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INDO LE DERIVATIVES 

XXXIII. Syn thes i s  and Some R e a c t i o n s  of f l - ( 3 - I n d o l y l ) a c r o l e i n *  
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A method is described for the preparation of/B-(3-indolyl)acrolein. 
Oximation of this followed by dehydration gives B-(3-indolyl)acrylo- 
nitrile. Reduction gives 7-(3-indolyl)allyl alcohol. 

U n s a t u r a t e d  a l d e h y d e s  of the indole  s e r i e s  have  not  
been  ob ta ined  h i the r to .  It was  the a im  of the p r e s e n t  
i nves t i ga t i on  to ob ta in  P - ( 3 - i n d o l y l ) a e r o l e i n ,  and th is  
has  been  s u c c e s s f u l l y  a c c o m p l i s h e d  by  the fo l lowing 
rou te :  
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We p r e p a r e d  i n d o l e - 3 - a l d e h y d e  by the V i l ' s m e i e r  
r e a c t i o n  [2]. A t t e m p t s  to obta in  the a c e t a l  w e r e  un-  
s u c c e s s f u l ,  no a c e t a l i z a t i o n  of the a ldehyde  by t r i e t h y l  
o r t h o f o r m a t e  tak ing  p l a c e  in p r e s e n c e  of a v a r i e t y  of 
ac id ic  c a t a l y s t s .  

The b e h a v i o r  of i n d o l e - 3 - a l d e h y d e  is in a c c o r d a n c e  
with l i t e r a t u r e  da ta  on the low e l e c t r o p h i l i c i t y  of the 
c a r b o n y l  g roup  r e s u l t i n g  f rom the t r a n s m i s s i o n  of the 
ef fec t  of the u n s h a r e d  p a i r  on the indole  n i t rogen  
th rough  the a r o m a t i c  bond s y s t e m  to the c a r b o n y l  
group.  In o r d e r  to i n c r e a s e  the r e a c t i v i t y  of the a l d e -  
hyde group ,  we in t roduced  an ace ty l  g roup  into the 1 -  
pos i t i on  of the i n d o l e - 3 - a l d e h y d e .  Reac t ion  of the 1 -  
a e e t y l i n d o l e - 3 - a l d e h y d e  with t r i e t h y l  o r t h o f o r m a t e  in 
the p r e s e n c e  of t o l u e n e - p - s u l p h o n i c  ac id  a f fo rded  the 
ace t a l  I in good y ie ld .  The 1 - a c e t y l i n d o l e - 3 - a l d e h y d e  
d ie thy l  a c e t a l  was then a l lowed to r e a c t  with e t h y l -  
v inyl  e the r ,  the b e s t  c a t a l y s t  fo r  th is  r e a c t i o n  be ing  
z inc  ch lo r ide .  The p r o g r e s s  of the r e a c t i o n  was fo l -  
lowed by t h i n - l a y e r  c h r o m a t o g r a p h y  on a l u m i n a  (u s -  
ing e thyl  a c e t a t e - - l i g h t  p e t r o l e u m  (I :I1) and iodine  as  

*For  pa r t  XXXII, s e e  [1]. 

deve lope r ) .  R e a c t i o n  p r o d u c t  II was i s o l a t e d  f rom the 
r e a c t i o n  m i x t u r e  by co lumn c h r o m a t o g r a p h y ,  and hy -  
d r o l y z e d  wi thout  f u r t h e r  p u r i f i c a t i o n  with a m i x t u r e  of 
g l a c i a l  a ce t i c  ac id ,  sod ium ace ta t e ,  and wa te r .  This  
gave f i-  {3 - indo ly l ) ac ro l e in  (III) admixed  with fl-  (1- 
a c e t y l - 3 - i n d o l y l ) a c r o l e i n  IV. In o r d e r  to comple t e  
deace ty l a t i on ,  the m i x t u r e  was  t r e a t e d  with aqueous 
a lka l i .  

f l - { 3 - I n d o l y l ) a c r o l e i n  is  a ye l low c r y s t a l l i n e  so l id .  
It was  c h a r a c t e r i z e d  as  the ox ime ,  t h i o s e m i c a r b a z o n e ,  
and i s o n i c o t i n o y l h y d r a z o n e .  The l a s t  two compounds  
w e r e  p r e p a r e d  for  p h a r m a c o l o g i c a l  eva lua t ion .  

