Synthesis and antiviral activity of 2-amino-2-thiazo-
linium and cyclohexylammonium salts of
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The synthesis of 2-amino-2-thiazolinium and cyclohexylammonium salts
of alkylthiocarboxylic acids was performed by treating 2-amino-2-thiazo-
line in acetone or ethanol, or cyclohexylamine in ether with the approp-
riate acid. In this series, the 2-amino-2-thiazolinium salt of 2-methylthio-
3-methyl-3-oxybutanoic acid was effective enough against Herpes simplex

virus and vaccinia.
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We have recently reported that some 2-amino-2-thia-
zolinium salts of alkylcarboxylic and alkylsulfonic
acids possess radioprotective activity [1].

In continuation of search for new antiviral com-
pounds, we synthesized in water soluble 2-amino-2-
thiazolinium and cyclohexylammonium salts of al-
kylthiocarboxylic acids (I-III).
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3-Chloro-2-methyl-(ethyl-, phenyl-, 2-chloroehtyl)-
thiocarboxylic acids (I, III) were obtained by addi-
tion of methyl-, ethyl-, phenyl- or 2-chloroethylsul-
phenylchlorides to 3-methylbuten-2-oic acid and to
4-carboxyanilide-2-methylpropen-2-oic acid [2, 3, 4].
Hydrolysis of 3-chloro-2-methyl-(ethyl-, phenyl-) thio-
butanoic acid in aqueous acetone at 60 °C led to
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the formation of the corresponding oxyderivatives
I (a—d) [3, 5]. 3-Chloro-(oxy-)-2-methyl-(phenyl-)thio-
3-metylbutanoic acid by treatment with excess H,O,
in the mixture of glacial acetic acid and acetic an-
hydride was oxidized to 3-chloro-(oxy-)-3-methyl-
(phenyl)-sulfonyl-3-methylbutanoic acid II (a—c) [3,
5] 2-Amino-2-thiazolinium and cyclohexylammonium
salts of alkylthiocarboxylic acids (I-IIT) were obtain-
ed by treating 2-amino-2-thiazoline in acetone or
ethanol or cyclohexylamine in ether with the ap-
propriate acid. The structure of new synthesized salts
(I-IIT) was determined by NMR spectra and ele-
mental analysis. (Table 1).

Antiviral activity was studed with the series syn-
thesized salts of substituted 2-alkyl- and phenylthio-
(sulfonyl)-3-methylbutanoic (I a, b, d, e, g, h, II a,
b) and 4-carboxyanilide 2-alkylthio-2-methylpropanoic
IIT (a, c) acids with 2-amino-2-thiazoline and cyclo-
hexylamine (Table 2). It was estimated that 2-amino-
2-thiazolinium salt of 3-methyl-2-methylthio-3-oxybu-
tanoic acid I a was effective enough against Herpes
simplex and vaccinia viruses. Modification of the struc-
ture of this molecule: methylsulfonylgroup instead of
methylthio (I a), or 2-amino-2-thiazoline instead of
cyclohexylamine in amino addition salts (II b) led to
the disappearance of this activity. However, its an-
tiviral activity was shown against vesicular stomatitis
and rota-viruses, respectively. Compounds I d and I
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Table 1. Constants, elemental analysis and spectral data of 2-amino-2-thiazolinium and cyclohexylammonium
salts of alkylthiocarboxylic acids (I - III)
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4.78

9.94

4.20

8.28

4.32

C,H,N,0.S

18" 273

C, H, NO.S

1007200 27372

C,,;H,NO,S

137727

C,H,NO.S

177727

C,H,,CINO,S

127724

C,H, CIN,0,8

C,H,,CINO,S

177726

C,H,,CLN,0,8

107718

C,H,.CLNO,S

137725

1.30 (6H, s,(CH,),C),
215 (3H, s, SCH,),
3.03 (1H, s, CH), 4.02
(2H, t, CH,S), 4.40
(2H, t, CHN)

131 (6H, s,(CH,),0),
1.23 (3H, t, CH,CH.S),
271, 241 (2H, q,
J=7Hz CH,CH,S), 3.06
(1H, s, CH), 3.51 (2H,
t, CH, s), 3.70 (2H,

t, CH,N)

131 (6H, s, (CH,),0),
1.23 (3H, t, CH,CH,S),
253, 2.68 (2H, q,
J=7Hz CH, CH,S),
3.06 (1H, s, CH),
1.01-2.14 (10H, m,
CH,), 297 (1H, m,
CH)

