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INDOLE DERIVATIVES 
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The Fischer condensation of arylhydrazones of 2, 2, 5,5-tetramethyl- 
pyrrolid-3-one has given 1,1,3,3-tetramethyi-7,8-benzo-1,2,3,4- 
tetrahydropyrrolo[3,4-b]indole and 1,1,3, 3,7-pentamethyl-1,2,3,4- 
tetrahydropyrrolo[3,4-b]indole. On Clemmensen reduction of the 
latter, the pyrrole ring undergoes degradation. 

We have shown prev ious ly  [1] that the F i s c h e r  cy-  
c l izat ion of a ry lhydrazones  of N-subs t i tu ted  p y r r o l i d -  
3-ones leads to the format ion  of 1 ,2 ,3 ,  4 - t e t r ahyd ro -  
pyr ro lo [3 ,4 -b ] indo les  only under s t r i c t l y  defined 
conditions.  In the p re sen t  work we have ca r r i ed  out an 
analogous invest igat ion with 2,2,  5 , 5 - t e t r a m e t h y l -  
py r ro l i d -3 -one ,  the cycl izat ion of the a ry lhydrazones  
of which excluded the poss ib i l i ty  of the format ion  of 
two s e r i e s  of i s o m e r s .  It is known [2-4] that a ry lhy-  
drazones  of 2, 2, 6, 6 - t e t r ame thy lp ipe r id -4 -one  smoothly 
undergo cycl izat ion to form t e t r a h y d r o - 7 - c a r b o l i n e  
de r iva t ives .  The p re sence  i n 2 , 2 ,  5 , 5 - t e t r a m e t h y l -  
py r ro l i d -3 -one  of the same branching of the carbon 
r ad ica l s  at the ni trogen atom as in the piper idone 
mentioned should have lowered the tendency of this  
ketone to undergo side reac t ions  connected with the 
c leavage of the he te rocyc le .  But, on the other hand, 
cyclopentanone, t e t rahydro th iophen-3-one ,  and N- 
subst i tuted p y r r o l i d - 3 - o n e s  pos se s s  a cons iderab ly  
g r ea t e r  tendency to side reac t ions  under the condi-  
t ions of the F i s c h e r  reac t ion  than the cor responding  
s i x - m e m b e r e d  ketones.  Consequently, no complete  
analogy between the cycl iza t ion  of a ry thydrazones  of 
2, 2, 5 , 5 - t e t r a m e t h y l p y r r o l i d - 3 - o n e  and the cycl izat ion 
of a ry lhydrazones  of 2,2,  6 , 6 - t e t r a m e t h y l p i p e r i d - 4 -  
one was to be expected.  

2, 2, 5 , 5 - T e t r a m e t h y l p y r r o l i d - 3 - o n e  smoothly gave 
the cor responding  a ry lhydrazones  which, however,  
were  unstable even in the f o r m  of the hydrochlor ides  
and could not always be success fu l ly  analyzed,  so that  
in a number of ca ses  they were  used in the subsequent 
reac t ion  in the f r e s h l y - p r e p a r e d ,  un rec rys t a l l i zed ,  

form.  
In the cycl izat ion of a ry lhydrazones  of 2, 2, 5 ,5 -  

t e t r a m e t h y l p y r r o l i d - 3 - o n e  we encountered the dif-  
f icul t ies  noted prev ious ly  in the case  of N-subst i tu ted  
p y r r o l i d - 3 - o n e s  [1]. Thus, when they were  boiled with 
5-20% ethanolic solut ions of hydrogen chlor ide  no 
separa t ion  of ammonium chlor ide  was observed but 
decomposi t ion took p lace  with the fo rmat ion  of a r y l -  
amines  and the res in i f ica t ion  of the reac t ion  mixture .  

*For  Pa r t  XXIX, see  [1]. 

