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The conditions influencing the rearrangement of 
aminoalkylisothiuronium salts to  mercaptonlkyl- 
guanidines or to thiazolines have been investi- 
gated. Compounds in these series have been found 
to confer protection against ionizing radiation2 on 
animals. 

The hydrobromide salts of the rearrangement 
products can be isolated, but crystallization is slow 
and difficult. The previously reported mercapto- 
alkylguanidines have been isolated as flavianate 
salts,1o which are not suitable for pharmacological 
studies. This report concerns the isolation and 
purification of salicylate derivatives of 2-guanidyl- 
3-methylbutanethiol and 2-amino-5-hexylthiazo- 
line, each derived from the corresponding amino- 
alkylisothiuronium bromide hydrobromide. The 
syntheses are described beginning with amino 
acids. 

 EXPERIMENTAL^ 

S,d-Amino-3-methylbutyli-sothiuronium bromide hydro- 
bromide. DL-Valine (1018 g., 8.69 moles) waa reduced with 
lithium aluminum hydride' in tetrahydrofuran to valinol 
(454 g., 4.41 moles) in 50.9% yield, b.p. 66-73' (1 mm.). 
Valinol (440 g., 4.27 moles) was treated with hydrobromic 
acids to give 2-amino-3-methylbromobutane hydrobromide 
(560 g., 2.28 moles) in 53.3% yield. The hydrobromide 
(450 g., 1.83 moles) dissolved in 2-propanol waa added to an 
acetonitrile:2-propanol solution of thiourea'b (139 g., 1.83 
moles). A crystalline precipitate (396 g., 1.23 moles) was 
obtained in 62.7% yield, m.p. 118-121'. The flavianate was 
prepared, m.p. 240-245" (dec). 

Anal.  Calcd. for the hydrobromide, CeH12N&3Brz: N, 
13.00; S, 9.92. Found: N, 13.64; S, 10.43. 
B-GuanidlrE-9-methy26ulanethiol salicykte. Under a nitrc- 

gen atmosphere, the isothiuronium salt (448 g., 1.51 moles) 
was dissolved in water, treated with 15N ammonium hy- 
droxide to pH 9, and neutralized with conc. hydrobromic acid 
while cooling with an ice bath. The solution waa evaporated 
to near dryness under vacuum, the residue extracted with 
2-propanol, and the extract evaporated under vacuum to 
give a sirup (274 g., 1.13 moles) in a 74.8% yield. The 
product gave positive responses to the 2,6-dichloroindo- 
phenolla and sodium nitroprusside tests for the sulfhydryl 
group, and to the Sakaguchi testa for the guanidyl group. 
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The sirup crystallized slowly during a three-month period, 
but could not be recrystallized. The hydrobromide (203 
g., 0.836 mole) was dissolved in water and treated with aque- 
ous sodium salicylate (134 g., 0.837 mole) to give a tan, 
waxy solid precipitate (202 g , 0.675 mole) in 80.6% yield. 
Recrystallization of the crude solid from water gave a poor 
yield (52 9.) of white crystals, m.p. 137-140". Evapo- 
ration under vacuum of the crystallization liquor gave 
additional waxy solid (66 9.) and an uncrystalliaable oil. 
The waxy solid (50 g.) was dissolved in acetonitrile (50 
ml.), diluted with dichloromethane (500 ml.), and passed 
through a silica gel column. Pentane was added dropwise to 
the stirred solution, and each successive cloudy precipitate 
was removed by the addition of Norit, followed by fdtra- 
tion, until 200 ml. of pentane had been added. The addition 
of more pentane (100 ml.) followed by chilling then gave a 
white crystalline solid (28.0 g.), m.p. 135-139'. A sample 
was recrystallized from acetonitrile-2-propanol, m.p. 137- 
139'. The flavianate, m.p. 99-101', and the picrate, 1n.p. 
145-147", were prepared from the hydrobromide. 

Anal. Calcd. for the salicylate, C13H21NaOSS: C, 52.15; 
H, 7.07; N, 14.04; S, 10.71. Found: C, 52.25; H, 6.92; N, 
14.03; S, 10.79. Calcd. for the flavianate, CllHzlN508S2: C, 
40.41; H, 4.45; N, 1 73. Found: C, 40.36; H, 4.67; N, 14.64. 
Calcd. for the picra t e, Cl~H18N~07S: C, 36.92; H, 4.65; N, 
21.53. Found: C, 37.06; H, 4.68; N, 21.37. 

S-2-Aminooctylisothiuronium bromide hydrobromide. DL- 
Aminooctanoic acid (610 g., 3.84 moles) was reduced with 
lithium aluminum hydride7 in tetrahydrofuran to give 2- 
aminooctanol (254 g., 1.75 moles) in 45.6% yield, b.p. 
106-112' (1 mm.). 2-Aminooctanol (250 g., 1.72 moles) 
waa treated with hydrobromic acid to give P-aminobromo- 
octane hydrobromide (210 g., 0.729 moles) in 42.2% yield, 
and recrystallized from toluene-pentane, m.p. 115-1 17'. 
The hydrobromide (200 g., 0.694 mole) waa dissolved in 2- 
propanol and treated with thiourea'b (52.8 g., 0.694 mole) in 
acetonitrile-2-propanol. A small amount of solid ammonium 
bromide precipitated. Attempts to obtain a solid product 
were not successful. The solvent was removed under vacuum 
giving a clear sirup (231 g.). 

d--Amino-6-hexylthiazoline salicylate. The isothiuronium 
salt reaction product (231 g.), which had been standing 4 
months in the cold,s waa dissolved in water and treated with 
15N ammonium hydroxide to pH 9, neutralized with 6N hy- 
drobromic acid, and treated with aqueous sodium salicylate 
(106 g., 0.662 mole). A solid precipitate waa formed (199 g., 
0.567 mole) in 81.7% yield based on thiourea. The crude 
solid (158 9.) was dissolved in chloroform (500 ml,), passed 
through a silica gel column, and treated with pentane (770 
ml.) m described in a previous paragraph. Two crops of 
crystalline solid were obtained, (56.2 g.) m.p. 93-94', and 
(27.4 9.) m.p. 89-92'. A sample was recrystallized from 
isopropyl ether, m.p. 95-97'. 

Anal. Calcd. for ClsHuN203S: C, 59.23; H, 7.46; N, 8.64; 
S, 9.88. Found: C, 59.27; H, 7.36; N, 8.53; S, 10.06. 
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