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The reac t ion  of ethyl e s t e r s  of a ry lhydraz ides  of oxalic acid with indoly lmagnes ium 
b romide  has  given a ry lhydraz ides  of N-indolylglyoxil ic acid which, by reac t ion  with 
benzoyl  chlor ide ,  have  been conver ted  into f l - a ry l -6 -benzoy lhyd raz ide s  of N-indolyl-  
glyoxil ic  acid.  The reac t ion  of a r y l m a g n e s i u m  hal ides  with a ry lhydraz ides  of indolyl-  
glyoxil ic acid has  given a ry lhydraz ides  of d iarylglycol ic  acids .  The spec t r a  of the a r y l -  
hydraz ides  of N-indolyglyoxil ic  acid have  been studied. 

Indoly lmagnes ium hal ides  r eac t  with e s t e r s  to f o r m  N or  C de r iva t ives .  Thus, depending on the r e -  
act ion t e m p e r a t u r e ,  indoly lmagnes ium b romide  r e a c t s  with ethyl f o rma te  [2] to fo rm,  in the cold, N - f o r m y l -  
indole, and, in the hot, 3 - formyl indole .  The reac t ion  with ethyl oxala te  gave N,N~-oxalyldiindole [3]. 
Lapkin and Dormidontov obtained e s t e r s  of i n d o l - l - y l  and indol-2-ylglyoxi l ic  acids by the reac t ion  of 
indoly lmagnes ium b rom i de  with oxalic acid e s t e r s .  The fo rmat ion  of the products  of the N or  2- o r  3-C 
subst i tut ion in r eac t ions  of indoly lmagnes ium b romides  can be explained by the s t r u c t u r e  of this Gr ignard  
reagen t  as  a s t rongly  ionic r e sonance  hybr id  [5]. The o c c u r r e n c e  of the reac t ion  at  one nucleophilic cen-  
t e r  or  another  of this hybr id  depends on the na ture  of the reagen t  and the reac t ion  conditions.  

The p r e sen t  invest igat ion was c a r r i e d  out to de t e rmine  the influence of the r e p l a c e m e n t  of one 
ethoxy group  in diethyl oxala te  by an a ry lhydraz ine  r e s idue  on the c o u r s e  of the reac t ion  with indolylmag-  
nes ium hal ides .  We have shown that indoly lmagnes ium bromide  r e a c t s  with ethyl e s t e r s  of a ry lhydraz ides  
of oxalic acid at a ra t io  of 3 : 1  to f o r m  goodyie lds  o f a r y l h y d r a z i d e s  of N-indolylglyoxil ic  acid (when the 
amount  of Gr ignard  reagen t  is inc reased ,  res in i f ica t ion  takes  place).  

+' CsH6NMgBr N~ 
ArNHNHCOCOOC2 H ~ ArNHNHCOCO-- 

Even a f t e r  the f i r s t  c rys ta l l i za t ion ,  the subs tances  mel ted  in a n a r r o w  range,  which shows the individ- 
ual i ty of the compounds obtained and the absence  of contaminat ing 2- o r  3-C i s o m e r s .  

The subs tances  synthes ized (Table 1) a r e  l ight yel low c r y s t a l s  insoluble in water ,  spar ingly  soluble 
in e ther ,  and readi ly  soluble in benzene,  toluene,  ethanol,  and glacia l  acet ic  acid. The i r  benzoyl  d e r i v a -  
t ives  (Table 1) a r e  co lo r l e s s .  Benzoylation led only to monobenzoyl  de r iva t ives  with the acyl  r es idue  a t -  
tached to the hydraz ine  ni t rogen,  which conf i rms  the s t r u c t u r e  of compounds I. 

In the IR spec t r a  (Fig. 1) taken in solution, for  compound I in the 3000 cm -1 region the re  a r e  bands 
with f requenc ies  of 3426, 3330-3340and 3175 cm -1, and on pass ing  to the c ry s t a l s  the re  is a lowering 
of the f requency of the f i r s t  two bands connected with the inclusion of the NH groups  of the hydraz ine  pa r t  

*For  Communicat ion LXVI, see  [1]. 

