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In the condensat ion of 2 -aminoindole  with a , f l -unsa tu ra t ed  oxo compounds,  in con t r a s t  to o r -  
dinary a r o m a t i c  amines  and a num ber  of he te rocyc l ic  amines ,  the d i rec t ion  of eycl iza t ion  is 
r e v e r s e d .  The gene ra l  s c h e m e  of the reac t ion  includes the reac t ion  of the fl posi t ion of 2 -  
aminoindole with the ac t iva ted  double bond of the oxo compound via  a mechan i sm of the 
Michael  type and condensat ion of the carbonyl  group of the unsa tura ted  carbol ine  s t ruc tu re ,  
which subsequent ly  undergoes  a romat iza t ion .  The in te rmedia te  3 , 4 - d i h y d r o - ~ - e a r b o l i n e s  
w e r e  produced and isolated; this made  it poss ib l e  in a n u m b e r  of c a s e s  to es tab l i sh  the 
s t r u c t u r e s  of the f inal  ~ - c a r b o l i n e s .  The s t r u c t u r e s  of the 3 ,4-dihydro compounds were  
conf i rmed  by the s e t  of s p e c t r a l  c h a r a c t e r i s t i c s .  Data f r o m  the UV, IR, PMR, and m a s s  
s p e c t r a  a r e  p resen ted .  

The reac t ion  of a r o m a t i c  amines  with ~ , f l -unsa tu ra ted  oxo compounds (for example ,  in the synthes is  
of quinolines) p roceeds  as e lec t rophi l ic  a t tack by the f l -carbon a tom of the double bond of the unsa tura ted  
oxo compound on the amino group and subsequent  r ing closing [1-3]. In conformi ty  with this,  lepidine r a t h e r  
than quinaldine is  obtained f r o m  anil ine and methyl  vinyl ketone. The synthes is  of naphthyridines  f r o m  
aminopyr id ines  p r oceeds  s i m i l a r l y  [4, 5]. However,  two i somer i c  thieno[2,3-b]pyridines we re  isolated in 
the reac t ion  of 2 -aminoth iophenes  with methyl  vinyl  ketone [6], i~ in this case  it can be a s s u m e d  that  
a t tack by the /~-ca rbon  a tom takes  p lace  at  both the amino group and the ca rbon  a tom (3-C of the thiophene 
ring) o r  that the p r i m a r y  p r o c e s s  is the fo rma t ion  of a Schiff base,  which also leads to an i somer i c  
Compound. 

I t  has been p rev ious ly  demons t ra t ed  that 1 -a lky l -2 -amino indo les  r e a c t  with beazalacetophenone to 
give 9 - a l k y l - 2 , 4 - d i p h e n y l - ~ - c a r b o l i n e s  [7]. Whereas  there  was no doubt about the s t ruc tu re  of the reac t ion  
p roduc t  in this case ,  one might  have expected the fo rma t ion  of 2 - m e t h y l -  o r  4-methyl-oL-carbol ine  in the 
case  of methyl  vinyl ketone. It  was  not poss ib le  to unambiguously p red ic t  the s t ruc tu re  of the reac t ion  
product ,  s ince it  could have been de te rmined  e i the r  by the d i rec t ion  of a t tack o r  by the rmodynamic  f ac to r s .  
On the bas i s  of the data in [8] and with al lowance fo r  the enamine c h a r a c t e r  of 2-aminoindole ,  one could 
have a s s u m e d  that the reac t ion  p roceeds  as a t tack by the f l -ca rbon  a tom of the unsa tura ted  oxo compound 
on the 3 pos i t ion  of the 2-aminoindole  molecule  (in con t r a s t  to the amines  of the benzene and pyr id ine  
se r i e s ) ,  in which ca se  the f inal  p roduc t  is carbol ine  1I: 
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Fig.  1. UV spec t r a :  
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Fig. 2 

1) 2 ,4 -d ipheny l -~ -ca rbo l ine ;  2) 1 ,3-di -  
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methyl -2- (benzyl ideneimino) indole;  3) 2 ,4 -d iphenyl -3 ,4 -d ihy-  
dro-o~-carboline.  

