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The lithium aluminum hydride reduction of a-
amino acid esters by Karrer, et al.,2 provided a syn
thetic route to 2-substituted 2-aminoethanols that is 
particularly useful if the desired substituent is con
tained in a readily available amino acid. Vogl and 
Pohm demonstrated later that a direct reduction of 
amino acids could be achieved similarly.3 Thus, in 
the present work, 2-amino-l-pentanol (1, R = n-C3H7) 
was obtained by the reduction of both ethyl DL-nor-
valinate and DL-norvaline. Conversion of the resultant 
2-aminoalkanols 1 to the corresponding 2-bromo-
ethylamine hydrobromides 3 was accomplished either 
directly by the action of (1) phosphorus tribromide on 
the preformed hydrobromide [as with 2-amino-3-
phenyl-1-propanol4 (1, R = CeHsCjy from DL-phenyl-
alanine] and (2) refluxing 48% hydrobromic acid6 [as 
with L-leucinol (1, R = I'-CIHQ) from L-leucine], or 
indirectly by the hydrobromic acid ring opening of 
the aziridine derived by the Wenker method6,7 [as with 
DL-valinol (1, R = i-CzHj) from DL-valine via 2-
isopropylaziridine (2)]. These examples, then, typify 
the amino acid derived intermediates that led to the 
preparation of a number of S-substituted 2-amino-
alkanethiols, chiefly inner Bunte salts and phosphoro-
thioates, which were desired as analogs of known 
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(5) F. Cortese, "Organic Syntheses," Coll. Vol. II, John Wiley and Sons, 

Inc., New York, N. Y., 1943, p 91. 
(6) (a) H. Wenker, J. Am. Chem. Soc, 57, 2328 (1935); (b) P. K. Fanta, 

"Heterocyclic Compounds with Three- and Four-membered Rings," Part 
One, A. Weissberger, Ed., Interscience Publishers, Inc., New York, N. Y., 
1964, pp 528-532. 
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radioprotective compounds.8 The syntheses outlined 
in Chart I were based on 2-aminoalkanols derived 
from common amino acids; a subsequent synthesis 
based on commercially available 2-amino-2-methyl-
butyric acid (7) is shown in Chart II. Some examples 
of the utility of amino acids in the synthesis of poten
tial antiradiation compounds have recently been re
ported.12 

Commercially available 2-amino-2-methyl-l-propanol 
(12) and later 2,2-dimethylaziridine (13, R = CH3) 
were used as starting materials for the synthesis of 2-
amino-2-methylpropanethiol (16a) and several of its 
S-substituted derivatives by the route outlined in 
Chart II. The radioprotective activity shown by S-
2-amino-2-methylpropylthiosulfuric acid (16b) in an 
initial test inspired the synthesis of a series of S-2-
amino-2-methylalkylthiosulfuric acids in which one of 
the methyl groups of 16b is replaced by other alkyl 
groups as in the route 7 —»- 16e already mentioned. 
Development of practical methods for the preparation 
of the intermediate amino acid esters 10 was requisite 
since neither these esters nor the corresponding amino 
acids (except 7) were readily available. The general 
procedure that evolved, as applied to 2-alkanones 
(8), combines a modified Strecker amino acid synthesis 

(8) For example: 2-amino-l-propanethiol,9 S-2-aminoethylthiosulfuric 
acid,10 and S-2-aminoethylphosphorothioic acid.11 

(9) J. F. Thomson, "Radiation Protection in Mammals," Reinhold Pub
lishing Corp., New York, N. Y., 1962, p 66. 

(10) R. Holmberg and B. Sorbo, Nature, 183, 832 (1959). 
(11) (a) B, Hansen and B. Sorbo, Acta Radiol., 86, 141 (1961); (b) S. 

Akerfeldt, Acta Radiol, Therapy, Phys. Biol., 1, 465 (1963); Chem. Abstr., 
60, 13534 (1964). 

(12) (a) .1. R. Piper and T. P. Johnston, J. Org. Chem., 28, 981 (1963); 
(1)) 1). L. Klayman, J. W. Lown, and T. R. Sweeney, ibid., 30, 2275 (1905); 
(c) G. R. Handrick, E. R. Atkinson, F. E. Granchelli, and R. J. Bruni, / . 
Med. Chem., 8, 762 (1965); (d) H. Gershon and R, Rodin, ibid., 8, 864 
(1965). 
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The utility of a-amino acids as intermediates in multistep syntheses of derivatives of 2-aminoethanethiol 
as potential antiradiation agents has been further demonstrated; the types of compounds synthesized included 
S-substituted derivatives of 2-aminoalkanethiols, 2-amino-2-methylalkanethiols, and 1-aminocycloalkane-
methanethiols—chiefly inner Bunte salts and phosphorothioates—and cyclic dithiocarbamates, in addition to a 
number of the aminothiols themselves. A convenient method for the preparation of amino acid esters from 2-
alkanones and cycloalkanones was developed by combining a modified Strecker amino acid synthesis with the 
Fischer amino acid esterification. Applied to 1,4-cyclohexanedione, this method led to the synthesis of a novel 
bisaziridine, 1,7-diazaspiro[2.2.2.2]decane (37), and to a novel synthesis of l,4-diamino-l,4-cyclohexanedi-
methanethiol diphosphate (40), which involved hydrolysis of the corresponding bis(phosphorothioie acid) 39b in 1 
M phosphoric acid. The following products so derived afforded mice good protection against lethal radiation in a 
standard test: sodium hydrogen S-2-amino-3-methylbutylphosphorothioate (5d), S-2-amino-2-methylpropyl-
thiosulfuric acid (16b), S-2-amino-2-methylpropylphosphorothioic acid (16c), and tetrahydro-lH,3H-thiazolo-
[4,3-c] [l,4]thiazine-3-thione (29). 
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modeled after that described by Steiger13 with the 
amino acid esterification described by Fischer,14 but 
the. tedious isolation of intermediate amino acids 
was avoided by use of the dried Strecker reaction mix
tures, which contained ammonium chloride and sodium 
chloride, in the esterification step. The first attempt, 
to prepare ethyl 2-amino-2,3-dimethylbutyrate (10, 
R = f-C3H7) from 3-methyl-2-butanone (8, R = /-
C3H7) by this method, howevei-, led to the isolation 
of 2-aniino-2,3-dimethylbutyronitrile (9), which is 
apparently sterically hindered toward hydrolysis and 
imino ester formation. This difficulty was subse
quently overcome by a rigorous protraction of the hy
drolysis step. The remaining sequential steps followed 
the pattern already established for the more accessible 
amino acid esters with the exception that conversions 
of the 2-amino-2-methylalkanols 11, which have 
tertiary branching next to the amino group, were 
effected only by way of the 2-alkyl-2-methylaziridines 
13, direct conversions under prolonged Cortese 
conditions5 having failed. The over-all scheme has 
a molecular weight limitation as illustrated by the 
sequence beginning with 2-tridecanone; the at tempted 
conversion of 2-amino-2-methyl-l-tridecanol (11, R = 
/1-C11H23) to 2-methyl-2-undecylaziridiiie by the Wenker 
method failed because charring occurred under reaction 
conditions too mild for the formation of the inter
mediate? hydrogen sulfate ester. 

The hydrobromic acid ring opening of the aziridines 
13 encountered in this work is presumed to give amines 
having tert iary a-carbons by the same Sx2 mechanism 
that was previously demonstrated for 2,2-dimethyl-
aziridine.15 Cortese conversion of the 2-aminoalka-
nols 1 to the l-(bromomethyl)alkylamines 3 circum
vented the preparation of intermediate? 2-alkylaziri-
dines, but does not preclude possible product am
biguity in the reaction of 3 with nucleophiles such as 
thiosulfate and phosphorothioate ions via aziridine 
intermediates."1 The Bunte salt obtained from 1-

1 1 >; 1 K, 1-:. Steiget , Organic Syn tneses 
S.uis Inc . . Neu York' N. V, 11(5.',. p tit3,. 

i I I ) 1:1) K. I ' i a r l i i T , « . - / . . 3 4 , i:i:i ( K K i l 

il'itt., 3 8 , 117:1 ( K t o r u . 

(15) .1. K. Eiirley, ( ' . K. O 'Roi t rke , I.. I'.. Clapp , ,1. (). I 
I.M'1's, ./. Am. Clii-m. S,«-.. 80, :; 158 (Ifl.lSi. 

Coll . Vol . I l l , J o h n Wiley ami 

'M I-.. Fischer .•in.I V. Su /uk i 

.Is. mill li. ( . 

(bromomethyl)-2-methylpropylamine hydrobromide (3, 
R = f-CsH?) was indicated to be S-2-amiiio-3-methyl-
butylt.hiosulfuric acid (5c) by a pmr study based on 
the method of hown and Klaymau;1'-1'-17 in 1) / ) (he 
absorption peaks attr ibuted to the (T l proton 
broadened on acidiiicat ion indicating spin-spin coupling 
with the XH:;'" protons while the CH2 ]ieaks remained 
sharp, although the spectral changes due to acidifica
tion were not as pronounced as in the cited example17 

and were hardly observable in the case of isomeric 
S-2-aminopentylthiosull'uric acid (5a). In the sequence 
leading to 5c and the corresponding monosodium phos
phorothioate 5d vigorous Cortese treatment of 1 
(H = /-C3II7) gave impure 3 (1! = ('-(.-JUT); but pure 
3 (R = ?'-C:iH7) was obtained ria 2-isopropylaziridine 
(2). and both the pure and impure brontoamines pro
duced identical .simples of 5c. The identity of the 
Bunte salt derived from l-(broinoniethyI)ethyIaiiiinc 
hydrobromide and from 2-metliylaziridine has been 
recently and clearly established as S-2-aminopropyl 
thiosulfuric acid:1'-1, these findings lend support to the 
structures assigned to products of nucleophilic displace
ments depicted in Charts I and If. 