In the cycl izat ion of the p - to ly l - ,  and p -e thoxycar -  
bonylphenylhydrazones of 2, 2 , 5 , 5 - t e t r a m e t h y l p y r r o l i d -  
3-one, the cor responding  a ry lamines  were  identified 
by means of t h in - l aye r  chromatography on alumina.  
We succeeded in pe r fo rming  the indolization reac t ion  
only in the case  of the p - t o l y l -  and/3-naphthylhydra-  
zones of 2,2,  5 , 5 - t e t r a m e t h y l p y r r o l i d - 3 - o n e  by boil ing 
thei r  hydrochlor ides  for  15 rain with 33-35% solutions 
of hydrogen chlor ide  in absolute ethanol. This gave 
the cor responding  indoles,  Ia and II, with yields of 
61 and 75%, r e spec t ive ly :  

HsC\ /CH 3 

~a-c CH3 I! CB~ 
|a R = R'=hl; Ib R=l~, R'=CH~; lc R=CH~C~Hs, R'=H 

The pyr ro lo indoles  Ia and II readi ly  undergo a lkyla-  
tion both at the py r ro l e  and at the indole nitrogen atoms.  
F o r  example ,  under the action of methyl iodide Ia gave 
Ib, and the alkylat ion of the sodium der ivat ive  of Ia 
with benzyl chlor ide in d imethyl formamide  gave com- 
pound Ic. 

The Clemmensen reduction of 1 , 1 , 3 , 3 , 7 - p e n t a m e t h -  
y l -1 ,2 ,  3 ,4 - t e t r ahydropyr ro lo - [3 ,4 -b ] indo le  (Ia) p r e -  
sented independent in te res t ,  s ince reduction of the co r -  
responding analogs of the t e t r ahydro - ' / - ca rbo l ine  
s e r i e s  takes  p lace  an0malously with the des t ruct ion  
of the p iper id ine  r ing and leads to substi tuted 2, 3- 
d i h y d r o - a - t r y p t a m i n e s  [5]. After  the Clemmensen 
reduction of In, four substances  were  found in the 
reac t ion  product  by gas- l iquid  chromatography.  This 
mix ture  was d isso lved  in e ther  and af ter  the ext rac t ion  
of the bas ic  substances  with dilute hydrochlor ic  acid 
the e therea l  ex t rac t  yie lded a compound corresponding,  
according to e l emen ta ry  analys is ,  to 2 ,3 -d i i sop ropy l -  
5-methyl indole  (HI): 

~ j , ~ N ~ j \ t : : H / C H  a ~ la - -  a basic substance 

. . . . .  ~ N ~ C  H, / CH3 ~x~J'~N J"~  C'H / C HS 
Id \CH s IV H \CH 3 

The hydrochlor ic  acid solution was made alkaline 
and was ex t rac ted  with ether .  The oil remain ing  af ter  
the d is t i l la t ion  of the e ther  was dehydrogenated by 
boil ing in xylene over  pa l ladium black and the r e su l t -  
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ing  m i x t u r e  of s u b s t a n c e s  w a s  a g a i n  s e p a r a t e d  in to  

b a s i c  and n e u t r a l  f r a c t i o n s .  T h e  n e u t r a l  f r a c t i o n s  

y i e l d e d  2 - i s o p r o p y l - 5 - m e t h y l i n d o l e  (IV}, t he  s t r u c t u r e  

of w h i c h  w a s  s h o w n  by  a c o m p a r i s o n  wi th  an a u t h e n t i c  

s a m p l e  of the i s o m e r i c  3 - i s o p r o p y l - 5 - m e t h y l i n d o l e  

o b t a i n e d  f r o m  i s o v a l e r a l d e h y d e  and  p - t o l y l h y d r a z i n e .  

The  b a s i c  f r a c t i o n ,  a c c o r d i n g  to g a s - l i q u i d  c h r o m a -  

t o g r a p h y ,  c o n s i s t e d  of two  s u b s t a n c e s ,  bu t  t h e s e  cou ld  

no t  be  s e p a r a t e d  and i den t i f i ed .  T h u s ,  i t  h a s  b e e n  

s h o w n  t h a t  the  r e d u c t i o n  of 1, 1 ,3 ,  3, 7 - p e n t a m e t h y I -  

1 , 2 ,  3 , 4 - t e t r a h y d r o p y r r o l o [ 3 , 4 - b ] i n d o l e  t a k e s  p l a c e  

w i th  the  d e s t r u c t i o n  of the  p y r r o l e  r i n g .  