F ig. 2. PMR s pec t rum of 2 ,4 -d ipheny l -3 ,4 -d ihydro -~-ca rbo l ine .  

We c a r r i e d  out the condensation of 2-aminoindole  hydrochlor ide  with var ious  ~ , f l -unsa tura ted  ketones and 
aldehydes.  The reac t ion  was c a r r i e d  out in isopropyl  alcohol containing excess  t r ie thylamine (the s a m e  p rod-  
ucts w e r e  obtained in pyr idine and alcoholic alkali ,  but they w e r e  m o r e  contaminated)�9 "Under these conditions, 
2 ,4 -d imethy l - ,  4 -me thy l - ,  and 2 - m e t h y l - ~ - c a r b o l i n e s  {IIg-i), r espec t ive ly ,  we re  obtained f r o m  ethyl idenace-  
tone, crotenaldehyde,  and methyl  vinyl ketone, i.e�9 the ca rbon  a tom of the double bond of the unsa tura ted  oxo 
compound r eac t s  with the fl posi t ion of the aminoindole.  The products  a re  co lo r l e s s  substances  with the s t rong 
f luo rescence  in UV light that is c h a r a c t e r i s t i c  fo r  ~ - c a r b o l i n e s  [9]�9 

The gene ra l  s cheme  of the reac t ion  evidently includes reac t ion  of the fl posi t ion of 2-aminoindole  with the 
ac t iva ted  double bond of the oxo compound via a react ion  of the Michael  type and condensat ion of the carbonyl  
group of the unsa tura ted  oxo compound with the amino group of 2-aminoindole  to give 3 ,4-d ihydrocarbol ine  
s t r u c t u r e  I, which subsequent ly  undergoes  a romat iza t ion .  

In a number  of c a se s  by ca r ry ing  out the reac t ion  in a ni t rogen a tmosphe re  we isolated in te rmedia te  di- 
hydro compounds - yellow c rys ta l l ine  subs tances  Ia-f ,  which a r e  quite s table  in the solid s ta te  and do not 
f l uo resce  in UV light�9 The i r  ch romatograph ic  mobi l i t ies  on a luminum oxide in a b e n z e n e - e t h y l  aceta te  sy s t em 
(2 : 1) a re  s c a r c e l y  higher  than the mobil i ty  of the cor responding  ~ - c a r b o l i n e s .  They a re  quite rapidly oxidized 
in solution during ch romatography  and r ec rys t a l l i z a t i on  to give the cor responding  ~ - c a r b o l i n e s � 9  Because of the 
absence  of luminescence  in UV light, a pyr imidoindole  s t r u c t u r e  has been e r roneous ly  ass igned  to one of these 
dihydro s t r u c t u r e s  (fb) in analogy with the produc t  of the reac t ion  of 2-aminoindole  with ace ty lace tone  [10]. 

Al ternat ive ly  one might  have expected  the fo rma t ion  of 1,2- ,  3 ,4- ,  and 1,4-dihydro s t ruc tu re s .  Jus t  as the 
s t r u c t u r e  of 1,2-dihydroquinol ines was p roved  by the s i m i l a r i t y  between the i r  UV s p e c t r a  and the spec t r a  of 
the i r  noncyclic analogs (o-aminos tyrenes)  [11], the analogy between the UV spec t r a  of the dihydro s t ruc tu r e s  
obtained in this r e s e a r c h  and the Schiff b a s e s  (HI) f r o m  1 ,3 -d imethy l -2 -amino indo le  and benzaldehyde const i -  
tutes evidence in f avor  of 3 , 4 - d i h y d r o - ~ - c a r b o l i n e s  (Fig. 1). 

