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The poss ib i l i ty  of d i rec t  amidomethyla t ion  of indole and some other  organic compounds with 
N-acy l immonlum sal ts  fo rmed  by reac t ion  of azomethines  with acylat ing agents was observed.  

In pr inciple ,  the  alkylat ion of indole with N-a lky l immonium sal ts  at the momen t  of the i r  fo rmat ion  is well 
known and widely used in organic  synthes is :  Mannich bases  and 3- formyl indoles  a r e  usual ly  obtained by this 

\ + 
method, and N-a lky l immonlum sa l t s  of the / C=NR2 type and the i r  analogs a re  used in situ as the alkylating 

agents .  The p r e p a r a t i o n  of 3-(2-piper idyl) indoles  by the action of N-alkyl  sa l ts  of 1 ,2 ,3 ,4- te t rahydropyr id ines  
[2] is a lso based on this pr inciple .  It s eemed  tempting to us to rea l ize  d i rec t  amidomethyla t ion  of indoles 
using N-acy l immonium sal ts  as  the alkylating agents.  Salts of this so r t  a r e  readi ly  fo rmed by the action of 
acyl halides on azomethines  in anhydrous aprot ic  solvents  under  conditions that exclude contact  with mois tu re .  
However,  no one has yet  isolated them p r e p a r a t i v e l y  [3]. 

It was found that  N-acy l immonium sa l t s  a re  s table  in the case  of weak nucleophilic anions such as SbC16". 
When other  nucleophiles a r e  absent,  other  anions rapidly reac t  with the immonium cat ions to give a a bond 
between them,  s i m i l a r  to what is obse rved  in the case  of pyr id in ium sal ts ,  but in this case  the reac t ion  is con- 
s iderably  m o r e  v igorous ,  Thus the halide anions in pyr idinlum sa l t s  par t i c ipa te  only in a weak d o n o r - a c c e p t o r  
in terac t ion  with the cations [4], and the iodide ion fo rms  a colored c h a r g e - t r a n s f e r  complex [5], but not one 
case  involving the fo rmat ion  of a (r bond with the ~- and ~/-carbon a toms of the pyr idine ring has been observed.  
However  in N-acy l immonlum sa l t s  addit ion of chlor ide  anions apparent ly  p roceeds  ex t r eme ly  rapidly to give 
e the r - so lub le  III.  
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Salt IV with anion SbCI~- proved  to be a quite s table  white c rys ta l l ine  compound that  is insoluble in e the r  
and other  nonpolar  solvents .  The band of s t re tch ing  vibrat ions  of the carbonyl  group of this compound is found 
at ~ 1700 cm -1, i .e. ,  it is shifted by 40-50 cm - I  as compared  with compounds of the III type.  The rCO band is 
usual ly  r ecorded  at 1750-1800 cm - I  in the s p e c t r a  of N-acyl  sa l t s  of t e r t i a r y  amines  and pyr id ines  [6]. This 
sor t  of d i f ference  in the posi t ion of the VCO band in the spec t r a  of N-acy l immonlum sa l t  IV as compared  with 
N-acy l ammonium sa l t s  evidently should be explained by the l a r g e r  contr ibut ion of r esonance  s t ruc tu re  IVb to 
the  ground s ta te  of the sal t .  This assumpt ion  is conf i rmed by an invest igat ion of the PMR spec t rum of sa l t  IV. 
Thus the signal of the methyl  group in the spec t rum of azomethine  I is found as a nar row doublet at 3.35 ppm, 
whereas  this signal in the spec t rum of sa l t  IV is shifted somewhat  to weake r  field (3.64 ppm).  Thus the shift  
of the signal due to adjacency of ths posi t ively  charged  ni t rogen a tom in the sa l ts  was 0.29 ppm. However,  the 
signal of the p ro ton  of the ~H group of sa l t  IV is shifted cons iderably  m o r e  marked ly  to the weak-f ield region 
(8.97 ppm) as  compared  with I, in the spec t rum of which this signal is found in the a roma t i c  pro ton  regionwith  
a mult iplet  centered  at  7.48 ppm (i.e., the shift  of the signal is ~ 1.50 ppm).  These  r e su l t s  a r e  in good a g r e e -  
ment  with the data in [7] fo r  protonated azometh ines .  