EXPERIMENTAL 

The gas-chromatographic analysis was carried out on a Khrom-2 
chromatograph. The liquid phase was polyethyleneglycol 40,000 on 
Chromosorb W, the length of the column was 0.8 m, the carrier gas 
was nitrogen, and the temperature was 176 ~ C. 

Hydrochloride of the phenylhydrazone of 2, 2, 6, g-tetramethyl- 
pyrrolid-3-one. A mixture of 3 g (0.02 mole) of 2,2, 5,5-tetramethyl- 
pyrrolid-3-one [6], 3 g (0.02 mole) of phenylhydrazine hydrochloride, 
and lg ml of absolute ethanol was boiled for 30 rain and, after cooling, 
the precipitate was filtered off and washed with absolute ether. This 
gave 4.7 g (83~ of the hydrazone hydrochloride with mp 242-243" C 
(from water). Found, %: C1 13.10, 13.25; N 15.89, 15.9% Calcu- 
lated for C14HzlN ~. HCI, 0]o: C1 18.24; N 15.70. The base (nap 74- 
76 ~ C) was unstable. 

Hydrochloride of the p-ethoxyearbonylphenylhydrazone of 2, 2, 5, 
5-tettamethylpyrrolid-3-one. A mixture of 2 g (0.014 mole) of 2, 2, 5, 
5-te~ramethylpyrrolid-3 - one and 2.5 g (0, 014 mole) of p-ethoxycar - 
bonylphenylhydrazine in 10 ml of absolute ethanol containing 2 drops 
of glacial acetic acid was boiled for 30 min; after cooling it was 
diluted with ether and then a solution of hydrogen chloride in ethanol 
was added to precipitate the hydrazone hydrochloride; yield 3.6 g 
(770]o), mp 232-234 ~ C (decomp., from absolute ethanol with ether). 
Found, %: C1 10.21, 10.28; N 12.46, 12.77. Calculated for ClgH2sNs �9 
. HCI, %: Ct 10.81; N 12.82. 

Hydrochloride of the p -tolylhydrazone of 2,2,5,5 - tetramethyl- 
pyrrolid-8-one. Similarly, 10 g (0.071 mole) of 2,2,5,5-tetramethy:- 
pyrrolid-8-one arid 10 g (0.068 mole) of p-tolylhydrazine hydrochlo- 
ride in 40 ml of absolute ethanol yielded 11.7 g (660]o) of the hydra- 
zone hydrcchloride; mp 223-223,5" C (decomp., from absolute 
ethanol), b%und, %: C1 12.59, 12.45; N 15.20, 14.98. Calculated for 
CI.sH~Nz" HC1, 0]0:C1 12.58; N 14.91. 

ftydmchloride of the ~-uaphthylhydrazoue of 2,2,5, 5-t~tramethyl- 
pyrrolid- 3- one. A mixture of 1 g (0.007 mote) of 2,2, ~, 6 -tetramethyt- 
pyrrolid-3-oae and 1.38 g (0.007 mole) of lS-naphthylhydrazine hydro- 
chloride in 7 ml of absolute ethanol was boiled for 15 rain and, after 
cooling, the precipitate was filtered off and washed with ether to give 
1.2 g (870]~) of the hydrazone hydroehloride with mp 226-227* C. 
Found, %: C1 11.29, 11.23; N 18.11. 18.15. Calculated for ClsHz3N 3 �9 
�9 HC1, olc : C1 11.16; N 13.22. 

