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On the bas i s  of data f r o m  the IR s p e c t r a  of 2 -ace ty l indo les  and the i r  p y r r o l e - r i n g - s u b -  
s t i tuted de r iva t ives  it is concluded that  these  subs tances  exis t  in CC14 solution p r i m a r i l y  
in the s - t r a n s  conformat ion .  

It has been  r epo r t ed  that  2 - a c y l p y r r o l e s  exis t  p r i m a r i l y  in the s - t r a n s  conformat ion  with r e s p e c t  to 
the re la t ive  posi t ion of the double bond of the he te ro r ing  and the ca rbonyl  group [1], while equi l ibr ium be-  
tween the s - c i s  and s - t r a n s  c o n f o r m e r s  is obse rved  fo r  2 -acy l fu rans  [2]. We a t tempted  to evaluate  the 
conformat ion  of 2 -ace ty l indo les ,  including N-subs t i tu ted ,  py r ro l e - r ing -C3-subs t i t u t ed ,  and s i d e - c h a i n - s u b -  
st i tuted (i.e., adjacent  to the carbonyl  group  in va r ious  posit ions) compounds,  consider ing that  this so r t  of 
subst i tut ion m a y  lead to d is rupt ion  of the coplanar i ty ,  as  is wel l  known fo r  o ,o ' -d i subs t i tu ted  benzene r ings .  
Dis rup t ion  of the cop lanar i ty  could occur  due to ro ta t ion  about the bond between the carbonyl  group  and the 
p y r r o l e  ring, and addi t ional  poss ib i l i t i es  fo r  the development  of conformat iona l  he terogenei ty  of the mo le -  
cule caused  by ro ta t ion  about the bond between the ca rbonyl  group and the CH2 R2 f ragment ,  as  was obse rved  
fo r  s i m i l a r  mode l s  [2], we re  c r ea t ed  in the case  of subst i tut ion in the methyl  group. A weak in t r amolecu l a r  
hydrogen bond between the ca rbony l  g roup  and the NH group  has been  noted in 2 - a c y l p y r r o l e s  [1], and it 
t h e r e f o r e  might  have been a s s u m e d  that  this so r t  of hydrogen bonding fo r  our  models  would lead to s tab i l i -  
za t ion  of the A conformat ion  (the s - t r a n s  form) ,  but it was e x t r e m e l y  r i sky  to draw a conclusion a pr ior i .  

We r e c o r d e d  and invest igated the IR spec t r a  of a s e r i e s  of 2 -acy l indoles  in the f o r m  of CC14 solu-  
t ions,  d i rec t ing  spec ia l  a t tent ion to the s t re tch ing  v ibra t ions  of the NH and C--O groups ,  which a r e  the mos t  
sens i t ive  to conformat iona l  t r a n s f o r m a t i o n s .  The f requenc ies  of the v ibra t ions  of the a roma t i c  ring were  
a lso  taken into account  (see Table  1). 
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A weak absorp t ion  band a t  ~ 3330 cm -1, which apparent ly  co r r e sponds  to the over tone  of the f requency 
of the ea rbonyl  group  in the conjugated C----C-C=O sys t em,  is obse rved  in the spec t r a  of all  of the c o m -  
pounds. The c h a r a c t e r i s t i c  cu rves  of the spec t r a  a r e  p resen ted  in Fig. 1. When these  spec t r a  a r e  c o m -  
pared ,  it is seen  that  the f requency  of the v ibra t ions  of the NH group in the 2-acy l indoles  is a lways 30 cm -1 
lower  than in the s p e c t r u m  of indole. Consequently,  the i n t r amolecu la r  hydrogen bond between the c a r -  
bonyl group  and the imino g roup  is e x t r e m e l y  weak. The fac t  that  the carbonyl  f requency  in the s p e c t r a  of 
N-me thy l - subs t i t u t ed  compounds (R 1 = CH 3) has p rac t i ca l ly  the s ame  value as in the spec t r a  of subs tances  
with an NH group  is a l so  evidence for  this .  We note that  the i n t e rmo lecu l a r  in teract ion of indole with ke-  
tones ( format ion of a c h a r g e - t r a n s f e r  complex) leads to a low-f requency  shift  of the f requency of the NH 
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TABLE i. IR Spectra of 2-Aeylindoles  
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Fig. i .  IR spectra of 2- 
acetylindoles in CCI 4 (5 �9 10 -3 
M): II) 2-aeetylindole; VII) 
2-chloroacetylindole; IX) 3- 
chloro-2 -chloroaeetylindole; 
X) 2-methoxyaeetylindole; XI) 
2 -hydroxyae etylindole. 

group of 100 em -i, and a considerably s t ronger  hydrogen bond between 
the ketone molecule and the phenol molecule [4] lowers the carbonyl  
f requency by 8-10 em -1. 

