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S-Carbamoyla lky l  th iosul fa tes  have been obtained f rom (indolylalkyl)amides of o)-chloroal-  
kanecarboxyl ic  acids ,  and these  have been reduced to ( indolylalkyl)aminoalkanethiols  and 
then conver ted  into S-[( indolylalkyl)aminoalkyl]  th iosul fa tes .  

The aminoalkanethiols  RNH(CH2)nSH and the S-aminoalkyl  th iosul fa tes  RNH(CH2)nSSO3H exhibit  r ad io-  
p ro tec t ive  p r o p e r t i e s .  Recently,  a s e a r c h  has been conducted for  the mos t  effect ive r ep r e sen t a t i ve s  of 
this s e r i e s  by means  of a wide va r ia t ion  in R and in n [2-7]. In this connection, we have p e r f o r m e d  the 
synthes is  of aminoalkanethiols  and S-aminoalkyl  th iosul fa tes  containing indol -3-yla lkyl  f r agment s ,  since 
t r yp t amines ,  e spec ia l ly  serotonin  and 5 -methoxy t ryp tamine  a re  also effect ive r ad iop ro t ec to r s .  

The synthetic  route usual ly  used for  compounds of this  type [8] gave t e r t i a r y  amines  instead of s e c -  
ondary: 

21~llr + NH~CH~CH2SSO~H I"~"~ RNHCH2CH2SSO3FI 

R2N CH2CH2SS% H 

i 

R = ~ CH2CHg- 

H 

As a rule ,  the monohalogenoalkylat ion of p r i m a r y  amines  is a s soc ia ted  with the necess i ty  for  sep -  
a ra t ing  complex  mix tu re s ,  so that indirect  methods  are  used to achieve success  [3]. We have succeeded 
in finding a method for  synthes iz ing aminoalkaneth io ls  f rom co-halogenoalkanecarbonamides that  led to in-  
dividual products  with fa i r ly  high y ie lds .  

CI(CH2)nCOCI 
I~NH 2 

I I  a-d 

LiAIH4 
THF 

Na:~S203 
RNHCO(CIt2)nCl ~ RNHCO(CH2)nSSO3Na 

Ill a-d IV a-d 

LiAIH 4 [RN.CO(C.p,S.] ~ ~N.(CH~),+,S. 

v a - d  

II H 

a,b,,c n=l; d n=2 

With sodium *~hiosulfate, the co-halogenoalkaneearbonamides  (III) fo rmed  S-aminoalkyl  th iosul fa tes  
(IV), which were  then reduced  with li thium te t rahydroa lumina te  to the aminoalkanethiols  (V). The th io-  

* For  Communicat ion  LXX'XV, see [1]. 
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TABLE 1. 
Aminoa lky lThiosu l fa tes  and Aminoalkanethiols  

substance 

NH2CH2CH2SSO3H 
VC 
Vd 

VIII 
IX 

Antiradiat ion Efficiency of Indole-Subst i tuted S-  

Tryptamlne 
Control 

' c ~ E ~  ~ z , ~  

20 
29 
20 
28 
20 
30 
44 

> 
Mean life 
of the 
animals, 
days 

0,15 
0,15 
0,15 
0,15 
0,15 
0,15 

0* 12,5• 
13,8• 6,5• 

0 6,0• 
7,1• 7,6• 

o 6,0• 
30,0• I 9,0• 
6,8• ! %9• 

Notes 

P <0,05 

* The absence of a rad ioprotec t ive  effect  of aminoethaneth iosu l -  
fonic acid is due to the fact that  in o r d e r  to obtain comparab l e  
resu l t s  it was used  in a dose cons iderably  s m a l l e r  than usual .  

sulfate group is f i r s t  reduced to a thiol group, and then the amide group is conver ted  i n t o  an amine group 
m o r e  slowly. No a t tempts  were  made to isola te  the oarbamoyla lkane th io ls ,  but t he i r  fo rmat ion  and sub-  
sequent t r ans fo rma t ion  were  t r a ced  ch romatograph ica l ly  in a thin l aye r  of s i l i ca  gel.  

