
270 :C (dec., f rom benzene) .  IR spec t rum:  3400 cm -i (indole ring NH). UV spectrum,  kmax (e- 10-3): 208 
C35.4), 227 (38.4), 256 (16.9), 279 (17.3), 303 (11.6), 327 HM (9.2). Found: C 84.1; H 4.5; N 11.0%. CisH12N 2. 
Calculated: C 84.4; H 4.7; N 10.9%. 
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ANHYDRO BASES OF 3-PYRIDYLINDOLES 

T. V. S t u p n i k o v a ,  B.  P .  Z e m s k i i ,  
Yu .  B. V y s o t s k i i ,  R.  S. S a g i t u l l i n ,  
a n d  K h .  Y a .  L o p a t i n s k a y a  

UDC 547.759.2'832.833.9 

The reactions of quaternary salts of 3-pyridyl- and benzopyridylindoles with alkali proceed via 
two pathways, viz., deprotonation, the products of which are anhydro bases, and dealkylation of 
the pyridine ring, as a consequence of which the corresponding nonquaternized bases are formed. 
The reactions are interpreted from a quantum-chemical point of view. 

It is known [ 1, 2] that qua te rnary  pyridinium salts in alkaline media add a hydroxide ion to give covalent 
hydration products  that exist  in equil ibrium with the open prototropic  form. In a number of cases  the la t ter  
may undergo ring c losure  to give a new cycl ic  sys tem as, for  example, in the recyel iza t ion of quaternary  salts 
of a -p i co l ine  to aniline [3],  nicotyrine to indole [4],  and 2-(3-pyridyl) indole  to carbazole  [5]. It is usually 
assumed that these r ea r r angemen t s  proceed  through the formation of the corresponding anhydro bases  [3], 
and this is also responsible  for the recent  increased  in teres t  in the study of this interest ing class  of organic 
compounds. 

Pyridyl indoles  are  of in te res t  because  the p resence  of an indole NH group in the molecule makes de- 
protonation to give anhydro bases  through the action of alkali on their  qua te rnary  salts more  likely. Thus, for  
example, it has been shown [6] that a stable anhydro base,  viz., 1 -methy l -4 - (3- indo leny l idene) - l ,4 -d ihydro-  
pyridine,  is formed under these conditions, and its e lectronic s t ructure ,  UV spectra ,  and basic i ty  constant  
have been studied. In the presen t  r e s e a r c h  we investigated the UV spect ra  and the prototropie  t r ans fo rma-  
tions of the qua ternary  salts of benzopyridylindoles in relat ionship to their  s t ruc tures .  

Colored anhydro bases  are  formed in the react ion of quaternary+ salts of substituted 2-phenyl-3-(4-  
pyridyl)  indoles (I) with an alcohol solution of alkali. Anhydro bases  were  obtained under s imi la r  conditions 
f rom the i somer ic  2-phenyl-3- (2-pyr idyl ) indole  methiodide and f rom the qua ternary  salts of 3-(2-quinolyl) - ,  
3-( l-isoquinolyl)-, 3-(benzo [f]-quinolyl)-, and 3-(9-acridinyl)indoles (III-VI). The color of the anhydro 
bases of benzopyridylindoles is deeper than that of the anhydro bases of pyridylindoles and deepens in the 
series presented from red to violet, apparently because of an increase in the conjugation chain. 

In addition to attack by the nucleophile on the NH group of the indole fragment, which leads to anhydro 
bases (VII-X), one also observes competitive N-dealkylation, which increases in the order I, III, and VI. In 
the latter example dealkylation becomes the principal process, whereas anhydro base X is formed in low yield 
under comparable conditions. 

To explain this fact we pe r fo rmed  a quantum-chemica l  calculat ion of the cations of III, IV, and VI by the 
P a r i s e r - P a r r - P o p l e  (PPP)  method with the paramet r iza t ion  proposed in [7];  it was assumed that these com-  
pounds are  nonplanar, and the dihedral  angle (0) was calculated f rom the van der  Waals radii  of the s te r ica l ly  
hindered groups and was found to be 68 ~ for the cis  conformers  of the cations of III and IV and 71 ~ for the 
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t rans  conformers ,  as compared  with 59 ~ for  the cat ion of VI. In the calculations the resonance  integral  of the 
C - C  interannular  bond was, as usual, multiplied by cos 0. 

