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A new method for the synthesis of alkyl-substituted tet~ahydro-y-car- 
bolines has been developed which involves the cyelodehydration of 2- 
(2'-aminoisobutyl)indole and 2-(2 'aminoethyl)indole with various 
aldehydes and ketones. The reduction with amalgamated  zinc in hy-  
drochloric acid of 2, 2-dimethyl- ,  4, 4 -d imethyl - ,  and 2, 2-d imeth-  
y l -4-phenyl -1 ,  2, 3, 4-tetrahydro-),-carbotines has been studied. The 

structure of the compounds obtained on reduction has been demonstrated. 

In a study of the reduct ion of a whole s e r i e s  of poly-  
a lkyla ted  t e t r a h y d r o - y - c a r b o l i n e s ,  we have shown [1, 
2] that i t  takes place  anomalously with the cleavage of 
the p iper id ine  r ing  and leads to indolines of the c lass  
of 2 , 3 - d i h y d r o - a - t r y p t a m i n e ,  which are  r ead i ly  de-  
hydrogenated to the cor responding  ~ - t ryp t amines .  
Thanks to this r eac t ion ,  2- (2 ' -aminoisobutyl ) indole  
(I) has become a fa i r ly  access ib le  compound. The 
widely used method of the cyclodehydrat ion of 3 - (2 ' -  
aminoethyl) indoles with aldehydes [3,4],  leading to 
1 , 2 , 3 , 4 - t e t r a h y d r o - f i - c a r b o l i n e s  is  well known. How- 
eve r ,  this method has not been applied to the 2 - (2 ' -  
aminoalkyl) indoles ,  although this route  appears  ex-  
t r eme ly  a t t rac t ive  for  the p repa ra t ion  of 1 , 2 , 3 , 4 - t e t -  
r a h y d r o - y - c a r b o l i n e s .  In view of this,  we have stud- 
ied the r eac t ion  of aldehydes and ketones with 2 - ( 2 ' -  
aminoisobutyl)indole and have obtained the co r r e spond-  
ing 1 ,2 ,344 - t e t r ahydro -Y-ca rbo l ine s  (II-XII).  In the 
p r epa ra t i on  of I I -VI ,  the reac t ion  between I and v a r i -  
ous aldehydes was c a r r i e d  out in an acetate  buffer at 
pH 4.7 and at room tempera ture .  

R \ / r .  

--CH2--C--N ~ . ~ , , , . ~  
I~aC CH~ " �9 

I II-X,I 

II - -  X R'=H Vii R=C~H4OH-4 
II R=H VI I I  R=CsH4OCH~-4 
I l l  R=CHa IX R=C6Hs(O2CH2)-3,4 
IV R=C2H5 X R=C6fl~N(CHa)r4 
V R=C6H5 x l  R=R'=CHa 
VI R=CH=CH- -C6Hs  X I I  R=CH3; R'~C2H~ 

The synthes is  of compounds VII-XII  was c a r r i e d  
out by t rea t ing  the hydrochlor ide  of I at room t e m p e r -  
ature or at boil ing point with the appropr ia te  aldehydes 
and ketones in an aqueous alcoholic benzene medium 
in the p re sence  of cata lyt ic  amounts of hydrochlor ic  
acid. In all cases  the yields  were high. 

Continuing our invest igat ion of the nature of the r e -  
duction of polyalkylated 1 , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o -  
l ines  as a function of their  s t ruc tu re  [1,2],  we have 

*For  pa r t  XXV, see [2]. 

followed the influence of subst i tuents  in posi t ions 2 and 
4 on this p rocess .  As examples  of compounds with 
such subst i tuents  we took substances  II, V, and 4 , 4 -  
d i m e t h y l - 1 , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o l i n e  (XIII). The 
l a t t e r  was synthesized by condensing 2 - (2 ' - aminoe th -  
yl)indole (XIV) with acetone. Compound XIV was syn-  
thes ized by the method of Skinner and Pa rkhur s t  [5] 
f rom 2-(2 ~-dimethylaminomethyl)indole with some 
modif icat ions:  we obtained 2-cyanomethyl indole (XV) 
in a y i e l d  of 50% by boiling the methiodide with po ta s -  
sium cyanide in  d imethylformamide for  1 hr.  In work-  
ing by Skinner and P a r k h u r s t ' s  method [5] (18 hours '  
boil ing in methanol) we were able to obtain the n i t r i l e  
in a yield of only 15-20%. Compound XV was reduced 
with l i thium aluminum hydride in e ther  to XIV. 

