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Previously we have studied the pharmacological activity 
of some derivatives of 13-(oxysulfinyl)carboxylic acids, in- 
eluding their sodium and ammonium salts, esters and amides, 
in which the radioprotective properties were observed only in 
amine salts and amides [1, 2]. The radioproteetive activity 
and toxicity of  these compounds were dependent on the struc- 
ture of both acid and amine. Among the sulfmocarboxylie ac- 
ids studied, the most promising base compound for the crea- 
tion of potential radioproteetive drugs was ~-(oxysulfmyl)is- 
obutyric acid. The radioprotective properties of the ammo- 
nium salts of amides of this acid depend on the amine part: 
benzylamide (I) was nontoxic and of low activity [1], while 
the corresponding phenylethylamide (II) was highly active 
but at a subtoxic dose [2]. In continuation of that work, we 
have studied the radioprotective activity of the products of re- 
actions between cyclic anhydrides of 13-(oxysulfinyl)carbox- 
ylic acids and other amines, including aniline, cyelohexy- 
lamine (CHA), 1-adamantylamine (1-AdNH2), and bis(di- 
methylamino)methane. Our interest in the eycloaliphatic 
amines is stimulated by the fact that radioproteetive proper- 
ties were observed in derivatives ofadamantane [3] and CHA 
[4]. As is known, the acylation of amines sometimes leads to 
compounds possessing pronotmced radioprotective activity [4]. 

In this work, the acylating agent was represented by 
4-methyl-l,2-oxathiolan-5-one-2-oxide (HI)- an internal an- 
hydride of 13-(oxysulfinyl)isobutyric acid. Interaction of com- 
pound III with CHA or aniline in an anhydrous medium leads 
to the corresponding ammonium salts of 13-(oxysulfinyl)is- 
obutyrie acid amides (IV, V). Reactions of compound Ill with 
CHA or 1-AdNH 2 in the presence of water yield, instead of  
the amides, the bisammonium salts of the same acid (VI, 
VII). By analogy with the synthesis of compound IV, the re- 
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action of CHA with 3-methyl-l,2-oxathiolan-5-one-2-oxide 
(XIV) led to cyclohexylamide (VIII). 

+ 2RNH 2 H3C 2 RNH 2 
H3C--?H--CHzSO ~ RNH3 - ~ o / S  ), 

CONHR O ~O H20 

I, If, IV, V 
R = PhCH 2 (I) [1]; III 
PhCH2CH 2 (II) [2]; 
cyclo-C6Hil (IV); Ph (V). + 

H3C--CH--CH2SO ~" 2RNH 3 
I 

CO0-  
VI, VII 

R = cyclo-C6Hzi (VI), 1-Ad (VII). 

O 
H 3 C ~ o  2CHA + 

) H3C--CH--SO 7 ~ ' - N H  3 

O ; H 2 C O N H - - ~  

XIV VIII 

Amides of o-(oxysulfinyl)isobutyric acid were obtained, 
in the form of salts (IX, X) with amines, by the action of 

2 moles of  CHA or I-AdNH 2 on I mole of benzo-2,1- 
oxathiol-3-one-l-oxide (XI). As is known, interaction of 
bis(dimethylamino)methane (XII) with anhydride 
PhC(O)OS(O)Ph leads to scission of the O-CO bond to yield 

PhCONMe2 and the salt PhSO2- �9 Me2N+=CH2 [5]. A similar 
reaction takes place between cyclic anhydride XI and an 
equimolar amount of XII with the formation of an immonium 
salt (xm). 
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O _ + / /  

~ SO 2 RNH 3 2RNH 2 ~ x  O 

"~/ -CONHR 
O 

IX, X 
XI 

R = cyclo-C6Htt  (IX), 1-Ad (X). 

