
602 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

INDOLE DERIVATIVES 

XXXVI. The Reac t ions  of 3 - f l -Ni t rov iny l  Indoles  with Nucleophil ic  Reagents*  

N. N. Bula tova and N. N. Suvorov 

Khimiya  Ge t e ro t s i k l i che s ldkh  Soedinenii ,  Vol. 5, No. 5, pp. 813-817,  1969 

UDC 547.752 

The behavior of some 3-nitrovinyl indoles in their reactions with ni- 
trogen-containing nucleophilie reagents is examined. It is shown that 
hydmxylamine, phenylhydrazine, hydrazine, and semiearbazide react 
with 8-t~-nitrovinyl indole to give the corresponding oxime, phenyl- 
hydrazone, azine, and semtcarbazone of indole-8-aldehyde, possibly 
by decomposition of intermediates formed by the addition of the nu- 
cleophilic reagents to the nitrovinyl indole. 3-8-Nitropropenyl indole 
and N-methyl-3-B-nitrovinyl indole react similarly. Only the addi- 
tion products of phenylhydrazine with N-acetyl-3-nitrovinyl indole 
and N-acetyl-3-3-nitropropenyl indole are stable. The reaction con- 
ditions and constants of the compounds prepared are given, and 
explanations are offered for the results obtained. 

3 - f l -Ni t rov inyl  indoles  a r e  he te ro  ana logs  of f i -n i -  
t r o s t y r e n e ,  for  which addi t ion r e a c t i o n s  at  the  a c t i -  
va ted  f i -n i t rov inyl  bond have been  ex tens ive ly  i n v e s t i -  
gated.  

It might  be  expected  that  the n i t rov iny l  group in 
n i t r o u n s a t u r a t e d  indo les  would be su f f i c ien t ly  r e a c -  
t ive  to undergo the c h e m i c a l  r e a c t i o n s  c h a r a c t e r i s t i c  
of f l -n i t ro  o lef ins ,  in p a r t i c u l a r  those  with a lcohols ,  
amines ,  and o the r  nuc leophi l ic  r e a g e n t s  [1]. 

In the ca se  of 3 - f l -n i t rov iny l  indole  (In), however ,  
i n s t e ad  of the  expected  addi t ion  p roduc t s  with h y d r o x y l -  
amine ,  pheny lhydraz ine ,  hydraz ine ,  and s e m i c a r b a -  
zide,  we obtained the c o r r e s p o n d i n g  d e r i v a t i v e s  of 
i n d o l e - 3 - a l d e h y d e  ( I Ia -Va) ,  
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de sp i t e  the fact  that  the r eac t i on  p r o c e e d s  under  the 
mi ld  condi t ions  usual  fo r  nuc leophi l ic  addi t ion  to fl- 
n i t r o - o l e f i n s ,  name ly ,  in a lcohol ic  solut ion at  r oom 
t e m p e r a t u r e  (in the  c a s e  of hyd raz ine  and pheny l -hy -  
d raz ine) ,  o r  at  a t e m p e r a t u r e  not exceed ing  70-80 ~ C 
(in the c a s e  of hyd roxy l amine  and s e m i c a r b a z i d e )  (see 
tab le) .  

S i m i l a r  r e s u l t s  we re  obtained with N - m e t h y i - 3 - f i -  
n i t rov iny l  indole  (Ib). 

*Fo r  pa r t  XXXV, see  [14]. 

It i s  i n t e r e s t i n g  that  the reac t ion ,  under  the s ame  
condi t ions ,  of 3 - ~ - n i t r o p r o p e n y l  indole  (VI) with hy -  
d r a z i n e  a l so  g ives  i n d o l e - 3 - a l d e h y d e  az ine  (IVa). 