The resul t s  of the calculat ion constitute evidence that a cis conformation is p r e f e r r e d  for  III and IV. 
Thus, for  example, the calculated dipole moment  of 3-(2-quinolyl)indole (the dihedral  angles of the cis and 
t rans  conformat ions  a re  48 and 34 ~ respect ively)  in the cis conformation is 3.37 D. The experimental  dipole 
moment  [8] of this compound is 3.97 D. Calculation of the dipole moment  in the t rans  conformation gave 1.44 
D. 

] 
~: '  

R' I 
I ~" CH3 CH3 "~ N " ' " ~ "  13~ 

�9 III s7% vl t  

i - I  CH~ 

IV , ' 4o% ( (i ;,~ v i i i  

o n -  ~ IX 5o% son 

Vl X Ja~ S4% 

a R=H; b R:CH3; r , = 3 - i n d o l y !  

The distr ibutions of the e lec t ron densit ies of the investigated cations [see [6] for the 3-(4-pyridyl) indole  
cation (XI)] a re  presented  in molecu la r  d iag rams  1-3 (Fig. 1), f rom which it follows that the highest  positive 
charge  in the III, IV, and XI cations is localized on the nitrogen atom in the indole ring (+ 0.34505, + 0.34810, 
and +0.36024, respec t ive ly) ,  while the highest posit ive charge  in the IV cation is localized on the nitrogen 
atom in the pyridine ring (+ 0.35418). Let  us note that since the ~r-eleetron charge  on the nitrogen atom in the 
indole ring de termines  the tendency for  detachment  of a proton, while the charge  on the nitrogen atom in the 
pyridine ring de termines  the tendency for  dealkylation, the difference in the charges  on these atoms should be 
symbatic  to the rat io of the yields of the competi t ive deprotonation and dealkylation p rocesses .  In fact, the 
difference in the charges  on the nitrogen atoms in the indole and pyridine rings dec reases  in the o rde r  XI > 
I I I>  IV (+ 0.02104, +0.01838, and -0 .00880,  respec t ive ly) ,  and the contribution of dealkylation p roces se s  in- 
c r ea ses  in the same order .  

Let us emphasize that the marked  intensification of the dealkylation p rocess  for the VI cation is evi-  
dently associa ted  with the large  amount of s te r ic  hindrance of the N-methyl  group (the distance f rom the N- 
methyl group to the hydrogen atom in the 1 position of acridine is 2.42 A, and the sum of the van der  Waals 
radii  is 5.2 A),  while the fo rmat ionofanhydro  base X is associa ted  with localization of the large  7r-electron 
charge  on the ni t rogen atom in the indole ring (Fig. 1). The importance of dealkylation inc reases  significantly 
when the N-methyl  group is replaced by an ethyl, isopropyl ,  or  nonyl group in the 3-(2-quinolyl)indole salts;  
this is associa ted  with an increase  in the s ter ie  hindrance. In the la t ter  ease an anhydro base was observed 
only by chromatography  even under ve ry  mild conditions. 

As in the case  of the anhydro bases  of 3-(4-pyridyl) indole  [6],  the formation of anhydro bases  II and 
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Fig. 1. Molecular diagrams: 1) 3-(2-quinolyl)indole cation; 2) 
3-(1-isoquinolyl)indole cation; 3) 3-(9-acridinyl)indole cation. 

TABLE I. Anhydro Bases of Pyridylindoles 

o m -  
,ound m%adeg ~b  

l la  195 0,30" 
: dec.) 

lib 251--252 0,32 
VII 173--174 0,35 

VIII 185---186 0,31 
IX 201--202 0,36 
X 250.--251 0,40 

UV spec- 
trum, nm 
(log r 

426 (4,35) 

426 (4,65) 
510 (4,59) 
515 (4,71) 
521 (4,38) 
550 (4,39) 

Found,~o 

c l , , I N  
84,3 5,8 ] 9,8 

i 

I " 5,2 l i d  
5,6 10,7 

8 < 6  54 9a  
85,8 5,t 9,0 

Empiri- 
cal for- 
mula 

C=0H16N2 

C2~H~sN2 
CIsHI4N2 
C~8H~4N2 
C22H~6N2 
C~H~6N2 

Calc., % Yield, 

c i ]-t i N  % 

84,5 5,6 9,9 99 

84,6 6,0 9.4 99 
83,7 5,4 10,9 87 
83.7 5,4 10,9 60 
85,7 5,2 9,1 50 
85,7 5,2 9,t 16 

a F r o m  a c e t o n i t r i l e ,  b S y s t e m  B. c S y s t e m  A. 

