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A large number of substances of various chemical types are now known which have prophylactic radi- 
ation protection activity. The most effective of these are bivalent sulfur compounds (cysteamine, cystamine, 
2-(2-aminoethyl)-2-thiopseudourea, and others). Of the large number of preparations, only a few have be- 
gun to be subjected to clinical tests. A considerable obstacle is their high toxicity and small range of thera- 
peutic action. The object of the present work was the search for new antiradiation preparation free from 
these disadvantages. 

It has been shown previously that N-benzyl-3-mercaptopropionamide has a prolonged radiation pro- 
tection power [i]. For the purpose of the study of radiation protection activity we have now synthesized a 
number of substituted 3-mercaptopropionamides, 3-mercapto-2-methylpropionamides, and 3-mercapto- 
2,2-diphenylpropionamides, and also some derivatives of cystamine [2,2T-dithiobisethylamine] and cyste- 
amine [2-aminoethanethiol]. Thus, by the acylation of 8-amino-6-methoxyquinoline with 3-mercaptopro- 
pionic acid at a high temperature we obtained 3-mercapto-N- (6-methoxy-8-quinolyl)propionamide (1). By 
the acylation of 2-amino-l-p-nitrophenyl-l,3-propanediol in presence of chloroformic ester and triethyl- 
amine we obtained N-[/3-hydroxy-(~- (hydroxymethyl)-p-nitrophenethyl]-3-mercaptopropionamide (If). 

/ \ N / /  
NHCOCH~CH~SH 

(I) 

QN--O--~--~--CH~OH 
OH NHCOC[{~CH~SH 

(n) 

Here the intermediate formation of a mixed anhydride or a p-thiolactone is possible. We have shown pre- 
viously [2, 3] that/3-thiolactones are active acylating agents and can be used for the introduction of ~-rner- 
capto acyl groups into amino acids. By the use of this method we have prepared a number of new N-acyl 
derivatives of some amino acids (Ill)-(V). 

R 
/ 

R' -~ R"NH2-+ HSCH2C--CONHR" 

R / X ,  
0 

(III)--R=R'=CoHs,  R"=CH (COOH) CH~CHzSCHs; (IV)--R----HI R'----CH~, 
/ \ 

R"=--\~//--CHoCOOII; (V)--R=H, -- s, = - -  // . . . . . .  

The oxygen analogs of ~-thiolactones (8-1actones) are  split by var ious  salts at the bond between O 
and the alkyl residue [4]. As we have shown for the case of 2 ,2-diphenyl-~-propiolactone,  the cleavage of 
p - lac tones  with t r isodium phosphorothioate makes it possible to prepare  S-substituted/3 -mercap to  acids 
(vI): 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR. Translated from Izvestiya 
Akademii Nauk SSSR, Seriya Khimicheskaya, No. 2, pp. 334-341, February, 1967. Original article sub~- 
mitred October i, 1964. 

317 



r1
62

 

0o
 

TA
BL

E 
i.

 
th

e 
Ir

ra
di

at
io

n 
of

 W
hi

te
 
Mi

ce
 

in
 a

 
Do

se
 

of
 7

00
 R

 
Pr

ot
ec

ti
ve

 
Ac

ti
on

 
of

 D
er

iv
at

iv
es

 
of

 3
-M

er
ca

pt
op

ro
pi

on
ic

 
Ac

id
, 

Cy
st

am
in

e,
 

an
d 

Cy
st

ea
mi

ne
 

fo
r 

D
o

se
, 

m
g

/k
g

 
S

u
b

st
an

ce
 

[6
1 

20
0 

30
0 

30
0 

15
0 

30
0 

30
0 

50
0 

90
0 

90
0 

30
0 

30
0 

30
0 

10
0 

I0
0 

30
0 

30
0 

30
0 

20
0 

40
0 

30
0 

50
0 

80
0 

70
0 

70
0 

20
0 

20
0 

30
0 

50
0 

50
0 

50
0 

O
N

a 

N
aO

C
C

H
~C

H
2S

P.
 / 

[5
] 

[I 
[l 

\O
N

a
 

0 
0 

O
N

a 

N
aO

C
 

C
 

C
H

~
S

P
x/

" 
(v

ii
 

II 
/\

 
; 