H c 

SO 2 Me2N~-CH 2 
It 

H- " ~  "CONMe 2 

XIII 

HzC(NMe2) 2 
It  

(XII) 

The proposed structures o f  synthesized compounds were 
confirmed by IR spectra, and the structure o f  immonium salt 
XIII  was also confirmed by the IH NMP, data. The IR spectra 
o f  salts I V - X  show strong absorption bands at 9 3 0 -  
1050 c m -  1 characteristic o f  the sulfinate anions. For  com- 

pound XIII, this band exhibits a high-frequency shift (Vso2_, 

1035 - 1100 c m -  t), which is probably  due to coordination o f  
the sulfinate anion to an electron-acceptor resonance im- 
monium cation o f  the type 

/ o  ..... CH 2 
--S~. I -  + 

0-----NMe 2 

E X P E R I M E N T A L  C H E M I C A L  P A R T  

IR spectra were measured on an UR-20 spectrophotome- 
ter using samples prepared as KBr  disks or  thin films. The 1H 
N M R  spectra were obtained on a Bruker WP-200 SY 

(200 MHz) spectrometer using HMDS as the internal stand- 
ard. All  reactions (except VI and VII) were performed in an- 
hydrous solvents and reagents. The reaction yields,  physico- 
chemical constants, solubilities, and IR data for compounds 
I V -  X and XIII  are listed in Table 1. The initial anhydrides 
III, XI, and XIV were obtained as described in [6]. The re- 
sults o f  elemental analyses o f  the synthesized compounds 
agreed with the analytically calculated values. 

Cyc lohe xy l a mmon ium salt  o f  cyc lohexy lamide  of  
l i - (oxysulf inyl) isobutyr ic  acid  (IV). Compound IV was ob- 
tained using 2.2 g o f  anhydride III and 3.25 g C H A  under 
conditions used for the synthesis o f  benzylamide I [ 1 ]. Yield 
o f  compound IV, 3.8 g. 

An i l in ium sal t  of  ani l ide  of  [ i - (oxysulf lnyl) isobutyr ic  
acid (V). To 5.96 g (0.064 mole) o f  aniline in 30 ml o f  ether 
was added with stirring 4.2 g (0.031 mole) o f  compound III 
in 20 ml o f  ether and the mixture was allowed to stand over- 
night. Then the precipitate was filtered, washed with petro- 
leum ether, and dried over P205 to obtain 8.6 g o f  compound 
V; decomposit ion temperature 142 - 145~ After  recrystalli- 
zation yield o f  compound V, 6.8 g. 

Bis (eyc lohexylammonium)  sal t  o f  l i -(oxysulfinyl) is-  
obutyr ic  ac id  (VI). To 2.5 g (0.0187 mole) o f  compound 1II 
in 3 0 m l  o f  technical-grade ether was added 3 .7g  
(0.037 mole) o f  CHA in 30 ml o f  the same solvent. After  
keeping the mixture for I - 2 days at 0 - 4 ~  the precipitate 
was filtered and dried to obtain 5.5 g o f  compound VI. 

B i s (1 - adaman ty l ammon ium)  sal t  of  0-(oxysulf inyl) is-  
obutyr ic  ac id  (VII).  Compound VII was obtained similarly 
to VI, proceeding from 2.2 g o f  compound III and 4.95 g o f  
1-AdNH 2. Yield o f  compound VII, 6.3 g. 

Cyc lohe xy l a mmon ium sal t  of  cyc lohexy lamide  o f  [~- 
(oxysuIf inyl) isobutyr ic  acid  (VIII).  Compound VIII  was 

TABLE 1. Physicochemical Properties of Compotmds IV - X and XlII 

IR speca'mn (Vraax , cm - I) 
Corn- Yield, Trice~ ~ Empirical 8(N'q43) ' 

(solvent for 
pound % crystallization) formula C=O SO 2- N-H v(N+H3) 8(CON), 

and / or 8(Atom.) 

IV D 70 115 CI6H32N203S 1635 955 (s), 3 2 5 5  2600-3100 1550 - 1560 
1010- 1023 (as) 

V 1)" 2) 87 142- 145 (ethanol) CIsH20N203S 1665 960- 1050 3300 2400- 3100 1540- 1600 
VI 3) 84 180- 190 C16H34N204 S 1410, 970 (s), 1023 (as) - 2600- 3100 1580 

1545 - 1575 
VII 4) 85 215 (ethanol) C24H42N204 S 1380- 1415, 965 (s), 1022 (as) - 2500 - 3200 1590 

1560- 1575 
VIII 5) 47 155 - 162 (ethanol - C16H32N203S 1632 970, 1010, 1030 3260 2600 - 3100 1540 - 1557 

petroleum ether, 1:3) 
IX 6) 93 190- 194 CIgH30N203S 1638- 1643  940-967 (s), 3230-3270 2700-3100 1540- 1560 

