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The kinet ics  and m e c h a n i s m  of the hydro lys i s  of var ious  enamines  have been studied in fa i r ly  g rea t  de-  
tai l  [2-4], and accord ing  to the cu r r en t  ideas ,  the hydro lys i s  p roces s  takes  place in accordance  with the follow- 
ing scheme:  

I!~ O+ ~ +  I / H20 x +  I / \ +  I / ~ N H +  / 
~ / / / N - - : ~ C \  _ . , ,~N=C--CH = ) N - - C - - C H  - - - -  / N - - C - - C I I  - - . ~  - - C - - C H .  

\ " H  1 \ / H  i_  \ II \ 
OH 0 0 

At the s a m e  t ime ,  it  has been shown that  the r a t e - l im i t i ng  step va r i e s  as a function of the ambien t  pH [2- 
4] and the degree  of conjugation between the lone pa i r  of the ni t rogen a tom and the enamine c a r b o n - c a r b o n  
double bond [5, 61. 

In con t ra s t  to the enamines ,  no sy s t ema t i c  invest igat ions of the hydro lys i s  of enamine ketones have p r e -  
viously been c a r r i e d  out, while in a number  of c a se s ,  the hyd ro ly s i s  O f enamine ketones is a convenient  method 
for  obtaining the co r respond ing  dicarbonyl  compounds .  The re fo re ,  the study of the fea tu res  of the hydrolys is  
of enamine ketones  is of definite i n t e re s t  not only in the theore t ica l  r e spec t ,  but a lso  in the p rac t ica l  r e spec t .  
In accordance  with this goal,  the p re sen t  work  was an investigation of the hydro lys i s  of enamino ketones  [in the 
examples  of 1 -me thy l -2 - (2 ' - benzoy lme thy lene )py r ro l i d ine  (Ia) [7 ] , -p ipe r id ine  (Ib) [8], a n d - h e x a h y d r o a z e p i n e  
(Ic) [9]] and of the dependence of the ra te  of this p roce s s  on the conditions se lec ted  (pH, t empera tu re )  and the 
s ize  of the sa tu ra ted  azahe te rocyc le .  Po la rog raphy  was se lec ted  as  the ins t rumenta l  method, s ince the half- 
wave potent ia ls  of the or iginal  enamino ketones  and of the i r  hydrolys is  products  of type II differ  s ignif icantly 
over  a b road  pH range.  As an example ,  Table  1 p r e sen t s  the values of E~/2 for  enamino ketones of type I and 
of the cor respondingf i -d ike tones  of type II in an ace ta te  buffer  solution with pH 4.6. 

In modera t e ly  acidic  media (pH 1-6) the ra te  of hydrolys is  is usual ly l imited by the ra te  of the addition of 
wa te r  to the immon i um  cation [2-4]. Thus,  a l r eady  f r o m  genera l  cons idera t ions  it  follows that the s i x - m e m -  
bered  enamino ketone (Ib) should undergo hydro lys i s  mos t  readi ly .  In fact ,  in this case ,  in the r a t e - l imi t ing  
s tep the re  is an sp  2- sp 3 change in the configurat ion of the C(2 ) a tom of the ring, which, accord ing  to the con- 
cept of an I s t r a in  [10, 11], is mos t  advantageous for  a s i x - m e m b e r e d  r ing  and leas t  advantageous for  a f ive- 
m e m b e r e d  r ing.  At the s ame  t ime ,  as  we see  f r o m  the scheme presented ,  the hydro lys i s  of enamino ke tones i s  
a r e v e r s i b l e  p roce s s ,  and its r a t e  should be de te rmined  by the ra t io  between the ra te  of constants  of the fo r -  
ward and r e v e r s e  reac t ions .  For  this r eason ,  i t  is n e c e s s a r y  to take into account the fac tors  which influence 

*For  r e p o r t  5 see [1]. 
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TABLE 1. Half-Wave Potentials  (V, s.c.e.) of Enamino Ketones of 
Type I and/%Diketones of Type II in a I M Acetate Buffer 

