
Aid-Calcd. for C~H4,N30&:  C, 46.20; H ,  7.23; N, 7.35; S, 
33.64. Found: C, 45.97; H, 7.05; N, 7.05; S, 33.62. 

Bis(2-amino-3-cyano-4-methyl-5-thienyI)~fid~A mixture of 58 
g. (1 mole) of acetone, 13.2 g. (0.2 mole) of malononitrile, and 6.4 
g. (0.2 g. atom) of sulfur was treated dropwise with 20 ml. of tri- 
ethylamine. The mixture was stirred at  30-35" for 7 hr. and allowed 
to stand at room temperature for 36 hr. After addition of 400 ml. 
of aqueous ethanol (1 : 1) and vigorous stirring, a tan, crystalline 
prcduct was obtained which was extracted with boiling ethanol, 
gi\ ing 1.85 g. (3 %) of product; m.p. 255-257 O. 

Anal.-Calcd. for CI2H,,NaS,: C, 47.03; H, 3.29; N, 18.28; S, 
31.39. Found: C, 47.14; H, 3.38; N, 18.15; S ,  31.28. 
4-Amino-5,6-dirnethylthiopheno[2,3-d]pyrimidm~A mixture of 

3.04 g. (0.02 mole) of 2-amino-3-cyano-4,5-dimethylthiophene (9, 
30 ml. of formamide, and two drops of acetic anhydride was re- 
fluxed at 16Ck165" for 2 hr. After being cooled, a solid product was 
isolated and recrystallized from dioxane, giving 1.48 g. (39%) of 
white crystals; m.p. 261-263"; IR (KBr) 1650 ( N H 2 ) ,  3400 (NH,) 
cm.-l. 

Anal.-Calcd. for CsH9N8S: C, 53.47; H,  5.21; N, 23.22; S, 
18.25. Found: C, 53.61; H, 5.01; N, 23.44; S, 17.94. 
4-Amino-5,6-tetrarnethylenothiopheno[2,3-~pyrimidine-A mix- 

ture of 3.56 g. (0.02 mole) of 2-amino-3-cyano-4,5-tetramethyleno- 
thiophene (5), 30 ml. of formamide, and two drops of acetic an- 
hydride was refluxed at 165-170" for 2 hr. After being cooled, a 
solid product was isolated and recrystallized from dioxane, giving 
0.7 g. (17z) of white product; m.p. 261-263"; IR (KBr) 1635 
(NH,), 3350 (NH,) cm.-I. 

And-Calcd. for CloHlIN2S: C, 58.23; H, 6.32; N, 21.15; S, 15.62. 
Found: C, 58.51; H,  5.94; N, 20.67; S, 16.01. 
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N-Substituted Aminoethanethiols and N-Substituted 
Aminoethanethiol S-Sulfonic Acids as Radioprotective Agents 

F. I. CARROLL and MONROE E. WALL 

Abstract 0 Several N-substituted aminoethanethiols and N-sub- 
stituted aminoethanethiol S-sulfonic acids were tested as potential 
radioprotective agents. 2-(2'-Carbamidoethy1amino)-ethanethiol 
(Iu), 2-(2'-carboxyethylamino)-ethanethiol (Ib), 2-(2'-cyanoethyl- 
amino)-ethanethiol (Ic), and 2-(2'-carbamidoethylamino)-ethane- 
thiol S-sulfonic acid (IIa) exhibited significant protective effects 
against ionizing radiation. Compound Ia showed the highest 
activity and was selected for further radiation-protection test 
studies. The structure-activity relationships of this class of corn- 
pounds are discussed. 

Keyphrases 0 Aminoethanethiols, N-substituted-radioprotective 
capacity, structureeactivity relationships Aminoethanethiol 
S-sulfonic acids, N-substituted-radioprotective capacity, struc- 
ture-activity relationships Radioprotective agents-amino- 
ethanethiols, aminoethanethiol S-sulfonic acids, N-substituted 

