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The synthes is  of 2 -subs t i tu ted  3-acyl indoles  by va r ious  methods  is desc r ibed .  It has  been 
shown that branching both in the rad ica l  of the acyl group and in the substi tuent  in posi t ion 
2 c r e a t e s  h indrance for  e lec t rophi l ic  a t tack .  

The ortho effect ,  which has  been well  studied for  s i x - m e m b e r e d  a roma t i c  compounds,  does  not a lways 
appea r  in f i v e - m e m b e r e d ,  e spec ia l ly  he te rocyc l i c ,  s t r uc tu r e s  since the dis tance between the subst i tuents  
and the angles  between the d i rec t ions  of the bonds di f fer  f r o m  those in the cor responding  benzoid sy s t ems .  
F o r  example ,  e lec t rophi l ic  subst i tut ion in posi t ion 3 of indo le -2 -ca rboxyl ic  acids encounters  p r ac t i c a l l y  no 
s t e r i c  hindrance as  com pa red  with unsubst i tuted indole [1]. At the same  t ime ,  the carbonyl  groups  in 3-  
acyl indoles  have been found to show anomalous  behavior ,  and when there  is a subst i tuent  in posi t ion 2 they 
do not r ead i ly  take par t  in the o rd ina ry  reac t ions  of ketones  [2]. The i r  IR spec t r a  have cons iderable  ab-  
sorpt ion at the f requency  of the carbonyl  group [3, 4]. Spect roscopic  r e su l t s  indicate the p r e s e n c e  of s t rong 
conjugation of the carbonyl  group with the indole nucleus,  although when a neighboring substi tuent is p r e s -  
ent it is poss ib le  to cons ider  that the carbonyl  group depa r t s  f r o m  conjugation to some extent.  The in t ro-  
duction of a voluminous subst i tuent  into posi t ion 2 should d is turb  this conjugation substant ia l ly  and the reby  
give information on the fine s t ruc tu re  of the molecule .  In view of th is ,  we have p e r f o r m e d  the synthes is  of 
a n u m b e r  of s t e r i ca l ly  hindered 3-acyl indoles .  

3 - F o r m y l - 2 - a l k y l i n d o l e s  we re  obtained by the V i l s m e i e r  fo rmyla t ion  of 2 - m e t h y l -  and 2 - t e r t - b u t y l -  
indoles.  In this  p r o c e s s  there  is no poss ib i l i ty  of the prolonged e l iminat ion of the d imethylamine  fo rmed ,  
as desc r ibed  for  indole i tself ;  the reac t ion  p roduc t s  c rys t a l l i ze  v e r y  rap id ly  in a f a i r ly  pure  state.  The 
substi~uents in posi t ion 2 have a substant ia l  influence on the yield of the reac t ion  product .  Thus,  on pass ing  
f r o m  2-methyl indole  to 2 - t e r t -bu ty l indo le  the yield fal ls  by 15%. This  influence is still  more  cons iderable  
on ace ty la t ion  with d imethy lace tamide  where  the s t e r i c  r e q u i r e m e n t s  of the reagent  a r e  cons iderab ly  
g r e a t e r .  While 2-methyl indole  a c e t y l a t e s  with a yield of 75%, the reac t ion  with 2 - te r t -bu ty l indole  under  the 
same conditions takes  place  to the extent of only 5%. An inc rea se  in the t ime of the reac t ion  and a ra i s ing  
of its t e m p e r a t u r e  did not lead to an i m p r o v e m e n t  in the yield.  

