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CHEMISTRY OF INDOLE 

XLIV.* FORMATION OF CYCLIC AMIDES FROM NITRILES 

OF THE INDOLE AND INDOLENINE SERIES 

A. N. Kost, N. B. Chernyshova, 
L. G. Yudin, and V. I. Terenin 

UDC 547.753.754'759.3 

Under the conditions of the R i t t e r  r eac t ion  (sulfuric acid), indolylacetoni t r i le  is conver ted  
to a t r i cyc l i c  l ac tam of the pyrrolo[2,3-b] indole  s e r i e s .  Depending on the i r  s t ruct t t re  and 
the reac t ion  conditions, n i t r i t es  of the indolenine s e r i e s  fo rm l inear  amides  or  cyclic 
l ac tams .  

We have shown in [2] that  n i t r i l e s  of 3- indolylpropionic acid a r e  protonated p r i m a r i l y  at the n i t r i le  
group in concentra ted sul fur ic  acid and consequently undergo the R i t t e r  react ion.  However ,  the indole r ing 
i tse l f  is capable  of protonat ion in solutions of s t rong  acids to give a carbonium ion with localizat ion of the 
posi t ive charge  in the 2 posit ion. This  s o r t  of protonat ion is respons ib le  for  the d imer iza t ion  and poly-  
mer i za t ion  of indole and gives r i s e  to r e a r r a n g e m e n t s  with migra t ion  of an alkyl or  a ry l  group bonded to 
the py r ro l e  r ing [3]. 

It might  have been a s s um ed  that  the indole molecule  is capable of producing the carbonium ion nec-  
e s s a r y  for  alkylat ion in the R i t t e r  reac t ion .  If  this protonated molecule  also contains a r eac t ive  ni tr i le  
group, an i n t r amolecu la r  R i t t e r  reac t ion  is poss ib le .  However,  we did not obse rve  in t r amolecu la r  cy-  
clization for  3- indolylpropioni t r i les .  Thus 3- indolylpropioni t r i le ,  which does not have a subst i tutent  a t -  
tached to Cz, f o r m s  only an amide  with a l inear  s t ruc tu re  [2]. 2 -Methyl -3- indoly lace ten i t r i l e  (Ia) a lso  
gives only 2 -me thy l -3 - indo ly lace tamide  (IIa) on dissolving in sulfur ic  acid. 

In the case  of 3- indolylace toni t r i le  (Ib) the reac t ion  proceeds  ambiguously.  An amide  (Hb) is fo rmed  
at r oom t e m p e r a t u r e ,  whereas  a t h r e e - m e m b e r e d  lac tam (III) is obtained at  higher t e m p e r a t u r e s .  Com-  
pound IV is obtained with cyctohexene at  high t e m p e r a t u r e s ,  i .e. ,  cyclohexene a lso  pa r t i c ipa te s  in the Ri t -  
t e r  react ion.  

The UV spec t r a  of amides  IIa,  b a r e  cha rac te r i zed  by the absorpt ion typical  for  indoles with the 
c h a r a c t e r i s t i c  fine s t ruc tu re  of the long-wave maximum.  Insofar  as the spec t r a  of HI and IV a re  con- 
cerned,  they a r e  cha rac t e r i s t i c  for  indoline s y s t e m s  (243-246 and 295-297 nm; for  example ,  see  [4]). The 

* See [i] for communication XLIII. 
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singlet  of a CH 2 group is obse rved  in the PMR spec t rum of amide  IIb (in pyridine) at  3.8 ppm. The spec -  
t r u m  of III contains a t r ip le t  a t  2.3-2.4 ppm, which we ass igned to the s ignals  of 3-CH 2 protons ,  the m u l -  
t iplet  of an 3a-H proton at 3.4-4 ppm, and a broad doublet (5.3 ppm, J = 8  Hz) of an 8a-H proton (cis r ing 
fusion). A diffuse signal  of the 8-H proton is found at  4.8-5.1 ppm, and the 1-H signal l ies  in the region of 
a roma t i c  proton absorpt ion.  

, ~ ~  H2CN H + 
H20" 

H 

la ,  b 

g20111+ 
4 " H .~jCe~... ~-x- 

o 0 

H 

Ill 

H 
II a, b 

IV H 

1, |l a R=CH3; b R~H 

Ions with m / e  44 and 130 (m* 97.0) cor responding  to ~ cleavage with e l iminat ion of a ca rbamide  
group a re  cha rac t e r i s t i c  in the m a s s  spec t rum of amide  lIb. This p r o c e s s  is cha r ac t e r i s t i c  for  p r i m a r y  
al iphatic  amides .  The ion with m / e  130 subsequent ly  loses  HCN; this is conf i rmed by the me tas t ab le  
t rans i t ion  with m* 81.6. 

