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The c ro ton ic  condensat ion of 3 -ace ty i indo le ,  i t s  N-methy l  de r iva t ive ,  3 - f o r m y l - l - m e t h y l i n d o l e ,  and 3 -  
f o r m y l - 6 - n i t r o i n d o l e  with va r ious  a ldehydes  and methyl  ke tones  in an a lkal ine  medium has y ie lded  a number  
of unsa tu ra t ed  ke tones ,  some  of which have been c h a r a c t e r i z e d  as  t he i r  2, 4 -d in i t ropheny lhydrazones .  The 
r e a c t i o n  of some of these  unsa tu ra ted  ke tones  with phenylhydraz ine  has y ie lded  de r iva t ives  of 1 -pheny l -2 -  
py razo l ine ,  which p o s s e s s  l uminescen t  p r o p e r t i e s .  

In a p r eced ing  pape r  [1] we d e s c r i b e d  the p r e p a r a t i o n  of a ,  t - u n s a t u r a t e d  ketones  by the condensat ion of 3-  
fo rmyl indo le  with methyl  ke tones  and d i s cus sed  the causes  of the low r e a c t i v i t y  of the r e su l t i ng  carbonyl  compounds 
of indole.  In this  work we have condensed 3 - a c e t y l - ,  3 - a c e t y l - l - m e t h y l - ,  3 - f o r m y l - l - m e t h y l - ,  and 3 - f o r m y l - 6 -  
n i t ro indo les  with va r ious  carbonyl  compounds (see Table 1). 

We found that  3 -ace ty l indo le  takes  p a r t  in the c ro ton ic  condensat ion with cons ide rab ly  g r e a t e r  diff icul ty than 2-  
a c e t y l p y r r o l e  [2]; the r e a c t i o n  t akes  p lace  in e thylene glycol  on heat ing to 120-135 ~ C for  20 -30  min in the p r e s e n c e  of 
s m a l l  amounts  of caus t ic  potash (method A). Af te r  the expe r imen ta l  p a r t  of this  inves t iga t ion  had been  completed ,  we 
found out about a pape r  [3] which d e s c r i b e d  the analogous syn thes i s  of the indole chalcones  I and II, but  with boi l ing of 
the r e a c t a n t s  in concen t ra ted  aqueous caus t i c  potash  for  24 hr .  The s a m e  p a p e r  d e s c r i b e s  the c ro ton ic  condensat ion of 
3 - a c e t y l - l - m e t h y l - i n d o l e  with benza ldehyde ,  which gave an unsa tu ra ted  ketone in the form of an oil .  We were  e a s i l y  
able  to syn thes ize  this  chalcone analog VI (Table 1) in the c r y s t a l l i n e  s ta te  with mp 112.5-113 ~ C, and a lso  to effect  
the condensat ion of 3 - a c e t y l - l - m e t h y l i n d o l e  with o ther  a r o m a t i c  a ldehydes  (see VII - IX) .  

I t  mus t  be ment ioned that  the N-me thy la t ed  carbonyl  compounds of indole gene ra l ly  take p a r t  in c ro ton ic  
condensat ion in the p r e s e n c e  of a lkal ine  ca t a ly s t s  cons ide rab ly  m o r e  r e a d i l y  than the co r re spond ing  nonmethyla ted  
compounds.  F o r  example ,  chalcone VI was obtained in s a t i s f a c to ry  yie ld  both in ethylene glycol  at  125-135 ~ C and on 
b r i e f  boi l ing  in ethanol  in the p r e s e n c e  of a lka l i  (methodB).  The g r e a t e r  r e a c t i v i t y  of 3 - f o r m y l - l - m e t h y l i n d o l e  in 
compar i son  with the nonmethyla ted  indolea ldehyde is  p a r t i c u l a r l y  s t r ik ing .  While the l a t t e r  r e a c t s  with methyl  ke tones  
only at  160--180 ~ C in the p r e s e n c e  of p iper id ine ,  [1,4], 3 - f o r m y l - l - m e t h y l i n d o l e r e a c t s r e a d i l y e v e n  at  120-135 ~ C, and 
caus t ic  a lka l i  can be used  as  condensing agent.  This  is  due to the fac t  that  the nonmethyla ted  carbonyl  compounds of 
indoIe (for example ,  the 3 - a c e t y l -  and 3 - fo rmy l indo l e s )  fo rm the co r re spond ing  anions in the p re sence  of s t rong  b a s e s  
[5], as  a r e s u l t  of which the e l e c t r o n  dens i ty  on the carbonyl  group i s  i n c r e a s e d  and the i r  r e a c t i v i t y  is  lowered  [6]. 
F u r t h e r m o r e ,  the 3 - f o r m y l -  and 3 -ace ty l indo les  take p a r t  in the r e a c t i o n  with g r e a t e r  diff icul ty because  of the 
pos s ib l e  fo rma t ion  of i n t e r m o l e c u l a r  hydrogen bonds  of the N - - H . . .  O = C  type, as has  been  r e p o r t e d  p rev ious ly  for  
analogous p y r r o l e  d e r i v a t i v e s  [7]. F o r  this  r ea son ,  i t  is  c h a r a c t e r i s t i c  that  the methy la ted  chaleones  VI and VII have 
lower  mel t ing  points  than the nonmethyla ted  ke tones  I and 1I. 

