
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 203 

SYNTHESIS OF CHALCONE ANALOGS AND DERIVATIVES OF 2-PYRAZOLINE 

FROM 3-FORMYLINDOLE 
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By the crotonic condensation in an alkaline medium of 3-formylindole 
with various aromatic and heterocyclic methyl ketones, and also with 
cyclopentanone, cyclohexanonr and i,4-diacetylbenzene, we have 
synthesized nineteen c4 ~-unsaturated ketones. The majority of them 
were characterized as the 2,4-dinitrophenylhydrazones, the absorption 
maxima of which in chloroform are given. Some considerations are 
expressed concerning the reactivity of 3-formyl- and 3-acetylindoles. 
Ten 3-aryl-l-phenyI-5-(indol-3-yl)-2-pyrazolines and their analogs 
with a 3-heterocyclic residue have been synthesized by the reaction 
of 3- aryl-J.-(indol-3-yl)propen-3-ones and the corresponding analogs 
with phenylhydrazine. Some of the compounds synthesized possess a 
bright luminescence. 

In spite of the fact that indole der iva t ives  have been 
widely studied, a , /~ -unsa tu ra ted  ketches of the chalcone 
type containing this heterocycle  have not yet been in-  
vestigated.  Only one paper  is known [1] in which p rod-  
ucts of the crotonic  condensat ion of 3- formyl indole  
with acetophenone, 4-methylacetophenone,  and 4- 
methoxyacetophenone are descr ibed.  

Continuing a s e r i e s  of inves t iga t ions  of the synthes is  
of ce,f l-unsaturated ketones and their  der iva t ives  and 
on the study of their  p roper t i e s ,  we decided to effect 
the crotonie condensat ion of 3 - formyl indole  w i t h v a r -  
ious aromatic  and heterocycl ic  methyl ketones" 

~ - c H  ~ CHCOAr 

f l  H ~ - X V I  

Condensation takes place with sa t i s fac tor i ly  yields  
in ethylene glycol in the p resence  of p iper idine  on 
heat ing to f rom 160 to 180 ~ C for 5 -30  rain. The r e -  
action of 3 - formyl indole  takes place somewhat more  
read i ly  and with higher yields when e lec t ron-accep t ing  
subst i tuents  (chlorine,  n i t ro  group) a re  p resen t  in  the 
a romat ic  nucleus  of the ketonic component,  Conversely ,  
e lec t ron-dona t ing  groups inhibit  the crotonic  conden-  
sation.  Thus,  in spite of repeated  a t tempts  under 
va r ious  conditions,  we were unable to isolate  products  
of the reac t ions  with 4 - a m i n o - ,  4 -d ime thy lamino- ,  
and 2,4,  6- t r imethoxyacetophenones  in adequately pure 
form.  Attempts  to pe r fo rm the crotonie condensat ion 
of 3-ace ty l indole  with var ious  a romat ic  and he te ro -  
cyclic aldehydes also proved unsuccessful .  The la t te r  
c i r cums tance  is apparent ly  due to fea tures  of the con- 
jugation of the earbonyl  group with the e lec t ron  pair  
of the n i t rogen atom of the indole r ing.  Because  of 
this,  some authors regard  3-acyl indoles  as vinylogs of 
of amides,  which is conf i rmed to a ce r ta in  extent by 
a study of their  IR spec t ra  [3,4]. 3 -Formyl indo le  takes 
par t  in condensat ion with cons iderably  g rea te r  difficulty 
than 2 - fo rmylpyr ro le  [5], and the la t ter  with cons ide r -  
ably g rea te r  difficulty than i ts  fu ran  [6], thiophene [7], 
and selenophene [8] analogs. 