Eject ion of an ion with m / e  44 is absent  in the spec t rum of III, whereas  one does  obse rve  the f r ag -  
menta t ion of the molecu la r  ion c h a r a c t e r i s t i c  for  cyclic  amides ,  namely ,  the loss  of a CO molecule  and the 
format ion  of an ion with m / e  146; this is conf i rmed by the metas tab le  t rans i t ion with m* 122.1. 

The molecu la r  ion of IV s i m i l a r l y  loses  a cyelohexene molecule  to give an ion with m / e  174 (m* 
117.9), the s t ruc tu re  of which is apparent ly  identical  to the s t ruc tu re  of the mo lecu l a r  ion of Ill. C o r r e -  
spondingly, an ion with m / e  146 (metas tab le  t rans i t ion  m* 122.1) is fo rmed  f rom it. The second pathway 
of f ragmenta t ion  of the molecu la r  ion involves spli t t ing out of a CsHIINHCO f r agmen t  (i .e. ,  126); this was 
conf i rmed by the me tas t ab le  t rans i t ion  (m* 62.4) and leads to an ion with m / e  130, cha rac t e r i s t i c  for lib, 
with subsequent  loss  of HCN. All of this makes  it poss ib le  to consider  the s t ruc tu r e s  of amides  II  and III 
to be es tabl ished.  

-%~,0 ~---7-~ 11 IV. 

m/e 256 H ii 
/ 

.I" 62.4 I-C6HIINHCO m,/e 174 

I 

--HEN 
m / e  l::" 

H 

m/e 130 

The in t r amolecu la r  R i t t e r  r eac t ion  p roceeds  even m o r e  readi ly  in the indolenine s e r i e s .  It  has a l -  
r eady  been r epo r t ed  [5] that  2 ,3-d imethyl -3-cyanomethyl indolenine  on reac t ion  with alcoholic HCI adds an 
alcohol  moleeule  to give a substance  to which a cyclic  imino e ther  s t ruc tu re  (V) was ass igned  on the bas is  
of the r e su l t s  of e l emen ta ry  ana lys i s  and the LTV spec t rum.  

~ O C 2 H  5 
CR~ 

V 

We have found that propionitrile VI reacts with metha/lolic HCI to give a mixture of substances, from which 
we were able to isolate, by chromatography on ahuninum oxide, a substance corresponding with respect to 
its composition and UV spectrul~ (Xma x 218 and 257 nm) to an open imino ether with an indolenine struc- 
ture (it was not investigated in greater detail). In sulfuric acid, nitrile VI forms primarily a.mide VII 
(isolated in 69% yield), which has the absorption (217 and 258 nm) typical for indolenines. 
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�9 H 3 - 
~ - ~ C H : C H ~ C N  CH3 ~ ' ~ H 2 C H 2 C O N H 2  

~ l , ~  N~CH 3 ~ ~/~,,~ N7 ~CH 3 

Vl VII 

Splitting out of an a c r y l a m i d e  f r agmen t  (which was conf i rmed by the me tas t ab le  transi t ion) to give an 
ion with m / e  145, which probably  has  a 2,3-dimethylindole s t ruc tu re ,  is cha rac t e r i s t i c  in the m a s s  spec -  
t r u m  of amide  VII. This  ion subsequent ly  loses  a hydrogen a tom and is conver ted  to a 3-methylquinol inium 
ion, for  which spli t t ing out of HCN is cha rac t e r i s t i c .  

~ ' ~  CH3 [ ~  CH3 
+ -71 --H +HCN [NI] 174 : - m/e I 1 7  

m* 97.3 ~.7.~.N/-\CH3 m 'p 143,O 
VII H fl 

m/e 14,1 

Similar ly ,  n i t r i le  VIII  r e ac t s  with alcoholic HCI to give a mix ture  of subs tances ,  one of which (in 40% 
yield) co r responds  with r e s p e c t  to its composi t ion and UV spec t rum (maxima  a t  240 and 290 nm) to cyclic 
imino e the r  IX, i .e . ,  to o -me thy la t ed  l ac t am X. Lac tam X, i .e. ,  2 -oxo -4a ,9a - t e t r ame thy lene - l , 2 ,3 ,4 ,4a ,9a -  
h e x a h y d r o - ~ - c a r b o l i n e ,  p roved  to be the chief  reac t ion  product  in the reac t ion  of sulfur ic  acid with ni t r i le  
VIII. 