14 H 

R=H, CH3; R'=CH 3, t-C4H ~ 

The introduction of a b romine  a tom into posi t ion 5 of the indole molecule  obs t ruc t s  aeylat ion in 
posi t ion 3; the act ion of d ime thy l fo rmamide  and of phosphorous  oxychlor ide  on 5 -b romo-2 -me thy l indo le  
leads  to only 75% formyla t ion ,  while for  2-methyl indole  the yield under  the s a m e  conditions is 95%. There  
is p r a c t i c a l l y  no acetyla t ion of 5 -b romo-2 -me thy l indo l e  under  the action of d imethylace tamide  and phospho-  
ru s  oxychlor ide ,  only t r a c e s  of 3 - a c e t y l - 5 - b r o m o - 2 - m e t h y l i n d o l e  being fo rmed .  This  is apparen t ly  a r e -  
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TABLE 1. Absorpt ion Maxima in the IR Spectra of 3-Acylindoles 
(1700-1550 cm -t  region,  in paraffin oil) 
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sult of the I effect of the halogen atom in position 5 of the benzene par t  of the molecule,  f rom which the in- 
fluence of substituents is t r an s f e r r ed  par t i cu la r ly  s t rongly to the pyr ro te  part  of the indole nucleus [1]. 

The Hoesch synthesis  enabled an acetyl group to be introduced into position 3 of 2-methylindole,  and 
under  more  severe  conditions it was possible to acylate 2-methytindole with butyroni t r f le  and isobutyro-  
nitri le,  giving 3-butyryl  and 3- i sobutyry l -2-methyl indoles .  The use of the nitri le with the s te r ica l ly  more  
hindered ni t r i le  group sharply lowers  the yield of acyl derivat ive (from 78 to 25% under identical conditions). 

c~ 3 H20 x " ~ / \ N / x C  H3 
H tt 

R=CH3, n'C3HT, i-C3H 7 

When dry  hydrogen chloride is passed through an ethereal  solution of 2- ter t -butyl indole  and acetonitrf le 
(the usual conditions of the Hoesch reaction),  a sa l t - l ike  compound separa tes  out which is converted quanti- 
ta t ively by the action of water  or  t r ie thylamine into the initial 2- ter t -butyl indole .  This sal t - l ike compound 
is apparently the product of the protonation of 2- ter t -butyl indole ,  since its PMR spec t rum (in CF3COOH) 
has the signal of an aliphatic methylene group (4.41 ppm) and the singlet signal of a te r t -buty l  group (1.50 
ppm). 

By the acylation of 2-methylindole with diketene, followed by hydrolys is ,  we obtained a good yield of 
3-ace ty l -2-methyl indole ,  but it was impossible  to acylate 2- ter t -butyl indole  in position 3 by this method 
ei ther ,  which conf i rms  the considerable  s ter ie  hindrance to electrophil ic  attack in this compound. Thus,  
both diketene and the imidic chloride (in the Hoesch synthesis) present  high s ter ic  demands.  

2- ter t -Butyl indole ,  position 3 of the indole nucleus of which cannot be attacked by these reagents  for  
s te r ic  r easons ,  can be acylated only by means of the Vi l smeie r  reagents .  It is possible that here ,  also, 
there  is competit ion with protonation. A proton,  the s ter ic  demands of which are minimal ,  at tacks the in- 
dole nucleus p r imar i ly  but, in the case of 2- ter t -butyl indole ,  this p roces s  takes place far  more  rapidly than 
the attack of the acylium cation or  of analogous reagents ,  and the carbocat ion  formed leaves the react ion 
sphere in the form of salt. 

In a number  of papers  on the IR spec t roscopy of 3-acyl indoles ,  at tempts have been made to assign the 
f requencies  in the 1550-1680 cm -I region and to isolate the intrinsic frequencies  of the vibrat ions of the 
carbonyl group [3, 4]. However, when a long chain of conjugation is p resen t  in this type of s t ruc ture ,  
which are  vinylogs of amides ,  it is ex t remely  difficult to make this t)3oe of ass ignment  (see, for  example,  
[5]). The IR spec t ra  of the 3-acyl indoles  that we obtained have doublets in the 1580-1640 cm -I region (in 
paraffin oil; see Table 1). This is in ha rmony  with previous  [3] information for 3-acyl indoles .  On passing 
f rom paraffin oil to ch loroform or  dioxane, the doublet nature of the absorption disappears .  This doublet 
is apparently connected with the absorption of the carbonyl  group and is determined by the crys ta l  packing 
of the molecules  in the solid state.  In solution, the band is shifted by 30-40 cm -t  in the h igh-f requency 
direction,  which is due to the p resence  of in termolecular  hydrogen bonds in the solid state. Even in solution, 
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this  s ignal ,  which may  be ass igned to the carbonyl  group,  is not s y m m e t r i c a l ,  and on carefu l  invest igat ion 
a shoulder  is found. 

