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Investigation of the thermal stability of halogenometalalkoxides ob- 
tained by reacting Grignard compounds with esters of oxalic acid and 
containing an indolyl group, is continued. Despite the aromatic nature 
of the indolyl radical, the ordinary decomposition of the halogenomag- 
nesiumalkoxides with splitting off of aldehyde (ketone) does not take 
place at 40~ ~ C. This is due to hydrogen bonding between hydro- 
gen on the nitrogen and the alkoxy group. The IR spectra of the esters 
of N-indolyl- and cr acids synthesized are investiga- 
ted. The latter are shown to contain a hydrogen bond between the NH 
group hydrogen and the carbonyl group. 

Cont inuing  a study of the t h e r m a l  s tab i l i ty  of ha lo -  
genometa la lkox ides  [1] fo rmed  by t r ea t ing  oxalic acid 
e s t e r s  with G r i g n a r d  reagen ts ,  it has been shown that 
these  compounds ,  where  an indolyl  group e n t e r s  into 
t he i r  compos i t ion ,  differ  f rom s i m i l a r  compounds  con-  
ra in ing  alkyl,  aryI ,  a l icye l ic  [2], and a lkyle thynyl  [3] 
r ad ica l s .  

If at 40~ ~ C the l a t t e r  are  read i ly  decomposed  
accord ing  to the equat ion 

RMgX + R'CH~OCO--COOCH2R' 

OMgX O,',lgX 
,- r - c - coocm_r '  - ~  r - c -  coocn2r' + r,cno, 

OClt,R' I1 

complexes  con ta in ing  the c~- or  N- indoly l  r ad ica l  a re  
unchanged ove r  the same  t e m p e r a t u r e  range ,  despi te  
the a roma t i c  c h a r a c t e r  of the indolyl  group.  This  is 
expla ined  by the s t ab i l i z ing  act ion of a hydrogen bond 
a r i s i n g  in the r e su l t an t  complex.  

~--COOCH2R -mgxmH~ c-cooc.,~ 
H --- OCH2R --RCH2OH H --- O 

F o r  c l e a r  r ea sons ,  when the complex  con ta ins  an 
N- indoly l  rad ica l ,  it does not lose the aldehyde.  Hy- 
drogen  bonding is obse rved  in the e s t e r s  of a - i n d o l y l -  
glyoxyl ie  acid which a re  the p roduc t s  of this  reac t ion ,  
t h e i r  IR s p e c t r a  showing this  (see f igure) .  

With e s t e r s  of c~-indolylglyoxylic acid,  the f r equency  
of the NH group va lence  v ib r a t i ons  (3200-3160 cm-~) 
is  c o n s i d e r a b l y  l e s s  than that of the v ib ra t ions  of a f ree  
NH group [4], because  of hydrogen  bonding be tween the 
hydrogen atom of the NH group and the oxygen atom of 
the ketone ca rbony l  group.  Na tu ra l ly  there  is  an ab-  
sence  of absorp t ion  in th i s  region  with e s t e r s  of N - i n -  
dolylglyoxyl ic  acid.  

The o c c u r r e n c e  of hydrogen bonding in the f i r s t  
g roup  of compounds  is indica ted  by the fact that the 

*For P a r t  XVIII see [12]. 

f r equency  of the ketone ca rbony l  v ib ra t ions  (1625- 
1617 e m - l )  is l e s s  than in compounds not conta in ing  
a hydrogen bond [4], and on the o ther  hand close  to 
the f requency  data  for  the absorpt ion  of the compounds  
not conta in ing  a hydrogen bond [5]. 

The IR spe c t r a  of e s t e r s  of ~- indoly lg lyoxyl ic  acid 
have a s t rong  peak n e a r  1730 c m  -~, to be ass igned  to 
va lence  v i b r a t i o n s  of e s t e r  carbonyl .  With the e s t e r s  
of N- indolylg lyoxyl ic  acid the value is  a l i t t le  h igher  
(1725-1748 cm-1).  E s t e r s  of ~- indoty ig lyoxyl ic  acid 
also give a s t rong  peak in the 1585 cm -1 region,  due 
to de format ion  v ib ra t ions  of the N--H bond, but  these 
l ines  are  lacking with e s t e r s  of N- indolylg lyoxyl ic  
acid. 

Under  o r d i n a r y  condi t ions  the r eac t ion  between (~- 
i n d o l y l m a g n e s i u m  b r o m i d e  and e s t e r s  of oxalic acid 
(heating for  2 h r  in e the r  solution) g ives  a m ix tu r e  of 
esters of N-indolyl- and a-indolylglyoxylic acids in 
almost equimoleeular amounts (see table). 