The IR spec t r a  of CC14 solutions of I a - e  contain c h a r a c t e r i s t i c  bands of s t re tching v ib ra t ions  of NH groups 
(3480 cm-1),  which a r e  not  obse rved  in the c a s e  of If, in which the indo len i t rogen  a tom is substituted�9 This 
fac t  and the s i m i l a r i t y  between the UV s p e c t r a  of indole n i t rogen-subs t i tu ted  and unsubsti tuted dihydro com-  
pounds exclude 1 , 2 - a n d  1 , 4 - d i h y d r o - ~ -  carbol ine  s t r u c t u r e s .  The UV s p e c t r a  also exclude the poss ib i l i ty  of 
an isat inl ike model�9 

A group of peaks  of  anABX s y s t e m  is  o b s e r v e d i n  the PMR s p e c t r u m  of 2 ,4 -d ipheny l -3 ,4 -d ihydro -~ -ca rboUne  
(tb) ( inpyridine)  fo r  the 4 -H and 3-H pro tons  (Fig.  2). The 4 -H p ro ton  shows up at  w e a k e r  f ie ld (4.54 ppm) than 
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Fig. 3. PMR spec t rum of 
4,9- dimethyl-2 -phenyl -3 ,4-  
d ihydro -a -ca rbo l ine .  
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Fig. 4. PRM spectrum of 
2-phenyl-c~-carboline.  

the 3-H and 3 ' -H  signals {3.41 and 3.25 ppm) because  of the deshielding effect  of the phenyl group attached to 
4-C, The following s p i n - s p i n  coupling constants  (SSCC) were  obtained: j v i c  = 8.5, J~,i3c -- 9, and J~3.~ m = 17 Hz. 
The vicinal  J4,3 and J4,3' constants a re  c lose  to one another,  and this indicates a gauche conformatio'n fo r  the 
4-I-I proton with r e spec t  to the 3-H and 3 ' -H  protons .  This so r t  of spec t rum conf i rms a 3 , 4 - d i h y d r o - ~ - c a r b o -  
line s t ruc tu re  r a t he r  than a 1,2- o r  1,4--dihydro-w-carboline s t ruc ture .  

A group of peaks of an ABX sys tem (t, 4-H, 4.28 ppm; o, 2H, 3-H, 2.15-2.96 ppm) is s imi la r ly  observed  
in the PMR spec t rum of 2 -methy l -4 -pheny l -3 ,4 -d ihydro-o l -ca rbo l ine  (Id) fo r  the 4-H and 3-H protons.  The 
s inglet  at 2.0 ppm cor responds  to the CH 3 group in the 2 posi t ion of the pyridine ring. When the samples  a re  
open to t h e a i r ,  one signal (2.6 ppm) cor responding  to the methyl group of 2 -me thy l -4 -pheny l -~ -ca rbo l ine  {lid) 
r ema ins  at  strong f ield in the spec t rum af te r  a few hours.  The l a t t e r  was isolated and identified by compar i son  
with an authentic sample  [12]. In the spec t rum of the i somer ic  2-phenyl - -4-methyl -3 ,4-d ihydro-~-carbol ine  
(Ic) the protons  of the Ctt 3 group give a doublet at s t ronge r  f ield (1.32 ppm, J = 6 Hz), and the signals of the 
4-H and 3-H protons  a re  visible as a mult iplet  {3H, 2.42-3.42 ppm). In addition, the spec t rum contains a signal 
~tt 2.78 ppm,  which cor responds  to the CH 3 group of the oxidized form,  i .e. ,  2 -pheny l -4 -me thy l -~ -ca rbo l ine  
0Ic}. The l a t t e r  is fo rmed  during p repara t ion  of the solution (in the case  of access  to the air) .  The c~-carbo- 
l ines 0Ic and lid) obtained in this case  made it poss ible  to accura te ly  assign the i somer ic  carbol ines  p rev ious-  
ly synthes ized [13] f r om 2-aminoindole  and benzoylacetone.  An at tempt  to es tabl ish the s t ruc tu re  of the c~- 
carbol ine  fo rmed  by reac t ion  of 1-methyl~2-aminoindole  with benzalacetone by means of the Skraup tes t  [7] 
gave e r roneous  resul t s .  The conclusions that can be drawn on the basis of the chemical  shifts of the protons 
of  the CI-I 3 groups a re  also unrel iable .  In fact,  this reac t ion  does not give 4 ,9 -d imethy l -2 -pheny l -~-ca rbo l ine  
(IIf) but r a t h e r  the i somer ic  2 ,9-dimethyl~4-phenyl-c~-carbol ine (IIk). To prove this by condensation of e thyl-  
ideneacetone with 1-methyl -2-aminoindole  we obtained 4 ,9-dimethyl- -2-phenyl-3 ,4-dihydro-~-carbol ine  {If}, the 
s t ruc tu re  of which does not r a i s e  any doubts. Its PMR spec t rum (Fig. 3) contains the signal of the 4-CH 3 group 
in the fo rm of a doublet (1.32 ppm, J = 6 Hz), a mult iplet  of the protons at tached to 4-C and 3-C (3H, 2.65-3.3), 
and a singlet  of the CH 3 group attached to the indole ni t rogen atom {3.7 ppm). Oxidation of If leads to carbo-  
line ]If, which is identical  to the compound previously  obtained f rom benzoylacetone [7] and differs  with r e spec t  
to its constants f rom the i somer ic  c~-carboline obtained f rom benzalacetoue,  i.e.,  f rom carbol ine Ilk. 