1.35 (6H, s, (CH,), C),
3.86 (1H, s CH),
1.03-2.14 (10H, m,
CH,), 3.01 (1H, m,
CH)

1.64, 1.72 (6H, 2s,
(CH,),C)2.16 (3H, s,
SCH,), 5.61 (1H, s,
CH), 0.99-2.08 (10H,
m, C,H,), 290 (1H, m,
CH)

1.62,170 (6H, 2s,
(CH,),C) 2.16 (3Hs,
SCH,), 5.60 (1H, s,
CH), 3.24 (2H, t,
CH,S), 3.83 (2H, t,
CH,N)

1.75, 1.83 (6H, 2s,
(CH,),C), 5.95 (1H, s,
CH), 0.89-2.00 (10H,
m, C,H,), 290 (1H, m,
CH)

1.62, 1.70 (6H, 2s,
(CH,),0), 291 (2H, t,
CH,S), 3.65 (2H, t,
CHCI), 572 (2H, s,
CH), 345 (2H, t,
CH,S), 3.73 (2H,
CH,N)

1.67, 1.75 (6H,2s,
(CH,),C) 2.93 (2H, t,
SCH,), 3.67 (2H, t,
CH,Cl), 5.73 (1H, s, CH),
0,81-2.09 (10H, m,
CH,,), 2.88 (1H, m, CH)
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1] 2 | 3] 4 | 5 6 7 8 | 9
IIa OH CH, S 178-179 9.38 9.27 CH/NOS 143,148 (6H, 2s,
W/j (CH,),0), 3,67 (1H, s,
N CH), 3,64 (2H, t, CH.S),
3,94 (2H, t, CH, N)

IIb OH CH, O 117-119 4.74 4.68 C,H, NOS 135, 1.44 (6K, 2s,
(CH,),C, 3.64 (1H, s,
CH), 0.84-2.14 (10H, m,
CH,), 3.04 (1H, m, CH)

IIla OH CH, S 175-177 11.31 11.50 C.H,N.OS, 142 (3Hs, CH,), 1.80

W/j (3H, s, SCH,), 3.74 (2H,

i d, J=8Hz), 3.43 (2H, t,
CH,S), 3.85 (2H, t,
CH,N)

III b Cl CH, 126-128 4.64 4.90 C,H, CINOS 1.88 (3H,s, CH,), 1.19
(3H, t, CH,CH,S), 2.53
2H, t. CH,CH,S).3.02,
3.17 (2H, q, J=6H),
8.60 (1H, s, NH)

III c Cl CH, O 107-109 6.99 6.82 C, H,CINO,. 178 (3H, s, CH,), 1.11
(3H, t, CH,CH,S), 2.53
(2H, t, CH,CH,S), 3.19,
3.50 (2H, q, J=10Hz,
CH,), 0.95-1.95 (10H, m,
CH,), 2.87 (1H, m, CH)

Table 2. Antiviral activity of compounds (I-III)

Compd. MTC, Antiviral activity

mkg/ml HSV \'A% FPV RSV VSV VEEV RV

Ia 50 ++++  ++++ = ++ - - -
Ib 100 - n. t. ++ - - - -
Id 50 - n. t. ++ - - - -
Ie n. t. - n. t. - - - - -
Ig n. t. — n. t. — — — — —
Ih 100 - n. t. - - - - -
I a 25 = ++ = = +++ = =
I b 100 - n. t. - - - - + 4+
I a 25 + - - - - - -
I ¢ n. t. - - - - - - -

4447, 447, “+47, “=“ — strong, middle, weak and no activity respectively; n. t. — no tested

¢ showed a week antiviral activity in influenza virus
infected cell culture experiments. The other study
compounds did not demonstrate antiviral activity. The
antiviral activity of compounds I a, IT a and I ¢ may
be associated with possibility to inhibit some main
enzymes of the indicated virus [8].