\O
N

a
 

o
 

/ 
\ 

C
oH

5 
C

oH
5 

H
S

C
H

2-
-C

--
C

O
N

H
C

H
2C

6H
5 

[2
] 

/\
 

C
oi

ls
 

C
oH

~ 

N
a0

SS
C

H
~C

H
,~

C
O

N
 H

C
H

zC
oH

5 
(V

II
) 

//
%

 
O

 
O

 

N
H

2C
SC

H
~C

H
2C

O
 N

 H
C

 H
2C

oH
5 

(I
X

) 

N
H

 

N
a0

SS
C

H
~C

H
2C

O
N

 H
C

H
2C

H
2C

6H
s 

(V
II

I)
 

o/
/%

o 

H
S

C
H

~
C

H
C

O
N

H
--

~
 

[3
] 

I 
1 

C
H
8
 

C
O
O
H
 

H
S
C
H
~
C
C
O
N
I
I
C
H
C
H
2
C
I
I
2
S
C
H
3
 

(I
ll
) 

/
\
 

l 
C

6H
5 

C
o

il
5

 C
O

O
H

 

H
S

C
H

~
T

H
C

O
N

H
--

~
--

C
tI

~
C

O
O

H
 

(I
V

) 

C
It

3 

H
 S

C
tI

27
I:

IC
O

N
 H

--
O

--
C

O
0

 
H

 
(V
) 

C
H

~ 

(C
oH

aC
H

2C
H

C
O

N
H

C
H

2C
H

~S
--

)2
 

(X
II

I)
 

I N
H

2.
H

C
1 

(N
aO

--
SS

C
tlz

C
H

~C
O

N
H

C
H

~C
H

.2
S-

-)
e 

(X
I)

 

0//
'%

0 
C

IC
H

2C
H

~ >
N

 -
-
~
-
-
 

(C
H

z)
~ 

C
O

N
II

O
, H

,z
C

II
zS

--
)~

 

C
1C

H
zC

H
2 

M
et

h
o

d
 o

f 
in

tr
o

d
u

ci
n

g
 p

re
p

ar
at

io
n

 

! In
tr

ap
er

it
o

n
ea

ll
y

 1
5 

ra
in

 b
ef

o
re

h
an

d
 

" 
15

 m
in

 b
ef

o
re

h
an

d
 

" 
24

 h
 b

ef
o

re
h

an
d

 

" 
15
 r

ai
n

 b
ef

o
re

h
an

d
 

" 
15

 m
in

 b
ef

or
eh

an
d 

" 
24

 h
 b

ef
o

re
h

an
d

 

B
y 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

" 
" 

1 
h 

b
ef

o
re

h
an

d
 

" 
" 

24
 h

 b
ef

o
re

h
an

d
 

In
tr

ap
er

tt
o

n
ea

ll
y

 1
5 

ra
in

 b
ef

o
re

h
an

d
 

" 
4 

h 
b

ef
o

re
h

an
d

 
" 

24
 h

 b
ef

o
re

h
an

d
 

" 
15

 m
in

 b
ef

o
re

h
an

d
 

" 
24

 h
 b

ef
o

re
h

an
d

 

" 
15

 m
in

 b
ef

o
re

h
an

d
 

" 
4 

h 
b

ef
o

re
h

an
d

 
" 

24
 h

 b
ef

o
re

h
an

d
 

" 
15

 m
in

 b
ef

o
re

h
an

d
 

" 
15
 m

in
 b
ef

or
eh

an
d 

" 
24

 h
 b

ef
o

re
h

an
d

 

B
y 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

I 
h 

b
ef

o
re

h
an

d
 

" 
" 

24
 h

 b
ef

o
re

h
an

d
 

In
tr

ap
er

it
o

n
ea

ll
y

 1
5 

ra
in

 b
ef

o
re

h
an

d
 

15
 m

in
 b

ef
o

re
h

an
d

 

" 
15

 r
ai

n 
b

ef
o

re
h

an
d

 
" 

15
 r

ai
n

 b
ef

o
re

h
an

d
 

" 
15

 m
i
n
 b

ef
or

eh
an

d 
" 

24
 h
 b
ef

or
eh

an
d 

B
y 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

10
 

I0
 

10
 

I0
 

10
 

I0
 

I0
 

20
 

I0
 

I0
 

30
 

30
 

I0
 

I0
 

I0
 

30
 

30
 

l0
 

I0
 

I0
 

l0
 

I0
 

I0
 

I0
 

10
 

I0
 

I0
 

10
 

10
 

I0
 

o 
M

ea
n

 l
if

e 
o

f 
~

'~
 

I 
fa

lt
en

 a
n

i-
 

"~
 d

 
[ 

re
al

s,
 d

ay
s 

. 

