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INDOLE DERIVATIVES 
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In order to study their biological activity, N- and S-substituted thiou- 
reas have been synthesized. The reaction of 5-methoxytryptamine with 
silicon tetraisothiocyanate has given N-B-(5-methoxy-3-indolyl)ethyl- 
thiourea, and that of its hydrochloride with ammonium thiocyanate 
has given N, N'-di[3-(5-methoxy-3-indolyl)ethyl]thiourea. Unsymmet- 
rical disubstimted thioureas have been obtained by the reaction of tqrp- 
tamines with aryl isothiocyanates. S-3-indolylalkylisothiouronium satts 
have been synthesized by the reaction of thiourea with (3-indotyl)alkyl 
bromides. 

In r ecen t  y e a r s ,  t h iou rea  de r iva t ives  have been  a t -  
t r a c t i n g  i n c r e a s i n g  i n t e r e s t  f rom c h e m i s t s ,  p h a r m a -  
co log is t s ,  and rad iob io log i s t s .  Thus ,  for  example ,  it 
is known that  t h ioca rban i l ide  de r iva t i ve s  include com-  
pounds p o s s e s s i n g  high a n t i t u b e r c u l a r  ac t iv i ty  [1], and 
a l a rge  n u m b e r  of the S - subs t i tu ted  th iou rea  d e r i v a -  
t ives  s tudied have the p r o p e r t i e s  of effect ive prophy-  
lac t ic  agents  aga ins t  r ad i a t i on  s i cknes s  [2, 3]. It ap-  
pea red  to us to be  of i n t e r e s t  to obtain a n u m b e r  of in -  
do ly la lky l th ioureas  in o r d e r  to s tudy t he i r  b io log ica l  

ac t iv i ty .  
In the syn thes i s  of Y-subs t i t u t ed  th ioureas  we s t a r t ed  

f r o m  the t r y p t a m i n e s  (I) obtained p r e v i o u s l y  [4, 5]. N- 
f l - (5 -Methoxy-3 - indo ly l ) e thy l th iou rea  (HI, R = OCHa) 

*For  c o m m u n i c a t i o n  XXVKI, see [11]. 

was obtained by the reac t ion  of 5 -me thoxy t ryp t amine  
(I, R = OCHa) with s i l i con  t e t r a i so th iocyana te  [6]. N, 
N-Di [ f i - (5 -methoxy-3- indo ly l )e thy l ] th iourea  (IV, R = 
= OCHs) was obtained by heat ing  2 moles  of the hydro-  
chlor ide  of 5 - me t hoxy t r yp t a mi ne  (I) with 1 mole  of a m -  
m o n i u m  th iocyana te  at 160-165 ~ C. 

The r eac t ion  of these  subs t ances  in equ imolecu la r  
r a t i o s  at 100 ~ C leads  to 5 -me thoxy t ryp t amine  th iocya-  
nate  (IT, R = OCH3), and f u r t he r  heat ing of th is  to 
160 ~ C gives a m i x t u r e  of II, l l I ,  and IV). 

When the t r y p t a m i n e s  (I) were  heated with va r ious  
a ry l  i so th iocyana tes  in benzene ,  a n u m b e r  of u n s y m -  
m e t r i c a l  d i subs t i tu ted  N- indolyle thyl -NT-phenyl th iou  - 
r e a s  (V) were  obtained.  By the act ion of methyl  iodide 
in ace tone ,  the indo ly le thy l th ioureas  I I I -V)  were  con-  
ve r ted  into the c o r r e spond i ng  S - m e t h y l i s o t h i o u r o n i u m  
hydr iodides  (VI). 

The s t a r t i n g  m a t e r i a l s  in the syn thes i s  of S - s u b s t i -  
tu ted t h iou reas  were  e s t e r s  of 3 - indo ly la lkano ic  acids 
(VII) [4, 7 -9 ] ,  which were  conver ted  via  the c o r r e -  

sponding alcohols  and b r o m i d e s  in acco rdance  with the 
s cheme  given below into S - indo ly l a lky l i so th iou ron ium 

sa l t s  (X-XR) [101. 
Since the i so th iou ron ium b r o m i d e s  (X) could not be  

obtained in the c r y s t a l l i n e  s ta te ,  they were  conver ted  
into the c r y s t a l l i n e  su l fa tes  o r  hydr iodides .  