2-Phenyl~3,4-dihydro-vl -carbol ine  (Ia), the PMR spec t rum of which (in pyridine) has a mult iplet  of 4-H 
and 3-H protons at 2.8-3.2 ppm, was s imi la r ly  obtained f ro m  phenyl vinyl ketone. Aromatizat ion of Ia gives 
2 -pheny l -~ -ca rbo l ine  (lia), the PMR spec t rum of which [in dimethyl sulfoxide (DMSO)] contains two multiplets 
of a romat ic  protons  at 7.33-7.50 (5H) and 7.93-8.30 ppm (4H), which can be assigned to the protons of the 
phenyl and benzene rings,  respec t ive ly .  The 3-H and 4-H protons appear  in the fo rm of two doublets (7.63 
ppm, J3,4 = 8 ttz,  and 8.43 ppm, J3r = 8 Hz) (Fig, 4). The PM1R spec t rum of a DMSO solution of the i somer i c  4 -  
pheny l -~ -ca rbo l ine  (l]j), obtained f rom 2-aminoindole and cinnamaldehyde,  contains a mult iplet  of a romat ic  protons  
at 6.98-8.5 ppm, f rom which a doublet at  7 ppm (J ~ 5 Hz), which co r responds  to the proton in the 3 posit ion of 
the pyridine ring of the ol-carbol ine,  can be isolated at s t ronges t  field. The J3,4 constant  fo r  the ~ -ca rbo l ines  
di f fers  f r om the J2,3 constant  (5 Hz), and, according to ' the data in [14], is 8 Hz. This rat io of the constants,  
which i s  cha rac t e r i s t i c  fo r  pyridine,  is a lmos t  independent of the subst i tuent  [15] and is r e t a i n e d  on passing 
to condensed sys tems  containing a pyr idine  ring [6]. 

The mass  spec t ra  of the ~ -ca rbo l ines  at 20-50 eV contain prac t ica l ly  only intense molecu la r  ion peaks,  
and only low-intensi ty (up to 2%) noncharac te r i s t i c  peaks of f ragment  and doubly charged molecu la r  ions appear  
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in addition to them at  h igher  ene rg ies  {70 eV). El iminat ion of benzoni t r i le  and acetoni t r i le ,  which could rn~ke 
it poss ib le  to de te rmine  the posi t ions  of the subst i tuents ,  was  not observed .  

