHYDROPYRIMIDINES (REVIEW)

G. Ya. Remennikov

Published data on the produttion and chemical transformations of nitrodihydropyrimidines are reviewed.
Examples of substances having high biological activity are given.

The pyrimidine fragment is present in the molecules of a series of biologically active compounds, many of which have
found use in medical practice (soporific, antiinflammatory, antitumor, and other products) [1, 2]. In this connection, great
attention has recently been paid to derivatives of pyrimidine, including their hydrogenation products. The first investigations
into the synthesis of such compounds appeared more than a hundred years ago (e.g., the Biginelli reaction [3]), and for a long
time they remained unused. Only in the last decade have methods been developed specifically for the production of
hydrogenated pyrimidine systems and their physicochemical properties been studied. This is explained by the high reactivity
and by the wide range of biological activity in these derivatives. Thus, for example, 2-substituted 5-alkoxycarbonyl-4-aryl-1,4-
dihydropyrimidines, which are structural analogs of Hantsch esters, are modulators of the transport of calcium through
membranes {4-7]. Recently, non-nucleosidic inhibitors of reverse transcriptase, which have high activity against HIV-1, have
been found among hydrogenated quinazolines [8-10]. Many hydrogenated pyrimidines exhibit antimicrobial [11], hypoglemic
[12], herbicidal [13], and pesticidal [14] activity. Publications devoted to these problems have been summarized in a number
of reviews [15-18].

Of great interest among the investigated compounds are the nitro-substituted dihydropyrimidines. They readily undergo
various chemical transformations, among which the unique ability to undergo recyclization to heterocyclic and carbocyclic
compounds should be noted in particular.

The interest in the nitrodihydropyrimidines is also due to the fact that these compounds represent the active principle
or act as metabolites responsible for the physiological action of nitropyrimidines. Recently, products having antimicrobial [19]
and antiviral [20-22] activity and also products suitable for the treatment of cardiovascular diseases [23-26] have been found
among them. The present review is therefore devoted to the production, chemical transformations, and biological characteristics
of dihydropyrimidines containing a nitro group at position 5 of the heterocycle. In addition, derivatives of furoxano([3,4-
dpyrimidine with a nitro group inserted into the five-membered ring (which can be regarded as analogs of 5-
nitrodihydropyrimidines) are also included in the review.

5-Nitrodihydropyrimidines can be described by five structures, having one (1,4-, 1,6-, and 1,2-) or two (2,5- and 4,5-
dihydropyrimidine systems) geminal centers, the carbon atoms of which are characterized by sp3 hybridization.
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The 5-nitro-1,2-, 5-nitro-1,4-, and S-nitro-1,6-dihydropyrimidines are cyclic enamines, in which the electron pair of
the sp3-hybridized nitrogen atom is in conjugation with the four = electrons of the C=C and C=N double bonds. On account
of the mobility of the hydrogen atom of the NH group, the 5-nitro-1,4- and 5-nitro-1,6-dihydropyrimidines can be in tautomeric
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equilibrium. At the same time the 5-nitro-2,5- and 5-nitro-4,5-dihydropyrimidines are cyclic imines, in which there is no
conjugation.

1. METHODS FOR THE PREPARATION OF NITRODIHYDROPYRIMIDINES

The methods for the production of dihydropyrimidines described in the literature can be divided into two main groups:
synthesis from acyclic compounds; transformations based on pyrimidine derivatives. Analysis of the published data makes it
possible to conclude that the first methods have advantages. However, the second methods are used more widely if an electron-

withdrawing group, and particularly a nitro group, is introduced into the pyrimidine molecule (Scheme 1). (One of the acyclic
compounds contains a nitro group.)
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Paths for the synthesis of nitrodihydropyrimidines

1.1. Synthesis from Acyclic Compounds

Only derivatives of 5-nitro-1,4-dihydropyrimidine have been obtained from acyclic compounds. Three-component (A)
and two-component (B, C) versions of cyclocondensation, based on the Biginelli reaction [18, 27-29], and also intramolecular
cyclization of the already prepared six-membered chain (version D) (Scheme 2) have been used for this. Nitro ketones (versions
A, C) and 1-arylidene-1-nitropropan-2-ones (version B) are used as nitro components in these reactions and derivatives of urea,

. aminopyrazole, and amidines are used as N—C—N fragments.
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Methods for the synthesis of 5-nitro-1,4-dihydropyrimidines from acyclic compounds
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The proposed methods of cyclocondensation are interrelated. As a rule, realization of the reactions by one of the
methods leads not to the final product but to an intermediate compound, which is in turn the starting compound for another
method of cyclization.

The formation of 5-nitro-4,6-diphenyl-1,4-dihydropyrimidin-2(1H)-one (I) from benzylidenebisurea and w-nitroaceto-
phenone (method C) was first described in [30]. According to the mechanism of the Biginelli reaction [28], at the first stage

the urea fragment is clearly substituted by the nitroketone residue, and this is followed by cyclization of the six-membered
intermediate in the acidic medium.

Ph
PhCH(NHCONH PACOCH .NO, ————> HN)INOZ
+
L 2)2 2 "2 BuOH, HO O‘J\N Ph
H

In the reaction of aromatic aldehydes with nitroacetone and a twofold excess of urea or N-methylurea in boiling ethanol
in the presence of HCI (method A) 4-aryl-6-methyl- or 4-aryl-1,6-dimethyl-5-nitro-1,4-dihydropyrimidin-2(1H)-ones (II) were
obtained [25, 31]. The latter are also formed as a result of the two-component cyclization (method B) of the respective 1-
arylidene-1-nitropropan-2-ones with urea or N-methylurea.

