The most active amides, II1Ic and IIId, were tested with respect to sarcoma 180. These
compounds showed moderate antitumor activity by inhibiting its growth by 48-517 (o > 0.95)
and did not show toxic effects on the organism of the experimental rats.

Thus, the antitumor effect that we have found (compounds IIIc, d) shows promise for car-
rying out further search among amides of 2-oxo-l-oxaspirol4,5]decane-4-carboxylic acid.

Investigation of the psychotropic properties of compounds I, IIId, and- IIIf showed that
they cause some oppression of the motor activity in mice. Given at a dose of 100 mg/kg, the
compounds prolong the soporific effect of hexenal almost two times (p < 0.05) and essenti-
ally do not affect the toxicity of tryptamine.

In experiments in vitro the compounds under investigation have weak antimonocamine oxi-
dase activity (20-25%).

During investigation of compounds IIIe-f with the experimental model of arrhythmia of
the heart it was found that at doses of 3-5 mg/kg they possess antiarrhythmic activity and
a noticeable effect on the arterial pressure and the frequency of heart contractions.
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SYNTHESIS AND PROPERTIES OF 1,4-BENZODIKETO- AND 1,4-BENZOMONO
KETODICARBOXYLIC ACIDS AND THEIR DERIVATIVES

D. N. Ismatov, U. M. Azizov, UDC 615.31:547.,466.2}.012.6.011.17.07
M. K. Nurullaeva, and S. I. Iskandarov

Alkyl- and arylglvoxylic acids are important intermediates in the metabolism and biosyn-
thesis of manv natural amino acids, and, because of the presence of highly reactive group-
ings, they are also widelv used in the syntheses of heterocyclic and other organic compounds.
Data on the known methods of synthesis and properties of a-ketoacids are presented in reviews

2, 3.

One of the most promising methods of preparation of arylglyoxylic acid is based on the
oxidation of ethvl-substituted benzenes by potassium permanganate solutions. It was pre-
viously shown that in the oxidation of 1,4-diethylbenzene by KMnO, in an alkaline medium,

a mixture of 1,4-benzenediketodicarboxylic acid (I), 1,4-benzenemonodicarboxylic (II) and
terephthalic (III) acids is formed [1].

However, these acids could not be separated into individual components, and their prop-
erties, except for III were practically not investigated. It was of interest to obtain them
in a pure state and to study the chemical characteristics of the structurally similar com-
pounds I and II.

We have now separated acids 1 and II from the mixture of oxidation products of p-di-
ethylbenzene for the first time. The free acids were isolated by acidifying the partially
evaporated aqueous solutions of potassium salts of the oxidation products with hydrochloric
acid to pH 3.0-3.5 and separating the precipitated terephthalic acid III. A mixture of 1
and II was obtained by extraction from a strongly acidified filtrate with diethyl ether.

All-Union Scientific-Research Chemical Engineering Institute of Pharmaceutical Industry,
Tashkent. Translated from Khimiko-farmatsevitcheskii Zhurnal, Vol. 25, No. 7, pp. 56-59,
July, 1991. Original article submitted June 27, 1990.
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TABLE 1. Antimicrobial Activity of Derivatives of 1,4-Benzenemonocketodicarboxylic
and 1,4-Benzenediketodicarboxylic ACids, Maximum Tolerated concentration (MTC) (in

ug/ml)
Com- M. kan- . Bac. E. coli Pr. Ps. aeru- St. M. cani Tr. _ albi
pound H37Rv ke | M. avium | AKC 607 subtiis | ATCC | vulgaris | ~ginosa sureus 378a eypseun C. albicans
VIl 153 1000 >1000 1000 >250 >250 >250 >250 >250 >250 >250 >250
A% 23 153 1000 1000 >250 >250 >250 >250 >250 125 1256 >250
1X >153 >153 1000 153 >250 >250 >250 >250 >250 >250 >250 >250
X >153 >153 >1000 >1000 >250 >250 >250 =>250) =250 >250 >250 >250
X1 153 153 1000 >1000 >250 >250 >250 >250 >250 >250 >250 >250
XV >153 >1000 153 1000 >250 >250 =250 >250 >250 >>250 >250 =250

Compounds I and II were separated by fractional crystallization, taking advantage of their
different solubilities in acetone and benzene. The purity of the separated compounds I and
Il was determined by gas liquid chromatography, preliminarily converting them into methyl
esters.