By the d e h y d r a t i o n  of the ox ime  of f i - (3 - indo ly l ) -  
a c e r o l e i n ,  the n i t r i l e  was  obtained,  which on h y d r o -  
l y s i s ,  a f fo rded  f l - ( 3 - i n d o l y l ) - a c r y l i c  ac id  i den t i ca l  
with that  ob ta ined  by the Knoevenage l  r e a c t i o n  [3]. 

I teduc t ion  of f l - ( 3 - i n d o l y l ) a c r o l e i n  with sod ium 

b o r o h y d r i d e  p r o c e e d e d  f a i r l y  smoo th ly  to g ive  7 - ( 3 -  
i ndo ly l ) a l l y l  a lcohol ,  an uns t ab l e  compound which d i s -  
c o l o r s  on keeping ,  and under  the inf luence  of ac id  con-  
d i t ions  o r  on hea t ing  is c o n v e r t e d  to h i g h - m e l t i n g  c o m -  
pounds ,  the s t r u c t u r e  of which was  not  i nves t iga t ed .  

The s t r u c t u r e s  of the compounds  we have ob ta ined  
have been  c o n f i r m e d  by IR and UV s p e c t r o s c o p y .  The 
IR s p e c t r u m  of f i - ( 3 - i n d o l y l ) a c r o l e i n  (va se l i ne  oil  s u s -  
pens ion)  shows the fo l lowing a b s o r p t i o n  bands :  a f a i r -  
ly n a r r o w  band  at  3300 c m - l ( N - - H ) ,  1655 c m  -1 (C~O),  
and 1615 cm -1 ( ~ C  bond con juga ted  with the c a r b o n y l  
group) .  In c o m p a r i s o n  with the s p e c t r u m  of i n d o l e - 3 -  
a ldehyde ,  in which  the N--H bond a p p e a r s  as  a m u l t i -  
p l e t  in the 3120-2900  cm -1 r eg ion  [4], the N - - H b a n d  
in f i - ( 3 - i n d o l y l ) a c r o l e i n  is sh i f ted  t oward  the h i g h e r -  
f r equency  end of the s p e c t r u m .  

The IR s p e c t r u m  of ~ - ( 3 - i n d o l y l ) a c r y l o n i t r i l e  shows 
a v e r y  n a r r o w  peak  at  2230 cm -~ (C~-N),  and the 
band at  1615 c m - i  ( C ~ C  bond con juga ted  with ( C = N )  
p e r s i s t s .  The band due to N--H is sh i f ted  somewha t  
t o w a r d s  the h ighe r  f r equency  r eg ion  (3330 cm-1) ,  a p -  
p a r e n t l y  a s  a r e s u l t  of a s l igh t  weakening  in hydrogen  
bonding.  

In the s p e c t r u m  of , / - ( 3 - i n d o l y l ) a l l y l  a lcohol ,  the 
band due to the C = C  bond a p p e a r s  at  1655 c m - 1  as  a 
r e s u l t  o f  the  a b s e n c e  of conjuga t ion  with  the e a r b o n y l  
group.  The band due to N--H is  s t i l I  f u r t h e r  sh i f ted  
t o w a r d  the h i g h - f r e q u e n c y  r e g i o n  (3400 em -1) as  a 
r e s u l t  of the a I m o s t  comple t e  d i s a p p e a r a n c e  of h y d r o -  
gen bonding of the  indole  n i t rogen .  

The UV s p e c t r u m  of f l - ( 3 - i n d o l y l ) a c r o l e i n  in a l c o -  
hol ic  so lu t ion  (see  f igure)  shows the fol lowing bands:  
3.max 221 nm (log e 4.28),  275 nm (log e 4.01),  and 352 
nm (log e 4.43).  In c o m p a r i s o n  with the UV s p e c t r u m  
of i n d o l e - 3 - a l d e h y d e  [5], a b a t h o e h r o m i e  sh i f t  is  ob-  
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s e r v e d  wi th  an i n c r e a s e  in  i n t e n s i t y  of the  a b s o r p t i o n  

b a n d s  c a u s e d  by the  i n c r e a s e  in l e n g t h  of t he  c o n j u -  

g a t e d  a h a i n .  
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UV s p e c t r a  in  a l c o h o l i c  s o l u -  

t i o n .  1) f i - ( 3 - I n d 0 1 y l ) a c r o l e i n :  

2) ~ -  ( 3 - i n d o l y l ) a c r y l o n i t r i l e :  

3) 7 -  ( 3 - i n d o l y l ) a l l y l  a l c o h o l .  