Table  1 

tt 

OCH3 

OCH3 

OCH2C6H5 

o Empirical Found, % Calculated, Yield, 
R R" Mp, C formula % % 

834 

OC4H9 

OC2H5 

[OC2H5 

108--110 
(benzene) 

I66--167 
(ethanol) 

CIsHjgN3OS 

C22H27N302S 

123--I25 C26H27N302S 
(benzene) 

138.5--140,5 CIoH21N~OS 
(aqueous 

ethanol) 

C 66.69 
H 6.06 
N 12.74 
S 9.84 
C 66.81 
H 6.76 
N 10.75 
S 7.84 
C 70.62 
H 5.92 
N 9,45 
S 7.21 
C 67.98 
H 6.40 
N 12.32 
S 9.46 

C 66.46 
H 5.85 
N 12.92 
S 9.84 
C 66.50 
H 6.81 
N 10.58 
S 8.06 
C 70,11 
H 6,07 
N 9.44 
S 7.19 
C 67.24 
H 620 
N 12.39 
S 9.44 

92,0 

85 

94.4 
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Table 2 

[ r \ /.T... / CH2CH~ N H2C = N R" ~] (~ 

I t  �9 

Calcu- Yield, Empirical Found, lated, % 
R" R Mp, ~ formula % % 

C6Hs OCHa C19H22IN3OS 84.5 

n-C6H~OC~H5 

n-CsH4OC4H9 

C H 3 0 ~ _ ~ . / C F I 2  C H  2 

H 

n-C6H4OC2H5 

a-C6H4OC2H5 

OCH~ 

OCHa 

OCH~ 

H 

OCH2C6Hs 

153--154.5 
(ethanol- 

ethyl acetate) 

101--105 
(decomp, 
ethanol- 

ethyl acetate) 

94--98 
(ethanol- 

ethyl acetate) 

197--199 
(decomp, 

methanol- 
ether) 

124--126 
(ethanol-- 

ethyl acetate) 

180--182.5 
(methanol- 

ether) 

C 21H26 IN3ORS 

C 23H3o IN3028 

'C24H29IN40 2S 

C2o H24IN3OS 

C27H3oIN302S 

C 49.11 
H 4.80 
N 8.80 
S 6.65 
I 27.15 

N 8.11 
S 6.34 
I 24.85 

C 48.82 
H 4,71 
N 8.99 
S 6.85 
1 27.19 

N 8,22 
S 6.26 
1 24.85 

51.71 C 51.20 
5.56 H 5.56 
8.09 N 7.79 

23.99 1 23.56 

51.49 C 51.06 
5.34 H 5.14 
9.71 N 9.93 
5.74 S 5.67 

22.80 122.52 
49.55 C 49.90 

5.O5 H 4,99 
8.34 N 8.73 
6.90 S 6.65 

26.71 1 26.40 

55.22 ! 55,20 
5.24 5.11 
7,36 7.15 

22.10 21.64 

86.5' 

91:1 

'2.0 

}2.0 

93.(~ 
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r \~..~/C.:CH:S,:CHCt ) %') l'Nfln I ~.~4"O Si(XCSh [[R\~"/CH~CH~n.~ml]I./....~ . -,,~Si 

Z 

& 

H i l l  

" i \ 

R \ / ~  /CH2CH2NH 2 �9 HSCN t 

�9 1 

f R ~  ~ /CH2CH2NH]CS " R',. /~. /CH2CH~NHCNH 2 

L H ][V J ~  

R " ~  CH CH NH C NR 

k I VI J 

R = H, OCH3, OCH2C6H 5 R' = H. OC2H5, OCsH 9 
R ''= H, C6H 5, n-C6H4OC2H5, n. C6111oC,iHg, ca30\~ /CH2Ct'l ~ 

H 

R \ ~  /(CH2) . COOR" LiAtH4 R.~. T~(C H,, )n ~. i --0 H 

v N VII ~ J ~  J / J  VII]  
It H 

PBr~ R \~.~- . .~.7~q/(  C H:,) n ~ --Br CS(NH~)2 R\~..~.. / (CH2ln+j--S--C~ NH 
: ~ N  ~j tx ~ x .Br "H2 - - "  