*See [1] fo r  a p r e l i m i n a r y  communicat ion.  
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TABLE I. fl-Amidomethyl Derivatives of Indole RC6HsCHR'COR" 

R R' 
o 

Va 3 -Indolyl !CHo 
Vb S4ndo19 fcoG 
Vc 2-Methy.1- ICGH~ 

3-indolyl I 
Vd 1-Methyl- IC6Hs 

3-indolyl [ 
Ve 3 -Indolyf C~,H5 

VI 2 3-Dil~vdro4CH3 
'1 -ind o'lyl| 

x ~2-Pyr~oZyl icm 

Empirical IRspec- [ ~-- Found. % Calc.. % trum. I,=" 
R" mp,'C* i cm I 1~ 

formula I C [HI  N C IHIN I COi NJI[b'~ 

CoH~ [ 196--JgS 9U!~4>;9I Saq ~,41 7.2i SS.GI 5,% 7,01 6:~o: ~4S( 60 
83,5 5,8] 6 7 G,~ 

C6H5 120--I-92 C.-,t-!~N~OI i 16331 -[ 30 

- - ' 1 8!2 59] 8.-9 t :i Ic ~:4. N 0 80.716.21 89 CH~ 15o-!5_o ~.~2,,~u 8o,5 s:4 83=a ;'=;:" <" so,7 l s: 0; [80 6'51 6"5 i 8.21 ]6":(f 311~75[ 69 

C~I-t5 133--135 C,gH,~N,~O 78,-9 6,0 10.0[ 78,616,2i 9.7 ~ 163@346~;164 

* Compound Va was recrys ta l l i zed  f rom b e n z e n e - p e t r o l e u m  ether  
(1 : 1), Vb and Vc were recrys ta l l i zed  f rom benzene, Vd, VI, and X 
were recrys ta l l ized  f rom diethyl ether,  and Ve was recrys ta l l ized  
f rom methanol.  

N-Methylacetamide and benzaldehyde are  formed by the action of water on salt  IV; this is s imi la r  to 
what is observed when mois ture  enters  the react ion mixture in the react ion of azomethine I with acetyl 
chloride in a i r  at room tempera ture .  

It was found to be more  convenient to use salts of the II type ra ther  than crYstalline compounds of 
the IV type for  the direct  amidomethylat ion of indoles. Thus we obtained salts of the II type, which are  
revers ib ly  converted to compounds of the Ill type, by reaction, in an atmosphere  of thoroughly dried inert 
gas,  of benzylideneaniline, benzylidenemethylamine,  o r  other  aaomethines with acyl chlorides at reduced 
t empera tu res  in absolute e ther  solutions. Cation IVa--*IVb,  which at the instant of its formation e lec t ro-  
philically attacks indole in the 3 posit ion to give amidomethyl derivatives V (Table 1), is formed when a 
mixture of t r ie thylamine,  pyridine, or  some other t e r t i a ry  amine and indole is added to the react ion mixtures .  

W h e n  we added indoline to the react ion medium in place of indole, we obtained the corresponding 
N-amidomethyl  der ivat ive of the VI type. However, when we  ca r r i ed  out the react ion in a i r  at room tem-  
pera ture  under  conditions that do not exclude contact with moisture ,  the salts undergo hydrolysis  to give 
acetamide o r  benzamides and products  (VII) of the react ion of the result ing aromat ic  aldehydes with indole. 

C6HS~/H < 
[C,"sC"=NRCOR']Ct ind~ R'CONItR * 

u ~ 

indol Vll 
t 6bl 

I n C6HsCHNRCOR' 
u V 

The [R spectra of V contain vCO bands (1630-1650 cm- i ) ,  VNH bands (3460 em-1), and bands of indole 
ring vibrat ions.  The well-known Erl ich tes t  for  indole is positive, and this also confirms the s t ructure  of 
the compounds obtained. The same compounds are  also formed by the action of azomethines in mixtures  
with acyl chlor ides  on indolylmagnesium bromide o r  indolylsodium. Compound Va was also obtained by 
dehydrogenation of the product  of amidomethylat ion of indoline VI with chloranil  (probably because of the r -  
mal r ea r r angemen t  of 1-substituted indole Via to derivative V). 

It was found that the alkylation of lndole proceeds  smoothly by means of N-alkyl immonium salts VIII, 
which are  readi ly  formed by quaternizat ion of azomethines:  

~6H5 

. [ C6HSCH2N(CH3),II i~dole ~ . ~ H  N (Ell3), 

I] 
VIII  IX 
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E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  of KBr pel le ts  o r  CHC13 solutions of the compounds were  r eco rded  with a UR-20 
s p e c t r o m e t e r .  The PMR spec t r a  of ace toni t r i le  solutions were  recorded  With a YaMP~5535 s p e c t r o m e t e r  
(operating f requency 40 MHz) at 25 ~ with t e t r ame thy l s i l ane  as the internal  s tandard.  T h i n - l a y e r  ch romatog-  
raphy (TLC) was c a r r i e d  out in a b e n z e n e - h e x a n e - c h l o r o f o r m  (6 : 1 : 30) s y s t e m  with development  by iodine 
vapor s  and UV light. 