The spec t ra  of II-V contain single bands of a C----O group, the f r e -  
quencies of which are  charac te r i s t i c  for  alkyl aryl  ketones [5]. When a 
chlorine atom is introduced into the 3-posi t ion (VI) the f requency of the 
C----O group remains  pract ica l ly  unchanged as compared  with 2 -ace ty l -  
indole (ID. The ster ie  effect of the ortho interaction is genera l ly  weakly 
manifested in 2,3-disubst i tuted indoles in view of the deformation of the 
f ive -membered  ring, and the conformations of these two substances are  
apparently identical and cor respond  to the s - t r ans  form (structures A). 
In the case of the cis conformation (structure B), the introduction of a 
chlorine atom, which has a considerable  - I  effect, should lead to an in- 
c r ea se  in the carbonyl  frequency or  to the appearance of a second high- 
f requency band, as is observed in the spectra  of o-haloacetophenones 
[6]. Quantum-chemical  calculat ions show that considerable  negative 
charge  is concentrated in the 3-posi t ion of 2-formyl indole  [7], and this 
should cause e lec t ros ta t ic  repulsion of the unshared pair  of e lect rons  
of the oxygen atom and destabil izat ion of conformation B. In addition, 
the weak hydrogen bonding that was discussed above gives a cer ta in  
gain in energy, although it does not have a decisive effect. 

The introduction of a substituent (C1 or  CHsO) into the methyl 
group of the acyl group leads to splitting of the carbonyl  frequency into 
a doublet (VII-X); this is apparent ly  associa ted with internal rotat ion 
about the OC-CH2 R2 bond and with the existence of a mixture of ro ta -  
tional i somers ,  in one of which the carbonyl  group is disturbed by the 
effect of the field of the C - C 1  or  C - O C H  3 bond (Fig. 2). This sor t  of 

dis turbance leads to depolarizat ion of the carbonyl  group and an increase  in the f requency of its s tretching 
vibrat ions.  The high-frequency component of the doublet should therefore  be ass igned to conformation C, 
while the low-frequency component should be assigned to the conformation with an undisturbed carbonyl  
group (D). This sor t  of splitting of the carbonyl  f requency is observed in many spectra  of a - h a l o -  and a -  
alkoxycarbonyl  compounds (for example, see [8, 9]). In this case,  the relat ive intensities of the components 
of the doublet ref lec t  the relat ive percentages  of the conformers  in the mixture.  

The high-frequency component of the doublet of the C = O  group in the spectra  of VII and VIII is less 
intense than the low-frequency component. Consequently, these molecules  exist p r imar i ly  in the D con- 
formation.  The introduction of a chlorine atom into the pyrro le  ring (in the 3-position) leads to r ed i s t r i bu -  
tion of the intensities of these f requencies  in IX; this is evidence in favor of the substantial  shift of the 
C -~- D equil ibrium to the left. This can be explained by s ter ic  and e lect ros ta t ic  repulsion of the two chlo- 
rine atoms in the D conformation.  On the other  hand, only single bands of the carbonyl  group a re  observed 
in the spec t ra  of XI and XII; this is determined by the complete shift of the equilibrium to favor  the con- 
format ion  with a C = O . . .  HO in t ramolecular  hydrogen bond, which substantial ly hinders rotat ion about the 
OC-CH2R 2 bond. This conclusion is also conf i rmed by the fact  that the absorpt ion bands of the OH groups 
for  these two substances  are  shifted to the low-frequency region by more  than 100 em -1 as compared  with 
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Fig. 2. Newman pro jec -  
tions of the possible stable 
conformat ions  of substituted 
2-acetyl indoles :  Ind is the 
indole residue and R 2 = C1, 

OCH 3, OH. 

the usual value; this is typical for  ~ -hyd roxy  ketones [10]. Thus, for 
compounds with a substituent in the side chain we can note cases  of facile 
convers ion  of the confo rmers  (the existence of a mixture  of them) or  p re -  
f e r r ed  stabil izat ion of one of them if we a re  dealing with a conformation 
that depends on rotat ion about the OC-CH2R 2 bond. The previously drawn 
conclusions regarding the conformation of the carbonyl  group, i.e., r e -  
garding the relat ive orientat ion of the C-~O group and the pyrro le  ring, 
do not change for  these sys tems.  The introduction of substituents into 
the acyl  group does not induce changes in the conformation in that portion 
which is determined by the relat ive orientat ion of the a romat ic  ring and 
the acyl  group. Stability of the s - c i s  conformation (]3) might have been 
expected for  X because of the in t ramolecular  bond between the NH and 
OCH 3 groups.  However, neither a decrease  in the NH frequency nor  an 

increase  in the C-----O frequency nor  convers ion of the band of the carbonyl  group to a singlet  is observed.  
The spec t rum of X is prac t ica l ly  the same as the spec t rum of VH (Fig. 1). Consequently, even the presence  
of the ra the r  strong p ro ton-accep tor  CH~O group does not induce the format ion  of an appreciable amount of 
the s - c i s  form.  