The method also  proved  suitable for  the p repa ra t ion  of d iaminoalkanethiols .  Thus,  f rom the halogen-  
subst i tuted diamide (VI) we obtained the thiosulfate  (VII), which was then reduced to the d iaminoa lkane-  
thiol (VIII). 

NHCOCH2Cll N'a2S203 7 H'COCH2$SO3Na t. LiAIHr 
CH2CONH R CH2CONHR 2. HCI 

V I  VII 

R = C H s O ~  CH2C"2- 

7 HCH2CH2SH 
' 2 HCI 

CH2CH2NHR 

VIII 

The synthes is  of (VI) was p e r f o r m e d  by the mixed-anhydr ide  method f rom chloroace ty lg lyc ine ,  isobutyl  
ch lo ro formate ,  and 5 -me thoxy t ryp tamine .  

NUCH~COOH ~a2OCOCt (C#shN CtC"2CONHCH~C~ ~' RN.~ 
I + / o  - Vl 
COCH2Ct CH(CH3) 2 (CH3)2CHCH2OC~o 

To conver t  a thiol into a thiosulfate ,  we made use  of a known method [9]. 

02, Fe "+3 
RSlt = RSSR 

" RSH + RSSO3H ~ H 

IX 

As follows f rom the scheme,  the convers ion  of the thiol into the thiosulfate  r equ i r e s  the repea ted  
oxidation of the thiol  to the disulfide and the sulfite c leavage of the disulfide.  The t ime  of synthes is  was 
shor tened cons iderably  by the addition of cata lyt ic  amounts  of iron.  The p re sence  of i ron enables  the end 
of the oxidation of the thiol to be recognized by the d i sappearance  of the brown colora t ion  of the i ron m e r -  
captide.  

The same  S-aminoalkyl  thiosulfate  acid (IX) is fo rmed  by the act ion of p y r i d i n e - s u l f u r  t r ioxide on 
the thiol (Vc) [10]. 

RSB § so3(%t%N)~Rsso3tt 

Vc IX 

Exper imen t s  on an imals  showed (see Table  1) that  the introduction of m e r c a p t o a l k y l  and hydroxysu l -  
fonylthioalkyl res idues  into the amino  group of 5 -methoxyt ryp tamine  led to a fall  in the rad iopro tec t ive  
effect  and to an inc rease  in toxici ty .  The t e r t i a r y  amine (I) a lso p o s s e s s e s  an inc reased  toxici ty.  
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EXPERIMENTAL 

Chromatography  was p e r f o r m e d  on pla tes  
with a fixed l aye r  of s i l ica  gel - Silufol UV-254 - 
with b u t a n o l - a c e t i c  a c i d - w a t e r  (4: 1: 5) as t~he 
eluent,  the spots  being revea led  with a solution 
of p-dimethyiaminobenzaldehyde (indole ring), 
sodium n i t ropruss ide  (thiols), o r  phosphomolybdic 
acid. The IR s p e c t r a  in paraf f in  oil were  taken 
on a UR-10 ins t rument .  

The tes t ing  of the ant i radia t ion act ivi ty  was 
p e r f o r m e d  on r a n d o m - b r e d  female  white mice  
weighing 20-23 g. The an imals  were subjected 
to 6~ ~, radiat ion in a dose of 800-850 r at a 
dose ra te  of 48.7-56.2 r / m i n .  The subs tances  were  
dissolved in dist i l led wa te r  (in the case  of the 
th iosulfa tes ,  the addition of an equivalent  amount 
of caust ic  soda was n e c e s s a r y  for  dissolution),  and 
were  injected in t raper i tonea l ly  5-10 min before  
i r rad ia t ion .  