N-Acety lbenzyl idenemethyl immonium Hexachloros t ibnate  (IV). A solution of 3.93 g (0.05 mole) of 
acetyl  chloride in 40 ml  of methylene chlor ide  was added dropwise at 0 ~ in a dry  ni t rogen a tmosphere  to a 
solution of 5.95 g (0.05 mole) of benzyl idenemethylamine  in 40 ml of dry methylene chloride,  a f t e r  which 
the solution was cooled to - 7 8  ~ and 9.95 g (0.05 mole) of SbC15 in 80 ml  of methylene chlor ide  was added.. 
The co lor  of the r e ac t i on  changed f r o m  red to yellow. The mix tu re  was s t i r r e d  for  1 h a f te r  which it was 
rapidly f i l tered in a dry  ni t rogen a tmosphe re  to give 14.0 g (56.3%) of a white c rys ta l l ine  substance v'ith 
mp 188-190 ~ IR spec t rum:  1680 cm -1 (C=O): PMR spec t rum (in CH3CN): 8,97 (1H, s, CH) 7.9 ~0.1 

(5H, m,  Ar), and 3.64 ppm (3H, d, N=CH,) Found: N 2.9%. CIoH12C16OSb. Calculated: N 2.8%. 

Typical  Method of Amidomethylat ion.  A solution of 0.05 mole  of acylchlor ide  in 20 ml  of dry e ther  
was added dropwise  with cooling to 0-5 ~ in a dry n i t rogen a tmosphe re  to a solution of 0.05 mole  of azo-  
methine  in 20 ml  of absolute  e the r  or  DMF, a f t e r  which the mix tu re  was allowed to stand at room t e m p e r a -  
tu re  for  2 h. It was then cooled again to 0 ~ a f t e r  which a solution of 0.05 mole  of t r i e thy lamine  (pyridine or  
quinoline) in 15 ml  of e ther  and 0.05 mole  of indole (indoline, py r ro l e  o r  o ther  alkylable substances)  in 15 
ml  Of e ther  we re  added with s t i r r ing .  The mix tu re  was then allowed to stand at room t e m p e r a t u r e  fo r  ] h, 
the prec ip i ta ted  t r i e thy lamine  hydrochlor ide  was separa ted ,  and the reac t ion  mix tu re  was decomposed with 
ammonium hydroxide.  The e the r  l a y e r  was col lected and dried,  the e the r  was removed  by disti l lation, and 
the res idue  was r ec rys t a l l i z ed  f rom a sui table solvent.  When DMF was used, the o r d e r  of isolat ion of the 
reac t ion  products  was different:  At the end of the react ion,  the mix tu re  was decomposed with ammonium 
hydroxide and ex t rac ted  with s eve ra l  por t ions  of e ther .  The e ther  ex t r ac t s  were  washed with dist i l led 
water ,  dried,  and evapora ted .  

We obtained the p rev ious ly  descr ibed  [8] VII by addition of acyl hal ides to azomethines  at room t e m -  
p e r a t u r e s  in a i r .  Under s i m i l a r  conditions in the reac t ion  of 3-indolideneanil ine,  benzoyl  chloride,  and 
indole we isolated a product  of r eac t ion  of indole and 3~formylindole of the VII type with mp 245-247 ~ 
(aqueous acetone).  Found: C 83.0; H 5.3; N 11.5%;M488.6 (mass spec t roscopica l ly) .  C34H24N 4. C a l c u -  
lated: C 83.4; H 5.0; N 11.6%; M 488.6. 

3-(N,N-Dimethylaminobenzyl idene)indole  (IX). A mix tu re  of 5.95 g (0.05 mole) of methyl  iodide and 
benzyl idenemethylamine  was heated at 80 ~ for  16 h, a f te r  which the resul t ing solid sa l t  VIII was dissolved 
in 20 ml  of absolute  DMF. Tr i e thy lamine  [4.95 g (0.05 mole)] and 5.85 g (0.05 mole) of [ndole we re  added 
to the solution, and the mix tu re  was s t i r r ed  at room t e m p e r a t u r e  for  1 h. It was then decomposed with 
ammonium hydroxide and ext rac ted  th ree  to four  t imes  with e the r  in smal l  po r t ions .  The e ther  ex t rac t s  
were  dried and evaporated,  and the oily res idue  was vacuum fract ionated with col lect ion of the f rac t ions  
with bp 164-166 ~ (6 ram).  A product  with Rf 0.65 was obtained in 25% yield. Found: C 81.1; H 7.2; N 116%. 
CITHIsN2. Calculated: C 81.6; H 7.25; N 11.2%. 
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