ArCHO + MeCOCHzNO2

Ar .
HN Noz
HQ (conc.) OJ\ Me
__No R
H> cote n

R =H, Me

By analysis of the spectral characteristics it is possible to assign compounds (II) the 1,2,3,4-tetrahydropyrimidine
structure. It should be noted that almost any aromatic aldehydes enter into the described transformations. This is important
during comparison of the pharmacological activity of compounds of this series with the corresponding derivatives of 4-aryl-1,4-
dihydropyridines (see Section 3).

The nitrodihydropyrimidine ring is constructed in the same way when substituted 5-aminopyrazoles are used as
N—C—N fragment [32-34]. Reaction in the cold leads to the noncyclic six-membered intermediates (III), which undérgo
cyclization to S-nitropyrazolo[1,5-a)dihydropyrimidines (IV) when boiled in chloroform (method D).

¥ N—NB F3 CF
3 ] H N—N Ng
NO. > N—N No, R 2
H COMe EtOH, 20 C NH Me ©HO A N~ ~Me
R 2 R H
1 w
R~ H, Q, CN, CO_H, CO,Et, CONH,, COFk, NH,, NO,, Me, Pr and others

Method B was also used for the synthesis of 2-substituted 4-aryl-5-nitro-6-methyl-1,4-dihydropyrimidines. By varying
the conditions in the reaction of 1-benzylidene-1-nitropropan-2-one with free O-methylisourea it was possible to direct the
reaction toward the formation of a derivative of O-methylisourea (V) or 5-nitro-1,4-dihydropyrimidine (VI) [35, 36]. The
Michael addition product (VII) is clearly formed at the first stage of this reaction and then undergoes cyclization to the unstable
5-nitro-3,4,5,6-tetrahydropyrimidine (VIII). The latter can undergo changes in two directions, depending on the conditions,
i.e., opening of the pyrimidine ring at the C(s)—C bond with the formation of the isourea derivative (V) or elimination of
a water molecule, leading to the 1,4-dihydropyrimidine (VI).
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The double set of signals in the PMR spectra of 4-aryl-2-methoxy-substituted 5-nitro-1,4-dihydropyrimidines (IXa) can
be explained by the fact that they exist as a mixture of two tautomeric forms. The ratio of the 1,4 and 3,4 tautomers here does
not depend on the nature or position of the substituents in the aryl fragment of the molecule and amounts to 1:3 for each
compound. The phenyl derivatives (IXb) (the synthesis of these compounds was conducted under analogous conditions [36])
only exist in the 1,4-dihydropyrimidine form, which is clearly explained by the steric effect of the phenyl substituent.

Rl

Ar Ar R

T NO) HQNoz \ NO,
MeO N Me MeO Me pb/& Me

H
Xa IXb

R = H, OMe-3: Rl = H, OMe-4, CI-4

Analogous relationships are observed in the series of 2-substituted 5-alkoxycarbonyl-4-aryl-6-methyldihydropyrimidines
(37]. Thus, substitution of the nitro group at position 5 by an ester group has practically no effect on the tautomeric
equilibrium.

1.2. Synthesis Based on Nitropyrimidines

Owing to their reactivity, nitropyrimidines, which contain accepting nitro groups and "pyridine" nitrogen atoms, have
found use as synthons for the production of various derivatives of pyrimidine and also various other types of organic compounds
whose synthesis by other methods is difficult or practically impossible [38-40]. In reaction with charged nucleophiles,
nitropyrimidines form anionic ¢ complexes, which are converted by the action of electrophilic reagents into derivatives of
nitrodihydropyrimidine.

5-Nitropyrimidines do not form covalent ¢ adducts with uncharged O-nucleophiles. The amination of highly r-deficient
six-membered nitroaza aromatic compounds was conducted successfully in the liquid ammonia — potassium permanganate system
[41]. When dissolved in liquid ammonia, depending on the temperature, 5-nitropyrimidine forms o adducts at positions 2 and
4 of the heterocycle, and they are detected spectrally [42].

G (3
NO NH_ (-60 C) NH_(-33C N
N I o) 3 N NO2 ( ) NTX 02
‘:?l\ —_— k ' -~ k H
H2 lh{ N 1;11 NH

Annellation of the pyrimidine and also of the nitropyrimidine rings by the azole fragment at the 4 and a bonds
significantly increases the electrophilicity of the pyrimidine ring. In most cases the reaction of these compounds with
nucleophiles takes place without additional activation of the reagent and substrate, which makes it possible to assign them to
pyrimidine "superelectrophiles.” Thus, when 5-substituted furoxano[3,4-d]pyrimidine and 6-nitroazolo[1,5-a]pyrimidine are
dissolved in primary, secondary, and tertiary alcohols and water nucleophilic attack takes place at the most electron-deficient
position of the pyrimidine ring with the formation of the ¢ adducts (X) and (XI) respectively [43-45].
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6-Nitroazolo[1,5-a]pyrimidines react with indoles [45], polyphenols, N,N-dialkylanilines [19], and cyclic S-diketones
[48] in a similar way. Depending on the solvent, pyrrole and N-methylpyrrole form o adducts at positions 5 and 7 of the
pyrimidine ring {38]. 7-Methoxyfuroxano[3,4-d)pyrimidine, in which the substituent is at the most electron-deficient position,
does not react with uncharged O-nucleophiles but forms a hemiacetal o complex under the influence of sodium methoxide [44].
Thus, the position of the substituents in the pyrimidine ring also has a substantial effect on the possibility of the formation of
dihydropyrimidines. '

Acetone, which is a weak CH acid and does not react with 6-nitroazolo[1,5-a]pyrimidines without additional activation,
forms an anionic Meisenheimer ¢ complex (XII) in the presence of triethylamine (or other bases). Under acidic conditions, (XII)
changes into the stable hydrogenated form (XIII), which can be isolated from the reaction zone [47].