The general sequence of reactions used for the con
version of 2-alkanoues to S-2-amino-2-methylalkyl-
thiosulfuric acids 16 (b, e, g, and i-1) was found ap
plicable to the conversion of the cycloalkanones 19 (a 
and b) to the corresponding S-l.-aminocycIoalkane-
methylthiosuifuric acids 26al and 26b according lo 
the route outlined in Chart HI . In addition, the 
known"* intermediate l-azaspiro[2,5|oetane (22b) was 
utilized in a ring opening with IPS under conditions 
described by Bestian19 for opening of ethylenimine 
itself, and the resultant 1-aminocyclohexanemethanc-
thiol (23b) was characterized as such and as the hydro
chloride. The struct lire of 23b was proved by a com
parison of the physical constants of the derived 1-
| (benzylt.hio)melhyl|cyclohexylamine (24) and its hy
drochloride with those of the isomeric l-(bcnzylthio)-
cyclohexanemethylainiiie reported by Carroll, c! a I.-" 
Subsequently the aziridine ring of 22b was opened with 
thiosulfate ion in cold water, and the S-1-aininocycIo-
hexanemethylthiosulfuric acid (26b) so obtained wa-
identical with that prepared from l-(broinomethyl)-
cyclohexylamine hydrobromide (25b). l-.Yininocyclo-
pentanemethanethiol (23a) was prepared from I-
azaspiro':2.4 jheptane (22a). and S-1-aniinocyclopen-
tanemethylphosphorothioic acid (26a2) from l-(bromo-
methyljcyclopentylaniiiie hydrobromide (25a) by the 
conventional Akerfeldt procedure.'-'1 Potassium car-

of ha loa lky lamines sec. for example : (ai K. K. Royals . "A.lvanee. l Otganic 
C h e m i s t r y . " P ren t i ce -Ha l l , Inc . . New York. X. Y., 1MS4, pp :-SoH-:*r>«»; (hi 
K. S. Gould, "' Mechan i sm ami s t r u c t u r e in Organic C h e m i s t r y , " Holt, Rine-
liart. anil Wins ton . Inc. , New York. N. Y.. 195(1, |ip 5 7 0 - 0 7 1 ; t o .1. l l ine . 
• 'Physical Organic C h e m i s t r y . " ,Mc<i raw -Hill Hook Co. . Inc . . New York. 
X. Y.. 1II5H. pp 121-121 : :,l! W . .1. C. l ioss. "Hiillogical Alkyla t ing Agen t s . " 
Hiitl.eru-on.li ami Co. (Publishers.) Ltd . , London, l()u2, pp 11 1:!. 

(17) .1. W. Liratl and 1), I.. K l a y m a n . quoted in No. SKI X M K at Work 
Series hy Varum Associates. Analy t ica l In s t rumen t Division, Palo Alto 58. 
Calif. 

(18) (a) P. I',. T a l u k d a r and P. K. l-'atila, ,/. Org. Chern., 24, 52ti ( ly .W): 
(bl U . Najer. R. Gitidicelli. and .1. Se t te , Bull. ,Soc. Chim. fYe/ev, 2572 
I 1964). 

ly. H Besuan . 1 / , , , n„m 566, 2 III . (o-xi 
211. I . I. C a n - o i l . .1 . | l W h i l e , a n d \ I . K . W al I. ./ . (h >J. I ' l„ m ,. 28 , 12-111 

.. I (Mi: ! . . 

(21 i a : s , A k e r f e l d t . . ! . /> . ( ' / , , „ , . > V . , „ , / . . 1 3 , | 171,1 , 1(15(1.; i|>, ,!,,,!.. 1 4 , 
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bonate effected ring closure of 25awith CS2in dimethyl-
formamide ( D M F ) to give 3-thia-l-azaspiro [4.4]nonane-
2-thione (27). 4-Benzyl-2-thiazolidinethione (4) and 
4,4-dimethyl-2-thiazolidinethione (15) were obtained 
by similar, respective cyclizations of 3 (R = C6H6CH2) 
and 14 (R = CH3). These cyclizations extended the 
method previously applied to 2-(chloromethyl) pyr
rolidine and 2-(2-chloroethyl)piperidine;12a 3-(bromo-
methyl)thiomorpholine hydrobromide,12a which was 
also derived from an amino acid ester, was cyclized 
similarly to give tetrahydro-lH,3H-thiazolo[4,3-c]-
[l,4]thiazin-3-one (29) and was also converted to 
sodium hydrogen S-3-thiomorpholinylmethylphos-
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^ / CH2SS03H 

28 

29 

phorothioate (30).22 S-1-Decylaminocyclopentane-
methylthiosulfuric acid (28) was prepared by decylation 
with 1-bromodecane of the potassium salt of com
pound 26al, formed in situ in D M F with potassium 
bicarbonate. S-2-Decylaminopentylthiosulfuric acid 
(6) and S-2-decylamino-2-methylpropylthiosulfuric acid 
(17) were similarly prepared from compounds 5a and 
16b, respectively. This method, which is applicable to 
DMF-soluble potassium Bunte salts and is a variation 
of the recently described X-alkylations of sodium S-2-
aminoethylthiosulfate in aqueous ethanol,23 was also 
adapted to the preparation of the X,X'-alkylenebis(S-
2-amino-2-methylpropylthiosulfuric acids) 18 (a and b) ; 
the yields were low, and the method was not successful 
when the alkylene group was tetramethylene (from 1,4-
diiodobutane) probably because of preferential pyrroli
dine ring formation. 

The synthesis of S,S'-l,4-diamino-l,4-cyclohexylene-
dimethylenebis(thiosulfuric acid) (39a), the corre
sponding bis(phosphorothioic acid) 39b, and 1,4-di-
amino-l,4-cyclohexanedimethanethiol as the diphos
phate salt 40 from 1,4-cyclohexanedione (31) was 
adapted from the conversions of cycloalkanones de
scribed above and is outlined in Chart IV. The inter
mediate l,4-diamino-l,4-eyclohexanedicarboxylic acid 
(33), a known amino acid derived from 1,4-diamino-
1,4-cyclohexanedicarbonitrile (32),24 underwent slow 
esterification with methanol saturated with HC1 to 
give the dimethyl ester 34, whose reduction in tetra-
hydrofuran with lithium aluminum hydride afforded 
a low yield of l,4-diamino-l,4-cyclohexanedimethanol 
(35). I t was subsequently found tha t 35 was more 
easily isolated as the dihydrobromide than as the free 
base with a consequent increase in yield. Although 
earlier conversions of amino alcohols structurally re
lated to 35 involved aziridine formation followed bv 

(22) The corresponding Bunte salt was described previously. ":1 

(23) D. L. Klayman and W. F. Gilmore, J. Med. Chem., 7, 823 (1904). 
(24) N. Zelinsky and N. Sohlesinger, Ber., 40, 2888 (1907). 
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ring opening with hydrobromic acid, efforts were made 
to convert 35-2HBr to J .4-bis(j)romomethyl)-.l.-1-
cyclohexanediamine dihydrobromide (38) directly. Re-
fluxing mixtures of 35-2HBr and pure phosphorus 

tribromide or a solution of PBr3 in o-dichlorobenzone 
produced no reaction, a result possibly due to insolu
bility of 35-2HBr in both, media.. Heating a mixture 
of 35-2HBr arid a 30% solution of HBr in acetic acid 
in a sealed tube at loO lo.">° for 12 hr also failed to 
produce 38. Attention was then directed to the prepa
ration of 1.7-diaza.spiro[2.2.2.2]decane (37) by (he 
Weaker method. Preparation of the requisite. 1,4-
cyclohoxanedimethanol bis(hydrogen sulfate) (36) in
volved conversion of 35-2HBr to 36-H2S()4 with silver 
sulfate2'' followed by esterification with a slight excess 
of sulfuric acid. The product, of the Weaker ring 
closure was purified by sublimation and then, converted 
to 38 by ring opening with hydrobromic acid. Loss 
in yield due to purification of 37 was subsequently 
circumvented by addition of the aqueous distillate 
from the Weaker ring closure to cold hydrobromic acid, 
thus justifying the preparation of 38 as an intermediate 
for the final step even though the bisaziridine 37 could 
possibly have been converted directly to 39a and the 
free dithiol corresponding to 40. The actual route to 
40. however, involved the hydrolysis of 39b in reiiuxing 
1 .1/ phosphoric acid, which promises to be representa
tive of a general method. The stereochemical aspects 
of this series of reactions have not been considered. 