Raising the reaction temperature (2 hr refluxing in 
toluene) gives almost solely esters of a-indolylglyoxy- 
lic acid (64%), the second product being formed in 6% 
yield. On the other hand with 30 minutes heating in 
ether the main reaction products are esters of N-in- 
dolylglyoxylic acid (49%), esters of a-indolylglyoxlic 
acid being formed to the extent of 8%. 

The reaction could give two isomers, ~ and/3, but 
only (~ isomers are obtained. This was shown as fol- 
lows. When all the esters of indolylglyoxylie acid syn- 
thesized were saponified (with the exception of the N- 
indolylglyoxylic acid one), one and the same indolyl- 
glyoxylie acid, (rap 223~ ~ C) was obtained. By 
fusing with KOH at 220 ~ C it was eonvertedto a-indolyl- 
carboxylie acid, whose structure is proved by the 
Fischer synthesis from pyrotartarie acid phenylhydra- 
zone [6], as well as by syntheses of Reissert [7] and 
Granacher [8]. The esters of c~-indolylglyoxylic acid 
synthesized are also converted to indolyl earboxylic 
acid  by oxidation with aqueous  KMnO~. 

Ma j ima  and c ow or ke r s  [9] inves t iga ted  the reac t ion  
of ~ - i n d o l y l m a g n e s i u m  b r o m i d e  with e s t e r s  of oxalic 
acid,  and obtained N, N-oxaly l indole ,  N, f l - ( indo ly lg ly -  
oxyl) indole,  and in ve ry  sma l l  amount  the e s t e r  of e -  
indolylglyoxyl ic  acid,  which he mis took  for the /9 i so -  

m e r .  

EXPERIMENTAL 

General method. An ether solution of indole (0.I mole) was added 
to an ether solution of EtMgBr (0.1 mole) and the mixture heated for 
30 rain. The resultant solution of MgBt indole was added to a solution 
of the ester of oxalic acid dissolved in the same volume of solvent and 
the whole heated for 2 hr. The products were then hydtolyzed with 10% 
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I R  s p e c t r a :  1)  n -  P r o p y l  ~ - i n d o l y l g l y o x y l a t e  ( in  v a s e l i n e ) ;  

2 )  n - p r o p y l  a - i n d o l y l g l y o x y l a t e  ( in  CC14);  3)  e t h y l  N - i n -  

d o l y l g l y o x y l a t e .  

HC1, and the ether layer containing the solid ester of c~-indolylglyoxy- 
lic acid separated off from the water layer. The solid was filtered off 
and purified by recrystallization from toluene. The filtrate was washed 
with 10% NaHCO 3 solution, then with water, and dried over anhydrous 
NazSO ~ After distilling off the ether, the ester of N-indolylglyoxylic 
acid was purified by vacuum distillation. When dimethyl  oxalate was 
reacted, a second precipitate formed after the bicarbonate and water 
washings; it was N, N-diindolytdiketone, mp 15~ ~ C. The literature 
gives [10] mp 154"-156 ~ C. Found: N 9.58%, calculated for ClsHI2N2Oz: 
N 9.71%. 

As was already stated, with 30 rain heating the main reaction prod- 
uct is the ester of N-indolylglyoxylic acid. 

The MgBr indole prepared by mixing ether solutions of EtMgBr and 
indole (30 rain heating), is usually a mixture of N-indolyl and c~-in- 
dolyl MgBr. 

The ether was replaced by toluene and refluxing was then continued 
for 30 min more. The first isomer was almost  completely converted to 
the second, tf the ester of oxalic acid is added to this, and the toluene 
solution refluxed for 2 hr, esters of a- indolylglyoxyl ic  acid are formed 
along with a trace of esters of N-indolylglyoxylie acid. 

Saponification of the esters of N-indolylglyoxylic acid with 10% 
KOH gives indole, mp 52 ~ C, and oxalic acid mp 189 ~ C. Oxidation 
of the esters with KMnO 4 solution gives (x-indolyl carboxylic acid, mp 
203~ ~ C (ex aqueous MeOH [6]), Undepressed mixed mp with the 
a - indoly l  carboxlic acid obtained by Fischer's method. Saponification 
of esters of c~-indolylglyoxylic acid gives a- indolylglyoxyl ic  acid mp 
224~ ~ C (ex benzene), agreeing with the literature value [11]. 
Found: N 7.31%, calculated for C10HTNOa: N %40%. 

Fusion of c~-indolylglyoxylic acid with KOH at 200" C gave c~-in- 
dolyl carboxylic acid mp 203"-204 ~ C. 

The IR spectrum were observed with a twin-beam UR-10 recording 
instrument,  over the range 3800-?00 cm -l. The spectra of the esters 
of N-indolylglyoxytic acid were determined using the liquids, those of 

c~-indolylglyoxylic acid as a vaseline mull,  and CC14 solution (con- 
centration 0.05%, layer thickness 10 mm). 
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