~=NI~ -clio C2 H5 NOL ~>""  ] ~ - T ] -  C H = ~No2 N H2 N H.__.__2 
NH4OCOCH 3 x,C/- \NI  CH 3 C2HSOH 

H H 
Vl 

H IVa H 

The s t r u c t u r e s  of the compounds obta ined we re  e s -  
t ab l i shed  by c o m p a r i s o n  of t h e i r  me l t ing  points  with 
those  of authent ic  s a m p l e s ,  and by  the iden t i ty  of t h e i r  
IR s p e c t r a .  It i s  sugges t ed  that  the fo rma t ion  of the 
c o r r e s p o n d i n g  i n d o l e - 3 - a l d e h y d e  d e r i v a t i v e s  by r e -  
ac t ion of 3 - f i -n i t rounsa tu ra t ed  indo les  with n i t r o g e n -  
conta ining nuc leophi les  m a y  be  expla ined  by t h e i r  f o r -  
mat ion as  decompos i t ion  p roduc t s  f r o m  i n t e r m e d i a t e  
addi t ion compounds  ( there  a r e  ind ica t ions  in the l i t e r -  
a tu re  of the  p o s s i b i l i t y  of s i m i l a r  decompos i t ions  with 
the addi t ion produc ts  f r o m  f l - n i t r o s ty r e ne  [2, 3]). 

Most 3 - subs t i t u t ed  indoles  show c h a r a c t e r i s t i c  in-  
s t ab i l i ty  [4], u sua l ly  connected  with the p r e s e n c e  of 
an e l ec t ron  p a i r  on the  n i t rogen  of the indole  r ing,  
conjugated with the double bond in the  3-pos i t ion  [5]. 
F o r  example ,  examina t ion  of the IR and UV s p e c t r a  
shows that  n i t rov iny l  indoles  ex i s t  in the  in te rna l  n i -  
t r one  sa l t  f o rm  [12]. The in t roduct ion  of a powerful  
e l ec t ronega t ive  group in the  1-pos i t ion  might  be ex -  
pec ted  to r educe  the p o s s i b i l i t y  of a s i m i l a r  e l ec t ron  
shift ,  l ead ing  to m o r e  s t ab le  p roduc t s .  In p r ac t i c e ,  b y  
' f ix ing '  the  f r e e  e l ec t ron  p a i r  on the n i t rogen  a tom by 
N-ace ty l a t i on  of f i -n i t rov inyl  indoles  we obtained c o m -  
p a r a t i v e l y  s t ab le  addi t ion p roduc t s  of phenylhydraz ine  
with N - a c e t y l - 3 - f i - n i t r o v i n y l  indole  (VII) and N - a c e -  
t y l - 3 - f l - n i t r o p r o p e n y l  indole  (VIII)o 

Compound VIII was  obta ined  in 70% yie ld  by  a c e t y l a -  
t ion of 3 - f i -n i t rop ropeny l  indole .  This  is  the f i r s t  ex -  
ample  of the d i r e c t  ace ty la t ion  of a n i t r o - u n s a t u r a t e d  
indole  (the condensa t ion  of N - a c e t y l - i n d o l e - 3 - a l d e -  
hyde i s  t yp i ca l l y  v e r y  slow).  N - A c e t y l - 3 - f l - n i t r o v i n y l  
indole  (VII) was obtained s i m i l a r l y  in h ighe r  y ie lds  
(79%) than p r e v ious ly  [6]. 
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Nucleophile 

Semicarbazide 

Hydroxylamine 

Phenylhydrazine 

Hydrazine hydrate c 

Nitro- 
vinyl 
i n d o l e  

VII I 

Ib  

la 
Ib 

la 

Ib 

Viii a 

vlu 

Reaction 
product 

Va 

Va 

Vb 

Ila 

l i b  

Reaction Analyses 

tempe;alure,o time,hr y i e l d ,  
% 

70 

molecular 
formula 

CIIHIoN40 

CnHtaN40 

C~Hz~N40 

CgHsN~D 

CmHwN~O 

C,sH1aNz 
CmHIsNa 

found, % 

I i Ia  

I l l b  

IVa 

IVa 

1Va 

IVb 

mp, ~ 

75--80 

75--80 

75--80 

80 

Bp 

Room 

Room 

Room 

Room 

Room 

Room 

1 225--226 

l 226 

1 209--210 

3 204--205 a 

5.5 154--155 

12 203--204a, b 

12 169--170 

1 322 

1 322 

0.5 322 

2 232--233 

*Solvent, alcohol. Molar proportions of oitrounsaturated compound to nucleophile, 
tion of hydrazine hydrate. 