Biological Results. - E n d products of the reaction 
sequences described above were tested as radio-
protectors of mice exposed to lethal radiation: the 
tests were performed at the Walter Heed Army In
sti tute of Research,26 Washington, D. C essentially 
according to a previously reported procedure.27 Re
sults are presented in Table I for only those com
pounds that, showed fair or good protection (fair. 
2(1-44% survival; good, 4.~>-400% survival). Both 
S-2-ainino-2-methylpropylthiosulfuric acid (16b) and 
H-2-amino-2-methylpropyl].)hosphorothioic acid (16c) 

•_'.-|> C (i. \\ , IMIIH,., ; I , „ | f|. McKi-Miii... .I... ./. KM.C Cl,,-m.. 1S2. Ill 
I!IH). 

{2(>; I l a t a m a d e avai lab le to u> I.y l l r s . 1). I \ Jaeo.nis ami T. It. Sweenry , 
;27) I.. Field, A. Fnr re t t i , Tt. T!. Crenshaw, ami T. C. Owen, J. MM. 

rhim., 7, :i» il!l()4:. 
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TABLE I I 

ETHYL ESTEKS 10, 20a, AND 20b PROM 2-ALKANONES AND CYCLOALKANOSES 

R I 
I 

H2NCCOOC2H5 

ii2 

Ri 

C H J 

C H s 
C H J 

T H J 

CHa 
C H j 

R2 

!l-CsH7 
i-CsH? 
n-CtHo 
t"-C4H9 

n-CeHia 
n - C n H s j 

- ( C H a ) . -
- ( C H J I I -

K e t o n e 
reac t ion 
t ime , h r 

20 
17 

7 
5 
5 
6 

20 
18 

hy
drolys is 
t ime , hr 

18 
30 

2 . 3 
2 . 5 
6 
7 
4 
7 

of 
n e u t r a l 
i z a t i o n 0 

B 
B 
A 
A 
B 
B 
B 
B 

Yield, 

% 
67 
22 
15 
48 
52 
48 
67 
47 

Bp , °C (mm) 

8 6 - 8 8 (23) 
101-107 (17) 
8 4 - 8 6 (11) 

80 (12) 6 ' 0 

115-118 (14) 
106-108 (0 .1 ) 
8 4 - 8 7 (lO)6 '1* 

78 ( 4 ) 6 ' e 

Hi) ((, °C) 

1 .4233(23) 
1 .4273(27) 
1.4283 (25) 
1 .4288(20) 
1 .4360(20) 
1 .4457(20) 
1 .4528(25) 
1.4628 (20) 

F o r m u l a 

C s H n N O s 
C s H n X O s 
C9H19NO! 
C s H „ N 0 . 
CllH2!N02 
C i H u N O i 
CsHisNO* 
C S H . T N O Z 

, Calcd, % 
C 

6 0 . 3 4 
6 0 . 3 4 
6 2 . 3 9 

6 5 . 6 3 
7 0 . 8 0 

H 

1 0 . 7 6 
10 .76 
1 1 . 0 5 

11 .52 
1 2 . 2 5 

. 
N 

8 . 8 0 
8 . 8 0 

6 .92 
5 .16 

• F 
C 

6 0 . 2 9 
6 0 . 4 2 
6 2 . 7 5 

6 5 . 7 9 
7 0 . 9 9 

ound, Vi 
H 

10 .96 
1 0 . 9 5 
1 1 . 1 0 

1 1 . 5 0 
12 .29 

. . 
X 

8 .22 
8 . 7 5 

6 , 8 0 
5 . 2 5 

" See text for details. b Prepared earlier33 from amino acids obtained from hvdantoins. c Lit.33 bp 78-80° (12 mm), n-"\> 1.421)0. 
•< Lit.33 bp 110-112° (36 mm), ra%> 1.4535. ' Lit.33 bp 78-79° (4 mm), n20D 1.4603. 

gave good protection, whereas the corresponding thiol 
(16a) hydrochloride was recently reported1'20 to give no 
protection. 

S-2-Amino-2-methylpropyl thioacetate hydrobromide 
(16d) and S-2-decylamino-2-methylpropylthiosulfuric 
acid (17) provided good protection against sublethal 
radiation (750 r, 7 rays), but were not tested against 
lethal radiation (1000 r, 7 rays). Modification of the 
tertiary branch by replacement of one methyl group 
with another alkyl group resulted in either no protec
tion or slight protection (5-25% survival). (Screening 
data for the cyclohexylenedimethylene derivatives 
39a, 39b, and 40 were not available for this comparison.) 

The products of the reaction scheme outlined in 
Chart I, which resulted in secondary branching, 
parallel a recently reported series of 2-amino-l-alkane-
thiol hydrochlorides120 and S-2-aminoalkyl Bunte 
salts12d in which 2-amino-l-pentanethiol, 2-amino-3-
methyl-1-butanethiol, and S-2-aminobutylthiosulfuric 
acid were rated as good protectors. In the present 
work sodium hydrogen S-2-amino-3-methylbutylphos-
phorothioate (5d) provided good protection, and so
dium hydrogen S-2-aminopentylphosphorothioate (5b), 
fair protection. 

Of the cyclic dithiocarbamates tested, tetrahydro-
lH,3H-thiazolo[4,3-c][l,4]thiazine-3-thione (29) gave 
good protection, and 3-thia-l-azaspiro[4.4]nonane-2-
thione (27) was exceptionally toxic (approximate 
LD50, 5mg/kg). 

Experimental Section28 

Ethyl Norvalinate.—A solution of norvaline (50.0 g, 0.427 
mole) in absolute ethanol (300 ml) saturated with anhydrous 
HC1 was refluxed for 8 hr. Removal of the solvent by evapora
tion under reduced pressure (water pump) on a rotary evaporator 
at a temperature not exceeding 35° left a clear syrup, which was 
dissolved in cold water (40 ml). Ether (200 ml) was added, and 
the stirred, chilled mixture was treated with aqueous K2CO3 
(30 g dissolved in 25 ml of water). The ether layer, to which 
was added several ether extracts of the aqueous phase, was dried 
(MgS04); fractionation under reduced pressure afforded the 
ester, bp 65-66° (8 mm) [lit.29 bp 68.5° (8 mm)], in 50% vield 
(30.7 g). 

(28) Melting points not designated as having been taken on a Kofler 
Heizbank were taken on a Mel-Temp apparatus. 

(29) M. D. Slimmer, Ber., 38, 400 (1902). 

Ethyl L-Leucinate, Ethyl Vallnate, and Ethyl 2-Amino-2-
methylbutyrate.—A solution of the appropriate commercially 
available amino acid (0.761 mole) in absolute ethanol (1 1.) 
saturated with anhydrous HC1 was refluxed for 2 hr. Benzene 
(200 ml) was added, and the resultant solution was distilled 
through a 30-cm Vigreux column until the distillation temperature 
reached 80° (approximately 500 ml of distillate was collected 
during 4 hr). Remaining solvent was removed under reduced 
pressure (water pump) on a rotary evaporator with the aid of a 
warm (40-45°) water bath. The resultant crystalline residue 
was stirred thoroughly with a cold (0-5°), saturated solution 
(prepared at 0°) of anhydrous NH 3 in ethanol (150 ml). The 
mixture was then diluted with ether (600 ml) and filtered. 
Fractionation of the filtrate under reduced pressure afforded the 
indicated ester with vield, boiling point [lit. boiling point] 
as follows: ethyl L-le\icinate, 77%, 81-82° (12 mm) [83.5° 
(12 mm)30]; ethyl valinate, 76%, 83-84° (22 mm) [82.5° (23 
mm)3 1]; ethvl 2-amino-2-methvlbutyrate, 72%, 71-72° (24 mm) 
[65-66 (20 mm)29]. 

Ethyl Phenylalaninate, bp 76-78° (0.02 mm), was similarly 
obtained in 4 3 % yield from its hydrochloride, mp 122.5-124.5°, 
which was prepared in 76% yield by the procedure of Mura-
kashi.32 

Anal. Calcd for CnHisNOj: C, 68.38; H, 7.82. Found: 
C, 68.20; H, 7.78. 

Ethyl Esters 10, 20a, and 20b from 2-Alkanones and Cyclo-
alkanones via the Strecker Synthesis.—Intermediate aminoni-
triles were prepared in situ on 1.0-mole scales by the procedure of 
Steiger;13 variation of the reaction period during which the stirred 
mixtures were maintained at 55-60° is reflected in the ketone 
reaction times listed in Table I I . Subsequent HC1 hydrolysis 
was carried out as described by Steiger; the various reflux 
periods used are listed in Table I I (see nitrile hydrolysis time). 
The mixtvires were then evaporated in vacuo to thorough dryness, 
and the resultant amino acid hydrochlorides were esterified in 
the presence of residual inorganic salts; a general procedure fol
lows. The dry solid mixture was stirred in ethanol (500 ml) 
saturated with anhydrous HC1, and the resultant mixture was 
refluxed 5-7 hr. Benzene (100 ml) was added, and the mixture 
was distilled until the distillation temperature reached 78°. 
Remaining solvent was removed under reduced pressure (water 
pump) with the aid of a warm (40-45°) water bath. The pure 
ethyl esters were isolated by one of the two following methods, 
and the results are summarized in Table I I . 

Method A.—The residue was stirred with ether (600 ml) with 
external ice-bath cooling while cold 50% NaOH solution was 
gradually added until the mixture was basic. The ethereal phase, 
to which was added several ether extracts of the aqueous phase, 
was dried (MgSO,t) and fractionated under reduced pressure. 