S-{ Di [2-(indol-3-yl) ethyl]aminoethyl} Thiosul -  
fate (I). A solution of 1 g (4.46 mmoles )  Of indoi-  
3-yle thyl  bromide  (Rf 0.95, mp 102~ [11, 12]) in 
10 ml  of ethanol was added to a solution of 1.4 g 
(8.92 mmoles )  of S-(aminoethyl)  thiosulfate (Rf 
0.32) and 0.357 g (8.92 mmoles )  of caus t ic  soda in 
2.5 ml  of water ,  the mix ture  was boiled for  4 h, 
the ethanol was dist i l led off in vacuum, and the 
res idue  was acidified with acet ic  acid to pH 4. 
The prec ip i ta te  was washed with wa te r  to give 0.51 
g (28%) of co lo r l e s s  c r y s t a l s  with Rf  0.55, mp 
182-184~ (from 85%ethanol). Vmax, cm- l :  3320 
(NH of indole), 1260, 1195, 1185, 1020, 630 (SSOsH)* 
Found: C 59.5; H 5.7; N 9.4; S 14.3%. C14H21N303S 2. 
Calculated: C 59.6; H 5.7; N 9.5; S 14.8%. 

N-Benzy lch lo roace tamide  (IIIa). With v ig -  
orous  s t i r r ing  at a t e m p e r a t u r e  not exceeding 4~ 
a solution of 33.9 g (0.3 mole) of ch loroaee ty l  
chloride in 50 m l  of methylene chloride was added 
to solutions of 16.8 g (0.3 mole) of caust ic  potash 
in 50 ml  of wa te r  and 32.1 g (0.3 mole) of benzyl -  
amine in 50 m l  of methylene chlor ide .  Af ter  30 
min,  the  methylene chlor ide was evapora ted  in 
vacuum and the res idue  was f i l te red  off and was 
washed with benzene a n d e t h e r  to give 43.5 g (79.5%) 
of co lo r l e s s  c r y s t a l s  with mp  93-94~ (according 
to the l i t e ra tu re  [14], mp 93.5-94.5~ Vmax, cm- t :  
3287, 1660, 1560 (amide). 

N-Ch lo roace ty l -  5-methoxyt  ryptamine  (IIIc) .  
To a suspens ion of 25 g (0.1 mole) of 5 -methoxy-  
t ryp tamine  in 140 m l  of d imethy l fo rmamide  were  
added 21.7 g(0.215mole)  of t r i e thy lamine  and, at 
0-3~ ove r  45 min,  a solution of 12.42 g (0.11 mole)  
of eh loroace ty l  chloride in 30 ml  of d ime thy l fo rm-  
amide,  and then the  mix tu re  was s t i r r ed  with cool -  

* Bunte sa l t s  a b s o r b i n  the 1190-1250, 1040-1050, 
and 640-660-em-1 regions  [13]. 



ing for  2 h 30 min,  poured into 500 ml  of wa t e r  and ice, and HC1 was added to pH 2.5-3. Af ter  2 h, the 
prec ip i ta te  was f i l te red  off and was washed with acidified wa te r  and with pure  wa t e r  to give 20 g of c o l o r -  
l e s s  c r y s t a l s .  F rom the aqueous solution, methylene  chlor ide ex t rac ted  an additional 2.75 g of substance .  
The to ta l  yield was 22.75 g (85.5%), mp 128-129~ (according to the l i t e ra tu re  [15], mp 125-127~ yield 
55~4%. Vmax, cm-l: 3390 (NH of indole), 3345, 1655, 1545 (amide). 

N- ( f i -Ch lo roprop iony l ) -5 -me thoxy t ryp tamine  (IIId). This  was obtained in a s i m i l a r  m a n n e r  to (IIIc) 
f rom 5-methoxyt ryp tamine  hydrochlor ide  and f l -ch loropropionyl  chlor ide .  Yield 80%, mp 109-110~ (from 
ethanol and water) .  Vmax, cm- l :  3400 (NH of indole), 3310, 1645, 1573 (amide). Found: C 59.8; H 6.2; 
C1 12.4; N 10.0%. Ci4HI?C1NO2. Calculated:  C 59.8; H 6.1; C1 12.6; N 10.0%. 