R - H, Me, Et, Ph, SMe, CO2Et, CF3, Cl, NH2, NMe2; X = N, CCO2Et

The reactivity of azoloannellated nitropyrimidines depends on the degree of = deficiency in the system. 6-
Nitropyrazolo[1,5-a]pyrimidines are capable of adding nucleophilic reagents in the presence of accepting substituents in the
pyrazole fragment. The aza analogs of these compounds, which contain an additional nitrogen atom in the azole part of the
molecule, are characterized by higher reactivity. Conversely, the introduction of donating substituents into the azole fragment
leads to deactivation of the system. Quantum-chemical calculations [47] showed that the center of nucleophilic attack is
determined by the total charge of the fragment of the valence-bonded atoms and is at the Cy atom. -

The reaction of 5-methoxyfuroxano[3,4-d]pyrimidine with acetone and acetophenone in the presence of triethylamine
leads to the corresponding o adducts (XIV) [48], whereas the stable anionic ¢ complex (XV) obtained when the acetylacetone
carbanion is used in this reaction is changed into furoxano[3,4-d]-6,7-dihydropyrimidine (XVI) by the action of acid [48].
According to the PMR spectra, (XVI) is characterized by the presence of a mixture of the keto and enolic forms in the
diacetylmethyl fragment. This agrees with the structure of the o adduct of 4,6-dinitrobenzofuroxan with acetylacetone [49].
The reaction with the dimedone carbanion (a stronger CH acid) takes place in a similar way {48].

RCOH,C ?
CH_COR HN =N
3 =
— J§ _0 R = Me, Ph
MeO” N N
(o]
A XIv
=N NEt
TXew Y
1
MeO” N7 N Me .
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Thus, the furoxan ring activates the double bond of the azadiene fragment N, =C 4, to a significant degree, leading
to nucleophilic attack by the carbanions at the C, position. The increased general = deficiency of the furoxano[3,4-
d)pyrimidine ring compared with 5-nitropyrimidines makes it possible to extend the limits of the CH acids whose carbanions
are able to attack the pyrimidine ring nucleophilically and to bring their lower limit closer to the pK, values of the conjugate
acids whose anions form o complexes with sym-trinitrobenzene [50].

The interest in anionic ¢ complexes (the first o-bonded intermediates of aromatic nucleophilic reactions) has not abated
over recent decades [51-53]. In many cases, a knowledge of the structure and the conditions of formation and the possibility
of isolating these complexes from the reaction zone in the individual state have made it possible to use them as starting
materials for further transformations.

Anionic ¢ complexes are extremely reactive compounds with strong nucleophilic characteristics. On account of the
considerable delocalization of the negative charge [see the limiting structures of types (XVII, XVIII)] it was possible to achieve
reaction of the stable acetonyl anionic ¢ complexes of S-nitropyrimidine, containing a geminal fragment at positions 4 [type
(XVID] and 2 [type (XVIII)] of the pyrimidine ring, with some nucleophilic agents [54, 55]. The different direction of
nucleophilic attack in each specific case leads to various types of hydrogenated pyrimidines.

) NO, N~ \NO N~ <NO, N)j:m;
L e X 1
- XvI

A B c D
X X X
- N N N N N
A AL T A
\ -
NO;
NO, NO, 2
Xvili
A B ¢

It is known that classical Meisenheimer o complexes do not as a rule react with the usual alkylating agents (alkyl
halides) {53]. With the use of triethyloxonium salts or during the alkylation of the silver salts of Meisenheimer spiro ¢
complexes (as a result of the electrophilic assistance of the silver ion in heterolysis of the carbon—halogen bond) it is
possible to realize a reaction leading to the formation of a mixture of the corresponding ortho- and para-nitronic esters [53].
The optimum condition for anionic ¢ complexes of the 5-nitropyrimidine series in reactions with electrophilic reagents is
the presence of a phase-transfer catalyst {56, 57].

During the protonation [58], alkylation [56], ethoxycarbonylation and acylation [57] of the anionic ¢ complex
(XVII), 5-nitro-1,6-dihydropyrimidines (XIX) are formed as a result of the preferential formation of the resonance structure
(XVIIA), in which the negative charge is localized at the N3 nitrogen atom of the pyrimidine ring. Analogous
transformations of the anionic o complex (XVIII), in which the geminal unit is at the para position to the nitro group, are
realized regioselectively at position 5 of the pyrimidine ring with the formation of the 5-substituted S5-nitro-2,5-
dihydropyrimidines (XX) [56, 59], isolated in the form of a mixture of diastereomers. In this case, the resonance structure
(XIX) is formed. For the 5-benzyl derivative the mixture of diastereomers was separated by chromatography, and the signals
in the spectra of the other compounds of this series were assigned on the basis of the PMR spectra of each of them [56].
The 2,5-dihydropyrimidines formed during the acylation and ethoxycarbonylation of the anionic ¢ complex (XIX) are
unstable and are aromatized during the reaction, being converted into compounds (XXI) and (XXII) [59].