~ ~~~ 

A recent list of the various types of compounds that 
show radioprotective properties has appeared and 
their structure-activity relationships have been discussed 
( 1). Aminoalkylthiols constitute the most effective 
class of radioprotective agents. The initial discovery 

that 2-mercaptoethylamine (MEA) offered protection 
to mice against ionizing radiation (2) led to  the syn- 
thesis of several hundred derivatives of this compound. 
Structural requirements necessary for radioprotective 
activity have evolved from the test results on these 
compounds and have been summarized (1). This effect 
was not observable when one or two alkyl substituents 
were placed on the carbon containing the thiol function 
of MEA (3, 4).l Subsequently, it was found that some 
N-substituted aminoethanethiols and N-substituted 
aminoethanethiol S-sulfonic acids, prepared in this 
laboratory, showed significant protection against ioniz- 
ing radiation. In this report the radioprotection test 
results on these compounds are .presented, and their 
structure-activity relationships are discussed. 

1 Subsequent antiradiation test results have shown that 2-mercapto- 
2-methylaminopropane hydrochloride, when administered at 90 
mg./kg. i.p. using CMCTW as vehicle, gave 67% survival to mice ir- 
radiated with 825 r. (See footnotes to Table I1 for explanation of test 
data.) 
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METHOD 

The synthesis of all the compounds listed in Tables I and I1 has 
been reported previously (5, 6). The irradiation was performed 
utilizing either a 300-kvp. GE Maxitron Unit, dose rate in air 45 
r/min., or a 6oCo irradiator, which contained a 1200-c. source, 
with dose rate between low50 r/min. (7). Female mice of the 
Walter Reed Bagg Swiss or Inbred Charles River (ICR) strain, 
5-6 weeks old and weighing 21-25 g., were used. Forty mice were 
exposed to whole body lethal irradiation. Equal numbers of con- 
trol mice injected with only the vehicle used for the particular drug 
evaluation were irradiated simultaneously. The mice were exposed 
in a perforated Lucite dish which rotated continuously during 
exposure. A 30-day period for survival was observed. All control 
animals died before the 21st day following exposure. Survival of 
treated mice was interpreted as good ( > 4 5 z  survival), fair (25544% 
survival), slight (l-2$% survival), and none (0% survival).Z 

RESULTS AND DISCUSSION 

Structure-activity relationship studies on MEA and its derivatives 
have established that the presence of a basic function and a free 
thiol group or function readily convertible to a free thiol in Giuo 
is necessary for high radioprotective effect. Alkylation of the amino 
group of MEA gives compounds with varied activities. Simple 
N,N-dialkyl derivatives of MEA exhibited little or no effect, whereas 
significant effects were observed in N-(2’-phenethylamino)-ethane- 
thiol and N-(2’-thienylethylamino)-ethanethiol (8). Good radio- 
protection was also found in several other N-substituted amino- 
ethanethiols. The results are summarized in Table I. Significant 
activity was observed in the case of the 2-carbamidoethyl derivative 
(la), 2-carboxyethyl derivative (Ib), or 2-cyanoethyl derivative 
(Ic), and the activity was considerably reduced with the 2-car- 
bethoxyethyl derivatives (Id and Ie). This reduction of activity 
could possibly be connected with the ester function, since several 
other ester derivatives (If-k) offered either slight activity or no 
effect at all. 

A similar structure-activity relationship was also observed in the 
N-substituted arninoethanethiol S-sulfonic acids: good activity 
when the N-alkyl group was 2-carbamidoethyl (Ha) and reduced 
activity when a methyl group was placed alpha to the amide func- 

2 These antiradiation screening tests were performed at the Walter 
Reed Army Institute of Research, Washington, D.C., under the direc- 
tion of J. P. Jacobus. 

tion, N-alkyl equal 2-carbamidopropyl (114. Placement of alkyl 
substituents on the amide nitrogen, Compounds IIb and Ilc, re- 
sulted in a complete loss of activity. With the exception of Com- 
pound IIe, which showed only slight activity, the remaining com- 
pounds were inactive. 

The good radioprotective property of Compounds Ia-c and Ilu, 
with their relatively low toxicity, has created additional interest in 
these agents. In particular, the amide (Ia) that showed the highest 
activity was selected for further radioprotection studies. 

The S-triphenylmethyl derivative (111) of Ia was tested for poten- 
tial latent antiradiation activity but proved to be completely 
inactive. 

(CsHs)aCSCHzCHzNHCHzCHzCONHz 
I11 
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