Chloroacety lg lycine .*  At 2-5~ 59.2 g (0.525 mole)  of ch loroace ty l  chloride and 110 m l  of a 4 N 
solution of caust ic  soda to mainta in  the pH at 11 were  added s imul taneous ly  to a solution of 37.5 g (0.5mole)  
of glycine in 125 ml  of 4 N caust ic  soda. Then 200 ml  of ethyl  aceta te  was added and, with v igorous  s t i r -  
ring, the mix tu re  was acidif ied with 6 N sul fur ic  acid (~125 ml)  to pH 1-2. The ethyl  aceta te  l a y e r  was 
sepa ra t ed  off and the aqueous l a y e r  was repea ted ly  ex t r ac t ed  with e thyl  aceta te .  The ex t r ac t s  were  c o m -  
bined, washed with water ,  and dr ied with magnes ium sulfate  and evapora ted  in vacuum; the res idue was 
washed with a sma l l  amount of e ther  to yield 45.18 g (59.5%) of bright-yellow c r y s t a l s  with mp 109-110~ 
(according to the l i t e ra tu re  [18], mp 105-106~ Vmax, cm- l :  3270 (broad), 1657, 1555 (amide), 1713 (COOH). 
Found: C 31.4; H 4.1; C1 23.6; N 9.3%. C4HGCINO 3. Calculated: C 59.8; H 4.0; C1 23.4; N 9.3%. 

N- [N- (Ch lo roace ty l )g lycy l ] -5 -me thoxy t ryp tamine (VI ) .  A t - 2 0 ~  12 g (88 m m o l e s ) o f  isobutyl  ch lo ro -  
fo rmate  was rapidly  added to a solution of 10.9 g (72 mmoles )  of ch loroace ty lg lyc ine  and 8.4 g (83 mmoles )  
of t r i e thy lamine  in 180 m l  of ethyl  ace ta te ,  a~d immedia t e ly  a f t e rwards  a suspens ion of 13.26 g (69.8 mmoles )  
of 5 -methoxy t ryp tamine  (mp 120-125.5~ in 75 m l  of ethyl  ace ta te  was added and the mix tu re  was s t i r r e d  
at -10~  for  30 min  and +15~ for  1 h, and was cooled t o - 6 0 ~  a f t e r  which the prec ip i ta te  was f i l te red  
off, washed with ethyl  ace ta te ,  dr ied,  and r e c r y s t a l l i z e d  f rom 1800 ml  of wa t e r  with carbon,  giving 17.16 g 
(75.7%) of co lo r l e s s  c r y s t a l s  with mp 157-158~ Vmax, cm- l :  3412 (NH of indole), 3270, 1674, 1635, 1570 
(amide). Found: C 55.5; H 5.5; Ct 10.7; N 12.9%. C~sH~sC1N303. Calculated: C 55.6; H 5.6; C1 10.9; N 13.0%. 

Sodium S- [ f l - ( Indo l -3 -y l )e thy lca rbamoylmethy l ]  Thiosulfate  (IVb). A mix tu re  of  11.8 g (0.05 mole)  
of N- [ f i - ( indo l -3 -y l )e thy l ]ch loroace tamide  (mp 93~ f rom water ;  accord ing  to the l i t e ra tu re  [15], mp 90- 
91~ 13 g (52.5 mmoles )  of sodium thiosulfate ,  100 ml  of ethanol,  and 75 ml  of wa te r  was boiled for  3 h. 
The resu l t ing  solution was evapora ted  in vacuum, the res idue was ex t r ac t ed  with 100 ml  of boiling absolute 
ethanol,  the ex t r ac t  was t r e a t ed  with 4 ml  of water ,  and, a f t e r  cooling, co lo r l e s s  c r y s t a l s  were  obtained 
with Rf  0.75. Found C 41.0; H 4.4; N 8.0; S 17.9%. C12III3N2NaO4S2-H20. Calculated: C 40.7; H4.3; N 7.9; 
S 18.1%. The hydrate  was dried over  phosphorus  pentoxide, giving 13.5 g (80.4%) of the anhydrous sal t .  
Vmax, cm- l :  3430 (NH of an indole) , 1660, 1550 (amide), 1260-1200, 1040, 645 (SSO3Na). In format ion  on 
the o ther  S - (ca rbamoylmethy l )  th iosul fa tes  synthes ized  is given in Table 2. 

