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The most effective radioprotectant drugs include sulfur compounds such as mercaptoethyl- 
amine and mercapt0propylamine, and their derivatives, the corresponding S-aminoalkyliso- 
thioureas [5, 6]. It has been found experimentally that increasing the distance between 
the functional groups by more than three carbon atoms results in a decrease in antiradiation 
activity [5, 7]. This observation has led to an increased interest in aminoethyl- and amino- 
isopropylisothioureas. 

We have previously found high radioprotectant activity in S-(2-aminopropyl)- and S-(I- 
amino-2-propyl)isothioureas [3]. S-(3-Aminobutyl)isothioureas show high antiradiation activ- 
ity in mammals [2]. 

We now describe a method for the synthesis of S-(2-amino-2-methylpropyl)isothiourea di- 
hydrobromide (I). The starting material used was 2-amino-2-methylpropan-l-ol (II), from 
which there was obtained 2-amino-2-methylpropyl sulfate (III), followed by 2,2-dimethylaziri- 
dine (IV). The desired compound (I) was obtained by reacting (III) with thiourea in dilute 
aqueous hydrobromic acid. 
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TABLE i. Effects of S-(2-Amino-2-methylpropyl)isothiourea (2-AMPT) 
and S-(2-Aminoethyl)isothiourea (AET) on Radioresistance in Mice 

I-AMgT 
AET 

2 -AMPT 
AET 

2-AMPT 
AET 

Agent 
Dose of com- 
pound, mg/kg 

!14 
5O0 

I14 
5OO 

I14 
5OO 

Dose and type 
of irradia- 
tion, min 

s~0.4 Gy 
Co .w-Rays 

9,5 Gy 
s ~o ~Rays 

7,0 ~y 
X-Rays 

Time between 
treatment and 
irradiation, 
mln 

6O 
60 

60 
60 

6O 
6O 

Survival, 
% 

0 
0 

33,3-I-12,6 
0 

20-+-10,7 
93,3:1:6,6 

0 
91,7:1:8,3 

lO0 

~ean lifespan, 
~days 

4,84-0,8 
5,7::h 1,2 
9,9-1-0,6 
9,6-+-1,6 

13,24-0,9 
13,0 

13,7/:0,8 
18 

EXPERIMENTAL (CHEMISTRY) 

The progress of the reactions and the purity of the products were followed by TLC on 
Silufol UV-254 plates in the system n-butanol-acetic acid-water (4:1:5). 

2-Amino-2-methylpropyl Sulfate (III). A mixture of 20 g (0.225 mole) of (II) and 22.1 
g (0.225 mole) of sulfuric acid in i00 ml of water was heated to 150-170~ for 4 h. The 
water was then distilled off, cooled, and the solid residue crystallized from a mixture of 
2-propanol and water (i:i). The solid which separated was washed with acetone, to give 35 
g (94%) of (IIl), C~HIINO~S, mp 282-284~ (285-286~ [i]). 

2-Dimethylaziridine (IV). To a solution of 160 g of Na0H (4 mole) in 200 ml of water, 
heated to 130-140~ was added dropwise with vigorous stirring a saturated aqueous solution 
of 35.7 g (0.212 mole) of (III). The azeotropic mixture of (IV) and water was distilled 
off over the temperature range 75-95~ Redistillation after drying over sodium hydroxide 
was carried out at 78-80~ to give 12.3 g of (IV). 

S-(2-Amino-2-methylpropyl)isothiourea Dihydrobromide (I). Thiourea (13.1 g; 0.170 mole) 
was dissolved in 330 ml of 10% aqueous hydrobromic acid (0.560 mole). To this solution was 
added at 0~ 12.3 g (0.17 mole) of (IV), and the mixture kept at this temperature for 7 h. 
The water was distilled off at 20~ and the dry residue washed with 300 ml of glacial acetic 
acid, followed by dry acetone, to give 36 g (70%) of (I). CsMIsBr2N3S. Mp 192-194~ Rf 
0.13. 

EXPERIMENTAL (BIOLOGY) 

The toxicity and radioprotectant activity of (I) were examined in mammals. 