- 
6 

- 
7 

- 
6 

- 
1

0
 

- 
1

2
 

- 
9 13

 
,70

 
16

 
- 

7 5 
o 

12
 

3 
9 

- 
1

0
 

- 
9 

- 
7 

10
 

I 
I 

6
 7

 
12

 

13
 3

 
4

 
!0

 
4

 
- 

II
 

- 
1

4
 

- 
1

3
 

- 
1

2
 

- 
9 

II
 

II
 

i] 
10

 
6 

21
 

1
4

 

- 
4 

- 
1

7
 



Ta
bl

e 
1 

(c
on

ti
nu

ed
) H

2N
C

H
2C

H
zS

S
C

H
eC

H
2N

H
--

C
--

S
It

 

S 

(H
2N

C
H

2C
H

2S
--

)~
'2

H
sP

04
 

H
2
N
C
H
~
C
H
z
S
S
-
-
O
H
 

[8
] 

oJ
%

o O
N

a 

H
2

N
C

H
2

C
H

eS
~

(o
t I

 
[9

] 

O
N

a 

tI
2N

C
H

2C
H

2C
H

sS
~

<
 

[1
0]

 

O
 

O
H

 

O
N

a 

N
a$

--
C

N
H

C
I-

I~
C

H
=

S
P

<
 

o" 
(x

lv
) 

[7
1 

O
H

 
H

 
O

H
 

O
H

 
F-

%
 

I 
I 

I 
J 

L
_

 
N

[2
-C

] 
--

C
[ 

--
C

--
C

--
C

H
2

O
H

] 
I 

H
 

H
 

O
il 

H
 

H
 

[i
ll

 

C
y

st
am

ia
e 

h
y

d
ro

ch
lo

ri
d

e 
(c

on
tr

ol
) 

P
h

y
si

o
lo

g
ic

al
 s

o
lu

ti
o

n
 (

co
nn

'o
l)

 

* 
Ni

ne
 

mi
ce

 
di

ed
 
im

me
di

at
el

y 
af

te
r 

th
e 

ir
ra

di
at

io
n.

 

50
0 

50
0 

50
0 

50
0 

35
0 

60
0 

40
0 

40
0 

70
0 

50
0 

40
0 

70
0 

25
0 

35
0 

* 

15
0 

30
0 

50
0 

30
0 

50
0 

70
0 

20
00

 
20

00
 

15
0 

40
0 

B
y 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

" 
" 

4 
h 

b
ef

o
re

h
an

d
 

" 
" 

15
 m

in
 b

ef
o

re
h

an
d

 
..

..
 

24
 h

 b
ef

o
re

h
an

d
 

In
tr

ap
e~

to
n

ea
ll

y
 1

5 
ra

in
 b

ef
o

re
h

an
d

 
1 

h 
b

ef
o

re
h

an
d

 

In
tr

ap
er

it
o

n
ea

ll
y

 1
5 

m
ia

 b
ef

o
re

h
an

d
 

S
u

b
cu

ta
n

eo
u

sl
y

 1
8 

ra
in

 b
ef

o
re

h
an

d
 

B
y 

m
o

u
th

 2
 h

 b
ef

o
re

h
an

d
 

In
tr

ap
er

it
o

n
ea

ll
y

 1
5 

ra
in

 b
ef

o
re

h
an

d
 

S
u

b
cu

ta
n

eo
u

sl
y

 1
5 

m
in

 b
ef

o
re

h
an

d
 

B
y 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

In
tr

ap
er

it
o

n
ea

ll
v

 1
5 

ra
in

 b
ef

o
re

h
an

d
 

15
 r

ai
n 

b
ef

o
re

h
an

d
 

" 
15

 r
ai

n
 b

ef
o

re
h

an
d

 
" 