N- ( f l -Mereap toe thy l ) t ryp tamine  Hydrochlor ide  (Vb). A solution of 6.72 g (0.02 mole) of sodium 
S- [ f i - ( indo l -3 -y l )e thy lca rbamoylmethy l ]  thiosulfate  in 150 ml  of t e t r ahydro fu ran  was added to a suspens ion 
of 2.28 g (0.06 mole)  of l i thium t e t r a h y d r o a l u m i n a t e i n  50 ml  of t e t r ahydro fu ran  at the boil, and the mix tu re  
was boiled for  10 h in a cu r r en t  of  argon and was cooled, and at 5-10~ 43 ml  (0.24 mole)  of wa t e r  was 
gradual ly  added. The resu l t ing  prec ip i ta te  was f i l te red  off and was washed with t e t r ahyd ro fu ran  (2 • 50 ml),  
and then the solvent was evapora t ed  off, and the res idua l  oil (3.17 g, 72%) was dissolved in 10 m l  of absolute 
ethanol,  the solution was acidif ied with an ethanolic solution of hydrogen chlor ide ,  and 30 ml  of e the r  was 
added, and, a f t e r  two days,  the co lo r l e s s  c r y s t a l s  that  had deposited were  f i l te red  off. The c h a r a c t e r i s t i c s  
of the product  and of the o ther  aminoalkanethiols ,  obtained s imi l a r ly ,  a re  given in Table 3. 

S-{f i - [ f l - (5-Methoxyindol -3-y l )e thylamino]e thyl}  Thiosulfate  (IX). a) Air  was pa s sed  through a so lu-  
t ion of 3.54 g (12.4 mmoles )  of N - ( f l - m e r c a p t o e t h y l ) - 5 - m e t h o x y t r y p t a m i n e  (Vc) in 100 ml  of wa te r  and 100 
ml  of ethanol containing 3 mg  of f e r r i c  chlor ide .  Af ter  30 rain, the dark-brown co lor  had d i sappeared ,  and 
a c h r o m a t o g r a m  showed the convers ion  of the thiol (Rf 0.50) into the disulfide (Rf 0.35). Then 6 m m o l e s  
of a solution of ammonium sulfite was added. Af te r  40 min,  the spot of the disulfide on a c h r o m a t o g r a m  
had d i sappea red  and spots of the thiol and of the thiosulfonic acid (Rf 0.65) had appeared .  Ai r  was p a s sed  
for  another  30 min,  and another  3 m m o l e s  of ammonium su]_fite was added. Af ter  30 rain, the solution was 
evapora ted  to d rynes s  in vacuum,  and the res idue  was washed with wa te r  and r e c r y s t a l l i z e d  f rom 85% 
ethanol with ca rbon  to give 2.68 g (65.5%) of c o l o r l e s s  c r y s t a l s  with mp 187-189~ p rac t i ca l ly  insoluble 

* P r e p a r e d  by analogy with the synthes is  of ch loroace ty l t ryp tophan  [16]; compare  [17]. 
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in water. Found: C 47.0; H 5.7; N 8.2; S 19.9%. C13H18N204Sz. Calculated: C 47.2; H 5.5; N 8.5; S 19.4%. 
Vmax, cm-l: 3340 (NH of an indole), 1580, 1620, 1240, 1210, 1180, 1030, 645 (SSO3H). 

b) A mixture of 0.85 g (3.4 mmoles) of the free aminoalkanethiol (Vo) and 1.27 g (8 mmoles) of pyr -  
id ine-sul fur  trioxide was heated in a current  of argon at 50~ for 3 h. Then it was cooled and 50 ml of 
water and acetic acid to pH 7 were added. After 2-3 h, the precipitate was fil tered off and washed with 
water to give 0.8 g (71%) of light-yellow crystals identical in properties with the product obtained bymethod 
a). 
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