H H 

r~ Xl 
H 

R\  ~ / ( . C H 2 l n  + j - - S - - C C  NH 8.12 .Q~ ~ NHz. HI R = H .  OCH a 
R'= CH3, C~H~ 

v -l%e Xli n = I, 2. 3 
H 

E X P E R I M E N T A L  

N-8-(5-Methoxy-3-tudolyl)ethyl thiourea (III). With stirring, a 
suspension of 5.2 g of  silicon tetraisothiocyanate in 100 ml  of benzene 
was rapidly added to a suspension of 15.2 g of 5-methoxytryptamine 
(I, R = OCHs) in 300 ml  of dry benzene, and the mixture was boiled 

for 4 1/2 hr and after the solvent had been distilled off and the residue 
was boiled for 30 min in a mixture with 90 rnl of isopropanol and 10 ml  
of water, The hot solution was filtered and the gelatinous precipitate 
on the filter was washed with acetone. The combined filtrates were 
evaporated, washed with cold water until the wash waters gave no re- 
action for the thiocyanate ion, and compound IlI was extracted with 
boiling water. Yield 5.65 g (28.2%). Mp 159-161,5 ~ C. Found, %: 
C 57.61; H 5.97; N 16.60; S 12.65. Calculated for C~HzsNsOS, %: 
C 57.84; H 6.02; N 16.87; S 12,85. IRspectrum, c m - t :  3420; 3290, 3250, 
3200 (NH), 1625 (NHs), 1550(C=8), 1490(C=C),  1218 (OCH3). 

N, N-Dl[$- (5-methor ] -3- iadoly l )a thy l l th touma (IV). A mixture 

of 5 g of 5-methoxytryptamine hydroehloride (I, R = OCHs), 0.84 g of 
ammon ium thiocyanate,  and 22 ml  of paraffin oil was heated with 
stirring at 160-165" C for 2 1/2 hr. After the e l iminat ion of the paraf- 
fin oil, the residue was washed with benzene and petroleum ether by 
decanting and was crystallized twice from ethanol, Yield 2 .2  g (47.4%), 
Mp 147~ and 173~ Found, %: C 65.72; H 6.36; N 13.14; S 7.65. 
Calculated for ClsHs~lq402S, ~/~. C 65,40; H 6.16; N 13.27; S 7.60. 
IR spectrum, c m ' l ;  3430, 3350, 3260 (NH), 1625, 1570, 1525, 

1490 (C=C,  C=S) ,  1220 (OCHs). 

N -~ -( 5 -Methom]-3-indolyl}ethyl-N'  -p-ethoxyphenyl thtourea (V, 

R = OCHs; R' = OCIHs). With stirring, a solution of 1 g of p -e thoxy-  
phenyl isothiocyanate in 8 ml  of benzene was added to a boiling solu- 

tion of 1.06 g of 5-methoxytryptamine (I, R =OCHs) in 8 ml  of dry 

benzene. The reaction mixture was boiled for 30 rain. After cooling, 
the  precipitate was filtered off and crystallized from ethanol.  Yield 
1.83 g (89%). Mp 183-183.5 ~ C. Found, %: C 65.43; H 6.19; N 11.53; 
S 8.69. Calculated for C20HmNzOzS, %: C 65~04; H 6.23; N 1t.38; 
S 8.67. IR spectrum, c m ' l :  3260 (NH), 1580, 1550, 1520 (C=C,  C=S) .  
The compounds given in Table 1 were obtained similarly. 

N -8-(  5 -Methoxy -3 -indolyl)ethyl-S -methylisothlouronium iodide 
(VI, R = OCH 3, R" = H). A solution of 4 g of N-(5-methoxy-3- indoly l ) -  
ethylthiourea (IlI, R = OCHs) in 50 ml  of dry acetone was treated with 
4 ml  of dry methyl  iodide, and the solution was left  at room tempera-  
ture in the dark for 20 hr. After the e l iminat ion of the solvent, the 
residue was purified by precipitation with absolute ether from e tha-  
nolle solution. Yield 5.83 g (93%). Mp 134-135.5 ~ C. Found, %: 
C 39.81; H 4.64; N 10,79; S 8.21; I 32.63. Calculated for 
ClsH18INsOS, %: C 39.89; H 4.61; N 10.74; S 8.18; I 32.48. IR 
spectrum, cm-Z: 3280, 3150, 2280 (NH), 1640, 1610 (C=N, NH+), 

1520, 1490 (C=C).  
P i e r a t e - m p  197-199 ~ C (decomp). Found, %: C 46.40; H 4.18; 