Gorkii  P e r m  State Univers i ty .  T rans la t ed  f r o m  Khimiya Getero ts ik l icheskikh  Soedinenii, Vol. 6, No. 
8, pp. 1079-1082, August,  1970. Original a r t i c l e  submit ted  June 17, 1968. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1007 



TABLE 1 ArNffNHCOCO--N~ 
, N,% 

Empirical formula found catcu- 
lamd 

Ar mp, "C 

CsHs 
o-CH~C6H4 
m-CHaCsH4 
p-CH~CsH4 
o-CH~OC~H4 
3,4- (CH~)~C~H~ 
o-CIC~H4 
rn-CIC~H~ 
p-CIC~H~ 
o-BrC~H4 
m-BrC~H4 
p-BrC~H, 

160--161 
158--159 
152--153 
164--165 
143--14'4 
179--180 
153--154 
170--171 
190--191 
173--174 
175--176 
183--184 

CI6H]3N~O~ 
C]?HIsN302 

-CITH]sN30~ 
C~THlsN30~ 
CiTHIsN303 
C~sH~TNaO~ 
C~,H~CIN~O~ 
Ct~H~2CINaO~ 
C~H~2C1N~O~ 
C ~H t2B rN~O~ 
C~H~BrN~O~ 
C~HI~BrNsO~ 

15,4 
14,2 
14,2 
14,0 
13,3 
13,9 
13,7 
13,6 
13,7 
11,5 
ll,4 
11,9 

15,0 
14,3 
14,3 
14,3 
13,6 
13,7 
13,4 
13,4 
13,4 
I 1,7 
ll.7 
l 1,7 

*Solvent for crysta l l izat ion:  toluene. 
t Solvent: glacial acetic acid. 
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Fig. 1. IR spec t ra  (the dashed 
line shows the spect ra  of 0.2 
solutions in CC14,/5 ram): 1) 
phenyl-,  2) o- to ly l - ,  3) o - b r o m o -  
phenylhydrazides of N-indolyl-  
glyoxilic acid;  4)/~-phenylhyd- 
razide of N-indolylglyoxilic 
acid. 
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of the molecule in hydrogen bonds. In these c i rcumstances  the f r e -  
quency of the third does not change, and this band is also present  in 
the benzoyl derivative.  It may be assigned to the s tretching vibrations 
of the CH bonds of the pyr ro le  par t  of the indole ring. In the 1600 
cm -t region for compound I the re  are  two bands of carbonyl groups the 
frequencies of which r i se  in solution in view of the l iberation of the 
carbonyls  f rom hydrogen bonds. The benzoyl derivat ive has yet  ano- 
ther  carbonyl band. Because of the absence of substituents in posi-  
tions 2 and 3 of the indole ring, in the compound studied there  is a 
band at 720-730 cm -l  corresponding to the cis  Ctt--CH group in the 
indole ring [6]. 

To confi rm the s t ruc ture  of the compounds I synthesized,  the 
NMR spect rum of the phenylhydrazide of N-indolylglyoxilic acid was 
obtained (it was recorded  and interpreted by L. M. Alekseeva, to 
whom the authors express  their  deep gratitude). In the NMR spec t rum 
(Fig. 2), the signals of the protons of the benzene and indole r ings a r e  
found in the region f rom 6.5 to 8.5 ppm. F r o m  the general  pat tern it 
proved possible to isolate two doublets at 6.7 and 7.94 ppm with a 
spin-spin coupling constant of 3.5 Hz. This value of the constant 
agrees  with the value of Jc~ R of the pyr ro le  ring of indole [7]. This 
permits  the doublet at  7.94 ppm to be assigned to the s - p r o t o n  and the 
doublet at 6.7 ppm to the fl-proton of the pyr ro le  ring of indole and to 
deduce that compounds I a re  N-substituted indoles. 

In the UV region (Table 1 ) for compounds I two maxima are  
observed which differ somewhat in wavelength and extinction accord -  
ing to the nature of the aryl  res idue attached to the nitrogen, which is 
analogous to the UV spect ra  of N-acetylskatole  [8] and N-acety l -2 ,3-  
dimethylindole [9]. 

On react  ion with arylmagnes  ium halides, e ompounds I are  c onve rted into arylhydraz  ides of diaryl-  
glycolic acids, like te r t ia ry  amides of carboxylic acids, which on react ion with organomagnesium compounds 
give ketones [10]. In our case,  the arylhydrazide  of an ~-oxo acid formed initially r eac t s  with an excess of 
the Grignard reagent  to fo rm a te r t ia ry  alcohol group: 
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UV spectrum (in ethanol) 

Z:l~ ~' logs Z;a m '  log g 

244 
240 
244 
242 

246 
244 
246 

4,40 288 
4,41 290 
4,34 290 
4,39 292 

47;0 
4,32 
4,42 
4,43 

3,85 
3,84 
3,84 
3,84 

290. 3,90 
292 3,87 
288 3,94 
294 3,88 

Yield, 
% .mp, "C* 

88 
60 
85 
98 
82 
97 
72 
45 
52 
84 
97 
82 

224--225t" 
178--179 
148--I49 
196~197 

159--160 

208--209? 