Acids I and II readily form derivatives at the keto group: thiosemicarbazones (XIV and
VII), semicarbazone (VIII), phenylhydrazones (XIII and VI); similarly from ketoester IV thio-
semicarbazone XI, semicarbazone XII, phenylhydrazone X were obtained. It should be noted
that while the reaction of the ketoacids with semicarbazides proceeds fairly completely in
the presence of an acid catalyst, from the ketoester IV, the semlcarbazone XII, and phenyl-
hydrazone X are formed in lower yields.

Acids I and II react readily with o-phenylenediamine, giving quinoxalinone derivatives —
4-{2(3H)-oxoquinoxalinyl]benzoic acid IX and 3,3'-(1,4-phenylene)bis(quinoxalin-2(3H)~one)
(XV), respectively. Derivatives of keto acids I and II and their methyl esters were char-
acterized by the IR, 'H NMR and mass spectral data.

o o

The derivatives of 1,4-benzenemonoketodicarboxylic and 1,4-benzenediketodicarboxylic
acids I-XV that were synthesized in the present work were tested for antubercular and anti-
bacterial activity; the results are given in the experimental biological part and in Table
1.

EXPERIMENTAL (CHEMICAL)

The 'H NMR spectra of the compounds were run on an XL-200 "Varian' spectrometer (Switz-
erland) with a 200 MHz working frequency for the 'H nuclei, using CDCl, as a solvent and TMS
as a standard. The IR spectra were determined on a "Perkin-Elmer-457" spectrophotometer
(Sweden), and the mass spectra on a "Varian MAT-12" spectrometer, with energy of the ionizing
electrons of 70 eV, and temperature of the ionization chamber 180°C. The results of the
elemental analysis corresponded to the calculated values.

1,4-Benzenemonoketodicarboxylic Acid (II). 1,4-Diethylbenzene (2.5 g, 18.7 mmoles) and
25 ml of a 10% KOH (44.6 mmoles) were added in one portion to 800 ml of a 2.5% aqueous solu-
tion of KMnO, (12.7 mmoles)-heated to 75°C. The mixture was stirred for 50 min at 75°C, and,
after adding 2 ml of ethanol, was allowed to stand for 10 min. The MnO, precipitate was
filtered off and washed with 15 ml of water. The combined filtrates were evaporated on a
water bath to a volume of 200 ml, acidified with a concentrated HCl to pH 3.0-3.5, and the
precipitate of III [0.62 g (21.47)] was filtered off. By extraction with diethyl ether from
a strongly acidified filtrate by HCl, a mixture of I, II and III (2.49 g) was separated with
a composition of 28.5, 69.0 and 2.5%, respectively.

The mixture of the acids was dissolved in 100 ml of hot acetone; after cooling the
solution, the precipitate of III [0.06 g (21%)] was filtered off. The filtrate was concen-
trated to 1/3 of the initial volume and an equal volume of hot benzene was added to the hot
solution. The precipitate that separated out was filtered off and washed with benzene. The
yield of II was 1.02 g (367%), mp 221-222°C. White powder, readily soluble in water and polar
organic solvents. IR spectrum, vpay, cm™': 1680, 1710 (C=0), 3515 (OH), 820 (1,4-substituted
benzene ring). Mass spectrum: m/z M* 194 [M—COOH]+ (149), [M~Ccol* (121), Cg4H4O,.
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1,4-Benzenediketodicarboxylic Acid (I). After the separation of II, the filtrate was
evaporated to 1/2 of the initial volume and cooled. The precipitate that separated out,
containing a mixture of I and II, was filtered off. After the evaporation of filtrate,
compound I was obtained, yield 0.25 g (6.03%), mp 218-219°C. White powder, which is read-
ily soluble in water and polar organic solvents. IR spectrum, Vpax, cm ': 1680, 1710 (C=0),
3515 (OH), 1610, 820 (1,4-substituted benzene ring). Mass spectrum: Mt 222, calculated
Mt 222. C,oHgOq.