15
 r

ai
n 

b
ef

o
re

h
an

d
 

15
 r

ai
n

 b
ef

o
re

h
an

d
 

B
~ 

m
o

u
th

 1
 h

 b
ef

o
re

h
an

d
 

" 
1 
h 
be

fo
re

ha
nd

 
" 

1 
h 

b
ef

o
re

h
an

d
 

In
tr

ap
er

it
o

n
ea

ll
y

 t
5

 r
ai

n
 b

ef
o

re
h

an
d

 
15

 r
ai

n
 b

ef
o

re
h

an
d

 

~' 
15

 r
ai

n 
be

fo
re

ha
nd

 
By

 m
o
u
t
h
 
1 
h 

be
fo

re
ha

nd
 

In
tr

a 
p

er
it

o
n

ea
ll

y
 

I0
 

50
 

I0
 

55
 9 19
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

20
 

I0
 

I0
 

20
 

20
 

i0
0 

10
 

29
 

11
 

21
 

40
 

60
 

35
 

85
 

85
 

65
 

30
 

25
 5 20
 

35
 5 5 55
 

40
 3 

1
1

 .
...

 

12
 9 13
 

13
 

14
 

12
 9 II
 

15
 8 11
 

16
 

13
 

12
 

15
 

12
 

10
 

10
 

19
 

13
 

15
 

13
 

9 

03
 

r 



C6/:Is 
/ 

"XCsH 5 _ _ ~  

0 - - %  
0 

Na.,SPO~ 
NaO 

\ 
P--SCH.C--COONa 

/ N  / \  
NaO O C6Hs C6H~ 

(vi) 

By the reaction of substituted 3-chloropropionamides with sodium thiosulfate or thiourea the cor re -  
sponding derivatives of 3-mercaptopropionic acid (VII)- (IX) are  obtained: 

C1CH~CH~CONH (CH~)n C6H5 
CS(NI-I2)~ ] Na2S~0~ 

HN=C--SCH~CH2CON (CH2),~C6H5 Na0--S--SCH~CH2CONH (CH~)nC~H~ 
I 

(vii) n=l;  NH~ (IX) n = l  

Analogously, from N,N'-bis-3-ehloropropionylcystamine (K) and sodium thiosulfate we obtained the 
corresponding Bunte salt (XI): 

(CICH~CH2CONHCH~CH2--S--)~ ~a=s=~ (NaO--S--SCH2CH~CONHCH2CH~S--)2 

(X) 0 ~ 0  (XI) 

By the acylation of eystamine with N-carboxyphenylalanine anhydride we obtained mono- and bis- (phenyl- 
alanyl)cystamines (KID and (Kill): 

I "H2N CH2CI42S--)2 + HN..~O C6H5CH~HCONHCH2CH~SSCH"CH2NI'I2NH2 (Xll) (C6HsCH2CHCON H CH2CH2S--)2NH2 (Xlll) 

O 

The trisodium salt of S-{2- [(dithiocarboxy)amino]ethyl} dihydrogen phosphorothioate (KIV) was prepared 
in accordance with the scheme 

OH 0Na 
/ '  5ra0H / 

H~NCH2CII~S--P + CSs ..... NaS--C--NHCH2CH~SP 
I1\ N II \ 
0 0Na S 0 ONa 

(XlV) 

The toxicities of most of the compounds obtained were relatively low with the exception of 3- (amidinothio)- 
N-benzylpropionamide. The results of the study of the radiation protection properties of a number of the 
compounds obtained, and also of some previously described substances, are given in Table 1. As will be 
seen from Table 1, the highest protective effect was given by sodium S-2-aminoethyl hydrogen phosphoro- 
thioate, which with intraperitoneal and subcutaneous application gave a survival rate of up to 85~0.* Of the 
other substances studied interest  is presented by sodium S-3-aminopropyl hydrogen phosphorothioate, 
sodium S-2-aminoethyl thiosulfate, the trisodium salt of S-{2-[ (dithiocarboxy)amino]ethyl) dihydrogen phos- 
phorothioate (KIV), and also by preparations with a prolonged action, such as sodium S-[2-(phenethylcar- 
bamoyl)ethyl] thiosulfate (VIII) and N-(dithiocarboxy)cystamine, which show protective action when applied 
a relat ively long time before the exposure to radiation (4-24 h). 