--CH2--N--CH ~ --CH2--CN \ " 
H CH 3 H 

XV 
H3C\/,CH ~ 

- -  ~ C H  2__CH2 _ Ntl (CH3)~CO ~ N " ~ . . . ~  NH 

H H 
X I V  XIII 

On being boiled with acetone,  the hydrochlor ide  of the 
amine XIV gave the t e t r a h y d r o ~ - c a r b o l i n e  XIII with 
a y ie ld  of 54%. The 1 , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o l i n e s  
II ,  XIII, and V were reduced with zinc dust in hydro-  
chlor ic  acid with the addition of m e r c u r i c  chloride.  

XYl 

From a chromatographic  study of the reac t ion  mix-  
ture af ter  the reduction of II it  was found that i t  con- 
tained a single substance.  Its s t ruc tu re  as 2 ,2 -d ime th -  
y l - 1 , 2 , 3 , 4 , 4 a ,  9a -hexahydro-T-carbo l ine  (XVI) was 
by i ts  dehydrogenation over  Pd black in boil ing xylene 
to compound IL The reduct ion of XIII under the same 
conditions gave as the sole reac t ion  product  4 , 4 - d i -  
m e t h y l - I ,  2 , 3 , 4 , 4 a ,  9a -hexahydro-7 -ca rbo l ine  (XVII), 
the s t ruc tu re  of which was shown by i ts  dehydrogena-  
tion over  Pd black to XIII. 

C6Hs ~6Hs 

(Ctl~CO)20 

--CH2 ~.C~--N H2 ~ - ~ - - C  H~ --v/C.,~-- N H COCH 3 
H H3 C CH 3 J H3 C CH 3 CO 

[ 
CH 3 XIX 
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221--222 
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C~H2oN2. HCI 
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C2,H22N= �9 HCI 
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8.47 
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11.30 

10.32 8.27 
10,31 

13.39 

11.33 

10.46 

*Compound II was recrystallized from benzene and III-VI from a mixture of benzene and petroleum ether. 

T h e  r e d u c t i o n  o f  2 , 2 - d i m e t h y l - 4 - p h e n y l - 1 , 2 , 3 , 4 -  

t e t r a h y d r o - y - c a r b o l i n e  (V) g a v e  a n  o i l  w h i c h ,  o n  

c h r o m a t o g r a p h y  i n  a t h i n  l a y e r  o f  a l u m i n a ,  g a v e  t w o  

s p o t s .  T h e  o i l  w a s  a c e t y l a t e d '  w i t h  a c e t i c  a n h y d r i d e  a n d  

t h e  r e a c t i o n  p r o d u c t  w a s  c h r o m a t o g r a p h e d  o n  a l u m i n a  

o f  a c t i v i t y  g r a d e  ~ 4 .  E l u t i o n  w i t h  b e n z e n e  g a v e  t w o  

s u b s t a n c e s ,  o n e  o f  w h i c h  c o r r e s p o n d e d  b y  a n a l y s i s  t o  

9 - a c e t y l - 2 , 2 - d i m e t h y l - 4 - p h e n y l - 1 , 2 , 3 , 4 , 4 a ,  9 a - h e x -  

a h y d r o - y - c a r b o l i n e  (XVII I )  a n d  t h e  s e c o n d  to  1 - a c e -  

t y l - 2 - ( 2 ' - a c e t y l a m i n o i s o b u t y l ) i n d o l i n e .  T h e  l a t t e r  

c o m p o u n d  h a s  t h e  s a m e  R f  v a l u e  a s  a n d  g i v e s  n o  d e -  

p r e s s i o n  o f  t h e  m e l t i n g  p o i n t  w i t h  t h e  1 - a c e t y l - 2 - ( 2 ' -  

a c e t y l a m i n o i s o b u t y l ) i n d o l i n e  t h a t  we  s y n t h e s i z e d  p r e -  

v i o u s l y  [11. 