Cl‘.lec 1 CHzAc
N7 NO R—N NOZ
R - A
Me N~ “OMc MeO” N7 T"OMe
Xvil XIX
R = Ii, Me, E1, All. COMe, COPR, CO, 1,
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2, CHEMICAL TRANSFORMATIONS OF NITRODIHYDROPYRIMIDINES

- The derivatives of 5-nitrodihydropyrimidine are highly reactive compounds. The nature and the position of substituents
in the ring have a substantial effect on their stability and reactivity. These compounds are easily aromatized by the action of
dehydrogenating agents and enter into reactions characterized by opening and also by retention of the hydrogenated ring. Such

a unique property as recyclization to heterocyclic and carbocyclic compounds has already been mentioned in the introduction
to the review (see Scheme 3).

Scheme 3
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The paths of the chemical transformations of nitrodihydropyrimidines

This transformation is characteristic of the most unstable nitrodihydropyrimidines, which usually act here as
intermediates. Such transformations were discussed in detail in the reviews [39, 60] and in the monograph [61]. In this section
(see Section 2.1) we give some new examples of the opening of the dihydropyrimidine ring and its transformation into other
heterocyclic and/or carbocyclic compounds. We then examine the chemical properties of more stable nitrodihydropyrimidines
(see Section 2.2).

2.1. Transformations of Unstable Nitrodihydropyrimidines

During investigation of the transformations of the nitropyrimidine ring under the influence of carbanions, leading to
compounds of the nitropyridine and benzene series [39, 61], it was shown that they take place through the formation of anionic
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o complexes, which as a result of prototropy are in equilibrium with the corresponding unstable dihydropyrimidines [39]. In
[62, 63] examples were given of the unusual transformations of 6-nitroazolo[l,5-a]pyrimidines into 2-azolylamino-5-
nitropyrimidines under the influence of CH-active nitriles. On the basis of a combination of experimental and published data
we proposed a scheme for this recyclization involving the formation at the first stage of a ¢ adduct (XXIII), which is then
transformed through the cyclic ¢ adduct (XXIV) (path @) or through the intermediate (XXV) with an open chain (path ) to
the N-azolyl-2-imino-5-nitropyridine (XXVI). The latter undergoes a Dimroth rearrangement with the formation of 2-
azolylamino-3-nitro-5-R-pyridine (XXIV). Detection of the o adduct (XXIV) by spectral methods makes path @ more likely

in this transformation.
g NO
Ry N"j/mz . R SN I’\j 2
+ RCHCN —»
N N 2 N g N

N NH
b) NC NO
o é“t:f T
No,
XXV

1
XXIO-XXV]I R=H, Nl'lz, CFJ; R= COzEt. CN, CONHZ. CSNHI. COzl’i

Under the influence of the carbanions of acetylacetone and methyl and ethyl acetoacetate, 5-methoxyfuroxano[3,4-
d]pyrimidine undergoes recyclization to the corresponding derivatives of 2-methyl-5-nitrofuran [64]. In the literature there are
data to the effect that the reaction of furoxano[3,4-d]pyrimidines with nucleophiles is accompanied by opening of both the
pyrimidine and the furoxan (the Beirutskii reaction) rings [65-67]. On the basis of the structure of the obtained nitrofuran
derivatives it is possible to propose the following scheme for their formation:

0
p /N\ NE‘S ROC
k - ,0 + MeCOCHZCOR m / \
MeO N 17 Me (0] N02

Me

OH Me
nozc\Y P RO, Q Jon

N No, RO, RO_C
£ J‘rﬁ Lo e L X
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N" Ve, MeONTWH H *? NO,

MeO
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xxvii  NEt,

R = Me, OMe, OEt
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At the first stage of the reaction the carbanion attacks the most electron-deficient position of the pyrimidine ring with
the formation of anionic ¢ complexes. The latter are transformed as a result of opening of the furoxan ring under the influence
of an excess of triethylamine into the unstable 5-nitro-4,5-dihydropyrimidines (XXVI). Cleavage of the N(3,—Cy, and
C(5)—C(6) bonds and cyclization of the nitroenols that form by the Feist—Benary method [68, 69] lead to 5-nitrofurans. The
possibility of such a scheme of transformations is demonstrated by the fact that the stable anionic ¢ complex (XV) likewise
undergoes recyclization to 3-acetyl-2-methyl-5-nitrofuran when boiled in ethanol [64]). Moreover, the substituent at the geminal
center or its fragment must be in the enolic form, which is clearly essential for successful cyclization to the nitrofuran ring.

We cite yet another example of opening of the 5-nitrodihydropyrimidine ring. Irrespective of the position of the geminal
unit, the reaction of the acetonyl anionic ¢ complexes (XVII) and (XVIII) with arenediazonium salts leads to the formation of
the limiting structures (XVIIC) and (X VIIB) respectively, in which the negative charge is localized at the carbon atom attached
to the nitro group [70]. The 5-arylazo-5-nitro-4,5-dihydropyrimidines (XXVIII) formed at the first stage are unstable and are
converted into acyclic compounds during the reaction; conversely, their 2,5-dihydropyrimidine analogs (XXIX) are stable
substances.

H H_Ac
-

MeO OMe
=N
OIN. N
XXIX
NO OMe NO
R [ 2 | 2
NH-N=C-CH-NH-C=N-CO_Me 2-NO_-C -NH-N=C-CO, Me
] 2 2 4 2
Cllec

R = H, NO2-2, NO2-4, OMe-4

2.2. Transformations of Stable Nitrodihydropyrimidines

The reactions of nitrodihydropyrimidines not accompanied by decomposition of the heterocycle will be examined below.
Here it is necessary to mention primarily the capacity of these compounds for dehydrogenation.