These conclusions a re  conf i rmed by a study of the dipole moments  [11]. The experimental ly  found 
dipole moments  a re  considerably  lower in our  s t ruc tu res  than the values calculated for  the s -c i s  con- 
f o r m e r s  and a re  c lose to (although some of them do exceed) the data for  the s - t r ans  conformers .  Thus, it 
might be assumed  that the conformat ion of the investigated acyl  indoles is close to t rans  form A in solutions, 
but the s t ruc ture  of the molecule is not complete ly  planar  due to small  rotation (mean statistically) about 
the C 2 - C O  bond, which leads to an increase  in the dipole moment.  This sor t  of dis tor t ion may be a conse-  
quence of solvation. 

EXPERIMENTAL 

The IR spectra of 5 - 10 -3 M solutions of the compounds in CCI 4 were recorded with a UR-20 spec- 

trometer. The synethesis of acylindoles H, IV, VII [12], V [13], and X-XII [14] has been previously de- 
scribed. The individuality of the substances was monitored in all cases by chromatography on Silnfol or in 

a thin loosb layer  of A1203. 

1-Methyl -2-ace ty l indole  (TH). A 5.6-g (0.03 mole} sample of anhydrous stannous chloride was added 
to a suspension of 1.99 g (0.01 mole) of 1-methyl -2-d iazoace ty l indole  [15] in 30 ml of absolute methanol, 
af ter  which 9.2 ml (0.12 mole) of concentra ted HC1 was added dropwise.  The mixture was s t i r r ed  at  45- 
50 ~ for  another hour ,  a f ter  which it was cooled and diluted with water .  The resulting precipitate was r e -  
moved by f i l t rat ion to give 1.26 g (73%) of TII with mp 70.5-71 ~ (from benzene-hexane)  (mp 71 ~ [16]}. 

3 -Chloro-2-ace ty l indo le  (VI). An 85.5-ml (1.2 mmole) sample of thionyl chloride was added in por -  
t ions to a solution of 19.5 g (0.1 mole} of 3 -ch loro indole -2-carboxyl ic  acid in 150 ml of dry benzene, after  
which the mixture  was refluxed for  1 h. The benzene was then removed by vacuum distillation, 50 ml of 
dry  benzene was added to the residue,  the mixture was s t i r red ,  and the solvent was again removed by dis-  
tillation. The residue was dissolved in 250 ml of dry  ether,  and the solution was t rea ted  with activated 
charcoa l  and fi l tered.  The solution of the acid chloride obtained above was added with s t i r r ing  at 0-5 ~ to 
300 ml of an ether solution of diazomethane (from 45 g of ni t rosomethylurea) ,  af ter  which the mixture was 
s t i r r ed  at  5-10 ~ for  3 h and allowed to stand at room tempera tu re  for  12 h. The substance that separated 
was removed by f i l t rat ion to give 16.4 g (75%) of 3 -ch loro-2-d iazoace ty l indole  with mp 171.5-172 ~ (decomp., 
f rom benzene-hexane) .  IR spec t rum in minera l  o i 1 : 2 1 0 0  cm -1 (diazo group). Found, %: C 54.4; H 2.6; 
N 19.0. C10H6C1N30. Calculated, %: C 54.7; H 2.8; N 19.1. Trea tment  of 2.19 g (0.01 mole) of the diazo 
ketone by the methodused  inthe prepara t ion  of III gave 1.35 g (70%) of VT with mp 166-167 ~ (from b e n z e n e -  
hexane). Found, %: C 62.2; H 4.2; N 7.5. C10HsC1NO. Calculated, %: C 62.0; H 4.1; N 7.2. 

1 -Methyl -2-chloroace ty l indole  (VIII). Concentrated HC1 (3 ml) was added dropwise to a suspension 
of 0.98 g (5 mmole) of 1 -methyl -2-d iazoace ty l indole  in 30 ml of ether,  a f ter  which the mixture was held at 
room tempera tu re  for  3 h. It was then evaporated to dryness  in vacuo, and the residue was diluted with 
water .  The insoluble solid was removed by f i l t rat ion and washed with water  to give 0.8 g (80%) of VIII with 
mp 124-125 ~ (from benzene-hexane) .  Found, %: C 63.9; H 5.0; N 6.8. CllH10C1NO. Calculated, %: C 63.6; 
H 4.8; N 6.7. 
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3-Chloro-2-ch loroace ty l indole  (IX). The method used to p repa re  VIII was used to obtain this com- 
pound [0.88 g (77c/c)] with mp 198-199 ~ f rom 1.05 g (5 mmole) of 3-chloro-2-d iazoace ty l indole .  Found, %: 
C 52.5; H 2.9; N 6.0. CIoHTClzNO. Calculated, %: C 52.6; H 3.1; N 6.1. 
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