Compound [ Ia [ lb Ic l IIb i l c  

I l 
- - i , 0 5 ;  I - -0 ,99;  - -0 ,98 ;  I - -1 ,12;  --1,12;  
- -  1 ,27  ] - -  1 ,25  - -  1 ,25  [ - -  1 ,20  - -  t ,21 

TABLE 2. Rate Constants 
and Activation Parameters 
for the Hydrolysis of Ic in 
a 0.i M Acetate Buffer* 

t, ~ k �9 I0 r ~C "I 

25 1,39-----0,07 
40 3,74-+0,17 
50 7,8--+2.3 
60 16,47-+0,38 
70 29,8• 

*AH ~=  55.7 +5.4 kJ /mole  
(13.3 +1.3 kcal /mole) .  AS S= 
- 1 3 2  + 17 J /mole .  deg (- 31.5 i 
4.1 ca l /mole  - deg). 

not only the ra ts  of the hydrolys is  of enamino ketones, but also the rate of the r eve r se  react ion (II--I). It is 
known [12] that the probability of a cycl izat ion react ion decreases  with increasing size of the chain closed and 
accordingly  with increas ing size of the r ing formed,  i.e., along the se r ies  5 > 6 > 7. Thus, the probabili ty of the 
formation of enamino ketones of type I upon the cyclization of diketones of type II should decrease  along the 
s e r i e s  Ia > Ib > Ie. The resul ts  obtained a re  in good agreement  with the arguments  advanced. 

When enamino ketone Ic was heated (50~ in 0.1 N I-ICI, a decrease  in the height of the reduction waves of 
this compound was observed along with the appearance and enhancement of the reduction waves of hydrolysis  
product  He. The lat ter  compound (IIc) was isolated by a preparat ive method and charac ter ized  by elemental  
analysis  and spec t ra l  data. The ra te  constant  of the hydrolysis  of enamino ketone Ic under these conditions is 
equal to (2.98 • �9 10 -4 sec -1. 

(.c,p:-~ k, (~N,)~...__c. 

I I 6 .  o 
CH~ CH 3 ~H-'" 
la-c J l a - I I c  

I, Ila n=l; b .~2; C n~3 

As in the investigation of the hydrolys is  of enamines [13], in the case of enamino ketone Ic, a distinct 
"bell-shaped" dependence of k 1 on the ambient  pH with a maximum at pH ~4 was observed.  

Table 2 presents  the rate  constants for the hydrolysis  of enamino ketone Ic as a function of the t empera-  
ture  (0.1 M acetate buffer) and the activation pa ramete r s  of the process .  Our attention is turned to the low 
(large negative) value o f the  entropy of activation, which points out the significantly g rea t e r  ordering of the ac-  
tivated complex in compar ison to the original  state.  

While enamino ketone Ic was hydrolyzed quantitatively, and after  the completion of the process  only re -  
duction waves of the react ion product IIc were recorded  on the polarogram,  in the case of the s ix -membered  
enamino ketone Ib in 0.1 N HCI, the reduction wave of the original compound diminished only to a cer tain level. 
Subsequently, the rat io between the heights of the reduction waves of Ib and IIb was not dependent on the t ime, 
i .e. ,  the es tabl ishment  of the equil ibrium Ib~-~IIb could be observed with the aid of polarography.  This is evi- 
dence of a significant increase  in the rate  of r eve r s e  react ion in accordance  with the aforementioned increase  
in the probabili ty of cyclization when a s ix -membered  r ing is formed in compar ison to the case of a seven- 
membered  ring. However, the rate  of the forward react ion (hydrolysis) for the s ix -membered  enamino ketone 
Ib is significantly higher than that for the seven-membered  enamino ketOne Ie. A calculation shows that at 50~ 
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T A B L E  3. Equ i l i b r i um Constants ,  Standard F r e e  Ene rg i e s ,  and 
Constants  of the F o r w a r d  React ion  in the  P r o c e s s  Ib = I I b  at  50~ 
in Mixed Solvents Containing 10% Aqueous 1 N HC1 and 90% Com- 
ponent B (by volume) 