(30) E. Fischer, ibid., 34, 433 (1901). 
(31) E. Krause, Monatsh. Chem., 29, 1119 (1908). 
(32) I. Murakashi, / . Pharm. Soc. Japan. 76, 1139 (1956). 
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2 - A M I X O U . K A X O I . S (1), 2-AMi\o-2-.ME'niYt-l-ALKAX()i.s i l l ) , \ x u I - A M I X I X ' V C I . O A L K A X E M E I ' U A X O I ^ (21a AND 21 b i 

l . ' i 

H 2 N C C H 2 O U 

It. 

II 

II 

II 

II 

('II:, 

(MI;, 

('II:, 

CM, 

C I 1 :i 

('II:, 

C l t : 

t i > 

//-(.';,! I; 

/ - C 3 H T 

/-C-H,, 

ejuc'iio 
CJI-, 
n-CAU 

/ - ( " • : , ! I T 

»-(.'• II-, 

/ - G I F 

«-C6U::; 

«-C,,II,:, 

( C I I j l i 

(CH2)- -

Yield, 

S4" 

7(1 

09 

55" 

SO 

86 

72 

S6 

S4 

59 

SI 

(is 

-Calcd. 
Jlp, °C (mm) 

S4-S5 (Si 

S0 -88 (11)'' 

65 ( 1 , 5 )r 

91-98 (20! 

101-103 (20) 

100-102 (21) f 

101-103 (12 i 

97 -99 ( 1 2 / 

121 -125 (<)) 

141 ( 0 , 1 5 ) " 

72 -74 ( 0 . 3 / 

70 ( 0 , 4 ) ' 

" Also p r e p a r e d in 41 
Segal [J. 
bromide , 
v ious ly . 4 

l a t e crvst 
a n d Billi 

4531 

4553 
4547 

4557 
4549 
4600 

493! 
4977 

(see text) 

C-H13NO 
CoHcNO 
CrJT.XO 
C,,H13N<> 
CiHuNO 
C6H15N() 
Gil,.-, NO 
CTI1,TNO 
C T H 1 7 N ( ) 

( ' , H S I N O 
G,H ; i lNO 
GII,3N(> 
Glb-N'O 

: r/. ref 12c. 

5S.23 

58. 2ii 
61,49 
61 ,49 
64.03 

67 S6 
73,29 

'' Lit,3 bp 95-

12, 

12.9(1 

12.7C 

58. 16 
61 .69 
61 .29 
64.20 

OS. 02 
73 14 

12. 911 
12.75 
12.S5 
13.09 

13.2s 
13 S(i 

•100° (air b a t h , 10 inn c yield by d i rec t r educ t ion of no rva l iue (see t ex t 
Am. Chen. Soc, 74, 1096 (1952)] used ca t a ly t i c r educ t ion a n d repor t ed b p 73 -74° (1.4 m m ) for t h e i, form. " Yield 
n ip 149-152° (lit.4 m p 148-149°) , wh ich was p repa red from the c rude free base in a m a n n e r s imi lar to tha t descri 

- Dis t i l l a te crysta l l ized, m p 4 7 - 4 9 ° . -' De t a i l ed p r e p a r a t i o n of this c o m p o u n d given in t ex t as a typica l example , 
allized, m p 3 0 - 3 1 ° . '' A d k i n s a n d Bil l ica3 3 used ca t a ly t i c r e d u c t i o n a n d r e p o r t e d b p 6 8 - 6 9 ° (1 m m ) a n d n2"i> 1.4899. 
ea3 3 used ca t a ly t i c r educ t ion and r epo r t ed b p 117-118° (27 m m ) a n d n20D 1.4970. 

K. 
f h y d r o -
bed pre-
- Uist.il-

•" Adk ins 

M e t h o d B . - -Anhydrous N i l s was passed into a v igorous ly 
s t i r red , ex te rna l ly cooled m i x t u r e of t h e res idue in e t h a n o l (100 
ml) and e t h e r (1000 m l ) u n t i l t h e m i x t u r e was s a t u r a t e d w i t h 
X H j . T h e solids were r e m o v e d b y f i l t ra t ion, a n d t h e f i l t ra te 
w a s f r ac t i ona t ed u n d e r r educed pressure . 

2-Amino-2,3-dimethylbutyronitriIe (9) . I n t h e ini t ia l effort to 
p r e p a r e 10 ( R = f-C3H ( i) f rom 3 - m e t h y l - 2 - b u t a n o n e via t h e 
s t e p s descr ibed in t h e p reced ing p rocedure , t h e reflux per iod 
a l lowed for n i t r i le hydro lys i s was 3 hr . T h e r ema in ing ope ra t ions 
were car r ied ou t as descr ibed a b o v e in t h e genera l m e t h o d in 
e x p e c t a t i o n of o b t a i n i n g t h e ester 10 ( R = ( - C 3 H T ) . T h e 
i so la ted m a t e r i a l , b p 71° (13 m m ) andm 2 5D 1.4365, p r o v e d to b e 9, 
t h e p r o d u c t of t h e in i t ia l r eac t ion , in 4 8 r , vield. 

Anal. Calcd for 0 ( iH,,,N2 : C, 04 .23 : II , 10.7s. F o u n d : C, 
64 .24 : I I , 10.80. 

A s a m p l e of 9 was p r e p a r e d for compar i son pu rposes by e the r 
ex I fac t ion of t h e aminon i t r i l e r eac t ion m i x t u r e . F r a c t i o n a t i o n 
of t h e e t h e r so lu t ion g a v e a colorless l iquid, b p 7 0 - 7 1 ° (13 m m ) 
a n d « 2 u D 1.4361. 

Dimethyl l , 4 -Diamino- l ,4 -cyc lohexanedicarboxylate (34) . A 
m i x t u r e of 3 3 2 4 (48 g, 0.24 mole ) and m e t h a n o l (750 ml ) s a t u r a t e d 
wit h a n h y d r o u s HC1 was refiuxed wi th s t i r r ing for 5 d a y s or un t i l 
v i r t u a l l y comple t e so lu t ion occur red . T h e solu t ion was e v a p o 
r a t e d to d rynes s u n d e r r educed pressure , a n d t h e c rys ta l l ine 
res idue was s t i r red in t h e cold ( 0 - 5 ° ) for 15 min wi th a s a t u r a t e d 
so lu t ion ( p r e p a r e d a t 2 5 ° ) of a n h y d r o u s N H 3 in m e t h a n o l (200 
ml) . F t h e r (400 ml ) was a d d e d , and the m i x t u r e was filtered. 
R e m o v a l of t h e so lven ts from the f i l t ra te by e v a p o r a t i o n u n d e r 
reduced p re s su re afforded a solid res idue from which p u r e 34, 
in]) 122° (Kofier H e i z b a n k ) , was o b t a i n e d in 71.') yield (38.8 g) 
following recrysUil l izat ion from benzene . 

Anal. Ca lcd for G - I I i s X a O ^ C, 52 .15 : II, 7 .88: X , 12.17. 
F o u n d : ( ' , 5 2 . 2 8 : 1 1 , 7 . 7 5 ; X , 12.18. 

2-Amino-2 ,4-dimethyl - l -pentanoI (11 , R = i - G H s ) . — T h e 
following descr ip t ion is typ ica l of t h e m e t h o d used for p r e p a r i n g 
t h e a m i n o alcohols l is ted in T a b l e I I I . A so lu t ion of 10 ( R = 
/ - G I F , ) (47 .8 g, 0.276 mole ) in e the r (340 m l ) was a d d e d d ropwise 
d u r i n g 2 hr t o a mechan i ca l l y s tarred suspens ion of L1AIH4 
( 16.0 g, 0.422 mole) in e t h e r (340 m l ) . T h e m i x t u r e was re-
fluxed for 30 min af ter comple t i on of t h e a d d i t i o n a n d was t h e n 
a l lowed to cool. M o r e e the r (600 ml ) was added , and t h e di lu ted 
m i x t u r e was chil led t o 0 ° . W a t e r (57 m l ) was t h e n gradua l ly 
a d d e d d ropwise with vigorous s t i r r ing , t he first few millil i ters 
be ing a d d e d cau t ious ly a t (he r a t e of only 3 or 4 drop .s /min . 
Si b r i n g was c o n t i n u e d for 15 min after all of the wa te r had been 
a d d e d . T h e mix l iuo was (hen lillered, and (lie insoluble m a i l e r 

was washed thorough ly wi th four 200-rnl por t ions of e ther . T h e 
t o t a l f i l t ra te was dr ied ( M g S 0 4 ) , and f rac t iona t ion afforded p u r e 
11 ( R = / -GIF- ) in S 4 r

0 y ie ld (30 .3 g), b p 9 7 - 9 9 ° (12 m m ) 
and n-"u 1.4549 [lit.33 b p 98 -98 .5° (12 m m ) and »%> 1.4563 of 
p r o d u c t from ca ta ly t i c r educ t ion of t h e s a m e es t e r ] . 