70 

80 

51 

CIsH~4N4 

C~sHI4N4 

C,sHI4N~ 

C2oHIsN4 

C H N 

calculated,% 

59.43 5.14 27.60 2 7 . 7 2  

6 8 5.98 26.13 25.92 

- -  - -  1738 17,50 

- -- 15.82 i5.09 

76.69 5.76 17.96 1 7 . 8 7  

-- -- 16.84 16.83 

75.29 487 19.41 19.58 

I 

- -  - -  1 7 . 7 2  17.83 

was carried out in benzene, c25% aqueous solu- 

C H 

59A6 4.95 

61.1t 5.55 

76.59 5.52 

7 2 4.89 

1 : 2. aRef [13]. bThe reaction 

Compar ison of the UV spec t ra  of Ia with VII, and of 
VI with VIII shows that the in t roduct ion of the N-acetyl  
group into the molecule  of the n i t rov inyl  indoles sub-  
s tant ia l ly  d imin ishes  the sys t em of conjugated double 
bonds,  and also the cha rac t e r i s t i c  UV spect ra .  Thus, 
the absorpt ion  max imum at 400 nm cha rac t e r i s t i c  for 
N-unsubst i tu ted  n i t rovinyl  indoles (Ia and VI) is  con-  
s iderab ly  displaced in  the spec t ra  of VII and VIII, to 
254 nm in the case of VII, and to 255 nm in  the case  of 
VIII. This  r e a r r a n g e m e n t  of the double bond s t ruc tu re  
following the in t roduct ion of an acetyl  group may help 
to i n c r e a s e  the s tabi l i ty  of the addition products  IX 
and X. 

The addition compounds IX and X a r e  formed read-  
i ly  by c a r r y i n g  out the reac t ion  in alcoholic medium 
for a few hours  at room t e m p e r a t u r e  (IX), or  at a t e m -  
pe ra tu re  not exceeding 50 ~ C for 20-30 min  (X). As 
would be expected [2], these  compounds a re  the rmal ly  
unstable ,  be ing conver ted  readi ly  into N-aeety l indote-  
3-aldehyde phenylhydrazone (XI) by boi l ing for  1 -2  hr  
in  alcohol or  benzene .  Compound XI, therefore ,  may 
occur 

IXX ~ t ~  C6H6 ~ - N  ~-CH=NNHC6H5 
I COCH 3 XI 

as a contaminant  in  the addition products  IX and X 
when the reac t ion  is  c a r r i e d  out at high t e m p e r a t u r e s ,  
and also when these  compounds a re  r e c r y s t a l l i z e d f r o m  
concentra ted  solut ions in h igh-boi l ing  solvents .  The 
s t ruc tu r e s  of IX and X were  proved by the i r  UV, IR, 
and NMR spect ra .  Thus,  the NMR spec t ra  show the 
p re sence  of an N-acetyl  group in  the molecules  of IX 
and X, the protons  of the methyl group linked to the 
carbonyl  giving a c lea r  peak at 2.57 and 2.62 ppm for  
IX and X, respec t ive ly .  The protons of the a -  and fi- 
carbon a toms of the side chain give severa l  s ignals  at 
4.85 to 5.15 ppm and 4.75 to 5.20 ppm for  IX and X, 
respec t ive ly .  The a romat ic  protons of the indole and 