The experimental subjects were mice (CBA x C57BI)F I weighing 18-22 g. 

The LD16, LDs0, and LD84 values for the toxicity (I) by the intraperitoneal route were 
114, 164, and 240 mg/kg (0.37, 0.53, and 0.78 mmole/kg, respectively). For comparison, the 
LDI6 values for its analogs are 420 mg/kg (1.43 mmole/kg) for S-(2-aminopropyl)isothiourea, 
and 500 mg/kg (1.78 mmole/kg) for S-(2-aminoethyl)isothiourea. 

To determine the antiradiation activity of the compound, it was administered intraperi- 
toneally in 0.5 ml of physiological saline 60 min before irradiation. This timing was chosen 
on the basis of our earlier work on the time required for maximum accumulation in the organs 
and tissues of the conversion products of aminoalkylisothioureas and their cyclic derivatives, 
to which we attribute radioprotectant activity [4]. The animals were irradiated with supra- 
lethal (10.4 Gy) and minimum absolute lethal doses (9.5 Gy; e~ x-rays, dose rate 1.7 Gy/ 
min), and a dose of 7.0 Gy of x-rays (the dose causing the deaths of 90% of the animals in 
30 days). The irradiation conditions were: voltage 210 kV, current strength 15 mA, filters 
0.5 ram Cu and 1.0 mm AI, dose rate 0.66 Gy/min. The criteria for radiation injury were: 
survival of the animals for 30 days, and the mean lifespan at this time. 

It was found that (I) was ineffective with the supralethal dose, but had a slight effect 
at LD100/30, and a very significant effect at I/)90/30 (see Table 1). According to our find- 
ings [3], S-(2-aminopropyl)isothiourea at LDl00/30 gave a survival of approximately 40-50%. 
The S-(2-aminoethyl)isothiourea used in the present investigation as a representative of 
the group of aminoalkylisothioureas similar to (I), as well as a standard of radioprotectant 
activity, was more active than either of the above-mentioned compounds (Table i). 
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It has therefore been shown that the introduction of a methyl group into the g-position 
of the S-(2-aminoethyl)isothiourea molecule results in a marked increase in toxicity. It 
is likely that it is this factor which is responsible for the reduction in the radioprotectant 
activity of S-(2-aminomethylpropyl)isothiourea as compared with the original aminoalkyliso- 
thioureas. 
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There are literature reports of the use of macromolecular compounds for the prophylaxis 
and treatment of silicosis [4, 7, 9]. The best known of these compounds is poly(vinylpyri- 
dine N-oxide) [9]. Polymers of this type must meet definite requirements in respect of mo- 
lecular and compositional homogeneity, since some fractions may have different pharmaco- 
logical effects. The presence of oligomolecular fractions which are rapidly eliminated from 
the body reduces the effectiveness of polymer fractions, while the presence of fractions 
of mass greater than 70,000 is undesirable as a result of elimination, from the body being 
too slow, and in some instances incomplete, with accumulation in the liver and kidneys [i, 4]. 

We have previously shown that copolymers of ethylene glycol vinyl glycidyl ether (I) 
with N-vinylpyrrolidone (II) display antisilicotic activity in experimental silicosis [3]. 
In the series of polymers tested, the most active was the vinylidone copolymer containing 
16 mol. % of (I) and 84 mol. % of (II). Since vinylidone, like many synthetic polymers, 
possesses a considerable range of molecular masses, it was desirable to separate this copoly- 
mer into fractions according to molecular mass, and to examine the antisilicotic activity 
of each fraction. 

EXPERIMENTAL (CHKMISTRY) 

The copolymers were obtained by free-radical initiation as described in [3], molecular 
mass 31,000, ratio (I):(II) = 0.16:0.84. 

Fractionation was effected by successive precipitation of a 5% solution of the polymer 
in chloroform with hexane [2]. The fraction which separated as an emulsion was reprecipi- 
tared from diethyl ether, and the final fraction was obtained by complete evaporation of 
the solution followed by reprecipitation from ether. 

The system, which was insensitive to the composition of the copolymer, was chosen bear- 
ing in mind the requirements for the fractionation of the copolymers using the turbidimetric 
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