In the condensat ion with acetophenone and i t s  de r iva t ives ,  the in t roduct ion of a n i t ro  group into pos i t ion  6 of 3 -  
fo rmyl indo le  has  no app rec i ab l e  e f fec t  on the reac t ion ,  and the cha lcones  XVII-XIX were  obtained by the same  method 
as  be fo re  [1] (method D). The in t roduct ion  of a n i t ro  group into the indole nucleus  na tu ra l ly  i n c r e a s e s  the ac idic  
p r o p e r t i e s  of the hydrogen of the imino group and thereby  fac i l i t a t e s  the fo rmat ion  of the co r respond ing  anions in an 
a lka l ine  medium,  and although i t  a l so  i n c r e a s e s  the energy  of the hydrogen bonds i t  s imul taneous ly  d e c r e a s e s  the 
e l ec t ron -dona t ing  influence of the i n d o l - 3 - y l  r a d i c a l ,  which has an a dve r se  effect  on the r e a c t i v i t y  of the fo rmyl  group. 

We have a lso  obtained two indole  analogs of the p a r a - d i c h a l c o n e s ,  XX and XXI, by  r e a c t i n g  3 - f o r m y l - 1 -  
methy l indole  with p -d iace ty lbenzene ,  and 3 -ace ty l indo le  with t e reph tha l i c  d ia ldehyde.  In e thanol ic  solution,  compound 
XX has  a b r i g h t - g r e e n  f luo re scence ,  while the dichalcone XXI does not f l uo resce .  In genera l ,  al l  the chalcone analogs 
in which the carbonyl  group is s e p a r a t e d  f rom the indole  r ing  by a v inylene group, fo r  example ,  X - X V ,  p o s s e s s  
luminescen t  p r o p e r t i e s ,  while t he i r  i s o m e r s  obtained f rom 3 - a c e t y l -  and 3 - a c e t y l - l - m e t h y l i n d o l e  do not p o s s e s s  this  
p r o p e r t y .  Thus,  our  p r ev ious  conclus ion  [8] that  a s t rong d o n o r - a c c e p t o r  in te rac t ion  ( indol -3-y l  i s  a s t rong  

370 



T a b l e  I .  I n d o l e  C h a l c o n e  A n a l o g s  R C O C H ~ - C H R '  