In con t r a s t  to this,  the p r inc ipa l  peak in the m a s s  spec t rum of 2 - m e t h y l - 4 - p h e n y l - 3 , 4 - d i h y d r o - a - e a r b o "  
line (Id) is the [IV[- Ph] § ion peak a t  183.* This p r o c e s s  is conf i rmed  by the metas tab le  t ransi t ion (apparent 
m a s s  128.9). The pr inc ipa l  c h a r a c t e r i s t i c  of this p r o c e s s  is detachment  of  CHsCN f r o m  the molecu la r  ion 
(219, 15%); this indicates  unambiguously that  the CH 3 group is in the 2 posi t ion.  El iminat ion of H" and H 2 by 
the m o l e c u l a r  ion to give  [ M , H ]  + (46%)and [M--H2] + (35%) ions, r e spec t ive ly ,  is a lso observed.  Both of these  
ions also elLminate ace ton i t r i l e .  The f r agmenta t ion  of the  mo lecu l a r  ion of  the i somer i c  2 -pheny l -4 -me thy l -  
3 , 4 - d i h y d r o - a - c a r b o i i n e  ( I c ) d i f f e r s  marked ly .  The pr inc ipa l  peak  i n  th is  case  is the [ M - C  H3] + ion peak at 
245; this is conf i rmed  by the me tas t ab le  t r ans i t ion .  Moreover ,  [M--PhCN] + ions a r e  not observed .  Detach-  
ment  of H" and H~ by the m o l e c u l a r  ion is also cha r ac t e r i s t i c .  The mo lecu l a r  ion of 4 ,9 -d imethy l -2-phenyl -  
3 ,4 -d ihydro -~-ca rbo~ ine  (If} undergoes  f r agmenta t ion  with subsequent  spl i t t ing out of two methyl  radica ls  to 
give ions a t  259 (the m a x i m u m  peak) and 244 (6.6%). Both p r o c e s s e s  a r e  conf i rmed  by the peaks  of the co r -  
responding me tas t ab le  ions. Detachment  of H" and H 2 is a lso  observed .  In the case  of 2 ,4-d iphenyl -3 ,4-d ihy-  
dro-c~-carbol ine  (Ib) the p r inc ipa l  peak in the m a s s  s p e c t r u m  is the molecu la r  ion peak,  and the [M--H2] + 
(62%) and [M-- Ph] + (68%) peaks  a r e  a lso  intense; the p r o c e s s e s  involved in the i r  fo rmat ion  a r e  conf i rmed by 
the peaks  of the co r respond ing  me ta s t ab l e  ions. The peaks  of the ions f o r m e d  as a r e su l t  of e l iminat ion of 
benzoni t r i le  by the m o l e c u l a r  ions and as  a r e su l t  of the [(M-H) + -  PhCN] p r o c e s s  const i tute  8 and 5.5%, r e -  
spect ively ,  of the intensi ty of the m a x i m u m  ion. The m a s s  s p e c t r u m  of 2 - m e t h y l - 4 - ( ~ - f u r y l ) - 3 , 4 - d i h y d r o - a -  
carbol ine  (Ie) contains,  in addition to ions that c h a r a c t e r i z e  the p r o c e s s e s  M+--H (249), M+--H2 (248, the max i -  
mum peak),  M+--HCO (221), and [M-  H2]+--HCO (219), a peak of an ion at  209 that  is f o r m e d  as  a r e su l t  of 
e l iminat ion  of CH3CN f r o m  the m o l e c u l a r  ions. The intensity of the peak  of these ions const i tu tes  20% of the 
M + peak and 8% of the m a x i m u m  peak.  A mo lecu l a r  ion peak and an [M-  H] + ion peak {36%) a re  obse rved  in 
the m a s s  s p e c t r u m  of 2 - p h e n y l - 3 , 4 - d i h y d r o - a - c a r b o l i n e  (Ia). 