benzene  r ings  give r i se  to a group of peaks f rom 6.50 
to 8.50 ppm. Final ly ,  the protons of the c~-methyl group 
in the side chain of X give a doublet at 1.37-1.40 ppm. 
It should be mentioned that reac t ion  of N-ace ty l -3 - f i -  
n i t rovinyl  indole with semica rbaz ide  and hydraz ine  
gives the cor responding  indole-3-a ldehyde  der iva t ives  
(IVa and Va), that is ,  the reac t ion  may proceed via a 
p r e l i m i n a r y  de-ace ty la t ion  stage.  Despite at tempts  to 
c a r r y  out the reac t ion  under  va r ious  condit ions,  we did 
not succeed in reac t ing  3-f l -n i t rovinyl  indole with an i -  
l ine .  Heating for  many hours  with an excess  of ani l ine ,  
followed by removal  of the excess  ani l ine  in s team, 
resu l ted  in the i so la t ion  of indole-3-a ldehyde .  In the 
case  of N-ace ty l -3 - f i -n i t rov inyI  indole,  in addition to 
indole-3-a ldehyde,  acetani l ide  was formed.  

EXPERIMENTAL 

The iR spectra of the addition products were recorded in vaseline 
oi l  suspension on a UR-10 instrument,  and the UV spectra in a lcohol  

on an SF-4 imt rumen t .  The NMR spectra were obtained on a $EOL 

type 4 H - t 0 0  spect rometer  with a working frequency of 100 MHz. 

8-/B-Nitrovinyl indole (la). 15 g of indole-3-aldehyde [7], 1.6 g of 

ammonium acetate, and 30 ml of nitromethane were boiled with stir- 

ring for 15 rain. After cooling, 20 ml of ethanol and 8 ml of water 

woro addod, the mixture  was cooled to 5 ~ C, and the prec ip i ta te  f i l -  

tered off, washed with d i l  a lcohol  , and dried in air  to g ive  11.5 g 
(60%), mp  171-172"  C (rap 167-1680 C [8]; 171-172  ~ C [9]).  

N-Methyl -g- r t t t rovtnyl  indole  (Ib). A mixture  of 15 g of N-methy l -  
i ndo le -S -a ldehyde  [10], 1,2 g of ammonium ace ta te ,  and 60 m l  of 

n i t romethane  were stirred at 90 ~ C for 20 -28  min ,  the  crysta l l ine  

mix ture  d i lu ted with 60 m l  of methanol ,  cooled to 8 ~ C, and the pre- 

c ip i t a te  f iI tered off, y ie ld ing  12.g g (69%) of golden-ye l Iow needles,  
mp  164-165  ~ C (after two recrys ta l l iza t ions  from aqueous methanol ) .  
Found, %: C 65.44; H 4.98; N 18.58. Ca lcu la ted  for CIlHI~NzOz, %: 
C 65.35; H 4.95; N 13.86. 

8-1~-Nl~ropmpenyl indole  (VD. A mixture  of 7.5 g of i ndo le -3 -  
a ldehyde,  0.9 g of ammonium ace ta te ,  and 15 ml  of ni t roethane were 
boiled with stirring for 10 mtn,  the mixture  di luted with 35 m l  of hot  
e thanol ,  1 ml  of water  added, and the mix ture  a l lowed to c rys ta l l ize .  
There was obtained 8.1 g (77.9~ of product, mp 195-196 ~ C (from 
ethanol) (rap 195-196  ~ C [9]) .  Found, %: C 65.32; H 5.03; N 13.76. 
Ca lcu la ted  for CIlH10NsOs, %: C 65.35; H 4.95; N 13.86. 
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N-Aoetyl indole-3-aldehyde was prepared by a modification of the 
method given in [11]. Indole-3-aldehyde (30 g), 45 g of fused sodium 
acetate, and 105 ml of acetic anhydride were stirred at 120" C for 
2.5 hr. The hot mixture was poured into 900 ml  of ice water dud 
stirred for 2 -3  hr. The colorless, amorphous precipitate was filtered 
off and washed with cold water followed by dilute methanol, giving 
38.3 g (98%), mp 162-164 ~ C (from ethyl acetate) (mp 161-164" C 
Do]) 

N-Acetyl-3-~-nitrovinyl indo1r (VII). A) 1.5 g of N-acotyl in- 
dole-3-aldehyde, 1.5 g of dry ammonium acetate, and 40 ml of ni- 
tromethane were heated with stirring on a boiling water bath for 30 
rain, kept overnight, diluted with 1O ml of 50% methanol, and cooled 

to 5 ~ C, giving 9.1 g (49.4~ mp 197-198 ~ C (from ethanol) (rap 

189-192 ~ C [1O]; 187-188 ~ C [6]). 