The lower reac t iv i ty  of 2 - fo rmylpyr ro le  as com- 
pared with i ts  isologs has been explained by the s t rong 
e lec t ron-dona t ing  na ture  of the pyr ro le  nucleus  [9] and 
by the exis tence of hydrogen bonds [10]. Both these 
factors  must  apply to an even'  g rea te r  extent to 3- 
formyl indole ,  which is confirmed,  on the one hand, 
by the IR spec t ra  [11] and, on the other hand, by the 
fact that the reac t iv i ty  of 1 -ace ty l -3 - formyl indole  is 
cons iderably  higher [12]. It is in te res t ing  that at tempts 
to use solutions of caustic alkalis  in place of p iper -  
idine, as has been done in the case of 2 - fo rmylpyr ro le  
[5], for the crotonic condensat ion of 3- formyl indole  
with methyl ketones proves unsuccessfu l .  This  must  
be due to the fact that in a s t rongly  alkaline medium 
the formyl indole  can form the cor responding  anion, 
and as a r e su l t  of this,  the e lec t ron  densi ty  on the 
carbonyl  group is  increased ,  and its reac t iv i ty  is de-  
c reased ,  s t i l l  fur ther  [13]. At the same t ime,  of 
course ,  because of the grea te r  poss ib i l i t ies  for the 
delocal izat ion of the negative charge,  indole must  
possess  a more  acidic nature  than pyrrole .  

All the indole analogs of the chalcones that we syn-  
thesized,  I -XVI  (Table 1), are  c rys ta l l ine  subs tances  
read i ly  soluble in ethanol,  acetic acid, chloroform, 
and other organic solvents .  Order  and Lindwal [1] 
gave mp 164-165~ C for 1 - ( indo l -3 -y l ) -3 - (4 - to ly l )p ro -  
pen-3 -one  (II); however,  in all cases  of our synthesis  
of II, including synthesis  under the conditions de-  
scr ibed  by Order  and Lindwal, only a substance  with 
mp 171-172 ~ C was obtained the analyt ical  data of which 
corresponded to its empi r i ca l  formula .  Compounds 
I -XVI  possess  halochromic proper t ies ,  and in mine ra l  
acid solutions their  color deepens to orange or r ed -  
violet.  In addition to this,  on dissolut ion in alcoholic 
solutions of alkalis  they form the cor responding  anions,  
the color of which is  also deeper than in a neu t ra l  so l -  
vent. Some of the chalcone analogs obtained l umines -  
cence under  the influence of unt ravio le t  radia t ion in 
the solid state or in solutions.  Thus, c rys ta l s  of III 
and VIII give a green,  XII a yellow, and XV an orange 
Iuminescence .  Alcoholic solutions of a lmost  all the 
indole chalcones possess  a g r e e n o r  blue luminescence .  

The 2, 4-d in i t rophenylhydrazones  of the chaleones 
synthesized are  formed with some difficulty when the 
subs tances  a re  boiled for a long t ime (1-3 hr) with 
ethanolic solutions of 2 ,4 -d in i t rophenylhydraz ine  in 
the p resence  of smal l  amounts of hydrochlor ic  acid 
(Table  1). In some cases  (XI, XII), r es in i f i ca t ion  takes 
place under  these condit ions.  

We have also ca r r i ed  out [he crotonic condensation 
of 3- formyl indole  with cyclopentanone, cyclohexanone, 
and 1 ,4-d iace ty lbenzene .  Under condit ions analogous 
to those descr ibed  above, we obtained 2, 5-di( indol-  
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3 - y l m e t h y l e n e ) c y c l o p e n t a n o n e  (XVII), 2, 6 - d i ( i n d o l -  

3 - y l m e t h y l e n e ) c y c l o h e x a n o n e  (XVIII), and 1 , 4 - d i [ f l -  

( i n d o l - 3 - y l ) a c r y l o y l J b e n z e n e  (XIX). C o m p o u n d s X V I I -  

XIX a r e  c h a r a c t e r i z e d  by p a r t i c u l a r l y  d e e p  c o l o r a t i o n s  

in so lu t i ons  of s t r o n g  a c i d s  and a l k a l i s .  Thus ,  f o r  

e x a m p l e ,  in a c e t i c  ac id  so lu t ion  c o n t a i n i n g  a s m a l l  

amoun t  of s u l f u r i c  ac id ,  XVII h a s  a b l u e - v i o l e t  c o l o r ,  
and in  an a lka l ine  c a u s t i c  s o d a  s o l u t i o n i t  ha s  a c h e r r y -  

r e d  co lo r .  