EXPERIMENTAL 

2, 2 -Dimethyl-4 -R- i, 2, 3,4- tetxahydro- y- carbollnel ( II- Vl). 
A) To a solution of 0.01 mole of the hydrochloride I in 75 ml of 

acetate buffer with pH 4.7 was added 0.01 mole of aldehyde, and the 

mixture  was left at room temperature in the dark for a day, after 
which potassium carbonate solution was added and the precipitate was 
filtered off and recrystallized. 13) The operations were similar to me th -  
od A, but after a day the precipitate of hydrochloride was filtered 
off, dissolved in water, and treated with potassium carbonate to give 
the product in the form of the free base (table). 

2, 2-Dimethyl-4-(p-hydroxyphenyl) - l ,  2, 3, 4-tetrahydro- y-carbo- 
line (VII). A solution of 1 g (4.4 mmole)  of the hydrochloride of I 
and 0.85 g (5.8 mmote)  of p-hydroxybenzaldehyde in 13 ml  of ethanol 
containing one drop of concentrated HC1 was boiled for 10 rain the pre- 
cipitate that deposited was filtered off, This gave 1 g of the hydro- 
chloride of VII (70%), mp 226.5-227 ~ C (from ethanol). Found, %: 
N 8.40, 8.53; C1 10.60, 10.59. Calculated for C I � H 2 0 N 2 0 .  HC1, %: 
N 8.52; C1 10.78. Base, mp 218-219" C (from ethanol). Found, %: 
C 78.29, 78.10; H 6.92, 6.94; N 9.54, 9.31. Calculated for C19Hz0N~O. 
%: C 78.04; H 6.89; N 9.58. 

2, 2 -Dlmethyl -4- (p-methoxyphenyl ) - l ,  2, 3, 4 - te~ahydro-y-ea r  - 
boline (VIII), A solution of 1 g (4.4 mmole)  of the hydrochloride of I 
and 0.72 g (5.3 mmole)  of p-methoxybenzaldehyde in 13 ml  of eth- 
anol containing one drop of concentrated HC1 was boiled for 6 hr. On 
cooling, a precipitate of the hydrochloride of VIII deposited, weight 
1.56 g (100%), mp 197-198" C (from a mixture of ethanol and ether). 
Found, %: N 8.08, 8.01; C1 10.57, 10.44. Calculated for Cz0H2zNzO. 
�9 HC1, %: N 8.17; C1 10.34. 

2, 2 -Dimethyl -4- (3 ' ,  4 ' -methylenedioxyphenyl ) - l ,  2, 3, 4- te t rahy-  
dro-y-carboline (IX). A mixture of 1 g (4.4 mmole)  of the hydrochlo- 

ride of I, 0.71 g (4.7 mmole)  of heliotropin, 13 ml  of ethanol, 0.3 ml  
of water, one drop of concentxated HCI, and 5 ml  of benzene was 
boiled, with the azeotropic distillation of the water. The substance 
that separated after cooling was filtered off, weight 2.35 g (80%), 
mp 217-218" C (from ethanol). Found, %: N 7.71, 7.84; C1 9.90, 
9.75. Calculated for C20Hz0NzO z. HC1, %: N 7.85; C1 9.93. 