The o adducts of 5-nitropyrimidine with an amide anion are oxidized by potassium permanganate {41]. 5-Nitro4-
phenyl-1,4-dihydropyrimidin-2(1H)-one (I) is dehydrogenated smoothly in acetic acid (the bromination —dehydrobromination
method) [30]. 5-Nitro-2,5-, S-nitro-1,4-, and 5-nitro-1,6-dihydropyrimidines are easily aromatized by the action of
dichlorodicyanobenzoquinone [57, 58].

A few derivatives of 2,5-dihydropyrimidine not containing electron-accepting groups at position 5 of the pyrimidine
ring are characterized by low stability [15, 71, 72]. At the same time, 5-nitro-2,5-dihydropyrimidines can be regarded as cyclic
imines containing donating substituents at the o position and accepting substituents at the 8 position of the imine fragment. Such
a combination of substituents differing in nature increases the stability of the synthesized compounds. The introduction of a
second electron-accepting substituent at the 3 position of the imine fragment (position 5 of the 2,5-dihydropyrimidine ring) does
not increase the stability of the molecule. It was shown in section 1.2 that the 5-acyl(ethoxycarbonyl)-5-nitro-substituted 2,5-
dihydropyrimidines formed from the ¢ complex (XVIII) are unstable and are aromatized with the formation of the derivatives
(XXI) and (XXII).

When 5-nitro-5-alkyl(arylaza)-2-acetonyl-2,5-dihydropyrimidines are boiled with sodium methoxide in methanol solution
the dihydropyrimidine ring is aromatized with the formation of the corresponding 2-acetonylpyrimidines [73]. On the basis of
the published data [74, 75] it is possible to present the following mechanism for this reaction. Since aromatic and aliphatic nitro
compounds are capable of accepting an electron from strong reducing agents, being converted into radical-anions [(75], the
radical-anion salt (XXX) is formed as a result, clearly, of the transfer of an electron from the methoxide ion to the nitro group
of 5-nitro-2,5-dihydropyrimidine. It then eliminates a nitrite ion and is converted into the dihydropyrimidinyl radical (XXX).
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The latter removes a hydrogen atom from the solvent with the formation of 5-alkyl(arylaza)-5-H-2,5-dihydropyrimidines
(XXXTI), which as a result of their instability are aromatized during the isolation process. The synthetic value of this reaction
rests on the fact that it makes it possible to produce difficultly obtainable S-alkyl(arylaza)pyrimidines.
The 5-aza-5-nitro-4,5-dihydropyrimidine (XXXIII) formed as intermediate compound during the reaction of 5-nitro-1,4-
dihydropyrimidine with a 4-nitrobenzenediazonium sait is aromatized in a similar way in an alkaline medium [36].

NO 4No, c‘ N.O.No n Ne NONO
Me()/L ﬁm, ’Meo”li;( ’

Me

4,5-Dihydropyrimidines not containing electron-accepting groups are the most unstable compounds in the dihydro-
pyrimidine series [15]. The introduction of a nitro group also does not affect their stability.

Transformations with retention of the nitrodihydropyrimidine ring have special significance, since they make it possible
to modify the molecule without affecting its nitrodihydropyrimidine structure. The reaction of 2-substituted 4-aryl-6-methyl-5-
nitro-1,4-dihydropyrimidines, having several reaction centers, with electrophilic agents was investigated. A vicinal nitro group
substantially increases the mobility of the hydrogen atoms in the methyl group at position 6 of the heterocycle. The reaction
of these compounds with dimethylformamide diethyl acetal and 3-nitrobenzaldehyde gave enamines and styrenes respectively
[31, 36]. Vilsmeier —Haack formylation and also the acetylation of 5-nitrodihydropyrimidin-2(1H)-ones take place selectively
at the N3, atom [31]. Nitration is conducted with potassium nitrate in sulfuric acid. The nitronium ion here attacks the meta
position of the phenyl ring [31]. Depending on the conditions, the methylation of 5-nitro-4-phenyl-1,4-dihydropyrimidine takes
place selectively at the Ny and N, atoms with the formation of the corresponding hydrogenated derivatives [36].

Recently, an original method was proposed for the synthesis of C- and N-carbacyclonucleosides containing 5-nitro-2,5-
and 5-nitro-1,6-dihydropyrimidines as heterocyclic base [21].

3. BIOLOGICAL ACTIVITY OF NITRODIHYDROPYRIMIDINES

Hydrogenated 6-nitroazolo{1,5-a]lpyrimidines exhibit antimicrobial activity toward relatively pathogenic Gram-positive
and Gram-negative microorganisms (Bacillus sereus, Corynebacterium divercanum) and the yeast-like fungus Candida albicans
[19]. The antimicrobial activity depends little on the substituent in the azole fragment and is as a rule related to the nature of
the substituent at position 7 of the pyrimidine part of the molecule. The introduction of resorcinol, indole, or alcohol residues
increases the ability of these compounds to suppress the growth of Gram-positive microorganisms.

4-Aryl-3,5-dialkoxycarbonyl-1,4-dihydropyridines (nifedipine, phoridone, nimodipine, nicardipine hydrochloride, and
others), which in their pharmacological activity belong to the group of calcium antagonists, are used successfully as effective
cardiovascular and antihypertensive preparations [76-78]. Substitution of one of the ester groups by a nitro group leads to a
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radical change in the physiological characteristics of these compounds [78, 79]. However, the highly effective calcium
antagonist Bay K 8644 has not found use in medical practice on account of its high toxicity [79]. The interest in 4-aryl-5-nitro-
1,4-dihydropyrimidines is due primarily to the fact that these compounds are the aza analogs of Bay K 8644. Investigation of
the activity in the series of 6-nitroazolo{1,5-a]pyrimidines did not reveal compounds having a strong hypotensive effect [23].
Investigation of the effect of 4-aryl-6-methyl-5-nitro-1,4-dihydropyrimidin-2(1H)-ones on the contracting action of the
myocardium and the principal hemodynamic indices [24-26) showed that, depending on the position of the substituent in the
aryl fragment of the molecule, these compounds exhibit the characteristics of calcium antagonists and agonists. While not being
inferior in activity to the reference products (strofantine, digoxin, Bay K 8644), calcium agonists with this structure are
characterized by significantly lower toxicity. Thus, in the derivatives of 5-nitrodihydropyrimidine there are favorable prospects
for the further discovery of compounds effective in the treatment of cardiovascular disease.