Up to the  p r e s e n t  t i m e ,  no 2 - p y r a z o l i n e s  con t a in ing  

an indo le  r a d i c a l  have  b e e n  known.  We have  t r e a t e d  a 

n u m b e r  of our  c~, f i - u n s a t u r a t e d  k e t o n e s  wi th  p h e n y l -  
h y d r a z i n e  and i s o l a t e d  the c o r r e s p o n d i n g  3 - a r y l - 5 -  

( i n d o l - 3 - y l ) - l - p h e n y l - 2 - p y r a z o l i n e s  o r  t h e i r  3 - h e t e r o -  
c y c l i c  a n a l o g s  ( X X - X X I X ,  T a b l e  2). 

--HC--N--C6H ~ - - C H = C H C O A r  + H~NNHCsH5- ~ .2~X,C,~ 5 

H H I XX-XXIX Ar 

The  2 - p y r a z o l i n e s  s y n t h e s i z e d  a r e  h i g h - m e l t i n g  

c r y s t a l l i n e  s u b s t a n c e s  so lub le  in e thano l ,  t o luene ,  and 

b e n z e n e .  T h e y  al l  p o s s e s s  a b r i g h t  l u m i n e s c e n c e  bo th  
in the so l id  s t a t e  and in s o l u t i o n s .  

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

The 3-formylindole was obtained by Smith's method [14] and the 
1, 4-diacetylbenzene as described by Stadkov and Vitt [15]. 

3-Aryl-l-(indol-3-yl)propen-8-ones (I-XVI, Table 1). Stoichi- 
ometric amounts of 3-formylindole (0.01 mole) and the appropriate 
methyl ketone were dissolved in 10-15 ml of ethylene glycol, 0.5 ml 
of piperidine was added, and the mixture was heated under reflux at 
160-180 ~ C for 5-30 min. After cooling, 5-10 ml of water and 0.5-1 
ml of acetic acid were added to the flask. The crystals that deposited 
were filtered off and reerystallized: I-VIII and X-XV from ethanol 
and IX and XVI from dioxane. 

2, 5-Di(indol-3-yhnethylene)eyclopentanone (XVII). A solution of 
0.2 mole of 3-formylindole and 0.01 mole of cyelopentanone in 10 ml 
of ethylene glycol was treated with 0.5 ml of piperidine and was then 
heated at 175-180 ~ C for 10 rain. After cooling, 5 ml of water and 
0.5 ml of acetic acid were added. The crystals that deposited were 
filtered off and recrystallized from ethanol Orange prisms with mp 
316-318 ~ C. Yield 53% Found, %: N 8.54, 8.59. Calculated for 
C2sHlsN20, %: N 8.28. 

2, 6-Dl(indol-3-ylmethyleme)cyclohexanone (XVIII). Obtained in 
a similar manner to XVII. Orange plates with mp 296~ (from ethanol). 
Yield 56~ Found, %: N 8.12, 8.27. Calculated for C~Hz0N20, %: 
N 7.95. 

1, 4-Dt~-(tndol-3-yl)aeryloyl]benzene (XIX): ~3btained in a sim- 
ilar manner to XVII with heating for 20 rain. Red needles with mp 320 ~ C. 

Yield 51%. Found, qo. N 6.49, 6.70. Calculated for C2sHzeN20, %" 
N 6.73. 

3-Aryl-5-(Indol-a-yl)-l-phenyl-2-pyrazollnes (XX-XXIX, Table 
2). A solution of 0.005 mole of the appropriate ketone and 0.006 mole 
of phenylhydrazine (or phenylhydrazine hydrochloride in the case of 
compounds XXIII and XXIV) in 10-15 ml of methanol was treated with 
0.5 ml of acetic acid and boiled under reflux for 2-8 hr. The crystals 
that deposited after cooling were filtered off and recrystallized from 
ethanol 
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