Comparison of the radiation protection effects of the compounds studied reveals a certain superiority 
of phosphorus-containing compounds. Since phosphoric acid itself has no protective action, in this case it 
probably plays the part of a , t ransportat ion group." It is evident that the introduction of new transportation 
groups may intensify the radiobiological effect of antiradiation substances. Work along these lines con- 

tinues. 

* The results  of a detailed study of the radiobiological activity of this preparation are published in [12]. 
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E X P E R I M E N T A L  

3 - M e r e a p t o - N -  ( 6 - m e t h o x y - 5 - q u i n o l y l ) p r o p i o n a m i d e  ([). A m i x t u r e o f 3 g o f S - a m i n o -  
6-methoxyquinoline and 5.4 g of 3-mercaptopropionic  acid was heated at 145-150 ~ for 1 h, cooled, and made 
alkaline with aqueous sodium bicarbonate  solution, if) was ext rac ted  with e ther  with heating, the e the rwas  
evaporated,  and the residue was again dissolved in a little e ther  with heating. We obtained 1.1 g of product,  
m.p. 120-121 ~ The combined ethereal  mother  solutions were extracted with 2 N NaOH. By acidifying the 
alkaline solution with dilute HC1 we obtained a fur ther  0.69 g of (I). Found %: C 59.57; tt 5.53; S 12.15. 
CI3HI4N2OzS. Calculated %: C 59.54; H 5.34; S 12.21. 

N-[B-Hydroxy-c~-(hydrexymethyl)-p-nitrophenethyl]-3-mercaptopropion- 
amide (if). 1.46 g of triethylamine was added to a solution of 1.5 g of 3-mercaptopropionic acid in 120 
ml of dry ether, the mixture was cooled to -15 ~ 2.1 g of isobutyl chloroformate was added with stirring, 
and the mixture was left overnight at -15 ~ Triethylamine hydrochloride was filtered off, and a suspension 
of 3 g of 2-amino-l-p-nitrophenyl-l~3-propanediol in 40 ml of dry ether was added to the filtrate. On the 
next day the precipitate was filtered off and dissolved in 2 N NaOH, and the alkaline solution was acidified 
and extracted with ether. We obtained 0.47 g of (II), m.p. 129-130 ~ (ethyl acetate-petroleum ether). Found 
%: C 48.17; H 5.36; S 10.05o CIzHI6N2OsS. Calculated %: C 48.00; H 5.33; S 10.66. 

N- (3-Mereapto-2,2-diphenylpropionyl)methionine (iII). 0.8 gofmeLhioninewas dis- 
solved in alcoholic alkali (0.24 g of NaOH in 60 ml of alcohol), and the solution was added to 0.96 g of 2,2- 
diphenyl-D -propiothiolactone in 60 ml of alcohol. The solution was boiled for 5 h and then evaporated in a 
stream of nitrogen; the residue was dissolved in water and acidified with dilute HCI. The preeipitat~ formed 
(i.i g) was dried in a vacuum desiccator and reprecipitated from diethyl ether with petroleum ether. The 
yield of (III) was 0.7 g; m.p. 115-116 ~ Found %: C 61.21; II 5.98; N 3.91; S 15.9. C20H23NO3S2~ Calculated%: 
C 61.70; H 5.91; N 3.60; S 16.45. 

[p- (3-Mereapto-2-methylpropionamide)phenyl]acetic Acid (IV). 0.049 moleof 
2-methyl-fl-propiothiolactone in 50 ml of acetonitrile was added to 0.049 mole of (p-aminophenyl)acetic 
acid in 80 ml of acetonitrile. The n~dxture was boiled for 18 h and then vacuum-evaporated, and the resi- 
due was precipitated with HCI from its solution in NaHCO 3 solution. We obtained (IV), m.p. 149-150 ~ (water). 
Found %: C 56.90; H 5.97; N 5.85; S 12.64. CI2HIsNO3S. Calculated %: C 56.91; H 5.92; N 5.53; S 12.64. 