VII| 

~ O C H  z 

IX 

X 

The m o l e c u l a r  ion of X does not have high stabil i ty.  Two f ragmenta t ion  pathways leading to a s table a r o -  
ma t i c  s y s t e m  a r e  cha r ac t e r i s t i c  for  it. Jus t  as in the case  of VII, an ac ry l amide  f r agmen t  (M - 71) is 
spl i t  out to give an ion with m / e  171, which apparen t ly  has a t e t r ahydroca rbazo le  s t ruc tu re .  This p r o c e s s  
is conf i rmed by a me ta s t ab l e  t ransi t ion.  The second pathway is a r e t r o g r a d e  diene c leavage of the cyc lo-  
hexane r ing  with the loss  of C4I-I 8 and format ion  of  the 2 - o x o t e t r a h y d r e - ~ - c a r b o l i n e  ion (m/e  186), which 
loses  a CO molecule  (this is c h a r a c t e r i s t i c  for  lac tams) .  

§ -71 
[M I 242 aZ'" 120.4 

X H 

J _C4 i.is m/e 171  

~ ' - ~ O  -CO. m/e ,ss 

H 14 
m/e 1 8 6  

Thus, although the s ame  cation (charge localizat ion on C 2) should be fo rmed  in the r ing protonation 
of indoles and indolenines,  n i t r i l es  of the indole s e r i e s  a r e  evidently protonated a t  the ni t r i le  group (after 
which they a r e  saponified to amides) ,  whereas  n i t r i les  of the indolenine s e r i e s  a r e  p r i m a r i l y  protonated 
at the c a r b o n - r i n g  ni t rogen double bond to give l ac tams .  We were  unable to d i rec t ly  de te rmine  the si te 
of protonation,  inasmuch as the PMR s pec t r a  of indolenine n i t r i les  d isso lved  in sul fur ic  acid a re  difficult 
to i n t e rp re t  in view of rapid  chemical  t r ans fo rma t ions .  

The faci le  and even t au tomer ic  cycl izat ion of s i m i l a r l y  constructed 3 - (2 -aminoe thy l ) -  [6] and 3- (3-  
aminopropyl) indolenines  [7] has  been p rev ious ly  noted. In our case,  the p r o c e s s  is m o r e  complex,  ap-  
pa ren t ly  because  of the s imul taneous  hydro lys i s  of the amide.  Thus the UV spec t rum of amide  VH (in 80% 
ethanol) a t  pH 8.0 has absorp t ion  m a x i m a  at  217 and 258 nm (indolenine), and at  pH 1.5 it acqui res  the 
c h a r a c t e r  of the s p e c t r u m  of the indolinium ion (maxima  at  230, 236, and 278 nm); however ,  the spec t rum 
changes i r r e v e r s i b l y  upon r e v e r s e  t r ans fo rma t ion  at  pH 7.5-8.0, and the position of the m a x i m a  (at 217, 
223, and 245 nm in the f i r s t  minutes)  changes with t ime.  We have not observed  cases  of migra t ion  of the 
subst i tuent  bonded to the p y r r o l e  por t ion of the molecule .  
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EXPERIMENTAL 

The course of the reactions and the purity of the compounds were monitored by means of thin-layer 
chromatography (TLC) on activity II-II[ (Brockmann classification) aluminum oxide and on Silufol UV-254. 
The IR spectra of mineral oil suspensions of the compounds were recorded with IKS-22 and UR-20 spec- 
trometers. The UV spectra of methanol solutions of the compounds were recorded with a Cary-15 spec- 
trophotometer. The PMR spectra of pyridine solutions were recorded with a Varian T-60 spectrometer. 
The mass spectra were recorded with an MKh-1303 spectrometer at 20-50 eV, 130-180 ~ and a current 
s t rength  of 150 mA. 

Synthesis of Amides  II, HI, VII, and X (Table  1 ) .  Concentra ted sul fur ic  acid (2-5 ml) was added with 
cooling and s t i r r i n g  to 0.5 g of the cor responding  ni t r i le ,  a f t e r  wMch the mix tu re  was allowed to stand at  
r oom t e m p e r a t u r e  for  24 h (in the case  of HI, the react ion  was ca r r i ed  out a t  50 ~ for  1 h). The mix tu re  
was then poured over  ice,  and the aqueous mix tu re  was made alkaline with concent ra ted  ammonium hy-  
droxide.  It was then ex t rac ted  with ch loroform,  and the ex t rac t  was dr ied with calcined sodium sulfate.  
The ch lo ro form was r em oved  by dist i l lat ion,  and the res idue  was r ec rys t a l l i zed .  