1,1, 8, 8, 7-Pentamethyl-1, 2, 3,4-tetramethylpyrrolo[3, 4-b]indole 
(In). A mixture of 10.5 g (0.037 mole) of the hydrochloride of the p- 
tolylhydrazone of 2,2,5,5-tetramethylpyrrolid-a-one arid 30 mI of a 
350]0 solution of hydrogen chloride in absolute ethanol was boiled for 
i0 rain and then the hot solution was poured into water, the mixture 
was made alkaline with saturated potassium carbonate solution and 
afte~ I hr the crystalline precipitate was filtered off. This gave 5.2 g 
(61.30]o) of the iMole Ia, mp 161-182 ~ C (from eyclohexane). Found, 
%: C 78.85, 78.55; H 8.91, 9.00; N 12.88, 12.78. Calculated for C15H20N2, 
%: C 78.91; H 8.83; N 12.28. Hydrochloride, mp 217-218" C (de- 
comp., from absolute ethanol with ether). Found, 0]0:C1 13.02, 13.03; 
N 10.40, 10.47. Calculated for CIsHz0N2.HC1, 0]o: C1 13.39; N 
IO. 58. 

1,1,8,8 - Tetramethyl- 7, 8-bongo- 1, 2,3, 4-tetrahydropyrr olo[8, 4- 
b]indole (II). A mixture of 1.2 g (3.8 raM) of the hydrochloride of the 

5-naphthylhydrazone of 2, 2, g, 5-tetramethylpyrrolid-3-one and 15 ml 
of 30ok hydrogen chloride in absolute ethanol was boiled for 2 hr and 
poured into water, and the mixture was made alkaline with potassium 
carbonate solution. The precipitate that had deposited was filtered off, 
washed with water, and dried in the air to give 0,75 g (75%) of the 
indole II with nap 197-197.8" C (from aqueous ethanol). Found, 0]o: 
C 81.25, 81.44; H 8.02, 8.12; N t0.82, 10.64. Calculated for 
CIsHz0Nz, %: C 81.77; H 7.63; N 10.59. Hydrcchloride, mp 236- 
287 ~ C (decomp.). Found, 0]o: C1 10.97, 11.14; N 9.09, 9.29. Calcu- 
lated for ClsH~N2'HC1, %: C1 11.79; N 9.30. 

1,1, 2, 3,3, 7-Hexamethyl-1,2, 8,4-tetrahydr opyrr olo[8, 4-b] indole 
(Ib). A mixture of 2 g (8.8 mM)of the pyrroloindole Ia, 8 mi of iso- 
propanol, and 18 g (0.12 mole) of methyl iodide was kept at room 
temperature for 2 days. The precipitate that had deposited was filtered 
off and washed with cold ethanol and ether to give 2.3 g (71%) of the 

hydriodide of Ib, mp 196-198" C (from absolute ethanol). Found, 0]0: 
l 34.48, 34.39; N 7.68, 7.60. Calculated for C16Hz2Nz-HI, 0]0: 
I 84.28; N 7.56. 0.8 g (0.002 mole) of the hydriodide of Ib was dis- 
solved with heating in 50 ml of water, the solution was made alkaline 
with potassium carbonate, and the precipitate that had deposited 
was filtered off, washed with water, and recrystallized from ethanol. 
This gave 0.4 g (770]0) of the base Ib, rnp 163-164 ~ C. Found, %: 
C 79.18, 79.88; H 9.42, 9.30; N 11.72, 11.91. Calculated for 
C~H~N a, olo: C 79.29; H 9.15; N 11.56. 

Hydrochloride of 1,1, 3,3, 7-pentamethyl-4-beazyl-1, 2, 3,4- 
tetrahydroioyrrolo[3, 4-b]indole (It). To 0.36 g (0.015 mole) of sodium 
hydride in 20 ml of dimethylformamide was added 2.3 g (0.01 mole) 
of the pyrroloiadole Ia in 10 ml of dimethylformamide, the mixture 
was stirred at room temperature for 1 hr, and then 1.28 g (0.01 mole) 
of benzyl chloride was added and the mixture was heated at 60-70 ~ C 
for 1.5 hr. On the following day the reaction mixture was poured into 
160 ml of water and the mixture was acidified with dil (1 : 1) HC1 and 
washed twice with ether. The acid solution was made alkaline with 
20~ caustic soda solution and extracted with ether. From the dried 
extract, a solution of hydrogen chloride in absolute ethanol precipitated 
the hydrochloride of In, yield 3.06 g (86%), mp 262-263* C, decomp., 
from absolute ethanol. Found, %: C1 9.83, 10.00; N 7.96, 8.07. 
Calculated for CzzH~Nz .HC1, %: C1 9,99; N 7.89. 