The introduction of a methyl  group into posi t ion 1 can hard ly  affect  the carbonyl  posit ion s t e r i ca l ly ,  
but it can change the degree  of conjugation and exclude a hydrogen bond. In actual fact ,  on pass ing  f r o m  3- 
f o r my l -2 -me thy l i ndo l e  to 3 - f o r m y l - l , 2 - d i m e t h y l i n d o l e  the region of the absorp t ion  of the carbonyl  group 
shif ts  by 30 cm -1 in the h igh- f requency  d i rec t ion  and i ts  doublet na ture  d i s appea r s .  

The spec t ru m  of 3 - ace t y l -2 - t e r t - bu t y l i n do l e ,  which has  only one band (1635 cm -i) even when the 
s p e c t r u m  is  r eco rded  in paraf f in  oil,  is somewhat  anomalous .  

In view of the poss ib i l i ty  of s e r ious  e r r o r s  in the ass ignment  of the f requenc ies  for  this  type of con- 
jugated s t r u c t u r e s ,  we have been unable,  on the bas i s  of the r e su l t s  of IR spec t roscopy ,  to give an eva lua-  
t ion of the s t e r i c  a r r a n g e m e n t  of acyl g roups  in the 3-acyl indoles .  This  question will be the subject  of a 
specia l  invest igat ion.  

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

In all c a s e s ,  the pur i ty  of the subs tances  was  checked by t h in - l aye r  ch roma tog raphy  [alumina of 
ac t iv i ty  g rade  II; b e n z e n e - e t h a n o l  (9 "1) sys tem] .  

2 - t - B u t y l - 3 - f o r m y l i n d o l e .  2.3 ml  (0.03 mole) of f r e sh ly  dis t i l led d ime thy l fo rmamide  was  cooled with 
a mix tu re  of ice and sal t  for  30 rain, and then, with s t i r r ing ,  0.7 ml  (0.008 mole) of f r e sh ly  dis t i l led phos -  
phorous  oxychlor ide  was  added dropwise  ove r  30 rain. The solution became  yellow, and over  an hour  a solu- 
t ion of 1.2 g (0.007 mole) of 2- t -buty l indole  in 0.9 ml  of d ime thy l fo rmamide  was  added to it, the t e m p e r a t u r e  
being kept at 0 to 5~ The w e l l - s t i r r e d  v i scous  reac t ion  mix tu re  was  heated  to 35~ s t i r r ed  for  1 h 30 min 
at this  t e m p e r a t u r e ,  and t r ea t ed  with 4 g of c rushed  ice.  Then it was  poured into a 250-ml  f lask and 2 g of 
ice and, with v igorous  s t i r r ing ,  15 ml of 20% caust ic  soda solution were  added. St i r r ing was continued for  
another  30 min,  and the p rec ip i t a te  that had deposi ted was f i l te red  off, ca re fu l ly  washed with wa t e r ,  and 
dr ied .  Yield 1.1 g (80%), mp 224~ After  r ec rys t a l l i za t ion  f r o m  ethanol,  the mel t ing point did not change. 
Found %: C 77.72; H 7.46. C13HisNO. Calculated %: C 77.61; H 7.46. Co lo r l e s s  c r y s t a l s  r ead i ly  soluble 
in pyr id ine ,  dioxane,  and dimethyl  sulfoxide,  l e s s  r ead i ly  in ethanol and acetone.  