VII-X i s  a c c o m p a n i e d  b y  a s t r o n g  b a t h o c h r o m i c  sh i f t  ( ~ 100 nm)  of the  p r i n c i p a l  band  of  the r r -  7r* t r a n s i t i o n .  
On p a s s i n g  to n e u t r a l  aqueous  m e d i a  a p r o n o u n c e d  change  in  the c o l o r  and  in  i t s  c o n v e r s i o n  to p a l e - y e l l o w  in a l l  
c a s e s  was  no ted  even  v i s u a l l y ;  the a b s o r p t i o n  c u r v e  b e c o m e s  w i d e r  and c l o s e  to the a b s o r p t i o n  c u r v e  of the  
s t a r t i n g  q u a t e r n a r y  s a l t .  Th is  i s  e v i d e n t l y  e x p l a i n e d  b y  the  f ac t  tha t  the  s t r o n g l y  n u c l e o p h i l i c  a nhyd ro  b a s e  
(XII, fo r  e x a m p l e )  adds  a p r o t o n  r e v e r s i b l y  to the i ndo len ine  n i t r o g e n  a t o m  [6] a s  the  s i t e  of  the h i g h e s t  
n e g a t i v e  r - e l e c t r o n  c h a r g e ,  t h e r e b y  u n d e r g o i n g  c o n v e r s i o n  to q u a t e r n i z e d  f o r m  XIII ,  wh ich  can  add a h y d r o x -  
ide  ion c o v a l e n t l y  and a l so  r e v e r s i b l y  to g ive  p seudo  b a s e  XIV:  

H 

Xll Xll[ 

�9 CHa--N ~ 

X l V  

The s o m e w h a t  d e p r e s s e d  pK a v a l u e  of XI I  d e t e r m i n e d  by  a s p e c t r o p h o t o m e t r i c  m e t h o d  [6] i s  e x p l a i n e d  
by  h y d r a t i o n  p r o c e s s e s  tha t  t ake  p l a c e  in aqueous  s o l u t i o n s  of  the  anhydro  b a s e s .  Dur ing  the m e a s u r e m e n t  of  
the  pK a v a l u e  of  th i s  compound  b y  a p o t e n t i o m e t r i c  m e t h o d  we o b s e r v e d  two s h a r p  pH i n f l e c t i o n s  on the t i t r a -  
t ion  c u r v e  ( F i g .  2) ;  th i s  c o n s t i t u t e s  e v i d e n c e  fo r  t he  p r e s e n c e  of  two b a s e s ,  v i z . ,  the  a nhyd ro  b a s e  and i t s  h y -  
d r a t e d  f o r m ,  in  the  s y s t e m .  Judg ing  f r o m  the p o s i t i o n  of  the i n f l e c t i o n s  on the  t i t r a t i o n  c u r v e ,  the  PKa v a l u e  
of  a n h y d r o  b a s e  XII  i s  11.25 wh i l e  the  pK a v a l u e  of  i t s  h y d r a t i o n  p r o d u c t  i s  7.30. P o t e n t i o m e t r i c  t i t r a t i o n  of 
VII -X in d i lu t e  aqueous  a l c o h o l  s o l u t i o n s  gave  t i t r a t i o n  c u r v e s  wi th  two in f lec t ions~  the c o r r e s p o n d i n g  pK a 
v a l u e s  of  t h e s e  c o m p o u n d s  a r e  p r e s e n t e d  in T a b l e  2. L e t  us  no te  tha t  a n h y d r o  b a s e s  VII -X and XII  a r e  f ixed  
s t r u c t u r e s  of  the B type  in t a u t o m e r i c  e q u i l i b r i u m :  

H 

h B 
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Fig.  2. T i t r a t ion  c u r v e  o f  an aqueous  a lcohol  solut ion of the 3- 
( 4 - p y r i d y l  ) indole anhydro  base .  