Analysis of the antiviral activity in the series of 7-substituted 6-nitro-4,7-dihydro[1,5-a}Jazolopyrimidines showed that
the 7-indolyl-substituted compounds have the greatest effect [20]. The direction and the magnitude of the antiviral effect also
depend of the nature of the substituent in the azole part of the molecule.

6-Acetonyl-1-(2,3-dihydroxypropyl)-5-nitro-2,4-dimethoxy-1,6-dihydropyrimidine [21] with low cytotoxicity exhibits
activity against HIV-1 comparable with the effective antiviral agent azidothymidine [22]. Its analog 1-(2,3-dihydroxypropyl)-5-
nitrouracil does not exhibit antiviral characteristics [80]. At the present time an intensive search is being made in the series
of hydrogenated pyrimidines for non-nucleosidic inhibitors of reverse transcriptase [8-10]. Thus, it was found that derivatives
of 3,4-dihydroquinazolin-2-one (in particular the product L-608,788) [8] have high activity against the HIV-1 virus. These data
indicate the specific participation of the hydrogenated pyrimidine fragment in the inhibition of reverse transcriptase.

The data presented in the present review make it possible to conclude that the nitrodihydropyrimidines are extremely
important as intermediates in the chemical transformations of w-deficient nitropyrimidine systems and also as synthons for the
production of representatives of other types of organic compounds. The prospects for the further use of this direction of
research are also favored by the high biological activity of the nitropyrimidines.

The author expresses his sincere gratitude to Doctor of Chemical Sciences V. M. Cherkasov for assistance and valued
comments during the preparation of the present review.

REFERENCES

1. M. D. Mashkovskii, Medicinals [in Russian], 12th ed., Meditsina, Moscow (1993), Part 1, p. 736; (1993), Part 2,
p- 688.

2. N. B. Nikolaeva (ed.), Medicinal Products from Foreign Firms in Russia [in Russian], Astrafarmservis, Moscow
(1993), p. 720.

3. P. Biginelli, Berichte, 24, 1317 (1891).

4. E. L. Khanina, G. O. Silinietse, Ya. Ya. Ozol, G. Ya. Dubur, and A. A. Kimenis, Khim.-farm. Zh., No. 10, 72
(1978).

5. H. Cho, M. Ueda, K. Shima, A. Mizuno, M. Hayashimatsu, Y. Ohnaka, Y. Nakeuchi, M. Hamaguchi, K. Aisaka,
T. Hidaka, M. Kawai, M. Takeda, T. Ishihara, K. Funahashi, F. Satoh, M. Morita, and T. Noguchi, J. Med. Chem.,
32, 2399 (1989).

6. K. S. Atwal, B. N. Swanson, S. E. Unger, D. M. Floyd, S. Moreland, A. Hedberg, and B. C. O’Reilly, J. Med.
Chem., 34, 806 (1991).

7. G. C. Rovnyak, S. D. Kimball, B. Beyer, G. Cucinotta, J. D. DiMarco, J. Gougoutas, A. Hedberg, M. Malley,
J. P. McCarthy, R. Zhang, and S. Moreland, J. Med. Chem., 38, 119 (1995). '

8. S. F. Britcher, M. E. Goldman, J. R. Huff, W. C. Lumma, T. A. Lyle, L. S. Payne, M. L. Quesada, W. M. Sanders,
P. E. Sanderson, and T. J. Tucker, PCT Int. Appl. WO 9,304,047; Chem. Abs., 119, 249965 (1993).

9. T. J. Rucker, T. A. Lyle, C. M. Wiscount, S. E. Britcher, S. D. Young, W. M. Sanders, W. C. Lumma, M. E.
Goldman, J. A. O’Brien, R. G. Ball, C. F. Homnick, W. A. Schleif, E. A. Emini, J. R. Huff, and P. S. Anderson,
J. Med. Chem., 37, 2437 (1994).

10. M. A. Huffman, N. Yasyda, A. E. De Kamp, and E. 1. Grabowski, J. Org. Chem., 60, 1590 (1995).

11. M. S. Amine, S. A. Nassar, M. A. El-Hashash, S. A. Essawy, and A. A. Hashish, Indian J. Chem., Sect. B35, 388
(1996).

1379



12.
13.
14,
15.
16.

17.
18.

19.

20.

21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
4]1.

42.

1380

S. M. Desenko, V. V. Lipson, N. I. Gorbenko, L. P. Livovarevich, E. N. Ryndina, V. V. Moroz, and V. P. Varavin,
Khim.-farm. Zh., No. 4, 37 (1995).

K. Jelich, P. Babczinski, H. J. Sartel, R. Smidt, and H. Strang, German Patent No. 3,808,122; Ref. Zh. Khim.,
160433P (1990).

L. Gsell, Eur. Pat. Appl. EP 375,613; Chem. Abs., 113, 231399 (1990).
A. L. Weis and H. C. van der Plas, Heterocycles, 24, 1433 (1986).