EXPERIMENTAL

'"H NMR spectra were measured on a Hitachi R-22
spectrometer operating at 90 MHZz (35 °C) with
HMDSO (6 = 0.05 ppm) as the internal standard
in CH,OH-d, (I a—d, II a, b, III a), DMSO-d, (I e~

82

i, IIT ¢), CCl, (III b). The J values are given in Hz.
Signal characteristics are described using standard
abbreviations: s — singlet, d — doublet, t — triplet,
q — quartet, m — multiplet. The melting points were
taken on a heated microscope stage (Boétius block)
and are uncorrected. Reactions were performed using
solvents dried and purified by standard methods.
Thin-layer chromatography (TLC) was performed on
silufol UV-254 plates using chloroforme methanol
as eluent. Spots were visualized in UV light or io-
dine vapour. The synthesis of compounds I-III was
carried out as previously described [1-5], 2-amino-
2-thiazoline as [6].
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The general method for the synthesis of cyclohe-
xylammonium and 2-amino-2-thiazolinium salts (I-
III). To a stirred solution of appropriate alkylthio-
carboxylic acid (I-III) (2 mmol) in 25 ml anhydrous
ether, ethanol or acetone, a solution of cyclohexyla-
mine (2 mmol) in 10 ml anhydrous ether or ethanol
was added. The reaction mixture was kept for 24 h
at room temperature. The solid was filtered off,
washed with ether and recrystalized from ethyl ace-
tate and hexane. The yields were 83-93%. The melt-
ing points, data of elemental analysis and '"H NMR
spectra are presented in Table 1.

BIOLOGICAL EXPERIMENTS

The antiviral activity of compounds was tested in
vitro, using cell cultures infected with Herpes simplex
(HSV, type 1, strain 1C), vaccinia (VV, strain B-52),
influenza (FPV/Rostock), respiratory syncytial (RSV,
strain Long), vesicular stomatitis (VSV, strain India-
na), Venezuelan equine encephalitis (VEEYV, strain
VEE-230) or rota- (RV, strain SV-11) viruses. Expe-
riments with RSV were executed in rabbit lung cells
(RL-33), with rotavirus — in monkey kidney cells
(MA-104), with the rest viruses — in primary fibro-
blasts of chicken embryos. The reduction of plaques
or inhibition of their formation in screening test and
plaque reduction assay was measured for each com-
pound. The ratio maximal tolerated concentration
(MTC) / minimal inhibiting concentration (MIC) of
the compound was calculated. The MIC was deter-
mined as a concentration with the reduction of the
titer of viruses compared with the untreated control
by at least 1.25 lg PFU/ml). The more detailed
reports of biological experiments and evaluation of
results have been presented previously [7].

CONCLUSIONS

1. 2-Amino-2-thiazolinium and cyclohexylammonium
salts of alkylthiocarboxylic acids were synthesized.
2. The 2-amino-2-thiazolinium salt of 2-methyl-
thio-3-methyl-3-oxybutanoic acid was found to be ef-
fective enough against herpes virus and vaccinia.
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ALKILTIOKARBONO RUGSCIU 2-AMINO-2-TIAZOLI-
NIO IR CIKLOHEKSILAMINO DRUSKU SINTEZE
IR PRIESVIRUSINIS AKTYVUMAS

Santrauka

Susintetintos alkiltiokarbono rtgs¢iy 2-amino-2-tiazolinio
ir cikloheksilamino druskos veikiant 2-amino-2-tiazoling
arba cikloheksilaming atitinkama ragstimi etanolyje, ace-
tone arba eteryje. Tirtoje eiléje 2-metiltio-3-metil-3-oksi-
butano riigSties 2-amino-2-tiazolinio druska buvo aktyvi
prie§ herpes virusa ir raupy vakcina.

B. Mumxnnene, H. Yenac, E. U. Bopeko,
I. B. Baaabiko

CHUHTE3 U IMTPOTUBOBUPYCHAs1 AKTUBHOCTbD
COJIEM 2-AMWHO-2-THA3OJIMHUs WU
HNUKJIOI'EKCUJIAMMOHMs
AJJKNWJITHOKAPBOHOBBIX KHUCJIOT

Peswowme

CuHTE3UpOBaHbl 2-aMHUHO-2-THA30JMHUEBBIE U LHUKIO-
TeKCUJIAMMOHHEBBIC COJIM AJKHITHOKAPOOHOBBIX KHCIIOT
nyTeM 00paboTKU 2-aMHMHO-2-THA30JIMHA WM ILIMKJIOTeK-
CHJIaMHMHa B 3TaHoje, auetoHe wiu 3¢dupe. Conp 2-amu-
HO-2-THa30JIMHUS 2-METHITHO-3-MEeTHJII-3-0KCUOY TaHOBOU
KHCJIOTHI Oblla HanOoJiee aKTUBHOM M3 M3YYEHHBIX COJeEH
MIPOTHB BHUPYCOB Teprieca U OCIIEHHOW BaKIMHBI.
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