2, 2-Dimethyl-4-(p-dimethylaminophenyl) -  i ,  2, 3, 4-tetrahydro- 7-  
earbollne (X). A miXture of 1 g (4.4 mmole)  of the hydrochloride of I, 
0.79 g (5.3 mmole)  of p-dimethylaminobenzaldehyde,  50 ml  of eth- 
anol, and one drop of concentrated HCI was left at room temperature 
for a week. Then it was poured into water and potassium carbonate 
was added, to give 1.8 g (80%) of a substance with mp 191-192" C 
(from benzene). Found, %: C 78.92, 79.02; H 7.97, 7.90; N 12.80, 
12.79. Calculated for C~rHzbNs, %: C 78.95; H 7,88; N 13.15. 
Dihydroehloride (hydrate) mp 196-197" C (from ethanol) .  Found, %: 
N 9.82, 9.98; CI 17.38, 17.18. Calculated for CzIHzbN s �9 2HCI. HZO , 
%: N 10.24; C1 17.28. 

2 ,2 ,4 ,4 -Te t r ame thy l - l , 2 , 8 ,4 - t e t r ahyd ro -y -ea rbo l ine  (XI), To 
0.5 g (2.2 mmole)  of the hydrochloride of I in 5 ml  of ethanol were 
added 3.96 g (0.068 mole) of acetone and one drop of concentrated 
HC1, and the mixture was boiled for 5 rain, after which the precipi-  
tate that had deposited was filtered off. Weight 0.5 g (85%), mp 246-  
246.5" C (from ethanol). Base: mp 143-145" C, giving no depression 
with the substance obtained previously [6]. 

4-Ethyl-2,  2, 4- t r imethyl -1 ,  2, 3 ,4- te t rahydro-y-earbol ine (XII). 
To 0.5 g (2.2 mmole) of the hydrochloride of I in 5 ml of ethanol 

were added 8.96 g (0.055 mole) of ethyl methyl ketone and three 

drops of concentrated HCI, the mixture was boiled for 3 hours, and the 

precipitate that deposited was filtered off. Weight 0.61 g (100%), 

mp 227-228* C (from a mixture of ethanol and ether). Found, %: 

CI 12.54. Calculated for CI~Hz2 N z . HCI, %: 12.70. Base: mp iii- 

112" C (from n-heptane). Found, %: C 79.26, 79.23: H 9.14, 9.21; 

N 11.84. Calculated for CIsH=Nz, %: C 79.28; H 9.15; N 11.56. 

2-Cyanomethylindole (XV). A mixture of 65 g (0.2 mole) of 2- 

dimethylaminomethylindole methiodide [5] and 20 g of potassium 

cyanide in 360 ml of dimethylformamide was boiled under nitrogen 

for 50 rain. The solution was cooled and poured into ice water and 

extracted with ether, and the extract was dried with magnesium sul- 

fate. The ether was distilled off and the substance was crystallized 

from ether to give 16.2 g of product. By chromatography on a column 

of alumina with benzene elution, the mother liquor yielded another 
2.2 g. Yield 18.4 g (57%), mp 96-98" C [5]. 

2-(2'-Amlnoethyl)indol~ (XIV), With stirring, 4.4 g (0.028 mole) 
of XV in 70 ml of absolute ether was added to 4 g (0.i mole) of lith- 

ium aluminum hydride in 160 ml of absolute ether. The reaction mix- 
ture was boiled for 8 hr and was left overnight. With cooling, it was 

decomposed with water and then with 10% caustic soda solution. It 
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was extracted with ether, the extract was dried with magnesium sul- 
fate, and the ether was distilled off to give 2 g (50%) of a product with 
mp 98-100 ~ C (10O-101 ~ C). 

4, 4-Dimet.hyl-1, 2, 3, 4-tetrahydro-7-carboline (XIII). A mixture 
of 0.65 g (2.2 mmole)  of the hydrochloride of XIV, 7 ml  of ethanol, 
5.6 g (0.095 mole) of acetone, and three drops of concentrated HC1 
was boiled for 3 hr and the precipitate of hydrochloride was filtered 
off to give 0.4 g (57%) of a substance with mp 257-258 ~ C (from eth- 
anol). Found, %: N 11.70, 11.65; C1 15.14, 15.05. Calculated for 
CIsH16N 2. HC1, %: N 11.83; C1 14.97. Base, mp 170-171 ~ C (from 
benzene). Found, %: N 13.96, 13.88. Calculated for CjaHlsNz, %: 
N 13.98. 

