SYNTHESIS OF ACYL DERIVATIVES OF PYRAZOLONE INDUCING THE
FORMATION OF ANTIVIRAL INHIBITORS
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Acyl derivatives of aminopyrazolone show an antiphlogistic effect, which 1s due mainly
to an inhibition of the inflammation mediators, a lowering of capillary reactivity, a stabil-
ization of cellular and subcellular structures, and to an inhibitory effect on cellular en-
ergy exchange. Additionally, some of these compounds increase the functional activity of
human embryo fibroblast culture, reduce all the parameters of the cellular mitotic cycle, and
induce the formation of the inhibitors of a series of RNA- and DNA-containing viruses [1-4].
Contrary to interferon, the antiviral inhibitors (AI) that we discovered do not show tissue
specificity, are more stable with respect to the proteolytic enzymes, and are inactivated in
acidic media [5-7].

In the present work, the synthesis of 33 acyl derivatives of pyrazole is described and
the relationship between their AI activity, on the one hand and their chemical structure and
antiphlogistic effect, on the other, is studied (Table 1).

Analysis of the effect of antipyrilamides and butadione on AI formation in the experi-
ments on inhibition of the cytopathogenic activity (CPA) of Coxsackie Al3 virus, vesicular
stomatitis virus (VSV), and adenovirus type 23 in cultures of human embryo fibroblasts (HEF)
and chicken embryo fibroblasts (CEF) showed that the series of 4-aminoantipyrine derivatives
acylated by aliphatic acids (group A) are active inductors of AI; however, they protect the
cells from CPA caused only by RNA~containing viruses (Coxsackie Al3 and VSV). The antiviral
effect of the group A compounds, as well as their antipyretic and antiphlogistic activities,
increases with increase in the number of carbon atoms in the side chain. The most active
compounds, acylated by higher fatty acids (antipyrylamides of palmitic and stearic acids),
suppress the cytopathogenic effect of viruses Coxsackie Al3 and VSV in five and four days,
respectively. A decrease in the number of carbon atoms in the acyl residues, as well as the
introduction of chlorine atoms, decreases the ability of the compound to protect cells against
CPA viruses. The introductionof a stearyl residue into the molecule of 4-methylamincantipy-
rine, or in the composition of glycoylaminoantipyrine (group C), also reduces the induction.

Antipyrylamides of the substituted aromatic acids (group B) show, as a rule, higher anti-
pyretic and antiphlogistic activities; the nature and position of the benzyl radical substit-
uents definitely affect the antiviral activity. Compounds of this group show antiviral
activity, protecting the cells to various degrees against the CPA of viruses. Contrary to an-
tipyrylamides of group A, the introduction of halogen atoms (chlorine, bromine, iodine) into
the aromatic acid radical (group B) increases sharply the ability of the pyrazole derivatives
to induce AI on the third day after the virus introduction, which ability is particularly pro-
nounced when two chlorine atoms are present in the phenyl residue (antipyrylamide of 2,4-
dichlorobenzoic acid). An increase in the AI induction takes place on the introduction of
the electron-seeking substituents, namely bromine and nitro group, into the molecule of sal-
icylic acid antipyrylamide, and two electron-seeking nitro groups in positions 3 and 5 of the
phenyl radical. Thus, the antipyrylamides of 3,5~dinitrobenzoic and particularly 2-hydroxy-
4-nitrobenzoic acids inhibited the CPA of RNA-containing (Coxsackie Al3) and DNA-containing
{adenovirus type 23) viruses.

The introduction of alkyl substituents into the amide group of the antipyrylamides does
not significantly effect the AI~inducing activity of the compounds, as was the case with the
antiphlogistic effect; in this case, the electron donor, or the electron-seeking character
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of the phenyl ring substituents, is less pronounced. A clear correlation between the struc-
ture of the methylantipyrylamides of the aliphatic and substituted aromatic acids and their
antiviral activity could not be detected, although in some cases the replacement of the hy-
drogen atom in the amide group with a methyl radical led to increased AI-inducing activity.
This is the case with the methylantipyrylamide of p-methoxybenzoic acid, which retains the
CPA for both the RNA-containing (Coxsackie A13, VSV) and DNA-containing (adenovirus type 23)
viruses. An analogous activity, but only against the RNA-containing viruses, is shown by
the methylantipyrylamide of o-nitrobenzoic acid.

Further investigation of the antiviral activity of antipyrylamides on the degree of
platelet formation in cultures of human embryo fibroblasts and viral hemagglutinin culture
(Newcastle disease virus and paragrippe Sendai virus) showed that the highest degree of sup+
pression of the platelets was achieved with the antipyrylamides of palmitic, stearic, 2,4-
dichlorobenzoic, and o-chlorobenzoic acids as AL inductors. The suppression of platelet
formation (with respect to the control) for a 24-h contact of human embryo fibroblasts with
the above compounds was 78.4-89,27, and for a 48-h contact, it was 83.1-92.0%.