Com- 
pound 

I 

It 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XlI 

XII1 

X1V 

XV 

XVI 

XVII 

XVItl 

XIX 

Indol-3-yl 

Indol-3-yl 

Indol-3-yl 

Indol-3-yl 

Indol-3-yt 

Phenyl 

Anisyt 

2,4-Dimethoxypherlyl 

4-Dimethylaminophenyl 

2-Furyl 

1 -Methylirldol-3-yl 

t -Methylindol-3-yl 

1-Methylirldol-3-yl 

1-Mvthylindrll-3-yl 

Pherlyl 

4-Tolyl 

4-Anisyl 

2,4-Dimethoxyphenyl 

4-Chlorophenyl 

4-Nitrophenyl 

Pyrid-4-yl 

Phenyl 

4-Chlorophenyl 

4-Nitropherlyl 

Phenyl 

Anisyt 

2,4-Dimethoxyphenyl 

1-Methylindol-3-yl 

I -Meehylirldol-3-yl 

1-Methylindol-3-yl 

l-Methyllndol-3-yi 

1 -Methythndot-3-yl 

1 -Methylirldol-3-yl 

1-Methylindol-3-yl 

1-Methylindol-3-yl 

4-Dimet hylamirlopheny I 

4-Direct hy laminophenyl 

4-Dimethylaminophenyl 

Mp, ~ 

232--233 

204--205 

I84--185 

257--258 

183 

112,5--113 

138--138,5 

182 

189--190 

143,5 

154 

129,5 

137,5 

167 

232 

154,5--155 

227 

293,5 

320 

Method 
of syn- 
thesis 

Empirical formula found calcttlated t Yield, % 

A 

A 

A 

A 

A 

A,B 

A,B 

A 

c 

A, B 

B 

A,D 

B 

B 

B 

A, D 

D 

D 

D 

5.66 

5,00 

4.56 

9,65 

5.90 

5.36 

4.81 

4.36 

8.91 

5.36 

5.09 

4,81 

4.36 

4.74 

9.11 

10,87 

9.58 

8.59 

12A6 

CIzHLaNO 

CIsHIsNO~ 

CI~H~rNOa 

C19H~sN20 

C)sHnNO2 

C~sHlsNO 

C~gHITNO~ 

C20HIsNO3 

C21HIsN~O 

C~sHI~NO 

C19H~tNO 

C~gH~rNO2 

C20Ht~NOh 

C~8HI4CINO 

CIsHI4N~O3 

C~THI~N~O 

C~THI~N2Oa 

CtTHlICINd33 

CITHIINsO5 

5.86; 5.79 

5.02; 4.92 

4.85; 4,7~ 

9.70; 9.58 

5.98; 5.98 

5,53; 5.46 

5.02; 4.88 

4,62; 4.60 

8,87; 8.85 

5.59; 5.36 

5.18; 5,06 

5-07; 4,92 

4,46; 4,42 

4.87; 437 

9,36; 9.35 

10,95; 10.81 

9.68; 9,73 

8,77; 8,73 

12.59; 12.40 

56 

54 

46 

40 

60 

62 

59 

50 

30 

66 

55 

50 

25 

48 

35 

50 

40 

55 

60 
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elec t ron  donor) at a definite length of the conjugation chain is neces sa ry  for the luminescence  of ce-fl-unsaturated 
ketones is  confirmed.  

Only very  recent ly  has informat ion  appeared in the l i t e ra tu re  on the prepara t ion  of 2-pyrazol ines  containing an 
indo l -3-y l  subst i tuent  in posi t ion 3 [9]. Never the less ,  such indolyl -subst i tu ted heterocycles  are of definite i n t e r e s t  for 
a study of their  optical p roper t ies .  By boi l ing some of the indole chalcones that we have synthesized with 
phenylhydrazine in ethanolic solution in the presence  of glacial  acetic acid we succeeded in synthesizing a number  of 
2 -pyrazol ines ,  XXII-XXVI (Table 2). The 2-pyrazo l ines  obtained consisted of h igh-mel t ing color less  or yellow 
c rys ta l s  readi ly  soluble in the usual  organic solvents .  We confirmed their  s t ruc ture  by means  of their  IR spectra ,  
which c lear ly  showed the absorpt ion bands at ~1600 cm-I  (s tretching v ibra t ions  of a C = N  bond), at ~1500 cm-1 
(s t retching v ibra t ions  of a phenyI group) and at ~1325 cm-1 (s t retching vibrat ions  of A t - -N)  that are charac te r i s t i c  for 
1, 3, 5 - t r i a ry lpy razo l ines  and their  heterocycl ic  analogs [10, 11]. In addition to this, in carbon te t rachlor ide  solution 
compound XXIII lacked the band of the s t re tch ing  v ibra t ions  of an N--H group in the 3200-3500-cm-1 region. The Knorr  
react ion [12] (the format ion  of a blue colorat ion on the addition of concentrated sulfur ic  acid and f e r r i c  chloride) was 
posit ive for all the 2 -pyrazo l ines  obtained. Toluene solutions of compounds XXII-XXVI have a br ight  blue 
luminescence ,  which ~s also cha rac te r i s t i c  for pyrazol ines  [13]. 

Com- 
pound 

XXII I Indol-3-yl 
XXIII / yll-Methylind~ 

XXIVI Phenyl 
XXV Tolyl 

XXVI Pyrid-4-yl 

Table 2. 1 - P h e n y l - 3 - R - 5 - R ' - 2 - p y r a z o l i n e s  

R,AN) 
I 
C6H s 

R' 

Phenyl 
Phenyl 

1-Methylindol-3-yl 
l-Methylindol-3-yl 
lndol-3-yl 

M ~ Empirical N, % 
P' ~ formula cai- 

found culated 

197 C~H2oN3 12.41; 12.37 I 12.46 
235 IC2r 11,95; II.911 II,68 

146,51C24H21N3 11.88; 11.64 [ 11.68 
145,5]CzsH2zN3]ll.73; 11.62 II,50 
233 IC22HIdN, [16.67; 16.56 16,5ti 

Yield, 
% 

65 
55 

60 
62 
70 

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

3-Acetyl indole was obtained by the acetylat ion of indole with N, N-dimethylacetamide in the presence  of 
phosphorus oxychloride by the V i l sme ie r  reac t ion  [14], nap 191 ~ C. 3 -Ace ty l - l -me thy l indo le  was obtained by 
methylat ing 3-acetyl indole  with dimethyl sulfate [15], mp 96 ~ C. 1-Methyl indole-3-aldehyde was synthesized as 
descr ibed  by Rodionov and Veselovskaya [16]. 3 - F o r m y l - 6 - n i t r o i n d o l e  was obtained by n i t ra t ing  the indolealdehyde 
[17]. 