t 1:1 Ethanol- 
13 Glycerol m .( ) ( gtycero l Etha no I D MFA 

K~q 0 
AG ~ kcal/mole 

(323~ I aim) 
/~'l ' 10 ~ seC'1 

0,55+-0,08 0,6{)+_0,16 
0,38 0,33 

0,90 0,19 

1,72• 
- 0,35 

3,0 

3.50+_0,75 
-- 0.80 

2,3 

in 0.1 N HC1 the value of k 1 for Ib is  9 • 10 -4 sec  - I ,  which is  a pp r ox i m a t e l y  twice as  g r e a t  as  the co r respond ing  
value for Ic (see above).  Thus,  the I s t r a i n  has a s igni f icant  influence on the r a t e  of the hyd ro lys i s  of cyc l ic  
enamino ke tones .  

F ina l ly ,  we were  not able to obse rve  the hyd r o l y s i s  of the f i v e - m e m b e r e d  enamino ketone Ia under  these  
condi t ions .  In th is  ca se ,  both f ac to r s ,  viz. ,  the ease  of cyc l i za t ion  and the ene rgy  d isadvantage  of the sp 2- sp 3 
change in conf igurat ion,  ac t  in the same  d i rec t ion .  As a r e s u l t ,  compound Ia is  f a i r l y  Stable under these  con- 
d i t ions .  

A more  de ta i led  s tudy of the Ib ~ I I b  equ i l ib r ium r e v e a l s  (Table 3) that  the values  of Keq depend on the 
na ture  of the so lvent  used.  In g l y c e r o l  the equ i l ib r ium is shif ted toward the cyc l ic  enamino ketone,  in wate r  the 
concen t ra t ions  of the cyc l ic  (Ib and open (IIb) fo rms  a re  a p p r o x i m a t e l y  equal,  and in ethanol and e s pec i a l l y  in 
d i m e t h y l f o r m a m i d e  diketone IIb p redomina t e s  at  equ i l ib r ium.  This  type of va r i a t ion  of Keq is poss ib le  due to 
the d e c r e a s e  in the ab i l i ty  of the solvent  to d i s rup t  the chelate  s t r u c t u r e  c h a r a c t e r i s t i c s  of f l -diketones .  The 
p r e s e n c e  of such an i n t r a m o l e c u l a r  hydrogen bond s t a b i l i z e s  the open fo rm of IIb and causes  a shift  of the I b ~  
IIb equ i l ib r ium to the r ight .  

In o r d e r  to t r y  to shif t  the I b ~ I I b  toward fl-diketone IIb and to find the condit ions for  the occu r rence  of 
the p r o c e s s  I a ~ I I a ,  enamino ketones  Ia and Ib were  boi led  in a 0.1 M ace ta te  buffer solut ion.  Unlike enamino 
ketonc Ic ,  which i s  r ap id ly  hyd ro lyzed  to f l -d iketone IIc under  these  condi t ions (the l a t t e r  r e m a i n s  unchanged 
even dur ing  pro longed  boil ing) ,  enamino ketone Ib p roduced  an equ i l ib r ium mix tu re ,  and no reduct ion 
waves  of f l -d iketone Ha were  noted i n  the case  of the f i v e - m e m b e r e d  enamino ketone In. In both c a s e s  
(Ia and Ib), a d e c r e a s e  in heigh t and then the d i s a p p e a r a n c e  of the reduct ion  waves  of the o r ig ina l  
compounds were  obse rved .  The r eac t i on  p roduc t  was i so la ted  by a p r e p a r a t i v e  method,  and with the aid 
of t h i n - l a y e r  c h r o m a t o g r a p h y  and IR, UV, and mass  s p e c t r o s c o p y  it was shown that  benzoic ac id  acid fo rms  
quant i ta t ive ly  under  these  condi t ions ,  i . e . ,  the p r o c e s s  c o r r e s p o n d s  to the acid  hyd r o l y s i s  of ~-d ike tones  (we 
again  s t r e s s ,  however ,  that  f l-diketone IIc is s tab le  under these  condit ions) .  In the case  of enamino ketones Ia 
and Ib, the p r o c e s s  p robab ly  p roceeds  through a C-pro tona ted  fo rm accord ing  to an o rd ina ry  scheme of acid  hy- 
d r o l y s i s .  The r a t e  cons tants  of this  p r o c e s s  for  enamino ketones Ia and Ib a r e  equal to (1.63 ~0.37) �9 10 -4 sec  - t  
and (6.2 +1.9). 10 -4 sec  -1 (at 10O~ r e s p e c t i v e l y .  