Dimethyl Ester of 1,4-Benzenemonoketodicarboxylic Acid (IV). A 0.5 g portion of con-
centrated H,S50, was added to 1.0 mole of 1,4-benzenemoncketodicarboxylic acid (II) and 5 g
of absolute methanol, and the mixture was boiled for 5 h under a reflux condenser. A
large part of the alcohcl was then evaporated on a water bath. Ice water and a 15% sodium
carbonate were added to the residue, and the mixture was extracted with ether. After the
distillation of ether, 0.97 g (84.77%) of dimethyl ester IV was obtained in the form of white
crystals; mp 98-997, sparingly soluble in alcohols, soluble inchloroform and acetone.
C,,H,,0;. Mass spectrum: a low intensity peak of the molecular ion with m/z 222; the maxi-
mal peak belongs to the ion [MCOOCH,;]% (163), and to decomposing ion [MCOCOOCH,]t (135),
[OCH, 1T (104), [cOlt (76), Mt 222,

Dimethyl Ester of 1,4-Benzenediketodicarboxylic Acid (V). 1In analogy to the prepara-
tion of IV, to 1 g (5.1 mmole) of I and 5 g of methanol, 0.5 g of concentrated sulfuric acid was
added, and the mixture was boiled for 5 h under reflux condenser. Ice water and a 157 solu-
tion of sodium carbonate was added to the residue and the mixture was extracted with ether.
The solvent was evaporated and 0.92 g (927) of dimethyl ester of 1,4-benzenediketodicarboxy-
lic acid V was obtained. White needle-like crystals, mp 129-130°C, which are sparingly solu-
ble in polar organic solvents and soluble in chloroform and benzene. C,,H,,0,.

Phenylhydrazone of 1,4-Benzenemonoketodicarboxylic Acid (VI). A solution of 0.38 g
(2.6 mmoles) of phenylhydrazine hydrochloride in 5 ml of 507 ethanol was added to a solu-
tion of 0.5 g (2.6 mmoles) of 1,4-benzenemonoketodicarboxylic acid in 5 ml of ethanol. The
mixture was allowed to stand for 4 h at 20°C, and the phenylhydrazone precipitate that
separated out was filtered off and washed with water. The yield of VI was 0.69 g (94.6%).
Yellow crystals, mp 197-198°C. The compound is sparingly soluble in alcohols, and insolu-
ble in water and CHCl,. IR spectrum, vp,y, cm”®: 3410, 3260 (NH, OH), 1525, 1610 (C=N), (C=
0), 860-880 (disubstituted benzene ring), Mt 284, '

Thiosemihydrazone of 1,4-Benzenemonoketodicarboxylic Acid (VII). A 0.24 g portion (2.64
mmodes) of thiosemicarbazide in 8 ml of water was added to a solution of 0.5 g (2.6 mmoles)
of IT in 5 ml of ethanol, and the mixture was allowed to stand for 24 h at 20°C. The light-
vellow precipitate was filtered off and washed with water. Yield 0.64 g (93.5%) of VII, which
was dissolved in 4.8 ml of 1 N KOH. The solution obtained was filtered and acidified with
4.8 ml of 1 N HC1l. The precipitate that separated out was filtered off and washed with water.
Yield, 0.59 g (86.1%). Light-yellow crystals, mp 273-274°C (dec). The compound is practic-
ally insoluble in water and organic solvents. IR spectrum, vpgy, em~t': 1535, 1605, 1710,
(C=N, C=0), 3180, 3305 (OH, NH). M't 267. C,HgO,N,S.

Semihydrazone of 1,4-Benzenemonoketodicarboxylic Acid (VIII). A 0.28 g portion (2.6
mmoles) of semicarbazide hydrochloride in 7 ml of water was added to a solution of 0.5 g
(2.6 mmoles) of 1,4-benzenemonoketodicarboxylic acid in 5 ml of ethanol, and the mixture
was allowed to stand for 24 h at 20°C. The precipitate of VIII was filtered off and washed
with water. Yield 0.49 g (77.4%) mp 219-220°C. A white colored compound, sparingly soluble
in ethanol and insoluble in water. IR spectrum, Vpgx» cm~*: 3480, 3350 (NH,), 1710 (COOH),
1690 (NHCO) (amide I), 1550 (amine II), 1310 (amide III), Mt 251, C,,HsN,;05.

4-{2(3H)-Oxoquinoxalinyllbenzoic Acid (IX). A 0.28 g portion (2.59 mmoles) of o-phenyl-
enediamine in 3 ml of ethanol was added to a solution of 0.5 g (2.6 mmoles) of 1,4-benzene-
monoketodicarboxylic acid in 5 ml of ethanol; after 20 h 0.67 g (97.0%) of IX was filtered
off. Dark-yellow crystals, mp 356-357°C (from aqueous ethanol). C;gH,,N,05.