3 - F o r m y l - 2 - m e t h y l i n d o l e  was  obtained s i m i l a r l y  f r o m  2 g (0.015 mole) of 2-methyl indole ,  7.2 ml  
(0.093 mole) of d ime thy l fo rmamide ,  and 1.53 ml (0.0167 mole) of phosphorus  oxychlor ide.  Yield 2.2 g (95%), 
mp  204~ ( f rom ethanol).  L i t e r a t u r e  data [6]: mp 200~ 

5 - B r o m o - 3 - f o r m y l - 2 - m e t h y l i n d o l e  was synthes ized in the same  way,  but the addition of the solution 
of 5 -b romo-2 -me thy l indo l e  was c a r r i e d  out at 6-7~ The yield of substance  f r o m  1 g (0.005 mole) of 5- 
b r o m o - 2 - m e t h y l i n d o l e ,  2.3 ml  (0.03 mole) of d ime thy l fo rmamide ,  and 0.5 ml  (0.005 mole) of phosphorus  
oxychlor ide  was 1.1 g (75%), mp 263~ ( f rom ethanol).  Found %: C 50.11; H 3.35. C10HsBrNO. Calculated 
%: C 50.42; H 3.36. 

3 -Bu ty ry l -2 -me thy l indo le .  A solution of 4 g (0.03 mole) of 2-methyl indole  in 6 ml of absolute e ther  
was  t r ea t ed  with 4.1 g (0.06 mole) o fbu tyron i t r i l e  and cata lyt ic  amounts  of anhydrous zinc chlor ide ,  a f t e r  
which d r y  hydrogen chloride was  pa s s ed  through the mix tu re  for  14 h. The solution gradual ly  became  v i s -  
cous and acqui red  a da rk  red  co lor .  It was  left overnight ,  and the c rys ta l l ine  substance that had deposi ted 
was  f i l te red  off, washed with e ther ,  and d isso lved  in wa te r ,  and the solution was brought to the boil and 
t r e a t e d  with a few drops  of  aqueous am m on i a  solution. An oil s epa ra t ed  out which, on fu r the r  boiling, 
solidified. Af ter  c rys ta l l i za t ion  f r o m  ethanol,  3.5 g (78%) of 3 -bu ty ry l -2 -methy l indo le  with mp 150-154~ 
was  obtained. Found %: C 77.51; H 7.46. C13H15NO. Calculated %: C 77.61; H 7.46. 

3 - I sobu ty ry l -2 -me thy l indo le .  A solution of 4 g (0.03 mole) of 2-methyl indole  in 14 ml of absolute 
e the r  was  t r e a t ed  with 4.6 g (0.065 mole) of i sobutyroni t r i le  and aca ta ly t i c  amountof  d ry  zinc chlor ide ,  and a 
cu r r en t  of d ry  hydrogen chlor ide was pa s s ed  through the mix tu re  fo r  12 h. The solution f i r s t  became  turbid 
and then a da rk  red  oil s epa ra t ed  out which went into solution again with the fu r the r  pa s sage  of hydrogen 
chlor ide .  After  the end of the p a s s a g e  of HC1, a smal l  amount of a c rys ta l l ine  substance deposi ted f r o m  the 
solution; this was f i l t e red  off and, a f te r  hydro lys i s  in the p r e s e n c e  of 2570 ammonia  solution, 150 mg of 3- 
i sobu ty ry l -2 -methy l indo le  was obtained. The e the rea l  f i l t ra te  was  ex t rac ted  twice with wa te r ,  and the aque-  
ous ex t rac t  was f i l te red  and, a f t e r  the addition of ammonia ,  heated to the boil.  This gave an additional 1.3 g 
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of 3-isobutyryl-2-methylindole. The total yield was 25%, mp 186~ pale yellow crystals, readily soluble 
in pyridine and dioxane, less readily in chloroform, acetone, and ethanol. Found %: C 77.22; H 7.51. 
Ci3H15NO. Calculated %: C 77.61; H 7.46. 

The other 3-acylindoles were synthesized by known methods. 
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