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Some plant-growth regulators, both natural and synthetic, are known to exhibit antiviral 
action; for example, gibberellin and benzamidazole are both plant-growth stimulators [3, 5] 
and inhibitors of viral activity [4, 8]. 

In the present work, the antiviral activity of a new group of synthetic plant-growth 
regulators, alkoxycarbonylmethoxybenzo-2,1,3-thiadiazoles [7, 10], and some of their deriva- 
tives has been studied. 

The reaction of 4- and 5-hydroxybenzo-2,1,3-thiadiazoles (I, II) with ethyl monobromo- 
acetate in DMFA in the presence of sodium or potassium carbonate gave 4- and 5-carbethoxymetho- 
xybenzo-2,1,3-thiadiazoles (III, IV). 

R 

I--IV 
I: R=OH, R'=H; II: R=H, R'=OH; III: R=OCH~COOEt, R'=H; IV: R=H, 

R'=OCH2COOEt 

Compound V, 5,7-dichloro-3-carbethoxymethoxybenzo-2,1,3-thiadiazole, could not be ob- 
tained by this method and was synthesized as described in [9]. Chlorination of compound III 
with SO2C12 or Cla (3-5 min) in acetic acid or DMFA gave a mixture of V and 5-chloro-4,7-dioxo- 
4,7-dihydrobenzo-2,1,3-thiadiazole (Vl), Which could not be separated by crystallization or 
vacuum distillation. 

Under these conditions, CIa and SOzCIa are not only chlorinating agents but also oxidizing 
agents. 

The quinone VI, used for comparison, was obtained by the oxidation of compound I by the 
method given in [I]. 

Chlorination of compound III for lh with C12 in acetic acid in the presence of la gave 
a mixture of Vl and 5,6-dichloro-4,7-dioxo-4,7-dihydrobenzo-2,1,3-thiadiazole (VII). Further 
chlorination of this mixture with C12 in acetic acid in the presence of 12 gave the quinone 
Vll, identical with that described in [i]. 

TABLE I. 
dizole (IX-XII) 

Com- 
pound 

IX 
X 

XI 
XII 

Esters of 4-Chloro-5-carboxymethoxybenzo-2, i, 3-thia- 

Yield. I rap, 
% I 

Pound, % I Empirical formula 
N l s I 

10,20 I 11,63 I CloH~ZIN~OsS 
I0,47 I ~ C"HTCINsOsS 
7,90 L 9127 [ CI~HIICIN~OsS 

10,84 1 9,90 [ CI~HIsCIN~OsS 

Calc. .% 
N I S 

I 
10,28 ~ I 1,74 
10,83 [ 12,38 
8,37 l 9,57 
9,32 /10,65 

85 I 95--7 34 110--1 
90 84--5 
82 36--9 

R/ 

0,87 
0,86 
0,84 
0,83 
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TABLE 2. Effect of Preventive Injection of Compounds III-VII, 
IX-XI, and Rimantadine on Influenza A2/Texas Virus in Chick 
Embryos 

Compound 
Concentration 
of compound, 
mg/ml 

III 2,1 
IV 2,1 
V 2,1 

VI 

VII 
i 

IX 
X 

XI 
Rimantadine 

C o n t r o l ,  i n f l u e n z a  
A2/Texas virus 

0,35 
2,1 
0,35 
2,1 
:2,1 
2,1 
2,1 
2,1 

Number of Prevention 
chick embryos coefficient 
with virus, % (Kp) 

83,33 
83,33 
83,33 
33,33 

0 
16,67 

0 
16,67 
66,67 
83,33 
16,67 

2,5 

5 

5 
1,25 

1 
5 

83,33 

Prevention Geometric 
index (Ip) mean of titer 

0 
0 
0 

60 
I00 
80 

I00 
80 
20 
0 

80 

1:479 
1:632 
1:588 
1:13 

1:3,5 

1:3,5 
1:120 
1:512 
1:21,1 

i - -  i 1:588 

Note. Dilution of virus, lO-a; number of embryos, 12; 
solvent, DMSO; single injection into chorion allantoic cavity, 
i h after injection of virus. 

OCH2COOEt O 

Cl.... ~ 1 N%.  R ~ ~ N / S  

V VI, VII 
VI: R=H; VII: R=CI 

Hydrolysis of 4-chloro-5-carbethoxymethoxybenzo-2,1,3-thiadiazole (IX) with hydrochloric 
acid gave 4-chloro-5-carboxymethoxybenzo-2,1,3-thiadiazole (VIII). It was found that the 
ester IX was hydrolyzed in 5 min, in contrast to [9], where hydrolysis with H2SO, took i h. 

On reaction with an alkyl halide in DMFA in the presence of potassium or sodium carbon- 
ate, compound VIII gave the ester (X-XII). 