Reduction of 1,1, 3,3,7-pentamethyl- 1, 2, 8, 4-tettahydropyrrolo- 
[3,4-b]indole (Ia), In the presence of 0.1 g of mercuric chloride, 120 
g of zinc dust, and 360 ml of cone HC1, 16 g (0.67 mole) of the 
pyrroloindole Ia in 80 mi of ethanol was reduced with boiling and stir- 
ring for 5hr. The zinc dust was added at the rate of 25 g each hour, 
and the HC1 was added dropwise at the rate of 70 ml/hr. With stirring 
and cooling, the mixture was made alkaline with 40~ caustic soda 
solution until the zinc hydroxide formed had dissolved, and the oil 
liberated was repeatedly extracted with ether. Gas-liquid chromatog- 
raphy showed the presence in the ethereai extract of four substances 
with relative retention times (z) of 1, 1.36, 2.9, and 4.8. The basic 
substances were extracted from the ethereal solution with dil HC1. The 
substance with r 4.3 remained in the ethereal solution, which was then 
evaporated. The residue (2.9 g) crystallized on standing, mp 79-82 ~ C 
(from heptane). Found, %: C 88.81, 83.82; H 9.8S, 9.83; lq 6.72, 
6.75. Calculated for CIsHztN, ~ C 83.68; H 9.83; N 6.56. The 
elementary analysis of the substance Corresponded to 2,3-diisopropyl- 
g-methylindole (III). 

The hydrochloric acid solution was made alkaline with saturated 
potassium carbonate solution and extracted with ether. The ethereal 
extract was shown by gas cbxomatography to contain three substances 
with T 1 (33.4%), 1.36 (26.50]0), and 2.9 (8.6%). The ethereal extract 

was evaporated, giving 9.4 g of a viscous oil which did not crystallize 
on standing. This 9.4 g cf basic substances was dehydrogenated 

by boiling in xylene over 1.2 g of palladium black for 9 ~ ,  and the 
catalyst was filtered off. Gas-liquid chromatography showed the 
presence in the xylene solution of 3 substances with r 1.38 (2.9%), 
2.14 (34.4%), and 6.8 (62.5%). The basic substances were extracted 
from the xylene solution with dil (1 : 1) HC1 and the xylene solution 
(r 6.8) was evaporated; the residue (2.24 g) crystallized on standing, 
mp 76-77 ~ C (from petroleum ether). Found, %: C 83.36, 88.08; 
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H 8.77, 8.88; N 8.33, 8.28. Calculated for C12HIsN, %: C 83.22; 
H 8.70; N 8.09. The elementary analysis corresponds to 2-isopropyl- 
5-methylindole (IV). 

The HC1 solution was made alkaline with saturated potassium car- 
bonate solution and the oil liberated was extracted with ether. After 
evaporation of the extract, 5.09 g of a viscous yellow oil was left 
which could not be fractionated on vacuum distillation. According to 
gas-liquid chromatography, this oii consisted of two substances (~" 1.36 
and 2.14). The mixture was not studied further. 

3-Isopropyl-f-methylindole. With stirring, 4.1 g (0.048 mole) of 
isovaleraldehyde was added to 8.5 g (0.054 mole) of p-tolylhydrazine 
hydrochloride in 30 ml of absolute ethanol, and the mixture was boiled 
for 30 min and poured into water, after which the o11 that separated 
out was extracted with ether, and the extract was washed with 10% 
HC1, potassium carbouate solution, and water, and was dried and 
evaporated. The residue (5 g; 60%) was distilled twice. Light yellow 
oil with bp 110-112 ~ C(2mm);r 8.2. Found, %: C 82.61, 82.58; H 
9.10, 9.15; N 8.19, 8.32. Calculated for Ct2HtsN, %: C 83.22; 
H 8.70; N 8.09. 
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