Consequently,  the p r inc ipa l  diagnostic c h a r a c t e r i s t i c  of the m a s s  spec t r a l  f ragmenta t ion  of d ihydroca r -  
bol ines  is spli t t ing out of the subst i tuent  in the 4 posi t ion and of benzoni t r i le  o r  acetoni t r i le .  The fo rma t ion  of 
ve ry  s table  ions during the e l iminat ion  of the subst i tuent  in the 4 posit ion,  the peak of which is mos t  f requent ly  
the m a x i m u m  peak in the m a s s  spec t rum,  can be r e p r e s e n t e d  as follows: 

+ e  -2__._..~e ~ ' - R ' "  

" N  / ~'N ~ ~R" ~ . . / ~ , N ~ N , ~ " - R  " R ' - ~ - - ' "  R" 
H H H H 

Thus the s e t  of s p e c t r a l  c h a r a c t e r i s t i c s  of the dihydro s t r u c t u r e s  and the i r  oxidation to the co r r e spond-  
ing ~ - c a r b o l i n e s  give an unambiguous answer  regard ing  the s t r u c t u r e s  of o~-carbolines f o r m e d  f r o m  unsatu-  
r a ted  oxo compounds.  

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

The IR s p e c t r a  of CC14 solutions of the compounds were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  The UV 
s p e c t r a  of methanol  solut ions were  r e c o r d e d  with a Cary-15  spec t ropho tomete r .  The PMR s p e c t r a  were  r e -  
corded  with T-60 and XL-100 s p e c t r o m e t e r s .  The m a s s  s p e c t r a  w e r e  r eco rded  with an MKh-1303 m a s s  spec -  
t r o m e t e r  with introduction of the s am p l e s  into the ion source .  

2 , 4 - D i m e t h y l - ~ - c a r b o l i n e  (IIg). A mix tu re  of 0.084 g (0.5 mmole)  of 2-aminoindole  hydrochlor ide,  0.052 
g (0.{~2 mmole)  of e thyl ideneacetone,  0.14 ml  (1 mmole)  of t r ie thylamine ,  and 1.5 ml  of i sopropyl  alcohol was 
ref luxed in a s t r e a m  of ni t rogen fo r  30 min,  a f t e r  which it was  cooled and t rea ted  with water .  The resul t ing 
p rec ip i t a t e  was r em oved  by f i l t ra t ion  and washed  with alcohol to give 0.06 g (61%) of 2 , 4 - d i m e t h y l - ~ - c a r b o -  
line with mp 222-224 ~ UV spec t rum:  ~ m a x  218, 239, 296, and 322 am (log ~ 4.45, 4.02, 4.13, and 3.60) (mp 
223-223.5 ~ [16]). 

2 - M e t h y l - a - c a r b o l i n e  {IIh). A mix tu re  of 0.084 g (0.5 mmole)  of 2-aminoindole  hydrochlor ide,  0.1 g (1.5 
mmole)  of methyl  vinyl ketone, 0.14 ml  (1 mmole)  of t r i e thy la rn ine ,  and 1.5 ml  of i sopropyl  alcohol was r e -  
fluxed in a s t r e a m  of n i t rogen  fo r  1 h, a f t e r  which the solvent  was evapora ted ,  and the res idue  was dissolved in 
benzene.  The benzene solution was sub jec ted  to p r e p a r a t i v e  ch romatography  on act ivi ty II a luminum oxide in a 

* Here  and subsequently,  the m / e  values  a r e  p re sen ted  fo r  the ion peaks .  
E. N. F r e n k e l ' ,  a student,  pa r t i c ipa ted  in the exper imen t s .  
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TABLE I .  