1 -Cyc lohexy l -2 -oxo-2 ,3 ,3a ,Sa- te t rahydropyr ro lo [2 ,3 -b] indo le  (IV). A mix tu re  of 1.2 g (7.7 mmole)  
of 3- indoly lace toni t r f le  (Ib), 10 ml  of concent ra ted  sul fur ic  acid, and 1 g (12 mmole)  of cyclohexene was 
heated at  60 ~ for  30 rain, a f t e r  which it was allowed to stand a t  room t e m p e r a t u r e  overnight.  It  was then 
poured over  ice,  and the aqueous m i x t u r e  was made alkaline with concentra ted  ammonium hydroxide. The 
alkal ine mix tu re  was ex t rac ted  with ch loroform,  and the ex t rac t  was dr ied with sodium sulfate.  The chlo- 
r o f o r m  was r emo ved  f rom the ex t rac t  by dist i l lat ion,  and the res idue  was r ec ry s t a l l i z ed  f rom heptane to 
give 0.75 g (38%) of 1 -cyc lohexy l -2 -oxo-2 ,3 ,3a ,Sa- te t rahydropyr ro lo [2 ,3 -b] indo le .  I ts  physical  constants  
and spec t r a l  data a r e  p resen ted  in Table  1. 

Alcohotys is  of Ni t r i le  VI. A solution of 1.98 g (0.01 mole) of n i t r i le  VI in 20 ml  of absolute  methanol  
was sa tu ra ted  with dry  HC1 at - 1 0  ~ and al lowed to stand overnight.  The alcohol was then r emoved  by d i s -  
t i l lation, and the res idue  was t r e a t ed  with 5% po ta s s ium carbonate  solution. The oily l aye r  was then ex-  
t r ac t ed  with e ther ,  and the ex t r ac t  was  dr ied  with magnes ium sulfate.  The solvent  was r emoved  by d i s t i l -  
lat ion to give 2 g of an oily mix tu re  of subs tances  with Rf  0.68 and 0.~3 [ h e p t a n e - m e t h y l  ethyl ketone (2 : 1), 
A1203]. A subs tance  with an indist inct  mel t ing  point and Rf  0.53, the composi t ion of which cor responded to 
the methyl  imino e ther  of 3- (2 ,3-d imethyl -3- indolenyl )propionic  acid,  was isola ted a f t e r  p r e p a r a t i v e  sep-  
a ra t ion  on A1203 (elution with the s y s t e m  indicated above).  UV spec t rum,  kma x (log e): 218 (4.29) and 257 
nm (3.81). Found: C 72.8; H 7.7%. C14H18N20. Calculated:  C 73.0; H 7.8%. 

Alcohelys is  of Ni t r i le  VIII.  A solution of 1.12 g (5 mmole)  of l l - ( 2 - c y a n o e t h y l ) - l , 2 , 3 , 4 - t e t r a h y d r o -  
carbazolenine  (VIII) in 10 ml  of absolute  methanol  was sa tu ra ted  at - 1 0  ~ with dry HC1. Workup of the r e -  
action mix tu re  as desc r ibed  in the preceding  expe r imen t  gave a solid res idue,  f r o m  which 0.52 g (40%) of 
2 - m e t h o x y - 4 a , 9 a - t e t r a m e t h y l e n e - 3 , 4 , 4 a , 9 a - t e t r a h y d r o - ~ - c a r b o l i n e  (IX), with mp 158 ~ and Rf  0.3 [hep tane -  
methy l  ethyl ketone (2 : 1), A1203], was i so la ted  by c rys ta l l iza t ion  f rom aqueous ethanol.  UV spec t rum,  
kma x (log e): 240 (3.83) and 290 mn (3.50). Found: C 75.1; H 8.1%. C10H20N20. Calculated:  C 75.0; H 
7.8%. A waxy subs tance  (0.15 g) with Rf  0.56 was isola ted f r o m  the res idue  a f t e r  evapora t ion  and p r e p a r -  
at ive separa t ion  on A1203 in the s a m e  solvent  sys t em.  UV spec t rum,  hmax: 257 nm (log e 3.85). 
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