2-Amino- l -pentanol ( 1 , R = /1-C3H7).—Powdered norva l iue 
(36.0 g, 0.308 mole) was g r a d u a l l y a d d e d d u r i n g 1.5-2 h r t h r o u g h 
an add i t ion sleeve to a v igorous ly s t i r red suspens ion of L iAl l l i 
( 18.0 g, 0.474 mole) in e the r (1 1.). T h e re su l t an t m i x t u r e w a s 
refiuxed 6 hr and left s t a n d i n g a t r o o m t e m p e r a t u r e ove rn igh t . 
T h e m i x t u r e was then chilled lo 0° a n d was carefully t r e a t e d w i th 
w a t e r (64 ml ) in the, m a n n e r descr ibed above in t h e p r e p a r a t i o n 
of 11 ( R = / - G I F , ) . W o r k - u p afforded p u r e 1 ( R = H - G J F ) in 
4 1 ' , . (,13.0 g) yield, b p 8 4 - 8 5 ° (8 m m ) ( iden t i ca l w i th t h e s a m p l e 
p repa red from eUiyl n o r v a l i n a t e ) . 

l , 4 -Diamino- l ,4 -cyc lohexanedimethano l (35) Dihydrobromide. 
-A solut ion 34 (4.60 g, 20.0 m m o l e s ) in sod ium-dr ied t e t r a -

l iydrofuran (THF") ( 100 ml ) was a d d e d dropwise d u r i n g 1 hr 
lo a refluxing, mechanic-ally s t i r red m i x t u r e of LiAlH 4 (2.32 g, 
61.2 mmoles ) in T i l F (75 ml) . Refluxing wi th s t i r r ing was 
con t inued 2 hr longer. M o r e T H F (200 ml) was added , and the 
s t i r red m i x t u r e was chilled in a n i c e - w a t e r b a t h whi le a solut ion 
of w a t e r (2 .5 ml ) in T H F (25 m l ) was cau t ious ly a d d e d d r o p -
wise: a n o t h e r solut ion of w a t e r (5 .8 ml) in T H F (15 m l ) was 
1 h e n a d d e d m o r e rap id ly . X'aOH so lu t ion ( 12 ml of 10'), ) was 
added , and the s t i r red m i x t u r e was al lowed to w a r m t o room 
l e m p e r a t u r e . T h e m i x t u r e was filtered, and the solid on t h e 
funnel was pressed as dry as possible. T h e filter cake was s t i r red 
into boil ing e thanol (250 ml ) , a n d t h e m i x t u r e was filtered. T h e 
e thanol fi l trate was combined wi th a smal l o r ange res idue that 
r ema ined following remova l of t h e so lven t from t h e original fil
t r a t e f rom t h e react ion m i x t u r e . T h e re su l t an t solut ion was 
c o n c e n t r a t e d to about- 100 ml , a n d t h e so lu t ion was t r e a t e d wi th 
Xor i t and filtered t h r o u g h Cel i te . H y d r o b r o m i c acid (8 ml 
of 4 8 c , H B r ) was a d d e d t o t h e fi l t rate, a n d t h e crys ta l l ine p r e 
c ip i t a t e of c rude 35 • 2 I I B r t h a t s e p a r a t e d was col lected. Di lu t ion 
of t h e f i l t ra te wi th e the r afforded a smal l second c rop of d a r k 
solid t h a t became w h i t e on be ing t r i t u r a t e d w i t h w a r m e t h a n o l . 
T h e first a n d second crops (3 .55 g a n d 0.60 g) were combined 
and recrys ta l l ized from 4 8 % H B r ; t h e recrys ta l l ized m a t e r i a l 
was t h e n r ep rec ip i t a t ed from a q u e o u s so lu t ion b y a d d i t i o n of 
eilnuiol. P u r e 3 5 - 2 H B r , m p 2 8 8 - 2 8 9 ° dec. was o b t a i n e d in 

a n . l I t l( l i i l l i 121 i l l ) W.i. 

Uist.il-
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Ri 

II 
CH3 

CH3 

CH3 

CHa 
CHa 
CHa 

TABLE IV 

SUBSTITUTED AZIRIDINES 2, 13, 22a, AND 22b 

\ ~ 
N 
H 

Yield, 
R: 

1-CaH-
C2Hi 
n-C3H7 

i-C3H-
M-C4H9 

i-dHn 
n-C6Hi3 

~(CH2)4-

-(CH2)5-

34 
38 
47 
39 
53 
31 
51 
63 
68 

J3p, °G (mm) 

100-103 (atm) 
97-98 (atm) 
120-125 (atm) 
111-116 (atm) 

60 (30)° 
56 (34) 
88 (22) 

66-69(51) 
68 (23) 

no (t, °C) 

1.4199(25) 
1.4174(26) 
1.4258(20) 
1.4261 (20) 
1.4307 (20) 
1.4310 (20) 
1.4407 (20) 
1.4704(20) 
1.4762 (27) 

Formula 

CsHnN 
C^HuN 
CeHisN 
C6H13N 

C-H16N 
C-H15N 
C„H19N 
CsHnX 
C7H13N 

" H. R. Henze and W. I) . Comptou [J. Org. Chem., 22, 1036 (1957)] report bp 60-70° (30 mm) and n20D 1.4341 for product from reac
tion of n-butylmagnesium bromide and acetoxime. 

c 

70.57 
72.64 
72.64 
74.27 

76.52 
74.17 
75.62 

-Calcd, [Ve
il 

13.02 
13.21 
13.21 
13.36 

13.56 
11.41 
11.78 

> 
N 

16.45 
16.45 
14.12 
14.12 
12.38 
12.38 
9.92 

14.42 
12.60 

C 

70.07 
71.84 
72.66 
73.90 

76.30 
74.08 
75.79 

—r ound, %— 
H 

13.27 
13.43 
13.41 
13.33 

13.61 
11.53 
11.98 

N 

16.11 
16.15 
14.01 
13.93 
12.23 
12.26 

9.69 
14.32 
12.4 

A larger run (0.104 mole of 34) 

•2HBr: C, 28.59; 

gave 35 

H, 6.00. 

was iso-

5 1 % vield (3.40 g). 
2 H B r i n 5 0 % vield. 

Anal. Calcd for CsH„N,.Cv 
Found: C, 28.46; H, 6.09. 

In an earlier run pure 35 (free base), mp 215-217 
lated in 2 1 % yield following the ethanol extraction of the in
soluble solid matter. Removal of the solvent from the filtered 
solution left a solid residue, which was recrystallized from ethanol. 

Anal. Calcd for CsH18N202: C, 55.16; H, 10.41: X. 16.08. 
Found: C, 55.01; H, 10.18; N, 16.06. 

Treatment of 35-2HBr with Ag2S04 according to the method 
of Kilmer and McKennis25 effected conversion to the sulfate 
(35-H_>S04), mp ~300° dec, which was obtained in 97% vield. 

Anal. Calcd for C sH,8X202 . H2S04: C, 35.27; H, "7.40. 
Found: C, 35.18; H,7.36. 

Substituted aziridines [2(R = i-C3H7), 13 (R = C2H5, n-C3H7, 
»-C3H7, n-C4H9, z-C4H9, ra-C6H13), 22a, and 22b] listed in Table IV 
were prepared by the Wenker method as described by Cairns7 

for the preparation of 13 (R = CH3) from 12 (R = CH3) with 
slight modifications. (1) The formation under reduced pressure 
of the hydrogen sulfate esters was done on a rotary evaporator 
to facilitate degassing. (2) Some of the crude hydrogen sulfate 
esters lacked sufficient hardness to be pulverized. This type 
was dissolved in the minimum volume of warm (50-60°) water 
prior to use in the ring-closure step. (3) Following addi
tion of KOH to the aqueous distillates containing the substituted 
aziridines, the upper layers were extracted with ether: the ether 
solutions were dried successively over KOH pellets, MgS04 , 
and finally small chips of Na. Fractionation of the dried solu
tions afforded the aziridines (Table IV) as colorless liquids. 

l,4-Diamino-l,4-cyclohexanedimethanol Bis(hydrogen sul
fate) (36) Dihydrate.—Powdered 35-H2S04 (13.3 g. 48.9 mmoles) 
was dissolved in a boiling solution of H2S04 (5.02 g of 96% H2S04) 
in water (100 ml). The solution was distilled at atmospheric 
pressure until 70 ml of distillate had been collected. The flask 
containing the residual solution was then transferred to a rotary 
evaporator, and remaining water was removed under reduced 
pressure (water pump) with the aid of an oil bath at 50-60°. 
The oil bath temperature was then increased, and the grayish 
white residue was heated at 170-180° under reduced pressure 
for 1 hr. The gray solid formed was allowed to cool and was 
stirred with 1 A' XaOH solution (100 ml). The resultant mix
ture, which contained a small amount of insoluble matter, 
was treated with Norit and filtered through Celite. Addition 
of 3 X HC1 (34 ml) to the clear filtrate caused rapid precipitation 
of white crystals. The mixture was chilled, and the precipitate 
was collected and washed successively with cold water and 
ethanol. The product, was dried to constant weight, (12.80 g) 
in vacuo (P2O.0 at room temperature, but initial analytical re
sults were erratic because of hygroscopicity. After the sample 
had been allowed to equilibrate at 58% relative humidity (weight 
increased to 12.91 g), the material analyzed fairly satisfactorily 
for 36 • 2II20, vield 7 1 % , mp >300° dec, ' 

Anal Calcd for C8H l sN2O sS2-2H20: C, 25.93; IT, 5.99. 
Found: C, 25.82; 11,6.37. 