:ore= ~ 

b 

3 , 4 - D i h y d r o - a - c a r b o l i n e s  ~b-O 

Found, 

C H 

! E r n ~ a l  . 
formula 

Ca]c., % 

C H 

1 189---191 

2 18o- ,8 ,  

1 ,210--212 

I 230--231 

2 100--101 

85,5 

82,5 

t 

82,3 

C~HIsN~ 

C,sH,~N2 

C,sHI6N2 

CI~H,4N~ 

C,gHIsN2 

85,7 

83,0 

83,2 

~max, 
nm 

258 

330 
241 
302 
382 
205 
240 
319 
216 
270 
325 

262 
348 
396 

Ig 8 

4,27 
4,07 

4,03 
4,46 
4,36 
3,75 
4,5 
4,38 
3,97 
4.3 
4,03 
3,97 
4,29 
4,11 
4,07 

] Ylekl, 
~o 

94 

85 

76 

85 

98 

* Molecular  weight 260 (by mass  spec t rometry) .  
t" Molecular  weight 250 (by mass  spec t romet ry) .  

TABLE 2. 

:om- [ Oxid~ 
oUud tiorl 
II meth. 

b 

C 

d 

f 

a - C a r b o l i n e s  (Ilb-O 

mp, *C 

222--224 

I90--192 

230--231" 

242--243 

139--140 

Found, % 

C tl 

86,2 

83,3 

83,4 

77,5 

83,4 

Empirical 
formula 

C23H,6N2 

CIsHI4N2 

C,sHi4N2 

CI6HI2N2 

CI9HIGN2 

Cale., % UV sp~tmm 

~'max, 
n m  

217 
253 
321 
218 
250 
312 
220 
25t 
305 
214 
320 

ih, ,uld 
;hq 23~ ~ 

255 
219 
250 
310 

C H 

86,2 

83,7 

83,7 

77,4 

83,7 

l g8  

4.67 
4,65 
4,53 
4,54 
4,6 
4,58 
4,75 
4,38 
4,19 
4,46 
4,06 

4,22 

4,0 
4,48 
4,54 
4,53 

Yield 
qo 

99 

80 

40 

85 

80 

*According  to the data in [12], this compound has mp 229-229.5~ 

b e n z e n e - e t h y l  acetate sys tem (3 : 1) to give 0.027 g (30%) of 2 -me thy l -~ -ca rbo l ine  with mp 252 ~ (mp 252-254 ~ 
[14]). With r e spec t  to its IR spec t rum and chromatographic  mobility, the product  was identical to an authentic 
sample.  

4-Methyl-c~-carboline {M). Similarly, react ion of 0.084 g (0.5 mmole) of 2-aminoindole hydrochloride,  
0.1 g (1.5 mmole) of crotonaldehyde, 0.14 m l  (1 mmole) of t r iethylamine,  and 1.5 ml of isopropyl alcohol gave 
(after refluxing for  4 h in a s t r eam of nitrogen) 0.03 g (33%) of 4 - m e t h y l - a - c a r b o l i n e  with mp 216 ~ (from 
methanol) (mp 217-219 ~ [14]). The product  was identical to an authentic sample with r e spec t  to its IR spec t rum 
and chromatographic  mobility. 

2 - P h e n y l - a - c a r b o l i n e  (IIj). Similarly,  the react ion of 0.5 g (3 mmole) of 2-aminoindole hydrocMoride,  
0.4 g (9 mmole) of cinnamaldehyde, 6 ml of isopropyl alcohol, and 0.84 ml (6 mmole) of t r iethylamine gave (af- 
t e r  refluxing for  3 h) 0.13 g 08%) of 4 -pheny l - a - ca rbo l ine  [preparative separat ion with to luene -e thy l  acetate 
(3:2)] with mp 223-225 ~ UV spectrum: k m a x  218,247,  and 300 nm (log e 4.63, 4.26, and 4.09). Found: 
C 83.9; H 5.7%. C1yH12N2. Calculated: C 83.6; H 5.7%. 