2, 2-Dimethyl-l, 2, 3,4, 43, 9a-hexahydro-7-carboline (XVI). In 
20 ml of ethanol in the presence of 0.02 g of mercuric chloride, 5 g 

(0.025 mole) of II was reduced with 36 g (0.55 g-atom) of zinc dust in 

115 ml of concentrated HCI with boiling for I0 hr. The zinc dust was 

added in 6 g portions and the acid was added gradually. Then, with 

cooling and stirring, the reaction mixture was made strongly alkaline 

with 40% caustic soda. The oil that separated out was extracted with 
ether and the extract was dried with magnesium sulfate. After the 
ether had been distilled off, 3.4 g of an oily product was obtained 
which was chromatographed on a column of alurnina of activity grade 
~ 4  with elution by benzene. This yielded 0.4 g (8%) of a substance 
with mp 193-194 ~ C, giving no depression of the melting point with 
the starting material,  and 2.4 g (48%) of XVI, mp 68-70 ~ C(from pe- 
troleum ether). Found, %: C 77.01, 77.15; H 9.08, 9.11; N 13.98, 
14.05. Calculated for ClaHlsNz, %: C 77.18; H 8.96; N 18.84. 
Dihydrochloride, mp 226-226 ~ C (from methanol).  Found, %: N 10.33, 
10.14; C1 25.79, 25.67. Calculated for CIaHmNz.2HC1, %: N 10.18; 
c1 25.76. 

2, 2-Dimethyl-l, 2, 3, 4-tetrahydro-7-carboline (If). 0.6 g (3 mmole) 
of XVI was boiled in xylene over Pd black for 2 hr; 0.3 g (50%) of IL 
mp 193-194 ~ C, was obtained. 

4, 4-Dimethyl-1 ,  2, 3, 4, 4a, 9a-hexahydro-7-carboline (XVlI). 
As described above, 2.6 g (0.013 mole) of XIII in 10 ml  of water was 
reduced with 18 g of zinc dust and 60 ml of concentrated HC1 in the 
presence of 0.01 g of mercuric chloride. From the ether was isolated 
1.5 g (58%) of an oily product which crystallized on standing, mp 
104-105.5 ~ C (from n-heptane).  Found, %o: C 76.90, 76.93; H 9.00, 
8.83; N 13.87, 13.93. Calculated for ClsHI,N z, %: C 77.18; H 8.96; 
N 18.84. Dihydrochloride, mp 226-227 ~ C (from ethanol). Found, %: 

C 56.45, 56.45; H 7.64, 7.56; N 10.41, 10.23. Calculated for 
CIsHlsNz.2HC1, %: C 56.72; H7.32; N 10.18. 

9-Aeetyl-2, 2-dimethyl -4-phenyl-1 ,  2, 3, 4, 43, 9a-hexahydro-y- 
catboline (XVIII) and l-acetyl-2-(2'-acetylalnlnoisobutyl)indoline 
(XIX), As described above, 8.9 g (0.032 mole) of V in 45 ml of eth- 

anol was reduced with 35 g of zinc dust and 108 ml of concentrated 

HCI in the presence of 0.03 g of mercuric chloride. This yielded 3 g 

of an oily substance giving two spots on a thin-layer ehromatograrn. 

Three grams of this mixture was boiled in I0 ml of benzene and 5.4 ml 

of acetic anhydride for 1 hr, after which it was made alkaline with 

potassium carbonate and extracted with ether. The ether was distilled 
off and the residue was chromatographed on a column of alumina of 
activity grade 4, being eluted with benzene, to give 0.7 g (7%) of 
XVIII, mp 166-167 ~ C (from a mixture of benzene and petroleum 
ether). Found, %: C78.65,  78.93; H7.51,  7.51; N 8.81, 9.03. Cal- 
culated for C21H~N20, %: C 78.71; H 7.54; N 8.74. Also obtained 
was 1.7 g (19%) of XIX, mp 142-143 ~ C, giving no depression of the 
melting point with the substance obtained previously [1]. 
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