Fig.  3. UV spectra-" 1) 3 - ( 4 - p y r i d y l ) i n d o l e  in 0.1 N HC1 so lu -  
tion; 2 ) 3 - { 4 - p y r i d y l ) i n d o l e  in c o n c e n t r a t e d  H2SO4; 3) 1 - m e t h y l -  
4 - ( 3 - i n d o l y l ) p y r i d i n i u m  iodide in c o n c e n t r a t e d  H2SO4; 4) l -  
m e t h y l - 4 - ( 3 - i n d o l y l )  p y r i d i n i u m  iodide in methanol .  

TABLE 2. B a s i c i t i e s  and Indexes  of  the A r o m a t i c  C h a r a c t e r  of  Py r idy l i ndo l e s  (A) and 
The i r  Anhydro  B a s e s  (B) 

'~"I Form A 
induced ~-electron 

I currenm 
Compound . . . . .  

I=-= ~ '= I ~ ' =  

3-.(4-Pyridyl)- 
l n f l o l e  

3-(2-Quinolyl)- 
indole 

3-(1-tsoquinol - 
xDindole 

3-(2-Benzoqui- 
nolyl)indole 

3.-(97Acridinyl) 
1 na ore 

5,55 

4,87 

4,60 

4,45 

4,45 

p Ka 

Form B 

induced ~r-electron 

I = -  ,~'= I.~ ~ 

KT 

0,95 

1 , 0 6  

1 , 0 7  

1,04 

0,78 1,06 

0,81 1,06; 1,06 

0,82_ 1,06;_ 1,04 

0,81 1,06; 1,06 
I 1 , o 6  

1 , 2 5  

9,75 

9,60 

9,95 

9,87 

0,39 

0,62 

0,67 

0,41 

0.39 0,93 1,99.10 -8 

0,63 0,95; 1,00 1,32.10 -s 

0,69 0,97; 0,99 0,89. l0 -s 

- -  - -  3,16.10 -6 

0,39 1,19:0,95 3,8.10 -8 
I 0,95 

I 
AX~ 

A! 

0,94 

0,72 

0,63 

1,64 

7,76 

6,65 

6,88 

7,50 

7,39 

0,55 0,39 

0,44 0,18 

0,40 0,13 

0.65 0,42 

The t au tomer i c  equ i l i b r ium cons tan t s  (KT) and the a r o m a t i c i t i e s  of these  compounds  a r e  then in t ima te ly  a s -  
soc ia ted  with the p e c u l i a r i t i e s  of  compounds  A and B [9] .  However ,  a n e c e s s a r y  condi t ion fo r  this is the r e -  
qu i r emen t  of  the f o r m a t i o n  of  a c o m m o n  ca t ion  (o r  anion) f r o m  both t a u t o m e r s  A and B [9] .  The m o s t  l ike ly  
si te  of  p ro tona t ion  in the 3 - ( 4 - p y r i d y l ) i n d o l e  molecu le  is the pyr id ine  n i t rogen  a tom;  however ,  one m u s t  a l so  
take into account  p ro tona t ion  in the fl pos i t ion  of  the indole  r ing,  e spec i a l l y  s ince  c a s e s  of fi p ro tona t ion  of  
indole [ 10], p a r t i c u l a r l y  3 -phenyl indo le  [ 11], which has  a s t r u c t u r e  s i m i l a r  to that  of  3 -pyr idy l indo le ,  a r e  
known. It is t rue  that  a p r o c e s s  of  this s o r t  is l e s s  f avorab le ,  s ince  fl p ro tona t ion  of  the indole r ing  p r o c e e d s  
With d is rupt ion  of  the a r o m a t i c i t y  of  the s y s t e m .  In addi t ion to this,  one m u s t  a l so  take into accoun t  N - p r o t o -  
nation of the p y r r o l e  p a r t  of  the molecu le ,  s ince  this p r o c e s s  a l so  takes  p lace  in the r e a c t i o n  of indole with 
mine ra l  acids .  [10] .  F ina l ly ,  one m u s t  a l so  examine  the pos s ib i l i t y  of  d iprotonat ion .  Thus,  one should  a s -  
sume  the fo rma t ion  of  C - F  ions in ac id ic  m e d i a  f o r  3 - (4 -py r idy l} indo le :  