2 - P h e n y l - 3 , 4 - d i h y d r o - a - c a r b o l i n e  (Ia). A mixture of 0.084 g (0.5 mmole) of 2-aminoindole hydrochloride,  
0.079 g (0.6 mmole) of f resh ly  distilled phenyl vinyl ketone, 1.5 ml  of isopropyl alcohol, and 0.14 ml (i mmole) 
of t r ie thylamine was refluxed in a s t r eam of ni t rogen for  30 min, af ter  which the solvent was evaporated rapid-  
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ly, and the res idue  was dissolved in benzene.  P repa ra t ive  separat ion on an activity ]I aluminum oxide plato 
|e lut ion with benzene -e thy l ace t a to  (17:1)] g a v e  0.066 g (52.5%) of 2-phenyl-3,4-dihydro-~-c~a ' lJol ine;  T r i t -  
urat ion with pe t ro leum e the r  gave yellow c rys ta l s  with mp 218-220 ~ UV spect rum:  }`max 218, 258, and 322- 
327 nm (log ~ 4.31, 4.19, and 4.02). Found: C 82.4; H 5.8%. C17Hi4N 2. Calculated: C 82.9; H 5.7%. 

Compounds Ib-f, the yie lds ,  physical  constants,  and methods fo r  the isolation of which a re  p resen ted  in 
Table 1, were  s imi la r ly  obtained. 

The following methods o f  isolat ion of the products  w e re  used: :1) the precipi ta te  :that fo rmed  a f t e r  the r e -  
action mixture  was cooled  w a s  removed  rapidly by f i l t ra t ion :and washed:with isopropyl alcohol; 2) the solvent 
was evaporatod,  the res idue  was d issolved in benzene,  the benzene solut ion was f i l tered,  the solvent was r e -  
moved f rom the f i l t r a t e b y  evaporat ion,  and the res idue  was t r i tu ra ted  with pe t ro leum ether .  

2 -Phenyl -e~-carbo l ine  (Ha).. A mixture  of 0.03 g (0.12 mmole) of 2-phenyl-3,4-dihydro-o~-carbol ine and 2 
ml of pyridine was heated with a few drops of DMSO for  15 min as a i r  was bubbled into the mixture,  a f te r  which 
it was cooled and t rea ted  with water .  The resul t ing prec ip i ta te  was removed  by f i l t ra t ion to give 2-phenyl-(~- 
carbol ine,  with mp 242 ~ (from benzene), in quantitative yield.  UV spect rmn:  }`max 218,252,  and 318 nm (log s 
4.73, 4.74, and 4.67). Found: C 83.7; H 5.2%. CIyH~N 2. Calculated: C 83.6; H 4.9%. 

Compounds Iib-f, the yields ,  physical  constants ,  and methods fo r  the isolation of which a r e  p resen ted  in 
Table 2, were  s imi la r ly  obtained. 

The following oxidation methods were  used: 1) heating to pyridine with a few drops of DMSO; 2) r e c r y s -  
tal l izat ion of the 3 ,4-dihydro compound with acces s  to a i r .  

1 ,3-Dimethyl-2-(benzyl ideneimino)indole  (HI). A 0.4-g (2 mmole) sample of 1 ,3-dimethyl-2-aminoindole  
hydrochlor ide  was dissolved by heating in 10 ml of alcohol containing 0.145 g (30% excess)  of potassium hy- 
droxide, a f t e r  which 0.21 g (2 mmole) of benzaldehyde was added to the hot solutions as ni t rogen was bubbled 
through it, and the mixture  was allowed to stand for  24 h. The prec ip i ta ted  c rys t a l s  were  separated,  washed 
with alcohol, and dissolved in benzene.  The benzene solution was f i l tered,  and the solvent was evaporated f rom 
the f i l t ra te  to give 0.2 8 g (56%) of yellow crys ta l s  of 1 ,3-dimethyl-2-(benzyl ideneimino)indole  with mp 85-86 ~ 
(from methanol).  UV spec t rum:  },max 267-268 and 372-390 nm (log ~ 4.41 and 4.11). Found: C 82.4; H 6.6%. 
CtTH16N 2. Calculated: C 82.3; H 6.4%. 
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