When compounds I a - I c  were  heated in 0.1 N NaOH, we obse rved  a d e c r e a s e  in the heights  of the reduct ion  
waves of the enamino ketones  and an i n c r e a s e  in the height of the wave with E lj~o = -  1.65 V, which co r r e sponds  
to the reduct ion  of acetophenone.  The fo rmat ion  of acetophenone under these  condit ions was a l so  conf i rmed 
with the aid of mass  s p e c t r o m e t r y . *  The quest ion of whether  the o r ig ina l  enamino ketones undergo ketone sp l i t -  
t ing or  whether  this  p r o c e s s  is p receded  by a hyd ro lys i s  s tep  a r i s e s .  The study of the compara t i ve  behavior  
of enamino ketone Ic and diketone IIc r evea l ed  that when the l a t t e r  is heated in a lka l i ,  i t  decomposes  to ace to-  
phenone s ign i f ican t ly  more  rap id ly ,  i . e . ,  the ha l f - l i f e  r~/2 for IIe a t  55~ is  l e ss  than :t min, while r l / 2  for Ic is  
11.4 ~0.1 h. 

Thus,  the data in Table  4 make it poss ib le  to compare  the r a t e  of hyd ro lys i s  of enamino ketones in an 
a lka l ine  medium.  These  data allow us to conclude that  in the case  in which the hyd ro lys i s  is followed by an i r -  
r e v e r s i b l e  p r v c e s s ,  viz . ,  "ketone" spl i t t ing,  i t  is  poss ib le  to c h a r a c t e r i z e  the hydro lys i s  p r o c e s s  for a five- 
m e m b e r e d  enamino ketone,  i .e . ,  a p r o c e s s  which could not be obse rved  or c h a r a c t e r i z e d  under  other  condit ions.  

It is  i n t e r e s t i ng  to note that  the va r ia t ion  in the f ree  e n e r g i e s  of ac t iva t ion  of th is  p r oc e s s  as  a function 
of the s ize  of the r ing  is due comple te ly  to the d i f fe rences  in the enthalpies  of ac t iva t ion ,  while the ent ropy of 
ac t iva t ion  i s  not dependent  on the r ing s ize ,  i .e . ,  the d i f f e rences  in the o r d e r i n g  of the t r ans i t i on  and init ial  s ta tes  

*With the a id  of spec i a l  e x p e r i m e n t s  it  was shown that  the fo rmat ion  of acetophenone is quant i ta t ive.  
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TABLE 4. Rate Constants k and Activation Pa rame te r s  for the 
"Ketone" Splitting of Enamino Ketones in 0.1 N NaOH 

t ,  ~ 

25 
35 
45 
55 
60 
65 
70 
75 

AH ~-, kJ/mole 
(kca l/mole) 

h$~, i/mole �9 deg 
(cal/mole �9 deg) 

lb 
k - 10 4 SOC - I  

1,1; 0,9 
2,3; 2,07; 2,29 
4,88; 5,04; 4,88 
93; 9,22; 9,47 

54,6+-3,4 
(13,04 • 
-t37• 

(-- 32,8:!-2,6) 

Ic 
k .  10 4 SCC-I 

0.97; 0,90 
1,6; 1,8 

3,6; ~,5; 3,7 
5,4; 4;6; 6,0 

60:~7 
(14,4+ 1,6) 
--133• 

--31,7+-4,9) 

k ,  104 SCC " I  

0,118_0,I06 

0,2570,16 
0,361; 0,324 

69+_ 13 
(16,4_+3,1) 
-134+_38 
(--32___9) 

are  identical for all the enamino ketones investigated. F rom Table 4 it is also seen that in alkaline media the 
s ix -membered  enamino ketone is hydrolyzed with the g rea tes t  rate and the f ive-membered  is hydrolyzed with 
the lowest rate .  