The  UV s p e c t r u m  of f l - ( 3 - i n d o l y l ) a c r y l o n i t r i l e  s h o w s  

a s m a l l  s h i f t  of t he  b a n d s  t o w a r d  s h o r t e r  w a v e l e n g t h s :  

k m a x  222 n m  (log a 4 .30) ,  272 n m  (log e 4 .06) ,  and  32,5 

n m  (log e 4 .38) .  
The  s p e c t r u m  of ~/~ ( 3 - i n d o l y l ) a l l y l  a l c o h o l  s h o w s  an 

a b s o r p t i o n  m a x i m u m  a t  224 n m  (log a 4 .35) ,  t o g e t h e r  

w i th  two m u c h  w e a k e r  b a n d s  a t  260 n m  (log e 4.17) and  

282 n m  (log a 3 .95) .  

The  s p a t i a l  c o n f i g u r a t i o n s  of f l - ( 3 - i n d o l y l ) a c r o l e i n  

and  T - ( 3 - i n d o l y l ' ) a l l y l  a l c o h o l  w e r e  d e t e r m i n e d  by NMR 

s p e c t r o s c o p y .  The  v a l u e s  of the  c h e m i c a l  s h i f t s  of t he  

p r o t o n s  in t he  s i d e  c h a i n s  and  t h e i r  s p i n - s p i n  i n t e r a c -  

t i o n s  a r e  g i v e n  in  t h e  t a b l e .  T h e  s p i n - s p i n  i n t e r a c t i o n  

v a l u e s  of t h e  p r o t o n s  t h r o u g h  the  doub l e  b o n d s  (I1,2) in 

t he  c o m p o u n d s  u n d e r  e x a m i n a t i o n  is  n o t  l e s s  t h a n  15 Hz,  

w h i c h  c o r r e s p o n d s  to  t he  t r a n s - c o n f i g u r a t i o n  of t he  

i n t e r a c t i n g  p r o t o n s  [6, 7]. 

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

The experiments were carried out with the participation of Z. A. 
Zhestkova. 

IR spectra were taken in vaseline oil suspension on a UR-10 instru- 
ment, and UV spectra in alcoholic solution on an SF-4 spectropho- 
tometer, NMR spectra were recorded on a JEOL type 4H-100 spectro- 
meter with a working frequency of 100 Mhz. 

1-Aeetylindole-3-aldehyde diethyl aoetal. (I). 1-Acetylindole- 
3-aldehyde (30 g; 0.16 mole) and 0,2 g of toluene-p-sulphonic acid 
were placed in 150 mI of dry benzene, and triethyl orthoformate 

(27.6 g; ,i). 18 mole) added dropwise with vigorous stirring. Stirring 
was continued at room temperature until solution was complete (about 
2 hr). Then, 4 g of calcined potassium carbonate was added and stir- 
ring continued until the solution was clarified when the potassium 
carbonate was filtered off. Removal of the benzene followed by vac- 
uum distillation gave 33.3 g (805) of product, bp 161" C (1 mm). 
Found, %: C, 69.11, 69.09; H 7.67, 7.54; N 5.16, 5.22. Calculated 
for C15H19NOa, %: C 68.96; H 7.28; N 5.36. 

a,a,7-Triethoxy-y-(1-acetyl-3-indolyl)propane. To a solution of 
30 g (0.115 mole) of 1-acetylindole-3-aldehyde diethyl acetal in 
90 ml of dry benzene was added 2 ml of a 25% solution of anhydrous 
ZnC12 in ethyl acetate, followed dropwise by a solution of 8.7 g (O. 12 
mole, of freshly-distilled ethyl-vinyl ether in 10 ml of dry benzene at 
40-45 ~ C. Stirring was continued at 40-50 ~ C for 1 hr, and the ben- 
zene removed in a low vacuum, The condensation product was iso- 
lated by chromatography on an alumina column (30 c m x  30 mm), 
using ether-light petroleum (1 : 1). Removal of the solvent gave 
37.0 g (98.5%) of an oil which solidified in a number of runs. The 
compound was purified for analysis by distillation, bp 193-194 ~ C 
(1 mm). Found, %: C, 68.03, 68.27; H 8.30, 8.42; N 4.18, 4.34. 
Calculated for Cl~ Hz~NO4, %: C 68.44; H 8.13; N 4.20. 