Analogously, from 0.049 mole of p-aminobenzoic acid and 0.049 mole of 2-methyl-fl-propiothiolae- 
tone (boiling for 6 h) we obtained p-(3-mercapto-2-methylpropionamido)benzoie acid (V) in 22.2% yield; 

m.p. 260 ~ (50% alcohol). Found ~: C 55.17; H 5.44; N 6.35; S 13.37. CIIHI3NO3S. Calculated %: C 55.23; 
H 5.43; N 5.85; S 13.39. 

Trisodium Salt of S-(2-Carboxy-3~3-diphenylethyl) ....... Dih~drogen . . . .  Phosphoro- 
thioate (VI). A solution of 0.5 g of trisodium phosphorothioate in 14 ml of water was added dropwise 
with stirring to a solution of 0.93 g of l,l-diphenyl-p-propiolactone in 7 ml of dimethylformamide at 40-50~176 
Stirring was continued until the test for Na3SPO 3 with AgNO 3 was negative. Unchanged lactone (0.31 g) was 
separated, a large amount of alcohol was added to the filtrate, and the mixture was left overnight. The pre- 
cipitate formed (1.16 g) was stirred with 15 ml of absolute methanol, and the mixture was filtered. Ether 
was added to the filtrate. The precipitate of (VI) was washed with ether; the substance did not melt. Found 
%: C 32.80; H 5.04; P 6.11. CIsHI2Na3OsPS. 8H20. Calculated %: C 32.80; II 5.10; P 5.65. 

N,N'-Bis-3-chloropropionylcystamine (X). A solution of 1 gof cystamine in 15 m! of 
1 N NaOH was added dropwise with stirring to a solution of 1.67 g of 3-chloropropionyl chloride in i0 ml 
of dioxane (the temperature of the mixture must not rise above 5~ The mixture was made alkaline with 
1 N NaOH (15 ml) and stirred for 30 rain with cooling and for 30 rain at 20 ~ The precipit~le was filtered 
off, and we obtained 0.96 g of ~), m.p. 134-135 ~ (alcohol). Found %- C 36.53; II 5.51; Cl 21.88; N 8.71; S 
18.36. CIoHIsCI2N202S2. Calculated ~c: C 36.36; H 5.40; C1 21.33; N 8.41; S 19.20. 

Sodium S-[2- !Benzylearbamoyl)ethyl] Thiosulfate (VII). 3 gofN-benzyl-3-ehloro- 
propionamide in 2 ml of alcohol was mixed with 1.35 g of sodium thiosulfate in 2 ml of water. The mixture 
was boiled for 6 h and then cooled, and alcohol was added until a turbidity appeared. On the next day the 
precipitate was separated and the filtrate was vacuun~-evaporated to dryness. The residue was dissolved 
in a little absolute alcohol, and the solution was filtered. From the filtrate (VII) was precipitated with 
ether; yield 1.15 g; m.p. 175-177 ~ (alcohol-ether). Found ~c: C 40.41;H4.07; N4.61;$21.15. CIoHI2NNaO4S2. 
Calculated %: C 40.40; H 4.04; N 4.71; S 21.54. 
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Analogously,  from 1.5 g of N,N ' -b i s -3-ch loropropionylcys tamine  OK) we obtained 1.85 g of disodium 
S,S'-[dithiobis (methyleneiminocarbonylethyl)] bisthiosulfate (XI). Found %: C 21.73; H 3.79; N 4.76. C10H18" 
N2Na2OsS6. Calculated %: C 22.55; H 3.38; N 5.20. 

F rom 6 g of 3-chloro-N-phenethylpropionamide we obtained 3.6 g of sodium S-[2- (phenethylcar- 
bamoyl)ethyl] thiosulfate (VIII), m.p. 163-165 ~ (alcohol-ether) .  Found %: C 42.37; H 4.28; N 4.19. CllH14N" 
NaO4S 2. Calculated %: C 42.44; H 4.50; N 4.50. 

3 - ( A m i d i n o t h i o ) - N - b e n z y l p r o p i o n a m i d e  fiX). 7.6 g of thiourea was added to a solution 
of 20.7 g of N-benzyl -3-chloropropionamide  in 60 ml  of absolute alochol, and the mixture was boiled for 
3 h. The mixture  was left for a long time and then evaporated, the residue was treated with water ,  and the 
undissolved substance was washed with e ther  and crys ta l l ized  from alcohol and then from ethyl acetate 
We obtained (IX), m.p. 132 ~ Found %: C 54.62; H 6.35; S 12.05. CllH15N3OS. Calculated %: C 55.70; H 6.32; 
S 13.08. 