The components of the aminopyrazolone acyl derivatives did not cause the appearance of
AI under the conditions of our experiments. Thus, for the appearance of AI induction, the
entire molecule of the antipyrylamide is important, while the nature and the position of the
substituent in the benzoyl radical at the C(s) carbon atom of the pyrazolone ring are of
great significance.

The phenomenon of the formation and isolation of the species-nonspecific AI by cells of
human and animal origin under the influence of low-molecular-weight organic compounds, in-
cluding the pyrazole derivatives, is a prerequisite for obtaining a new class of antiviral
agents. Of practical importance in this respect is the sensitivity to the AI activity of the
RNA-containing Coxsackie viruses, particularly Coxsackie Al3 showing cardiotropism in humans,
and Coxsackie A2l inducing epidemic outbursts of respiratory ailments. This becomes even
more important when we take into account that there are, presently, no chemotherapeutic
agents active against these types of viruses, which are rather insemnsitive even to interferon
[8, 9].

EXPERIMENTAL BIOLOGICAL PART

Evaluatlon of the antiphlogistic activity of the investigated compounds was carried out
using the method showing the reactivity of capillaries to the inflammatory agent [10].

The AI-inducing activity of the compounds (100 or 200 pg/ml depending on the presence
of CPA) was determined using a known method [11] with some modifications: The effective dose
of the compound in 0.1 ml of the sample was introduced into the cell culture of human or
chicken embryo fibroblasts using No. 199 medium (0.8 ml) and the culture was left for 48-72 h
at 37°C. The liquid containing the virus (0.1 ml, 100 CPAs,) was then added without decant-
ing the medium (No. 199) with the investigated compound; the control tissue cultures were
infected with the same dose of the virus. The results were discussed after full degeneration
of the control culture cells. The following test samples were used: RNA-containing viruses
(VsV, Newcastle disease virus, paragrippe Sendai virus, Coxsackie A13) and DNA-containing
viruses (adenovirus type 23), obtained from the collections of the D. I. Ivanovskii Institute
of Virology of the Academy of Medical Sciences of the USSR and the Moscow Institute of Viral
Preparations.

EXPERIMENTAL CHEMICAL PART

The compounds of groups A and B were prepared by nucleophilic substitution of the hy-
droxyl in the carboxylic group of the carboxylic acids by a 4-ant1pyry1am1no or a 4-methyl-
antipyrylamino group {12].

A mixture of equimolar amounts of 4—amino- or 4-methylaminoantipyrine and the carboxylic
acid in a sufficient amount of anhydrous benzene was heated to 70°C, followed by dropwise
addition of the condensing agent, phosphorus trichloride, in an amount one-half of the molar
amounts of the amine and the acid. The mixture was refluxed on an oil bath for 2-3 h, the
benzene was removed, and the reaction mixture was dried and treated with 10%Z sodium carbonate
solution. After filtration, the residue was washed with water, followed by ether washing,
and then recrystallized from ethanol.



The compounds of group C were prepared by nucleophilic substitution of the bromine atom
in 4-bromoacetylaminoantipyrine by a carboxylic acid residue. A mixture of equimolar amounts
of 4-bromoacetylaminoantipyrine and the sodium salt of the carboxylic acid in abselute etha-
nolwas refluxed for 15 h with continuous stirring. After cooling, the solid mass was fil-
tered, dried, and treated with hot water. The residue was again filtered, washed with water
to negative reaction of bromide ions, and recrystallized from alcohol or dioxane.

The compounds prepared were identified by mp, elemental analyses, and selectively by
infrared spectra. The data for the synthesized compounds are presented in Table 1.
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SYNTHESIS OF DIACYLHYDRAZINES AND OXADIAZOLES STARTING FROM
3-PHENYL-5-METHYL~4~ISOXAZOYL HYDRAZIDE

G. V. Andosova, V. N. Konyukhov, UDC 615.31:547.786.2
Z. V. Pushkareva, G. Kh. Khisamutdinov,

A, S. Barybin, V. I. Il'enko,

and 0. F., Alferova

This communication is a continuation of the studies on the synthesis and properties of
3-phenyl-5-methyl-4-isoxazoylhydrazide (I) derivatives [1]. The synthesis and the study of
diacylhydrazines (II) and 2- and 2,5-substituted oxadiazoles (III) is reported. These com-
pounds are of interest for biological studies, as some of them were found tc show a wide
spectrum of physiological activity [2, 3].

The synthesis was carried out according to the following reaction sequence:

Q 2 9
CéHgUCMﬂ\IHZ RCOCI CbquCNHNHCR
N
07 e, RogNe::
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