CI 

R O O C C H 2 0 . ~ / N ~  

VIII: R=H; IX: R=Ei; X: R=Me; Xl: R=CH2Ph; Xll: R=Bu 

The conditions for the alkylation of hydroxy compounds and acids are thus identical. 

EXPERIMENTAL CHEMICAL SECTION 

The course of the reaction and examination of the products were carried out by TLC on 
Silufol D-V-254 plates in acetone-CHCla--hexane, 2:1~2 (system A), or in benzene--acetone--acetic 
acid, 100:50:1 (system B); spots were developed in UV light or NH3 vapor. IR spectra were 
taken on a Perkin Elmer 577 speetrophotometer in CCI~ or CHCIa. 

4-Carbethoxymethoxybenzo-2,1,3-thiadiazole (III). To a mixture of i g (6.58 mmoles) 
of I and I g (7.25 mmoles) of potassium carbonate in I0 ml of DMFA heated to 600C was added 
0.75 ml (6.67 mmoles) of ethyl monobromoacetate. The reaction mixture was stirred for 30 
min at 80-90'C, then cooled and 50 ml of water added. The precipitated material was filtered 
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TABLE 3. Effect of Compounds IX and l: on A2/Leningrad Influenza 
Virus 

Compound 

1X 

I 

IX 

I 

IX 

I 

Contro l  �9 
virus -- A2 /  
Leningrad 

Note. 

Concentra- /Number  of 
tion of comJ chick em 
P~ mg/]bryos - 

Number Protection 
with virus coefficient 

] ~ - (Kp) 

2,1 
1 , 0 5  
2,1 
1 , 0 5  

2,1 
1 , 0 5  
2,1 
1,05 

Preventive injection 

12 1 8,33 
12 5 41,67 
12 5 41,67 
12 7 58,83 

Simultaneous injection 

12 2 16,67 
- -  66,67 
- -  7 58,33 
- -  75 

Remedial injection 

12 61 8,33 
- -  50 

98 66,67 
- -  75 

2,1 
1 , 0 5  
2,1 
1,05 

10,00 
2,00 
2,00 
1,43 

5,0 
1,25 
1,54 
1,11 

10,0 
1,67 
1 , 2 5  
1,11 

Protec- Ceome- 
tion in- tric mean 
dex (Ip) of titer 

Dilution 

Kp = 

90,00 1:0,5 
50,00 1:13 
50,00 1:22,6 
30,07 1:56 

80 1:3,5 
20 l : 104 

30,07 1:79 
9,9 h256 

I 
12 10 183,33 - -  - -  

of virus, 10-a; solvent, DMSO; lp = 

%embryos with virus in control 

%embryos with virus in test 

90,00 1:2 
40,12 1:30 

20 1:169 
9,9 1:315 

1:479 

%71 
Kp 

off, washed with water, and dried, giving 1.18 g (75.4%) of III, mp 7-720C (literature value 
mp 74-750C [9]). Rf 0.80 (system A). 

5-Carbethoxymethoxybenzo-2,1,3-thiadiazole (IV). Using the same method, I g (6.58 
mmoles) of II, i g (7.25 mmoles) of potassium carbonate, and 0.75 ml (6.67 mmolea) of ethyl 
monoacetate in I0 ml of DMFA gave 1.3 g (83%) of IV, mp I08-I090C, Rf 0.79 (system A); a sam- 
ple obtained by the method given in [9] had the same Rf value. 

5~7-Dichloro-4-carbethoxymethoxybenzo-2,1~3-thiadiazole (V) and 4?7-Dioxo-4,7-dihydro- 
benzo-2,1,3-thladiazole (VI). A__z. A solution of i g (4.2 mmoles) of III in 8 ml of DMFA (or 
15 ml of glacial acetic acid) at room temperature was saturated with C12 gas for 2.5 mln. 
The solution was then cooled, poured into water, and the viscous product obtained (i g) 
distilled in vacuum (bp 195-198"C at 6 ram) to give 0.8 g of a yellow material which was a 
mixture of V (Rf 0.92) and VI (Rf 0.88) (system A). 