Crotonic condensation. Method A. A solut ion of equimolecular  amounts (0.01 mole) of the appropriate  aldehyde 
and methyl ketone in 8-10  ml of ethylene glycol was t reated with 1 ml of a 40% solution of potass ium hydroxide and the 
mix ture  was heated at 120-135 ~ C for 20-30  min.  The cooled solution was t reated dropwise with 1 -2  ml of glacial  
acetic acid, unti l  i t  was feebly acid, and the precipi ta te  that had deposited was f i l te red  off. It  was rec rys ta l l i zed  f rom 
ethanol or some other organic solvent.  

Method B. A solution of equimolecular  amounts of aldehyde and methyl ketone (0.01 mole) in 7 -10  ml of ethanol 
was boiled for 15-25 min in the p resence  of 1 ml of 20% caustic soda solution. The product  was worked up as in 
method A. 

Method C. S imi la r  to method A but  the reac t ion  was ca r r i ed  out at 180-190 ~ C for 40 rain. 

Method Do A solution of s to ich iometr ic  amounts  of aldehyde and ketone (0.01 mole) in 8 -10  ml of ethylene glycol 
was t reated with 1 ml  of piper idine and heated under  reflux at 170-185 ~ C for 20-30  rain. After cooling, 5 -10  ml of 
water  and 1 ml of acetic acid were added; the c rys ta l s  that deposited were r ec rys t a l l i zed  f rom ethanol. 

Some of the indole analogs of the chalcones were charac ter ized  by means  of their  2, 4-dini t rophenylhydrazones ,  
whose absorpt ion max ima  in the v is ib le  region of the spec t rum were measured  in  chloroform solution on an SF-10 
spect rophotometer  (see Table 3). 
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1, 4 - D i [ 3 ' - ( l a - M e t h y l i n d o l - 3 n - y l ) a c r y l o y l ] b e n z e n e  (XX). A solut ion of 0.01 mole  of 1, 4 -d iace ty lbenzene  and 0.02 
mole  of 1 - m e t h y l i n d o l e - 3 - a l d e h y d e  in 10 ml of e thylene glycol  was t r e a t e d  with 1 ml of 40% caus t ic  soda solut ion and 
heated under  re f lux  at  120-135 ~ C for  20 rain. The c r y s t a l s  that  depos i ted  were  bo i led  with ethanol.  Ye l low-orange  
p la tes  with mp 277-278 o C. Yield 70%. Found, %: N 6.28. Calcula ted for  C30H2r %: N 6.30. 

Table  3. 2, 4 -Din i t ropheny lhydrazones  of Indole Chalcones 
..H,,,, ,,,,,,,, ,, 

Chalcone 

I 
II 
X 

XI 
XII 
XIV 
XVI 

Mp, ~ 

244 
215--216 
237--238 

227,5 
235 
233 
226 

~'max, nm Empirical formula 

424 
428 
438 
431 
441 
442 
418 

C~HITNs04 
C24H~NsO6 
C~4HlqN~O~ 
C~sH~tNsOa 
C~HlrN~Oa 
C~H~sCINs04 
C2~H ls'N604 

N, % 

found 

16.50; 16.57 
15.24; 15.46 
15.92; 16.00 
15.43; t5.62 
14.76; 15.09 
14.64; 14,67 
I9,08; 19,19 

calculated 

16.37 
t5.3t 
t5,87 
15.38 
I4,86 
14.73 
19.02 

1, 4 - D i [ l ' - ( i n d o l - 3 n - y l ) - 3 ' - a c r y l o y l ] b e n z e n e  (XXI). This  was obtained in a manner  s i m i l a r  to the p reced ing  
compound f rom te reph tha l i c  d ia ldehyde and 3-ace ty l indole .  Yellow p la t e s  with mp 372 ~ C. Yield 45%. Found, %: N 6.93. 
CaIcula ted for  C28H2aN202, %: N 6.73. 

2 - P y r a z o l i n e s .  A solut ion of 0.005 mole  of the a p p r o p r i a t e  ketone and 0.007 mole  of phenylhydraz ine  in 10-15  
ml of methanol  was t r e a t ed  with 0 .5 -1  ml  of ace t ic  acid  and was boi led  under  re f lux  for  1 .5 -2  hr .  The c r y s t a l s  that  
depos i ted  a f te r  cool ing were  f i l t e r e d  off and r e c r y s t a l l i z e d  f rom ethanol.  
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