I f  H z ~  H 
H H F C D E 

However, since the UV spectrum of 3-(4-pyr idy l ) indole XV in 0.1 N HC1 solution is s im i l a r  to the spectrum 
of methiodide  XVI in methanol  {Fig. 3), this cons t i tu t e s  ev idence  fo r  p ro tona t ion  in a di lute solut ion of  ac id  
XV at  the n i t rogen  a tom of  the pyr id ine  r ing  to g ive  ion C. The abso rp t ion  c u r v e s  o f  XV and XVI in c o n c e n -  
t r a t e d  su l fur ic  acid a r e  ident ica l  and do not  d i f fe r  f r o m  the s p e c t r u m  of XVI in methanol .  This fact  exc ludes  
the poss ib i l i t y  of  s e c o n d a r y  pro tonat ion .  In addit ion,  the s p e c t r u m  of XII  in ac id  is  s i m i l a r  to the s p e c t r u m  of 
XVI in methanol .  This ind ica tes  that  XI  and XV f o r m  a c o m m o n  ca t ion  and that  one can consequen t ly  use  the 
pK a method  fo r  the ca lcu la t ion  of  K T, This conc lus ion  is c o n f i r m e d  by q u a n t u m - c h e m i c a l  ca l cu la t ion  of the 
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e lec t ron  densi ty  d is t r ibut ions  in XV and XII. The highest  negat ive ~ - e l e c t r o n  charge  in XV is  local ized on the 
pyr idine n i t rogen a tom,  while the highest  negat ive ~r-eleetron charge  in XII is loca l ized  on the ni t rogen a tom 
in the indole r ing [6]. 

Calculat ion of the t au tomer ic  equi l ibr ium constants  f r o m  PKa data [ 12] (Table 2) showed that  the A 
B tau tomer ic  equi l ibr ium is  shifted to favor  A; the change in the a roma t i c i t y  on pass ing  f r o m  A to B (AG) 
c o r r e l a t e s  sa t i s fac to r i ly  with the ca lcula ted  (by the method in [ 13]) a roma t i c i t y  indexes,  viz. ,  the change in 
the re la t ive  d iamagnet ic  suscept ib i l i t ies  (A• n = •  r - • 2 1 5  and the change in the induced ~ - e l e c t r o n  
r ing cu r r en t s  (AI) in the py r ro l e  and pyr id ine  r ings (Table 2). 

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

The UV spec t r a  of solutions (c 10 -5 mole / l i t e r )  of  the compounds in methanol ,  water ,  0.1 N HC1, and 
concent ra ted  H2SO 4 w e r e  r e co rded  with a Specord UV-vis  spec t ropho tomete r .  The pK a values  were  d e t e r -  
mined with a pH-340 pH m e t e r  by t i t ra t ion of 10 -3 M solutions of the compounds in a 10% solution of methanol  
with a 10 .2 M solution of hydrochlor ic  acid and a 10 -2 M solution of sodium hydroxide.  The pK a values  were  
a s sumed  to be  equal to the pH values at  the ha l f -neu t ra l i za t ion  point.  Chromatography  was c a r r i e d  out in a 
loose thin l a y e r  of a luminum oxide (act ivi ty II) with elution with c h l o r o f o r m - b e n z e n e - h e x a n e  (30 : 6 : 1) (A) 
and c h l o r o f o r m - b e n z e n e - h e x a n e - m e t h a n o l  (30 : 6 : 1 : 5) (B) sy s t ems ;  the c h r o m a t o g r a m s  were  developed 
with iodine vapors .  

1 -Methy l -2 - (2 -pheny l -3 - indo leny l idene ) - l , 2 -d ihydropyr id ine .  A solution of 1.2 g (3 mmole )  of 1 -methy l -  
2 - (2 -pheny l -3 - indo ly l )pyr id in ium iodide in 15 ml  of a 10% methanol  solution of NaOH was mainta ined at 50~ 
for  5 rain, a f t e r  which i t  was cooled and diluted with water ,  and the p rec ip i t a te  was r emoved  by f i l t ra t ion and 
r e c r y s t a l l i z e d  f r o m  ace toni t r i le  to give 0.7 g (83%) of a product  with mp 159-160~ and Rf 0.49 CA). UV spec -  
t rum,  k m a  x (log e):  253 (4.5); 310 (4.4);  430 HM (4.2).  Found: C 84.1; H 5.8; N 9.7%. C20H15N 2. Calculated: 
C 84.5; H 5.6; N 9.8%. 

Anhydro ba se s  IIa,b and VII-X, the c h a r a c t e r i s t i c s  of which are  p resen ted  in Table 1, were  s i m i l a r l y  
obtained. 
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