1010 - 1038 (as) 
X 7) 47 210 - 220 (ethanol C27H35N203 S 1650 930 - 950 (s), 3270 2600 - 3100 1515 - 1545 

or ethanol - ether) 995 - 1045 (as) 
XIII s)'s) 99 Thick oil C12HI2N203S 1635 - 1645 1035 - 1110 - - 1490- 1510 

Notes. l) moderately soluble in water;, 2) soluble in ethanol and DMF, poorly soluble in acetone; 3) soluble in water, CHCL, and ethanol, insoluble in ether, 
t) hexane, and acetone; 4) soluble in ethanol and aqueous ethanol; 5) soluble in water and ethanol; 6) well soluble in water, soluble in CHC13 and ethanol, 

insoluble in water and acetone; s) soluble in CHCI3, insoluble in ether. 
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TABLE 2. Acute Toxicity and Radioprotective Activity of ~-(Oxysul- 
finyl)carboxylic Acids and Their Amides 

Method of LDs0, Dose, Survival, % 
Compound administration mg / kg mg / kg of control 

I A 1844 540 10 [I] 

A 135 0 [1] 

H A 260 200 80 [2] 

A 100 60 [2] 
IV A 950 300 0 

A 100 0 

V A > 1500 800 50 

A 400 40 

VI A 1098 450 0 

VII A 250 150 13 

A 50 0 

VIII A 750 300 15 

A 200 0 

A 100 10 

B 500 15 

IX A 900 500 13 

A 300 20 

B 500 0 

X A >> I000 150 45 

A 50 15 

B 300 25 

B 150 0 

XIII C >> 1000 600 0 

D 600 24 

C 300 0 

D 300 7 

Note. A: i.p. (30 min before irradiation); B: p.o. (1 h); C: i.p. (20 rain); 
D: i.p. (1 h). 

obtained similarly to V (but at a temperature of 4~ pro- 
ceeding from 2.73 g of  compound XIV and 4.46 g of CHA. 
The oily product was purified by dissolving in 20 ml of boil- 
ing absolute ethanol, followed by precipitation with petro- 
leum ether (60 ml). The precipitate was dried over P205 to 
obtain 3.15 g of compound VIII in the form of  white crystals. 

Cyclohexylammonium salt of cyclohexylamide of 
a-(oxysulfinyl)isobutyric acid (IX). To 2.52 g (0.015 mole) 
of anhydride XI in 20 ml of  CHCI3 was added 2.97 g 
(0.03 mole) of  CHA in 30 ml of the same solvent. After 
keeping the mixture for 12 h at 20~ the precipitate was ill- 
tered and dried over P205 in vacuum to obtain 5.1 g of com- 
pound IX. 

1-Adamantylammonium salt of 1-adamantylamide of 
o-(oxysult'myl)isobutyric acid 00.  Compound X was ob- 
tained similarly to IX, proceeding from 2.52 g of compound 
XI and 4.53 g of  1-AdNH2. After evaporation of the reaction 
solution, the glassy residue was mixed with 13 ml of boiling 
ethanol, the insoluble impurity separated, and the mother liq- 
uor cooled. The precipitate was filtered, washed with ether, 
and dried over P205 to obtain 1.9 g of compound X; adding 
ether to the filtrate yields another 1.4 g of the target product. 

N,N-Dimethylmethyleneimmonium salt of dimethy- 
lamide of o-(oxysulfinyl)isobutyric acid (XIII). To 1.76 g 
(0.017 mole) of anhydride XII in 10 ml of ether at 4~ was 
added 2.9 g (0.017 mole) of compound XI in 50 ml of the 
same solvent. After keeping the mixture overnight, the sol- 
vent was evaporated under vacuum, and the residue kept over 
P205 in vacuum until dried to constant weight. Yield, 4.6 g of  

compound XIII in the form of a thick oil (rid 22, 1.5460) decom- 
posing during distillation in vacuum (0.04 Torr). 