B__~. To 1.124 g (4.72 mmoles) of III in 5 ml of glacial acetic acid or DMFA was added 
0.95 ml (11.7 mmoles) of SO2CIm and the reaction mixture mixed for 20 min at 50-60"C, then 
cooled and poured into water. The viscous product (0.96 g) was separated and distilled in 
vacuum (bp 195-198"C at 6 ram) to give 0.74 g of a yellow material which was a mixture of V 
(Rf 0.92) and VI (Rf 0.88) (system A), 

5~6-Dichloro-4~7-dioxo-4,5-dihydrobenzo-2,1,3-thiadlazole (VII). To a solution of i g 
(4.20 ramoles) of III in 15 ml of glacial acetic acid at 60-650C was added i g (3.94 mmoles) 
of 12, and CIa bubbled through the reaction mixture. Chlorine treatment was continued for 1 
h during which the mixture was allowed to reflux. The reaction mixture was then cooled and 
poured onto Ice. The precipitate was filtered off, washed with water, and dried to give 0.2 
g of a mixture of qulnones VI and VII. This mixture was dissolved in 5 ml of glacial acetic 
acid, 0.19 g (0.75 mmoles) of la added, and gaseous C12 passed for 2.5 h with refluxing. The 
reaction mixture was cooled and the precipitate filtered off, washed with water, and dried 
to give 0.13 g (13.2%) of VII (based on III), which was crystallized from dichloroethane, 
sublimation temperature 189-190"C, Rf 0.8 (system A). In the infrared, the ~ of VII ab- 
sorbed at 1705 cm-*I the Rf and the IR spectrum of the qulnone VII agree with that of a sam- 
ple obtained by the method given in [i]. 
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Fig. i. Effect of ester IX in doses of 2 mg (a) 
and 6 mg (b) on mice infected with 5 LDso's (a) 
and 3 LDso's (b). Plotted along x axis: days af- 
ter infection; plotted along y axis: at left, num- 
ber of animals lost; at right, toxicity (%). i) 
Control, 2) test. 

4-Chloro-5-carboxymethoxybenzo-2,1,3-thiadiazole (VIII). To 0.2 g of IX, obtained by 
the method given in [9] and recrystallized from hexane, was added i0 ml of water and ii ml 
of concentrated HCI, and the mixture refluxed for 5 min. The solution was cooled and the 
precipitated material filtered off, washed with water, and dried to give 0.13 g (75%) of VIII 
with Rf 0.56 (system B), and mp 193-194~ this material gave no depression of melting point 
on admixture with the acid VIII obtained as in [9]. 

Esters of 4-Chloro-5-carbox~methoxybenzo-2~l~3-thiadiazole (X-XII). To 2 mmoles of VIII 
and I g (9.4 mmoles) of sodium carbonate in 5 ml of DMFA was added 2 mmoles of the correspond- 
ing alkyl halide. The mixture was stirred for 25 min at 120-140~ then cooled, and poured 
into 70 ml of water. The precipitate was filtered off, washed with water, and dried to give 
the esters (Table I). 

EXPERIMENTAL PHARMACOLOGICAL SECTION 

The esters III-V and IX-XI and the qulnones VI and VII were tested for antiviral activity 
against influenza A2/Texas virus by standard methods using chick embryos. 

Table 2 shows that of all the tested compounds, the quinones VI and VIII and the ester 
IX were the most effective. An acute-toxiclty study, carried out by Litchfield and Wilcoxon!s 
method, showed that the quinones VI and VII were I0 times more toxic than the ester IX; there- 
fore, only the ester IX (LDso 600 mg/kg), the activity of which was comparable with that of 
rimantadine, was studied. 

The ester IX was shown (Table 3) to possess antiviral activity when injected I h before 
an injection of virus (preventive injection), at the same time as the virus, or 4 h after the 
virus (remedial injection). 

Comparison of the antlviral activities of the ester IX and 4-oxybenzo-2,i,3-thiadiazoIe 
against Venezuelan equine encephalitis and vaccinia viruses [2] showed that the ester IX was 
1.8 times more effective than compQund I in its preventive action and 4.5 times more active 
when used remedially. 

The antilnfluenza action of the ester IX on an experimental influenza infection in mice 
was carried out as described in [6]. 
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Control and test groups, chosen randomly, consisted of 30 nonpedigree white mice weigh- 
ing 12-15 g. The experimental infection was introduced nasally, as 0.05 ml of dilute al- 
lantoic liquid containing 3-5 LDbo's of A0/32 (HONI) influenza virus, into animals lightly 
anesthetized with ether. The ester IX (0.2 ml of a suspension containing 2 or 6 mg of the 
ester) was given via a stomach probe; the mice received the drug at 24 h and i h before in- 
fection, and also at 24, 48, and 72 h after infection. Control animals received only water. 
The animals were observed for 14 days after infection. 

Curves plotted (Fig. i) of the number of animals lost against time show that at first 
the ester IX somewhat suppressed the loss of infected animals, but this protective action 
disappeared later. Moreover, an injection of 6 mg of the preparation at the end of the ob- 
servation period (14th day) resulted in a greater loss of animals in the test group (P < 0.05) 
than in the control group. 

The very high antiviral effect of the ester IX ~n ovo, and the absence of this effect 
in tests on animals can presumably be explained by the fact that in the chick-embryo allantoic 
cavity, the ester IX acts directly on the extracellular vlrion, while in mice, the effect is 
mediated by pharmacological mechanisms. 
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