~-(3-Indolyl)aer olein, a,a, 7-Triethoxy-y-(1-acetyl-3-indolyl)- 
propane (30 g; 0.93 mole) was added to a mixture of 100 ml ofglaeial 
acetic acid, 20 g of anhydrous sodium acetate, and 10 ml of water. 
The mixture was heated in a current of nitrogen for 3 hr at 95-100 ~ C, 
then cooled, 400 ml of glacial acetic acid added, and kept overnight 
in the refrigerator. The precipitate was filtered off and suspended in 
sufficient 2% solution of alkali to give an alkaline reaction. Recrys- 
tallization from dilute methanol afforded 13 g (83%) of ~-(3-indolyl)- 
acrolein, mp 155-156 ~ C. Found, %: C 76.89, 76.86; H 5.28, 5.36; 

N 8.05, 8.03. Calculated for CnHgNO , % : C 77.17; H 5.26; N 8.18. 

Oxime: mp 165-166 ~ C (from dilute methanol). Found, %: C 70,21; 
H 5.24; N 14.88. Calculated for CllH10NzO, %: C 70.95; H 5,36; 
N 15.05. 

Thiosemiearbazone: mp 227-228 ~ C (from 30% methanol). Found, 
%: C 58.97, 58.981 H 5.07, 4.891 N 22.95, 23.02; S 12.93, 13.21. 
Calculated for ClzHlzN4S , % : C 58.99; H 4.95; N 22.97; S 13.12. 

13-(3-Indolyl)acrylonitrile. To a solution of 1 g (5.8 mM) of 5- 
(3-indolyl)aerolein and 0.8 g of hydroxylamine hydroehloride in 8 ml 
of pyridine was added, portionwise, 3 ml of acetic anhydride. The 
mixture was heated on the water bath for 2 hr, cooled, poured into 
water and kept overnight in the refrigerator. The precipitate was 
filtered off and reerystallized from dilute methanol to give 0.54 g of 
g-(3-indolyl)aerylonitrile, mp 147-148 ~ C. Found, % : C 78.89, 
78.94; H 5.30, 5.32; N 16.31, 16.31. Calculated for CuHsN 2, % : 
C 78.56; H 4.78; N 16.66, 

Hydrolysis of $-(3-indolyl)aurylonitrile. Potassium hydroxide 
(0.5 g) was dissolved in 12 ml of 30% alcohol, and 0.4 g (2.4 raM) 
of the nitrile added. The mixture was heated on a boiling water bath 
for 25 hr, cooled, and filtered. The filtrate was acidified with HC1 
(1 : 1) to pH 4. The precipitate was filtered off and recrystallized 
from dilute alcohol to yield 0.12 g of g-(3-indolyl)acrylic acid, 
mp 189-193 ~ C. On admixture with material prepared by a different 
route [2], it had mp 190-193" C. 

Reduction of 13-(3-indolyl)acrolein. To a solution of 1 g (5.58 mM) 
of the aldehyde in 20 ml of methanol was added in small portions so- 
dium borohydride (0.5 g), and the mixture stirred for 1 hr. The re- 
action mixture was diluted with 20 ml of water, saturated with sodium 
carbonate, and extracted with ether. The ether extracts were dried 

C h e m i c a l  Sh i f t s  of t he  S i d e - C h a i n  G r o u p s  ( D e t e r m i n e d  A p p r o x i -  

m a t e l y  w i th  t he  He lp  of Double  R e s o n a n c e )  and  S p i n - S p i n  I n -  

t e r a c t i o n  C o n s t a n t s  
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over potassium carbonate, the solvent removed and the residue recrys- 
tallized from benzene to give 0.5 g of ~r alcohol, 
mp 89-90~ C. Found, %: C 76.57, 76.73; H 6.37, 6.60; N 7.~/5, 
7.83. Calculated for CllHI1NO, %: C 76.28; H 6.40; N 8.09. 
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