1,7-Diazaspiro [2.2.2.2] decane (37).—A solution of 36-2H20 
(1.00 g, 2.70 mmoles) in 40% NaOH solution (5 ml) was heated 
to boiling under a distillation head equipped with a dropping 
funnel. The solution was distilled while water was added 
intermittently to maintain the volume in the distillation flask 
fairly constant. A total of 11 ml of water was added while two 
separate 6-ml portions of distillate were collected successively. 
KOH pellets were stirred into the separate portions until .satura
tion was achieved. The white solid precipitate that formed 
in each was collected and dried in vacuo at room temperature. 
The two portions of crude solid thus obtained (0.33 and 0.07 g, 
respectively) were combined and sublimed at 70° and 0.3 mm 
to give pure 37, mp 150-151°, in 46% vield (0.17 g). 

Anal. Calcd for C8H14N2: C, 69.51; H, 10.21: N, 20.27. 
Found: C, 69.57; H, 10.27; X, 20.23. 

l-(Bromomethyl)butylamine hydrobromide (3, R = n-C3H7) 
and l-(bromomethyl)-3-methylbutylamine hydrobromide (3, 
R = ?'-C4H9) were prepared from the appropriate 2-amino-
alkanols (1, R = n-C3H7, i-C4H9) by the Cortese5 method. 
The HBr remaining after the reaction period was removed under 
reduced pressure; the residue was dissolved in ethanol, and the 
solution was treated with Norit and filtered through Celite. 
Removal of the ethanol left a white residue, which was purified 
by recrystallization from acetonitrile. The results are in
cluded in Table V. 

a-(Bromomethyl)phenethylamine Hydrobromide (3, R = 
C6H3CH2).—A magnetically stirred mixture of 2-amino-3-phenvl-
1-propanol (1, R = C6H3CH2) hydrobromide4 (14.0 g) in PBr3 

(28 ml) was refluxed for 10 min. The cooled mixture was 
stirred with ether (50 ml), and the solid material was collected. 
Dissolution in boiling ethanol followed by Norit treatment and 
filtration through Celite afforded a colorless filtrate from which 
the pure product was precipitated by addition of ether. The 
results are included in Table V. 

2-Bromo-l,l-dimethylethylamine hydrobromide (14, R = 
CH3) was prepared in 60% yield by HBr ring opening of 13 
(R = CH3) according to the instructions of Earley, et af.,15 

but an adaptation of the procedure described by Masters and 
Bogert34 for the conversion of aziridine to 2-bromoethylamine 
hydrobromide proved more convenient. Use of the latter 
method gave 14 (R = CTI3), mp 185-186° (lit.16 mp 185-186°), 
in 80% yield following recrystallization from acetonitrile. 

l-(Bromomethyl)-2-methylpropylamine hydrobromide (3, R = 
i-(C3H7), l-(bromomethyl)-l-methylalkylamine hydrobromides 
(14, R = C2Ho, ra-C3H7, 7-C3H-, n-C4H9, i-C4H9, n-C6H13), and 
l-(bromomethyl)cycloalkylamine hydrobromides (25a and 25b) 
were also prepared by HBr ring opening of the appropriate 
aziridines (Table IV). The dear reaction solutions were 
evaporated to dryness under reduced pressure, and the crys
talline residues were purified by recrystallization from ethyl 
acetate. Results are listed in Table V. 

l,4-Bis^bromomethyl)-l ,4-cydohexanediamine Dihydrobro-
mide (38).—A mixture of 36-2II20 (10.7 g, 28.8 mmoles) and 50 r

( , 

(31) E. J. Musters and M. T. Jio erl, ./. Am. Chem. Hue 64, 2709 (1U-12). 
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C,-,IL2BrXdlBr 
C,,IL,BrX-IIBr 
( ' 6 H I 4 BrXIIBr 
(Mb/BrX-I IBi 
C,-,H,,BrX-nBr 
CelL.BrX-IIBr 
CoHuBrX-HBr 
C-II, sBrX-HBr 
('7II„iBi'X-HBr 
C„IL,,BrX-IlBr 
('„H l,Bi-N-HBr 
CrllnBi-X-IlBr 

" Previously prepared in apparcnlly imjjiirc form.111 '' Observed on Kofler Heizbank 
points have been reported.12'1 '' F. Barrow and G. \Y. Ferguson [,/. Client. Soc, 410 (1935 

TABLE VI 

S-Si:BS-rm'L'Ei> T m n s i u a v u i o ACID 
USSO3II 

Approx He
mp, cTynln 

YioM. °C sol-
Nii. It '3, ilcc" vent ' ' L'nriiiiiln 

5a H - C 3 H 7 G H ( X I I 2 K T L SI 240 C-,II13XO;,S., 
•>(•' r-C3H-CH(XH2)CH2 34 199-201 A CliisXOsS, 
5f C6Ib,CH2CH(XH2)CIL 92 >260 C9H,3NO.,S.. 
6 //-C,„HoiXHCHCH2 52 252-254. B CYJL>3X03S., 

[ 

n-CHj 
10b" IL>XC"l(CH3)2]CH2 70 240-245 C,HuX08S,. 
Hie ILXC(CH3)(C2H5)CTL. 65 235-240 B C5Hi3X03S„ 
16K H2XC(CH3)(w-C3H7)Cir2 .57 218-223 C C6H15X

T03ri,. 
16i H2NC(CH3)(i-C3H,)CH2 SI 270 J) C6H15X03S„ 
lOj II2XC(CH3)(«-C4H9)CH2 76 216-220 A C7HnX03S.. 
16k H2XC(CH3)(i-C4H9)CH2 56 236-239 A C7Hi7X03S„ 
161 H2XC(CH3)(n-C6H13)CH2 52 188-192 A C9H2,X03S.> 
17 ft-C)0H21XHC(CH3)2CH2 60 177-178 K C14H21N03S., 
ISa (CH2)2NHC[(CH3)2]CH2- 26 260 F doH^XLOeS, 

XHC[(CH3)2]CH2-
ISb (OH2)3XHC[(CH3),]CH2- II 200-240 F C„1L6X206S4. 1LO 

X1IC[(CH3)2]CI12-

26al T V ' 67 197 (;cIIuX03S„ 3 4 . 1 0 6 . 2 0 6 , 0 3 , . 3 4 . 1 0 6 . 0 7 6 , 3 9 

/—\ CHr 

20b < X ~4 230-234 C7Hi5XO:tS., 37,40 6,71 2S.46 37,6s 6.77 . , 2s 5 
N ' N'H. 

2S 0 ( C H r ">0 - 1 7 _ 2 1 i ' E CiJIsaXOsSo 54.65 9.46 3.98 18.24 54.59 9.34 3.S6 i s . 5 

^ NHC,nH,,-n 

- H I ' , . C H -

39a X X 9"> >2ii[) F CsHi8N206S4 21.26 4.95 7.64 34.99 26.55 5.11 7.60 34,9 
H,.V N — ' NH, 

" Decomposition point is indefiaile and dependent on rate of heating; measurements listed are approximate points or ranges where 
decomposition is evident on a Kofler Heizbank. * A, water; B, ethanol; C, methanol; D, rnethanol-ether; E, aeetonitrile-melhanol 
(9:1 by volume): F, repreeipitated from water solution of its sodium salt by addition of acetic acid. ' Previously prepared by a dif
ferent method, lit.12d mp 204.5°. d D. L. Klayman, W. F. Gilmore, and T. R. Sweeney \(Chem. I ml (London), 1632 (1965)] used a 
different method and reported mp 250-252° dec. 

NaOH solution (55 nil) was simply refluxed for 10 min in an 48'.,) IlBr solution (300 nil) maintained at —5 i<> 0°. Stirring 
apparatus arranged for distillation. Water (200 ml) was added, in the cold was continued 1 lit longer; during IhL time separn-
and the solution was distilled until a volume of distillate equal tioii of 38 commenced. 'The mixture was allowed to stand 
to thai of Ihe added water had been collected. More water overnight at room temperature, and the crystalline product. 
(120 ml) was added, and distillation was continued until the thai: separated was collected and washed with ethanol. The 
total volume of distillate corresponded to that of water added. yield of pure 38, mp >260° dec, was &H% (9.02 g). The in-
The distillate (320 ml) was added dropwise to rapidly stirred frared spectrum of this material is identical with that of an 

' 
30 14 
30 14 
4 3 . 7 1 
5 3 . 0 5 

25 92 
3 0 , 1 4 
3 3 . / S 
3 3 , 7 8 
3 6 . 9 7 
3 6 . 9 7 
4 2 , 7 1 
51 .66 
30 28 

30 , S2 

11 N 

6 . 5 7 . . , 
6 , 5 7 7 . 0 3 
5 . 3 0 . 
9 79 . 