A. L. Weis, Advances in Heterocyclic Chemistry, A. R. Katritzky (ed.), Academic Press, Orlando, etc., Vol. 38
(1985), p. 3.

S. M. Desenko, Khim. Geterotsiki. Soedin., No. 2, 147 (1995).

R. F. Evans, The Pyrimidines, D. J. Brown (ed.), Wiley, New York, Chichester, Brisbane, Toronto, Singapore
(1994), p. 737.

V. L. Rusinov, A. V. Myasnikov, T. L. Pilicheva, O. N. Chupakhin, E. A. Kiprianova, and A. D. Garagulya, Khim.-
farm. Zh., No. 1, 39 (1990).

T. L. Pilicheva, V. L. Rusinov, L. G. Egorova, O. N. Chupakhin, G. V. Vladyko, L. V. Korobchenko, and E. I.
Boreko, Khim.-farm. Zh., No. 1, 41 (1990).

S. G. Vishnevskii, V. V. Pirozhenko, N. P. Chentsova, S. V. Antonenko, E. V. Barbasheva, E. V. Grin’, M. G.
Lyul’chuk, A. E. Sorochinskii, G. Ya. Remennikov, A. I. Luik, and V. P. Kukhar’, Khim.-farm. Zh., No. 12, 44
(1994).

I. V. Tetko, V. Yu. Tanchuk, N. P. Chentsova, S. V. Antonenko, G. 1. Poda, V. P. Kukhar, and A. I. Luik, J. Med.
Chem., 37, 2520 (1994).

V. L. Rusinov, T. L. Pilicheva, O. N. Chupakhin, G. V. Kovalev, and E. P. Komina, Khim.-farm. Zh., No. 8, 947
(1986).

G. Ya. Remennikov, S. S. Shavaran, I. V. Boldyrev, L. K. Kurilenko, B. M. Klebanov, and V. P. Kukhar’, No. 3,
35 (1991).

G. Ya. Remennikov, S. S. Shavaran, 1. V. Boldyrev, N. A. Kapran, L. K. Kurilenko, V. G. Shevchuk, and B. M,
Klebanov, Khim.-farm. Zh., No. 5, 25 (1994).

G. Ya. Remennikov, S. S. Shavaran, M. A. Mokhort, V. A. Slobodskoi, I. V. Boldyrev, L. K. Kurilenko, N. A.
Kapran, and B. M. Klebanov, Physiologically Active Substances [in Russian], Vol. 25, Moscow (1993), p. 69.

D. J. Brown, Comprehensive Organic Chemistry, A. R. Katritzky and Ch. W. Rees (eds.), Vol. 3, Pergamon, Oxford
(1984), p. 117.

F. Sweet and J. D. Fissekis, J. Am. Chem. Soc., 95, 8741 (1973).
C. O. Kappe, Tetrahedron, 49, 6937 (1993).
V. P. Mamaev and Z. D. Dubovenko, Izv. Sibirsk. Otd. Akad. Nauk SSSR. Ser. Khim. Nauk, No. 3, 101 (1972).

G. Ya. Remennikov, S. S. Shavaran, [. V. Boldyrev, N. A. Kapran, and L. K. Kurilenko, Khim. Geterotsikl. Soedin.,
No. 3, 388 (1993).

N. Tsuda, T. Misina, M. Okhata, K. Araki, and T. Nakamura, Japanese Patent No. 6,277,387; Ref. Zh. Khim.,
140132P (1988).

N. Tsuda, T. Misina, M. Okhata, K. Araki, D. Inui, and T. Nakamura, Japanese Patent No. 62,270,584; Ref. Zh.
Khim., 3084P (1989).

N. Tsuda, T. Misina, M. Okhata, K. Araki, D. Inui, and T. Nakamura, US Patent No. 4,918,074; Ref. Zh. Khim.,
11096P (1992).

G. Ya. Remennikov, I. V. Boldyrev, S. A. Kravchenko, and V. V. Pirozhenko, Khim. Geterotsikl. Soedin., No. 9,
1290 (1993).

G. Ya. Remennikov, I. V. Boldyrev, S. A. Kravchenko, and V. V. Pirozhenko, Khim. Geterotsikl. Soedin., No. 10,
1398 (1993).

H. Cho, T. Iwashita, M. Ueda, A. Mizuno, K. Mizukawa, and M. Hamaguchi, J. Am. Chem. Soc., 110, 4832 (1988).
V. L. Rusinov and O. N. Chupakhin, Nitroazines [in Russian] B. M. Vlasov (ed.), Nauka, Novosibirsk (1991), p. 347.
V. L. Rusinov, O. N. Chupakhin, and H. C. van der Plas, Heterocycles, 40, 441 (1995).

V. A. Makarov, A. L. Sedov, M. P. Nemeryuk, and T. S. Safonova, Khim.-farm. Zh., No. 4, 26 (1993).

M. Woznjak and H. C. van der Plas, Acta Chem. Scand., 47, 95 (1993).

H. C. van der Plas, V. N. Charushin, and B. van Veldhuizen, J. Org. Chem., 48, 1354 (1983).



43.

45.

46.

47.

48.

49,
50.
51.
52,
53.
54.
55.

56.

57.
58.
59.

61.

62.

63.

65.
66.

67.
68.
69.
70.

71.
72.
73.
74.

75.
76.
77.
78.
79.
80.

G. Tennant and C. W. Yacomeni, J. Chem. Soc. Chem. Commun., No. 1, 60 (1982).

G. Ya. Remennikov, V. V. Pirozhenko, and I. A. Dyachenko, Khim. Geterotsikl. Soedin., No. 1, 101 (1992).

V. L. Rusinov, 1. Ya. Postovskii, A. Yu. Petrov, E. O. Sidorov, and Yu. A. Azev, Khim. Geterotsikl. Soedin., No.
11, 1554 (1981).