C y s t a m i n e P h o s p h a t e .  0.03 mole of phosphoric acid was added to 0.01 mole of cystamine in 
25 ml  of alcohol, and the precipitate formed was reprecipi ta ted from water  with alcohol; m.p. 192-193 ~ 
(decomp.). Found %: C 14.69; H 4.80; N 8.21; S 18.04. C4H18N2OsP2S2. Calculated %: C 13.8; H 5.11; N 
8.04; S 18.40. 

N - ( P h e n y l a l a n y l ) c y s t a m i n e  D i h y d r o c h l o r i d e  ~XII). 1 . 5go fN-ca rboxypheny l a l an ine  
anhydride in 10 ml  of ethyl acetate was added to a solution of 2.64 g of cystamine in 15 ml of ethyl acetate 
at - 7 0  ~ The mixture  was kept for 2.5 h at - 7 0  ~ and 1 h at room temperature .  Ethyl acetate was removed 
by decantation, the oily res idue was extracted with alcohol, the extract  was combined with the ethyl acetate 
solution, and the whole was vacuum-evapora ted  to dryness .  Alcoholic HC1 and dry ether  were added to the 
residue,  and absolute alcohol was added to dissolve the precipi tate.  Dry ether  was added to the filtrate 
until (XIt) had been precipi ta ted completely; yield 1.45 g. The substance deliquesces in air .  Found %: C 
41.90; tI 6.3; N 10.61. C13H21N3OS 2"2HC1. Calculated %: C 41.93; tt 6.17;N 11.29. 

N , N ' - B i s p h e n y l a l a n y l c y s t a m i n e  (XIII). 1.8 g of cystamine in 20 ml  of ethyl acetate was 
added to a solution of 2 g of N-carboxyphenylalanine anhydride in 15 ml  of ethyl acetate at - 7 0  ~ The mix-  
ta re  was kept for 2 h at - 7 0  ~ and 1 h at room tempera ture .  The precipitate formed was separated,  washed 
with ethyl acetate,  and extracted with alcohol; the ext rac t  was fi l tered and vacuum-evaporated,  and the 
res idue was rubbed out with ether.  We obtained 0.85 g of (XIII), m.p. 88-90 ~ From the ethyl acetate solu- 
tion after  evaporat ion and s imi la r  t rea tment  we obtained a fur ther  0.32 g of (XIII), m.p.  102-104 ~ (ethyl 
a c e t a t e - e t h e r ) .  Found %: C 59.11; H 6.74; N 12.45; S 14.08. C22I-I30N402S 2. Calculated %: C 59.11; H 6.72; 

N 12.32; S 14.32. 

T r i s o d i u m  S a l t  o f  S ~ 2 - [ ( D i t h i e c a r b o x y ) a m i n o ] e t h y l }  D i h y d r o g e n  P h o s p h o r o -  
t h i o a t e  (XIV). A solution of 0.33 g of CS 2 in 1 ml  of alcohol was added to a solution of 0.5 g of sodium 
S-2-aminoethyl  hydrogen phosphorothioate,  a solution of 0.22 g of NaOH in 4 ml  of water  was then added 
in portions with s t i r r ing,  s t i r r ing  was continued fur ther  for  1 h, and 40 ml  of alcohol was added. On the 
next day the precipi tated oil was separa ted  f rom the solution and rubbed out with severa l  portions of a lco-  
hol. The precipi ta te  formed was fi l tered off rapidly, washed with alcohol, and dried in a vacuum desiccator .  
The substance did not melt .  Found %: C 12.09; tt 2.01; N 5.02; P 10.46. C3HsNNa3OaPS 3. Calculated %: C 

12.04; H 1.70; N 4.68; P 10.36. 

C O N C L U S I O N S  

A number of new der ivat ives  of 3-mercaptopropionic  acid, cystamine,  and cysteamine were  synthe- 

sized, and their  radiation protection proper t ies  were  studied. 
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