Oxidimetric equivalent: found (KMnO4 titration), 69; 
calcd. (M/4), 67.5; 1H NMR spectrum, CDCI3 (5, ppm): 2.65 
(s, Me2N+), 2.92 (s, CONMe2), 3.19 (s, CONMe2), 4.42 (s, 
CH2=), 7.38 (d, Ha), 7.56 - 7.73 (m, 2HA), 8.08 (d, H c, JAB = 
JAC = 9.5 Hz). 

EXPERIMENTAL BIOLOGICAL PART 

The acute toxicity (LDs0) of  the synthesized compounds 
was determined on white mongrel mice, and the radioprotec- 
tive activity was studied on a group of  hybrid (CBA x 
C57B 1)FI mice weighing 19 - 23 g. The compounds were in- 
troduced either by intraperitoneal injections of  aqueous solu- 
tions (0.2 ml) 20 - 60 min before irradiation or perorally 1 h 
before the exposure. The animals were irradiated on an IGUR 
setup with a 137Cs 13-radiation source, at a dose rate of  
210 r/rain to a total dosage of 850 -900  r. The efficacy of  
the drugs was evaluated from the increase in survival of  a 
group of 15-20 irradiated animals within a time period of  
30 days. The loss of control animals under these conditions 
was 100%. 

The results of biological tests are presented in Table 2. 
For comparison, we have also reproduced analogous data ob- 
tained previously for compounds I and II. It was established 
that most of the newly synthesized amides are of  low toxicity. 
Acylation with anhydrides III, XI, and XIV decreases the tox- 
icity ofCHA (LDs0 = 129 mg/kg  [4]) to 1/6 - 1/7 of  the in- 
itial level. For example, the LDs0 of  cyclohexylamides IV, 
VIII, and IX fall within 750 - 950 mg/kg.  The binary salts of  
13-(oxysulfmyl)alkanoic acids with CHA (adduct VI) or 2- 
SdNH 2 (adduct VII) are 5 times less toxic compared to 
bisphenylethylammonium salt HO2S(CH2)2COOH �9 
2Ph(CHC2)2NH2 (XV) (LDs0 = 50 mg/  kg [2]). However, the 
radioprotective activity of the latter salt was also markedly 
higher: 47 - 53% [2] against 0 - 13% for the binary salts VI 
and VII. In contrast to what was reported in [4], cyclohexy- 
lamides IV, VIII, and IX obtained by the acylation of  CHA 
are inactive or exhibit a weak radioprotective activity. Im- 
mortium salt XIII produced a small protective effect (not ex- 
ceeding 24%) only when introduced lh before irradiation. 

The maximum therapeutic ratio (> 1 0 -  20) among the 
synthesized compounds was observed for 1-adamantylam- 
monium salt of  1-adamantylamide of  o-sulfinobenzoic acid 
X, possessing a moderate radioprotective activity (below 
45%) at small doses (50-  150 mg/kg). The analogous prod- 
uct of  reaction between anhydride XI and 13-phenylethy- 
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lamine (a salt o f  13-phenylethylamide o f  o-sulfmobenzoic 
acid) was less effective, showing a radioprotective effect o f  
22 - 40% at a dose o f  410 mg / kg [1]. A rather unexpected re- 
sult was the radioprotective activity ( 4 0 -  50%) of  anilide V, 
since no radioprotectors among the aniline derivatives were re- 
ported so far. This is probably a particular case related to alterna- 
tion of  the biological activity o f  phenylalkylammonium salts o f  

the phenylalkylamides of  l]-(oxysulfmyl)isobutyric acid, 
+ 

Ph(CHz),NHCOCH(Me)CH2SO2 Ph(CHz),~q-I3, depending 

on the chain length. Indeed, compounds with an even number 
oftmits,  V (n = 0) o f l I  (n = 2), are active, whereas those with 
an odd number  o f  units are inactive [I (n = 1)] (Table 2). 
Verification o f  this hypothesis would require the synthesis o f  
compounds with n > 3. Elongation o f  the two-monomer-unit  
hydrocarbon chain in well-known radioprotectors, such as 
H2N(CH2)nSX (X = H or SO3H), to 3 -  6 monomer  units 
leads to the loss ofradioprotect ive activity [7]. 

Thus, most promising potential radioprotectors among 

the products o f  aminolysis o f  the cyclic anhydrides ofl3-(oxy- 
sulfinyl)carboxylic acids are phenylalkylamides and adaman- 
tylamides. 
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