5 , 9 s . . . 
6 . 5 7 , . 
7 . 09 . . . 
i . 09 . . 
7 ,54 , 
7 , 5 4 
8 .29 
9 . 6 0 
6 , 1 0 7 .06 

6 .5S 0 . 5 4 

s 

32 J S 
2 5 . 9 3 
1 s, ss 

3 4 , 6 1 
3 2 . IS 
3 0 . 0 7 
3,0.07 
2 S . 20 
2 8 , 2 0 
25.1.1 
1 9 . 7 0 
3 2 . 3 4 

2 9 . 9 3 

c 
2 9 . 9 3 
3 0 . 2 3 
4 3 . 8 4 
5 3 . 2 3 

2 5 . S5 
3 0 . 3 3 
3 3 . 6 7 
3 3 . 9 4 
3 7 . 0 5 
3 6 . 9 5 
4 2 . 5 7 
5 1 . 5 5 
3 0 , 5 9 

3 0 . SS 

11 

6 , 3 5 
6 . 7 9 ( 
5 .41 
9 , 0 2 

5 , S4 
6 52 
6 . 8 5 
6 . 9 7 
7 ,56 
7 . 3 2 
S .21 
9 . 4 7 
5 . 9 7 ( 

6 . 6 4 ( 

\ 

).9.3 

i.s7 

i .39 

s 

3 2 , 4 
2 6 . 1 
18 9 

3 4 . 6 
32 3 
2 9 . 9 
2 9 . 9 
28 2 
2 8 . 2 
25 5 
19 .S 
3 2 . 0 

29 7 

ol.it


November 1966 2-AMINOETHANETHIOLS IN ANTIRADIATION PROTECTION 919 

N o . 

5 b 
5d 
5e 

Hie 
lUh 

26a2 

30 

aub 

R 

»-C»I l7CII(NH2)CJla 
! - C . H , C H ( N H i ) C H ! 
t - C . H i C H ( N H . ) C H . 
H i N C t C C H a J j l C H j 
I h N C ( C H j ) ( n - C 3 H 7 ) C l l = 

0<~ 
C H 2 -

- H * Cfc-

H.N N — ' NH, 

M 

N a 
N a 
N a 
H 
H 

H 

N a 

11 
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analytical sample of 38 prepared by slow addition of powdered 
37 to cold 48% HBr. 

Anal. Calcd for C8H,6Br2N2-2HBr. C, 20.80; H, 3.93; Br, 
69.19; N, 6.06. Found: C, 20.98; H, 4.03; Br, 68.5; N, 6.15. 

S-2-AminoaIkyl- (5a, c, and f), S-2-Amino-2-methyIalkyl- (16b, 
e, g, and i-l), and S-1-AminocycloalkanemethylthiosuIfuric Acids 
(26al and 26b).—Solutions of the bromoalkylamine hydrobro-
mides 3 (R = n-C3H7, i-CsH7, C6H6CH2), 14 (R = CH3, C2H5, 
n-C3H7, i-CiH-;, n-CiH), i-CtR^, n-C«Hi3), 25a, and 25b and equi-
molar amounts of sodium thiosulfate in water (50 ml/0.10 
mole of Na2S203) were heated at 90-95° for 1 hr. The crystalline 
precipitates that separated from the chilled reaction solutions 
were collected, and some were recrystallized from appropriate 
solvents; others, however, were simply washed on the funnel 
with a little ice-cold water (see Table VI). The products were 
dried in vacuo (P206) a t 80-110°. 

S-1-Aminocyclohexanemethylthiosulfuric acid (26b) was also 
prepared directly from 22b. A cold (0°), stirred solution of so
dium thiosulfate pentahydrate (4.47 g, 18.0 mmoles) in water 
(7 ml) was treated dropwise with 22b (2.00 g, 18.0 mmoles), 
and the mixture was stirred at 0° for 1 hr. Acetic acid (1.03 ml, 
18.0 mmoles) was added, and the resulting solution was stirred 
at 0° for 30 min. Acetic acid (1.03 ml) was again added, and 
stirring was continued for 30 min. The solid that formed was 
collected, and concentration of the filtrate afforded a second 
crop. The dried {in vacuo over P205) first (1.68 g) and second 
(1.26 g) crops were combined and recrystallized from water to 
give pure 26b, mp 231-233° (identical with the sample prepared 
from 25b), in 28% yield (1.13 g). 

Anal. Calcd for C T H ^ N O ^ : C, 37.40; H, 6.71; N, 6.23. 
Found: C, 37.54; H, 6.73; N, 6.10. 

S-2-DecyIaminopentyI- (6), S-2-Decylamino-2-methylpropyl-
(17), and S-l-DecylaminocycIopentanemethylthiosulfuric Acids 
(28).—A stirred mixture of the appropriate S-substituted thio-
sulfuric acid (5a, 16b, or 26al) (40.0 mmoles) and KHCOs 
(4.00 g, 40.0 mmoles) in D M F (40 ml) was heated during 1.5-2 hr 
to 80-85°. The resultant clear solution was treated dropwise 
during 0.5 hr with a solution of 1-bromodecane (9.30 g, 42.0 
mmoles) in D M F (25 ml). Stirring and heating at 80-85° 
were contined for 4 hr. The mixture was then poured into water 
(330 ml), and the white precipitate that formed was purified 
by recrystallization from an appropriate solvent (see Table VI). 

N,N'-Ethylenebis(S-2-amino-2-methylpropyl Thiosulfuric 
Acid) (18a).—A solution of the potassium salt of 16b (64.8 
mmoles), prepared in D M F (75 ml) in the manner described 
in the preceding general procedure, was maintained at 80-85° 
while a solution of 1,2-dibromoethane (32.4 mmoles) in D M F 
(25 ml) was added dropwise during 1 hr. Stirring and heating 
at about 85° was continued for 24 hr. The solvent was then 
removed by distillation in vacuo (0.5 mm, final bath temperature 
65°). The residual syrup was dissolved in hot. water (35 ml), 
and the solution was treated with Norit and filtered. The 
refrigerated filtrate deposited 18a as a white crystalline pre
cipitate, which was collected and dried in vacuo ( l \Oj) at 110°. 
The material obtained (3.86 g, 30% yield) was stirred into 1 X 
NaOH (10 ml), and the solution was treated with glacial acetic 
acid (2 ml). The mixture was refrigerated overnight, and the 

reprecipitated product was collected and dried as above. Re
sults are listed in Table VI. 

N,N'-TrimethyIenebis(S-2-amino-2-methylpropyIthiosuIfuric 
acid) (18b) monohydrate was similarly prepared from the po
tassium salt of 16b and 1,3-dibromopropane. Following removal 
of the solvent the residual syrup was stirred with warm water 
(50 ml), and the white solid that formed was purified by repre-
cipitation in the manner described for 18a. Pure 18b was 
obtained as a monohydrate after the reprecipitated product 
had been dried in vacuo (P206) at 80°. 

S,S'-l,4-Diamino-l,4-cyclohexyIenedimethylenebis( thiosul
furic acid) (39a).—A stirred mixture of 38 (3.79 g, 8.20 mmoles), 
Na2S203-5H20 (4.07 g, 16.4 mmoles), and water (15 ml) was 
heated at 95° for 2.5 hr. The white solid filtered from the 
cooled mixture was stirred into 1 Ar XaOH (16.5 ml), and the 
solution was filtered. Addition of glacial acetic acid (1.0 ml) to 
the filtrate caused separation of crystalline 39a, which was dried 
in vacuo (P206) at 77°. Results are listed in Table VI. 

Sodium hydrogen S-2-aminopentylphosphorothioate (5b) was 
prepared from 3 (R = n-C3H7)oand trisodium phosphorothioate 
by the procedure described by Akerfeldt21"* for preparation of the 
S-2-aminoethyl homolog. 

Sodium hydrogen S-2-amino-3-methylbutylphosphorothioate 
(5d) trihydrate, sodium hydrogen S-2-amino-4-methylpentyl-
phosphorothioate (5c) monohydrate, and sodium hydrogen S-3-
thiomorpholinylmethylphosphorothioate tetrahydrate (30)22 were 
also prepared by the Akerfeldt21" procedure. Following the 
dehydration step in which hydrated 5e was stirred with anhydrous 
methanol, erratic analytical results were obtained because of 
hygroscopicity. After equilibration with ambient conditions in 
the laboratory 5e analyzed as a monohydrate. In the prepara
tions of 5d and 30 that followed, the dehydration step was 
omitted, and the hydrated products were allowed to equilibrate 
at constant 58% relative humidity36 to give 5d-3H 2 0 and 30-
4H20. 

S-2-Amino-2-methyIpentylphosphorothioic Acid (16h).—The 
sodium salt obtained by treatment of 14 (R = tt-C3H7) with 
trisodium phosphorothioate as described above unexpectedly 
dissolved when stirred with methanol during attempted dehydra
tion. Dilution of the methanol solution with ether caused pre
cipitation of crude sodium salt of 16h, which was converted to 
16h by dissolving it in glacial acetic acid and diluting the solution 
with ether. 