13enzoyl derivatives 

empirical formula 
found 

11,2 
I0,3 
10,3 
10,5 

9,1 

C~HI7NsOa 
Ce4HIgN303 
C24HIgNsOs 
C24HIgNsOa 

C2~H~N~O3 

C~3HtqBrN30~ 

N,% 

calcu- 
lated 

10,9 
10,6 
10,6 
10,6 

9,I 

T A B L E  2. 

x R mp, ~ Yield,% 

H 
H 
H 
H 

o-CH3 
o-CHs 
p-CH3 
p-ells 

o-CH30 

C6H5 
~-CHaC6H4 
?-CIC6H4 
C6HsCH2 

9-CHaC6H4 
C~HsCH= 

C6H5 
v-CHsC6H4 

C6Hs 

143--I44 
168--169 
168--169 
210--212 
174--176 
198--200 
161--163 
150--152 
206--207 

75 
60 
90 
58 
99 
62 
46 
89 
80 

dlPr~ 

L 
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Fig .  2. NMR s p e c t r u m  of the  p h e n y l -  
h y d r a z i d e  of N - i n d o l y l g l y o x i l i c  ac id .  

+ RMRBr + RMgBr 
ArNHNHCOCONCsH 6 ArNHNHCOCOR ~ ArNHNHCOC(OH)R 2 

- -  B r M g N C s H  6 + H 2 0  

The  c o m p o u n d s  o b t a i n e d  a r e  shown in T a b l e  2 and a r e  i d e n t i c a l  with the  c o m p o u n d s  ob t a ined  by  the  
r e a c t i o n  of  e thyl  e s t e r s  o f  a r y l h y d r a z i d e s  of  o x a l i c  a c i d  with a r y l m a g n e s i u m  h a l i d e s  [11-15]o T h e i r  iden t i ty  
was shown by m i x e d  m e l t i n g  po in t  t e s t s  and  UV s p e c t r a .  A r y l h y d r a z i d e s  of N - i n d o l y l g l y o x i l i c  a c i d  do not  
r e a c t  with a l k y l m a g n e s i u m  h a l i d e s  and with o ~ - t h i e n y l m a g n e s i u m  b r o m i d e s .  

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

P h e n y l h y d r a z i d e  of  N - I n d o l y l g l y o x i l i c  A c i d .  An e t h e r e a l  s o l u t i o n  of  7.0 g (0~ m o l e )  of indo le  was  
a d d e d  to the  e t h y l m a g n e s i u m  b r o m i d e  o b t a i n e d  f r o m  2.9 g (0.12 g - a t . )  of  m a g n e s i u m  and 13.1 g (0.12 m o l e )  
of  e thy l  b r o m i d e ,  and the  m i x t u r e  was  h e a t e d  on the  w a t e r  ba th  f o r  1 h r .  Then 4.2 g (0.02 m o l e )  of the  
e thyl  e s t e r  of the  p h e n y l h y d r a z i d e  of o x a l i c  a c i d  [11] was  added ,  and  the  r e a c t i o n  m i x t u r e w a s  h e a t e d  fo r  
1 h r  and d e c o m p o s e d  with d i l u t e  a c e t i c  a c i d .  The  r e a c t i o n  p r o d u c t  p r e c i p i t a t e d .  Y ie ld  4.9 go Found ,  %: 
C 68.7;  H 5.0. C a l c u l a t e d  fo r  Cl~HI3N302, %: C 68.8;  t t  4.6. Found :  2 a c t i v e  h y d r o g e n  a t o m s .  

The  o t h e r  c o m p o u n d s  I w e r e  o b t a i n e d  s i m i l a r l y  f r o m  the a p p r o p r i a t e  e s t e r s  (Tab le  1). 
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The ~-aryl-fi-benzoyl hydrazides of N-indolylglyoxilic acid were obtained by heating a benzene solu- 
tion of one of the arylhydrazides with benzoyl chloride (see Table 1 ). 

Phenylhydrazide of Benzilic Acid. 2.8 g (0.01 mole) of the phenylhydrazide of N-indolylglyoxilic acid 
was added to the Grignard reagent obtained from 1.2 g (0.05 g-at) of magnesium and 7.9 g (0.05 mole) of 
bromobenzene. The reaction mixture was heated for 40 min and was decomposed with dilute hydrochloric 
acid. Yield 2.4 g. A mixture with the substance obtained as described previously [11] gave no depression 
of the melting point (see Table 2). The IR spectra were measured on an IKS-14 spectrophotometer for 
mulls in paraffin oil and solutions in CC14. The NMR spectra were taken on a 4tt-100 spectrometer  in a mix- 
ture of dimethyl sulfoxide and CC14 and with the addition of CD~OD. The UV spectra were obtained on an 
SF-4 spectrophotometer. 
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