T. L. Pilicheva, V. L. Rusinov, A. V. Myasnikov, A. B. Denisova, G. G. Aleksandrov, and O. N. Chupakhin, Zh.
Org. Khim., 29, 622 (1993).

T. L. Pilicheva, V. L. Rusinov, A. V. Myasnikov, A. B. Denisova, G. G. Aleksandrov, and O. N. Chupakhin, Khim.
Geterotsikl. Soedin., No. 6, 807 (1993).

G. Ya. Remennikov, V. V. Pirozhenko, S. I. Vdovenko, and S. A. Kravchenko, Khim. Geterotsikl. Soedin. (1997),
in the press.

F. Terrier, M. P. Simmonin, M. J. Pouet, and M. J. Strauss, J. Org. Chem., 46, 3537 (1981).

G. A. Artamkina, M. G. Egorov, 1. P. Beletskaya, and O. A. Reutov, Dokl. Akad. Nauk SSSR, 242, 846 (1978).

G. Illuminati and F. Stegel, Adv. Heterocycl. Chem., 34, 305 (1983).

S. S. Gitis and A. Ya. Kaminskii, Usp. Khim., 47, 1970 (1978).

V. N. Knyazev and V. N. Drozd, Zh. Org. Khim., 31, 3 (1995).

V. M. Cherkasov, G. Ya. Remennikov, and E. A. Romanenko, Khim. Geterotsikl. Soedin., No. 10, 1389 (1978).

V. M. Cherkasov, G. Ya. Remennikov, A. A. Kisilenko, and E. A. Romanenko, Khim. Geterotsikl. Soedin., No. 2,
239 (1980).

G. Ya Remennikov, S. G. Vishnevskii, V. V. Pirozhenko, and V. M. Cherkasov, Khim. Geterotsikl. Soedin., No.
9, 1238 (1990).

S. G. Vishnevskii, V. V. Pirozhenko, and G. Ya. Remennikov, Khim. Geterotsikl. Soedin., No. 1, 77 (1996).

V. M. Cherkasov, G. Ya. Remennikov, and E. A. Romanenko, Khim. Geterotsikl. Soedin., No. 6, 823 (1981).

G. Ya. Remennikov, V. M. Cherkasov, and V. V. Pirozhenko, Khim. Geterotsikl. Soedin., No. 4, 562 (1988).

M. A. Yurovskaya and A. Z. Afanas’ev, Khim. Geterotsikl. Soedin., No. 7, 867 (1991).

O. N. Chupakhin, V. N. Charusin, and H. C. van der Plas, Nucleophilic Aromatic Substitution of Hydrogen,
Academic Press, San Diego, New York (1994).

V. L. Rusinov, T. L. Pilicheva, A. A. Tumashov, G. G. Aleksandrov, E. O. Sidorov, I. V. Karpin, and O. N.
Chupakhin, Khim. Geterotsikl. Soedin., No. 1, 1632 (1990).

V. L. Rusinov, T. L. Pilicheva, A. A. Tumashov, L. G. Egorova, and O. N. Chupakhin, Khim. Geterotsikl. Soedin.,
No. 2, 235 (1994).

G. Ya. Remennikov, Khim. Geterotsikl. Soedin., No. 7, 1001 (1997).

G. Tennant and G. M. Wallace, J. Chem. Soc. Chem. Commun., No. 3, 267 (1982).

L. I. Khmel’nitskii, S. S. Novikov, and G. I. Godovikova, Chemistry of Furoxans: Reactions and Application [in
Russian}, Nauka, Moscow (1983), p. 312.

D. Binder, C. R. Noe, B. C. Prager, and F. Turnovsky, Arzneim.-Forsch., 33, 803 (1983).

F. Feist, Berichte, 35, 1545 (1902).

E. Benary, Berichte, 44, 493 (1911).

G. Ya. Remennikov, S. G. Vishnevskii, V. V. Pirozhenko, S. I. Vdovenko, V. M. Cherkasov, D. S. Yufit, and
Yu. T. Struchkov, Khim. Geterotsikl. Soedin., No. 2, 215 (1993).

M. D. Mehta, D. Miller, and E. F. Mooney, J. Chem. Soc., No. 12, 6695 (1965).

A. L. Weis, F. Frolow, and R. Viskautsan, J. Org. Chem., 51, 4623 (1986).

G. Ya. Remennikov and S. G. Vishnevskii, Ukr. Khim. Zh., 57, 82 (1991).

V. V. Zorin, D. M. Kukovitskii, Z. V. Todres, S. S. Zlot-skii, and D. L. Rakhmankulov, Zh. Org. Khim., 21, 1790
(1985).

D. L. Rakhmankulov, V. V. Zorin, and S. S. Zlotskii, Khim. Geterotsikl. Soedin., No. 7, 867 (1986).

A. G. Odynets, B. Z. Simkhovich, A. A. Kimenis, and G. Ya. Dubur, Khim.-farm. Zh., No. 12, 1443 (1986).

S. S. Liberman and L. N. Yakhontov, Khim.-farm. Zh., No. 9, 1046 (1988).

S. Goldman and J. Stoltefuss, Angew. Chem. Int. Ed. Engl., 30, 1559 (1991).

M. Schramm, G. Thomas, and R. Towart, Nature, 303, 535 (1983).

Ch. K. Chu and S. J. Cutler, J. Heterocycl. Chem., 23, 289 (1986).

1381