B) A mixture of 1.8 g of I, 2.7 g of fused sodium acetate, and 

1O ml of acetic anhydride were stirred at 120 ~ C for 40 rain. leo- 

water (150 ml) was then added with vigorous stirring, which was con- 

tinued for a further 30 rain. The yellow, amorphous precipitate was 

filtered off, washed with water, and reurystallized from a mixture of 

acetone and methanol to give 1.85 g (79%) of bright yellow needles, 
mp 197-198 ~ C (from acetone). 

N-Aeetyl-3-B-nttropropenyl tndole (VIII). 5 g of VI, 7.5 g of 
fused sodium acetate, and 25 ml of acetic anhydride were stirred at 
120 ~ C for 30 rain, poured with vigorous stirring into 0.5 l of ice water, 
and stirred for 1 hr. The precipitate was filtered off, washed with wa- 
ter, and recrystallized from a 4 : 1 mixture of methanol and acetone to 
yield 4.5 g (70%), mp 117-118 ~ C (recrystallized twice from acetone). 
Found, %: C 64.23; H 4.95; N 11.71. Calculated for CIsHI2N~O s, %: 
C 63.93; H 4.95; N 11.48. 

3-(a-Phenylhydrazino-l~-nitroethyl)-N=acetyl indole (IX). A mix- 
lure of 3.5 g of VII, 5 ml  of phenylhydrazine, and 30 ml of anhydrous 
ethanol (or benzene) were stirred at room temperature for severalhours, 
and kept overnight. The precipitate was filtered off, and washed with 
ethanol, giving 4.5 g (85.3~ mp 147-148 ~ C (from aqueous acetone). 
Found, %: C 63.95; H 5.77; N 16.57. Calculated for C18HlsN4C ~, %0: 
C 63.96; H 5.331 N 16.56. IR spectrum, cm-l :  3315 (Nil); 1700 (C=O); 
1600 (C=C aromatic); 1554 (C--N(:O. UV spectrum, kmax, nm: 239, 
290, 358-360: Ig~: 4.38, 3.87, 3.63. 

3-(a-Phenylhydrazino-~-nitmpropyl)-N-acetyl indole (X), A mix- 
ture of 1.0 g of VIII, 1.5 ml  of phenylhydrazine, and 15 ml  of ethanol 
was stirred at a temperature not exceeding 50 ~ C for 30 rain, then kept 
overnight. The precipitate was filtered off, and washed with ethanol 
and ether to yield 0.9 g (66~ mp 177-178 ~ C (after two recrystalliza- 
lions from aqueous acetone). Found, %: C 65.05; H 6.06; N 15.91. 
Calculated for C1~Iz0NaCh. IR spectrum, c m ' l :  3339 (NH); 1700 (C--O); 
1600 (C=C asomatic); 1554 (C-NOb). UV spectrum, Xma x, rim: 239, 
290, 342-346; lge:  4.42, 3.99, 3.7. 

Thermal degradation of IX and X in boiling ethanol. After boiling 
in alcoholic solution for 2-3 hr, IX arid X afforded N-acetylindole-3- 

aldehyde phenylhydrazone (XD. A mixed melting point with an au- 

thentic sample gave no depression. 

N-Acetylindole-8-aldehyde phenylhydrazone (XI). A mixture of 

0.5 g of N-acetylindole-3-aldehyde and 0.4 g of phenylhydrazine in 
i0 ml of ethanol was boiled for 5 mill. The crystals were iiltered off 

and washed with ethanol to give 0.5 g, mp 183-184 ~ C (from ethanol). 

Found, %: N 14.90. Calculated for CnHIsNsO, %: N 14.80. 
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