Phenylhydrazone of Dimethyl Ester 1,4-Benzenemonoketodicarboxylic Acid (X). A solution
of 0.33 g (2.25 mmoles) of phenylhydrazine hydrochloride in 5 ml of 50% methanol was added
to a solution of 0.5 g (2.25 mmoles) of dimethyl ester of 1,4-benzenemoncketodicarboxylic
acid in 5 ml of methanol. The precipitate of phenylhydrazone, which separated out after 5
h of standing at 20°C, was filtered off, and washed with water. The yield of X was 0.58 g
(82.57). Yellow crystals, mp 116-117°C. C,,H,;¢0,N,.
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Thiosemicarbazone of Dimethyl Ester 1,4-Benzenemonoketodicarboiylic Acid (XI). A
solution of 0.21 g (2.25 mmoles) of thiosemicarbazide in 5 ml of 507 methanol was added to
a solution of 0.5 g (2.25 mmoles) of dimethyl ester of 1,4-benzenemonoketodicarboxylic acid
in 5 ml of methanol and the mixture was allowed to stand for 10 h at 20°C. The light yellow
precipitate was filtered off, and washed with water. The yield of XI was 0.54 g (81.8%),
mp 227°C.

Semicarbazone of Dimethyl Ester 1,4-Benzenemonoketodicarboxylic Acid (XII). A solution
of 0.25 g (2.3 mmoles) of semicarbazide hydrochloride in 5 ml of 507 methanol was added to
a solution of 0.5 g (2.25 mmoles) of dimethyl ester of 1,4-benzenemonoketodicarboxylic acid
in 5 ml of methanol and the mixture was allowed to stand for 20 h at 20°C. The precipitate
of XII was filtered off and washed with water. Yield 0.43 g (67.77), mp 148-149°C. A white
substance, sparingly soluble in alcohols and insoluble in water.

Phenylhydrazone of 1,4-Benzenediketodicarboxylic Acid (XIII). A solution of 0.76 g (5.26
mmoles) of phenylhydrazine hydrochloride in 7 ml of 50% ethanol was added to a solution of
0.5 g (2.25 mmoles) of 1,4-benzenediketodicarboxylic acid in 5 ml of ethanol, and the mixture
was allowed to stand for 6 h 20°C. The precipitate of phenylhydrazone that separated out
was filtered off and washed with water. The yield of XIII was 0.80 g (88.5%). Yellow
crystals mp 304-305°C. The compound is sparingly soluble in alcohols, and insoluble in
water.

Thiosemihydrazone of 1,%4-Benzenediketodicarboxylic Acid (XIV). A solution of 0.48 g
(5.28 mmoles) of thiosemicarbazide in 12 ml of water was added to a solution of 0.5 g (2.25
mmoles) of I in 5 ml of ethanol, and the mixture was allowed to stand for 24 h at 20°C. The
light-yellow precipitate was filtered off and washed with water. Yield 0.73 g (88.5%) of
XIV, mp 305-306°C. The compound is sparingly soluble in alcohols and insoluble in water and
CHC1,.

3,3'~(1,4-Phenylene)bis(quinoxalin-2(3H)-one) (XV). A 0.56 g protion (5.18 mmoles) of
o-phenylenediamine in 5 ml of ethanol was added to a solution of 0.5 g (2.25 mmoles) of I
in 5 ml of ethanol; after 20 h 0.78 g (94.5%) of XV was filtered off. Dark-yellow crystals,
mp 324-325°C (from aqueous ethanol).

EXPERIMENTAL (BIOLOGICAL)

The antimicrobial activity was studied by the method of serial dilutions on a liquid
culture medium.¥* In experiments with mycobacteria the Soton medium was used, and with
bacteria, the Saburo bouillon. The tuberculosis mycobacteria (strains H;,Rv, M. kansasii,
M. avium, M. intracellulare, M. fortuitum and ATCC 607) were used as the test cultures. The
activity with respect to bacteria was tested on strains St. aureus 209P, E. coli, ATCC 25922,

. vulgaris, ATCC 6896, Ps. aeruginosa 165 and clinical strains ains of dermatophyte fungi M.
canls 3/84 and Tr. gypseum m 5/85 and the yeast-like fungi C. albicans 1755.

The optical density of one-day old agar suspension of the cultures was determined accord-
ing to the 5-unit turbidity standard followed by dilution with a sterile physiological solu-
tion to the final concentration equal to 1-:10° CFU (colony forming units)/ml for bacteria, and
to 1:10% CFU/ml for fungi.