N 17.08; S 6.53. Calculated for C13HzTOS'C6HzlqsO7, %: C 46.33; 
H 4.06; N 17.08; S 6.50. The compounds given in Table 2 were ob-  

ta ined similarly. 
5-Methoxytryptophol (VIII, R = OCH s, n = 1). A solution of 4.17 g 

of ethyl 5 -methoxy-3- indoly lace ta te  (VII, R = OCH s, R z = CzH~, n = 1) 
in 180 ml  of absolute ether was added to 2 g of l i thium a luminum h y -  
dride in 100 ml  of absolute ether, and the reaction mixture was stirred 
at room temperature for 4 hr. The excess of l i thium a luminum hydride 
was decomposed by the addition of 2 ml  of water, 2 m l  of 15% sodium 
hydroxide, and 6 ml  of water. The precipitate was filtered off and 

washed with ether. The combined filtrate was dried with MgSO~ evap-  
orated to a volume of 15 ml,  and passed through a column of alumina,  
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,,, ,,, 

R X 

1 
H -~-SO4 

H C6H~O (NO=) a 

I 
H -~-SO4 

H I 

H C6HzO (NO~) a 

Table 3 

R ~  --(.CH2 ) n --  S~C ' / / 'N  H . ~ / +' \ N H  2 HX 

t l  

Mp, ~ 

183 --184 
(ethanol) 

176 --177 
(ethannl) 

208 --209 
(water) 

111.5--112.5 
(water) 

182 
(ethanol) 

Empirical 
formula Found, % 

C 49.44 
C22H28N~O4S~ H 5.29 

N 1556 
S 17,60 

C 45.70 
C~TH~N~OTS H 3,71 

N 18.65 
S 7.13 

C 51,00 

C24Hs=N604S3 H 5.80 
N 14.78 
S 16.8fi 

C 39.87 
C12HlalNsS H 4,43 

N 11,45 

C 47,86 
CIgH~oN607S H 4,28 

N 17.59 
S 6.65 

CMculated, 
% 

C 49.25 
H 5.22 
N 15.67 
S 17.91 

C 45.54 
H 3.57 
N 18.75 
S 7.14 

C 5t.18 
H 5.68 
N 14.88 
S 17.00 

C 39.88 
H 4.43 
N 11.63 

C 48.00 
H 4,21 
N 17.65 
S 6.74 

Yield, 
% 

76 

67,5 

88.t 

using ether as solvent. Yield 3 g (87.5%): n~ 1.594, Found, %: 
C 69.28; H 7.01; N 7.16, Calculated for CllHI~NO z, %: C 69.11: 
H 6.88; N 7.33. 

/~-(5-Methoxy-3-indolyl)ethyl bromide (IX, R = OCH s, n = 1). With 

stirring and ice-cooling, 1.37 g of phosphorus tribromide in 70 ml of 

absolute ether was added to 2.89 g of 5-methoxytryptophol (VIII, R = 

= OCH s, n = 1) in 230 ml of absolute ether. The solution was kept at 
room temperature for a day, washed with water, sodium bicarbonate 
solution, and water again, dried with magnesium sulfate, and evapo- 
rated to dryness. Yield 1.86 g (48,30%). Mp 48.5-49.5 ~ C (benzene-  
petroleum ether). Found, %0: C 51.83; H 4.81; N 5,69; Br 31.34. 
Calculated for ClIHlzBrNO, %0: C 51.97; H 4.72; N 5.51; Br 31.60. 

S-B-[(5-Methoxy-3-indolyl)ethyl]isothioumnium sulfate (Xl, R = 

= OCH 3, n = I). A solution of 1.25 g of the bromide (IX, R = OCH s, 

n = 1) in 30 ml of ethanol was added to a boiling solution of 0.4 g of 
thiourea in 50 ml of ethanol and the mixture was bored for 6 hr. After 
the ethanol had been distilled off, the residue was dissolved in 120 ml 
of hot water. A saturated solution of s i l v e r  sulfate was added, the pre- 
cipitate of siIver bromide filtered off, the filtrate evaporated to dry- 
ness, and the residue crystallized from ethanol. Yield 1.05 g (72%). 
Mp 178-179 ~ C. Found, %: C 48.27; H 5.47; N 14,35; S 16,16. 
Calculated for C24Hs2N6OsS~. %: C 48.82; H 5.87; N 14.10; S 16.10. 
The compounds given in Table 8 were obtained similarly. 
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