S-2-Amino-2-methylpropylphosphorothioic Acid (16c) and S-
l-Aminocyclopentanemethylphosphorothioic Acid (26a2) Mono
hydrate.—Following respective treatments of 14 (R = CH3) 
and 25a with trisodium phosphorothioate in the manner re
ferred to above the sodium salts obtained were converted to 
16c and 26a2 monohydrate by adaptations of the procedure of 
Akerfeldt for preparation of S-2-aminoethylphosphorothioic 
acid.2lb 

S,S '-1,4-Diamino-l ,4-cyclohexyIenedimethyIenebis( phosphoro-
thioic acid) (39b). -Powdered 38 (4.62 g, 10.0 mmoles) was added 

(35) "Handbook of Chemistry," N. A. Lange, Ed., 9tli ed, Handbook Pub
lishers, Inc., Sandusky, Ohio, 1956, p. 1420. 
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TABI.K VIII 

A.MINOTHIOI.S 

u s i r 

Yit-M, 

Ilia'' 
Kif 
Ifif HCI 

M a - IK'I 

.'lib 

] i - N t : | i C i i 3 ) . | C ' l l v 
I b N C l C I h K / i - C i I I 

/—\ /'H-~ 

•Cx,, 

vlCl l -
78 
1)2 
7)8 

1)11 

8:1 

88 

23b-11(1 

" Cnndue 
prepared bv 
Found: CI, 

M p , °C 

III)-100 
30-31 
:()4-2BII 

[i : i •!)•> 

72-174 

14-11) 

;2: i-227 

f o r m u l a 

( N l h i N S ' ' 
C l I l i sNS 
C I U N S IK ' l " 

C(I1:>XS 

Csliiii-XS- IK' l 

C r l h i N S 

C r l l n X S - IK' l 

(' 
17) lili 
"i4 OH 

12 41) 

7) I . U 1 

12 H7 

7>7 8 7 

12 . 2ti 

1 

10 
1 1 

'•' 

' • • • 

7. 

1(1 

8 

1 

Til 
II I 

7,(1 

'.18 

81 

11 

:I2 

X 

Hi 3 

10.7, 

10 t) 

8 3 

7.7 

•> 1.11) 

12 7 0 

1 1 -17 

I ) . 2 1 

10 02 

7 80 

10 21 

ed will] the aid of a warm-oil balh over a temperature range thai, afforded sublimation al. a < 
another route, has been reported previouslv.12'' 'Anal. Calcd: S, 30.48. Found: 8,30.0. 
211.9. 

.1. ' , 
X S 11 

l : ; .4 l :;n 7 
10.7,2 2 1 7 

'onvenienl 
4 .1 rial. 

rale. 
Calcd 

' 1 6 a l l C 
CI, 211.ill 

to a solution of trilithium phosphorothioate hexahydrate'2lc-36 

(4.80 g, 20.0 mmoles) in water (40 ml) contained in a 100-ml 
Mortem (pleated) flask. The mixture was stirred for 1.5 hr, and 
DMF (20 ml) w7as added. Stirring was continued for 2 hr: 
complete solution did not occur. The mixture was diluted with 
ethanol (200 ml), and the white solid was collected and washed 
with ethanol. The solid was then dissolved in water (100 ml), 
and addition of glacial acetic acid (3 ml) caused immediate 
separation of crystalline 39b. The product, was collected, washed 
with water followed by ethanol, and dried in vacuo (P20-,) at 
room temperature. The material obtained (3.50 g) gave un
satisfactory analytical results at this point (Anal. Found: C, 
27.51; 11,5.92: X, 7.60.); reprecipitation was necessary. The 
product. (3.45 g) was stirred with NaOH solution (157 ml of 
0.120(5 A', 18.0 mequiv). The resultant solution was treated 
with Xorit, filtered through Celite, and treated with glacial 
acetic acid (1.5 ml). B.eprecipitated 39b was collected, washed 
with water, and dried as above. The results are included in 
Table VII. 

2-Amino-2-methylpropanethiol (16a) was prepared by treat
ment of 14 (R = CH3) with NaSII in methanol solution in the 
manner described earlier in the preparation of 2-piperidineethane-
Ihiol.12" Following removal of the reaction solvent, pure 16a 
was readily obtained by sublimation under reduced pressure. 
The results are included iu Table VIII. 

2-Amino-2-methyIpentanethiol (16f), 1-aminocyclopentane-
methanethiol (23a), and 1-aminocyclohexanemethanethiol (23b) 
were prepared by ring opening of the appropriate substituted 
aziridine [13 (P> = n.-C3IT7), 22a, and 22b] with TLS in cold metha
nol solution according to the procedure of Bestiau19 for prepara
tion of 2-aminoethanethiol from aziridine. Following removal 
of the solvent, the residue was sublimed under reduced pressure 
(see Table VIII) . 

l,4-Diamino-l,4-cyclohexanedimethanethiol Diphosphate (40). 
A stirred mixture of 39b (1.08 g, 2.05 mmoles) and 1 .U phos

phoric, acid solution (20 ml) was refiuxed for 30 mini solution 
occurred during this time. Dilution of the cooled solution with 
ethanol gave crystalline 40, which was collected under nitrogen. 
The sample was redissolved in water (20 ml) containing 1 M 
H3PO4 (2 ml), and reprecipitation by dilution with ethanol 
afforded pure 40, mp 265-267° dec, in 84 r ; yield (1.00 g) [dried 
in racuo (P,()„ > at 77°], a™' 2560 c m - ' (w, 811 ). 

Anal. Calcd for CJf,,X-.S-,-2H3P04: C, 23.8S: H, 6.01: N. 
0.96; SU, 16.44. Found: C, 23.87; 11,6.04; X, 6.93; SH, 15.6. 

l-[(Benzylthio)methyl]cyclohexylamine (24) Hydrochloride. 
Benzylation of 23b by the procedure described for the preparation 
of 2-(benzylthio)ethylamine" gave 24, bp 130-132° (0.5 mm; 
(did «2:,u 1.5623, in 65 f- t yield. Treatment of an ether solution 
of the free base with ethereal 1IC1 followed by recrystallization 
from 2-propanol gave 24- IK'l, mp 204 -205°, in 78'-c, yield. 

Anal. Calcd for C H H 2 1 N S . HCI: C, til .81; 11.8.16: CI, 13,.05. 
Found: C, 62.04; If, 8.09; CI, 12.9. 

2-Amino-3-phenylpropyI dimethyldithiocarbamate hydrobro-
mide (5g), mp 178° (Kofler lleizbank), was prepared from 3 
(11. = CJTjCH-.) and sodium dimethyldithiocarbamate in 5 8 ' , 
yield by the procedure used in the preparation of 2-(2-piperidyl >-
et livl dimethvldit hiocarbamat e hvdrobromide.'- : l 

Anal. Calcd for C12I118X2S2- IlBr: C, 43.10: H, 5.73: X. 
8.38: 8,19.18. Found: C, 43.35; 11,5.91: X, 8.47: 8,19.3. 

S-2-Amino-2-methylpropyl thioacetate hydrobromide (16d 
was prepared from 14 (R = CIIs) and an in /situ preparation of 
potassium thioacetate in DMF in the manner described earlier 

16d, mp I5.8C 

-till 

•»:!.5-1. 

for the S-2-(2-piperidyl )ethyl analog.1-' Pure 
(Kofler Heizbank), was obtained in 51' ,- vield. 

Anal. Calcd for C«II13N()S • EtBr: C, 31.58: 11, 6.19; X, 
6.14: 8,14.05. Found: C, 31.53; H, 5.94: X, 6.20: S, 13.S. 

4,4-Dimethyl-2-thiazolidinethione (15). Anhydrous KaCO:, 
1 10.0 g, 72.4 mmoles) was gradually added during 1 hr to a 
stirred mixture of 14 (R = Clh,) (7.50 g, 32.2 mmoles), CS ; 

(6.3 g, 83 mmoles), and DMF (50 ml;. Stirring al room tem
perature was continued overnight. Tin; mixture was diluted 
with water (200 ml) and then extracted three times with ether 
i 100-ml portions). 'Removal of the solvent from the water-
washed and dried (X'a.SOt) ether solution left crude 15 as a waxy 
solid. Two recrystallizations from benzene-ligroin (bp 
gave pure 15, mp 94°, in 38' .<'. vield ( 1.80 g). 

Anal. Calcd for (tdbiXS;! C, 40.77: II. 6.16: S. 
Found: C, 40.85; II. 6.25; 8,43.5. 

4-Benzyl-2-thiazolidinethione (4), 3-thia-l-azaspiro 4,4Jnon-
ane-2-thione (27), and tetrahydro-lH,3H-thiazolo[4,3-c] [1,4:-
thiazine-3-thione (29) were prepared by reaction of the appro
priate intermediates [3 (R. = C6HoCH>), 25a, and 3-(bromo-
metbyllthiomorpholine hydrobromide, ,S | ' respectively1 with CS, 
and K2CO3 in D M F using I he procedure described for the prepa
ration of hexahydropyrroloj 1,2-c ithiazole-3-thione.''-1 Pure 4. 
mp 108° (Kofler Heizbank), was obtained in 87'V yield and was 
recrystallized from ethanol with melting point unchanged; 
pure 27, mp 136-137°, was obtained in 25r<. yield following thor
ough washing with ether: 29, mp 98-100°, was obtained pure in 
42 rr yield following recrystallization from ethanol. 

Anal. Calcd for CDJIIUXS-. (4): C. 57.38: H, 5.30. 
C, 57.41: 11,5.24. Calcd lor C7IInXS2 (27): C, 48.52: 
S, 37.01. Found: C, 48.37: II, 0.45: S, 36.8. C 
C6H„XS3 (29): C, 37.66; H, 4.74: X. 7.32: 8,50.28. 
C, 37.89; 1.1, 4.47; X. 7.09: S, 50.3. 

mud 
6.40 
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