The time of cultivation of the mycobacteria at 37°C was from 5 to 14 days, and for fungi
at 25°C for 1 day with C. albicans and 5 days in experiments with M. canis and Tr. gypseum.
The starting concentration of the tested compounds in the series of dilutions was 1000 ug/ml
for the mycobacteria and 250 pg/ml for bacteria and fungi.

Our investigation showed that compounds VIII, IX, X, XI, XV have no antibacterial and
antifungal activity. Compound VI has weak activity with respect to dermatophytes and Gram-
positive bacteria.
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SEARCH FOR NEW DRUGS AMONG PESTICIDES

T. A. Belen'kaya, 0. G. Yasinskaya, UDC 615.281:547.794.3].038
and V. V. Ivanova

We established earlier [2] that derivatives of benzo-2,1,3-thiazole which regulate the
growth and development of lower and higher plants, insects, and nematodes may be inhibitors
and/or stimulators of viruses, and also possess radio-protective and/or radio-sensitizing
activity, while their mechanism of action is connected with the disruption of cellular bio-
energetics, capability of changing the permeability of the membrane; as well as with modi-
fication of enzymatic activity and inhibition of DNA synthesis [5, 7, 8, 15, 16, 18].

For example, 4-chloro-5-ethoxycarbonylmethoxybenzo-2,1,3-thiadiazole, an herbicide and
a plant growth stimulant [15, 18] which protects mice from death upon exposure to y-irradia-
tion (750 R) in a dose of 300 mg/kg, manifests highly significant antiviral activity in ovo
[4]. However, in vivo the indicated compound behaves as a stimulator of viruses and con-
tributes to an increase in the death rate of animals from viral infections [4]. 4-Hydroxy-
benzo-2,1,3-thiadiazole stimulates the growth of plants, possesses fungicidal and nematocidal
activity [9], and shows inhibition of viruses in vitro and in ovo {4, 5], as well as radio-
protective activity [6]. )

It seemed expedient to follow up the discovery of the principle on known pesticides in
order to study the antiviral activity of the fungicides, herbicides, and insecticides pre-
sented in Table 1, which we obtained from industrial technical products, isolated from the
pesticide formulation, i.e., from wettable powders and concentrated emulsions (1], or synthe-
sized by known methods [14].

The antiviral activity was determined in ovo by developing 10-day chicken embryos, in-
oculated with 2A/Victoria virus in dilutions of 107° and 1073. The pesticides were dissolved
in pharmacopeial dimekside and introduced simultaneously with the virus into the choriocallan-
toic cavity in the concentration indicated in Table 1. The index of protection, the coeffi-
cient of protection, and the average geometrical titre were determined according to [3]. The
results are presented in Table 1. Information on the toxicity of the pesticides and riman-
tadine are taken from literature sources [10, 13, 17].

It can be seen from Table 1 that all of the pesticides possess antiviral activity, which
confirms the principles indicated above. The mechanism of their action was studied with dif-
ferent objectives and was considered in [12].

2,4-D,2M-4X,4,4"' -DDE (metabolite of 4,4'-DDT) and chlorophos [13;, 17] were not of interest
for further study, since they showed moderate antiviral activity.

Akrex, 4,4%-DDT, hexachlorobenzene, lindane, metaphos, rogor, sevin, and phosalone [13,
17] showed themselves to be effective virus inhibitors, but they are toxic except for hexa-
chlorobenzene (cf. Table 1), they possess carcinogenic activity [11] except for phosalone,
and application of the indicated pesticides (except for rogor and phosalone) is sharply
limited or prohibited [11], and consequently their examination for antiviral activity was
conducted only on theoretical considerations.

The herbicides 2M-4XP, prometryne, propazine, and simazine [13, 17], are effective in
large doses, but decreased doses, for example with prometryne, lead to a sharp decrease in
antiviral activity.

Interest for further study was obtained with the herbicides basagran (II) and semeron
(XV), and the fungicide triforin (XVIII), the structures for the active materials of which
are given below:

A. V. Bogatskii Physical Chemical Institute, Academy of Sciences of the Ukrainian SSR,
Odessa. Translated from Khimiko-farmatsevitcheskii Zhurnal, Vol. 25, No. 7, pp. 59-61,
July, 1991. Original article submitted May 10, 1990.
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