Finally, the last stage of our work was a study of the cyclizat ion of ~-diketone IIc to enamino ketone Ic. 
As we see f rom the foregoing data, cyclizat ion of hydrolysis  product IIc could not be observed in protogenic 
media. For this reason,  we investigated the closing of the seven-membered  ring in aprotonic organic solvents 
with different polari t ies ,  viz., toluene and dimethylformamide (DMFA). The rate constants and activation pa-  
r ame te r s  of the cyclizat ion process  are  presented in Table 5. As we see f rom the resul ts  presented,  the rate 
of the cyclization react ion is somewhat h igher  in DMFA: Our attention is turned to the fact that the enthalpyof 
activation of the cyclizat ion process  is significantly lower in the polar solvent (DMFA) than in toluene. How- 
ever ,  this difference in the values of AH ~ does not cause great  changes in the rate constants of the react ions,  
since a significantly lower ( larger negative value) entropy of activation is observed in DMFA. Therefore ,  the 
stabilization of the activated complex by delocalization of the changes (in it) owing to the solvation of the ionic 
centers  by the polar solvent is a lmost  completely compensated by the increase in the s ter ic  requi rements  for 
the formation of the t ransi t ion state due to the participation of the solvent in it. The latter situation is also 
manifested as  a decrease  in the entropy of activation by ~8 ca l /mole  �9 deg. 

Thus, significant differences in the ra tes  of hydrolysis  of the enamino ketones as a function of the size of 
the saturated azaheterocycle  have been established. In moderate ly  acidic media the seven-membered  enamino 
ketone Ic is hydrolyzed pract ical ly  i r r eve r s ib ly  to fl-diketone IIb, the s ix -membered  ring is charac ter ized  by 
the establ ishment  of the equil ibrium enamino ketone Ib ~ hydrolysis  product IIb, and the hydrolysis  of the five- 
membered  enamino ketone Ia could not be observed.  When heated in an acetate buffer solution, enamino ketones 
Ia and Ib undergo acid hydrolysis .  Interes t ingly enough, fl-diketone Iic, which forms f rom Ic, is completely 
stable under these conditions. Finally, heating in the presence of sodium hydroxide resul ts  in the ketone split- 
ting of all  the compounds investigated, Ia - Ic .  In all the media the rate of the hydrolysis  of the enamino ketones 
dec reases  as a function of the size of the ring along the ser ies  6 > 7 > 5, which is in good agreement  with the 
concept of an I s train.  

F rom the data it also follows that polarography is a convenient and effective method for studying various 
chemical  conversions o f  enamino ketones, including the hydrolysis  p rocesses  of "acid" and "ketone" splitting, 
as well as the p rocesses  of cyclization (to enamino ketones) of the corresponding carbonyl  compounds. 

EXPERIME NTA L 

The kinetic measurements  and polarography were car r ied  out in a thermosta ted  cell, and the assigned 
tempera ture  was held by an u l t ra thermosta t  with an accuracy  of �9 0.1~ The po la rograms  were recorded  ac-  
cording to a th ree-e lec t rode  scheme with the aid of a PAR-170 "e lec t rochemical  sys tem."  A dropping mercu ry  
electrode with a PAR-172 device for forced departure of a drop was used. A saturated calomel electrode 
(s.c.e.) served as the reference  electrode.  All the solutions except those indicated contained 10% ethanol by 
volume. In the solutions undergoing polarography the concentrat ion of the depolar izers  was between 0.3 and 
3.0 mmole / l i t e r .  The fair ly fast react ions  at t empera tures  below 60~ were ca r r i ed  out d i rec t ly in the  polaro-  
graphic cell. In this case,  po larograms were recorded  after  definite time intervals ,  or the kinetic curve,  i.e., 
the decrease  in the cur ren t  with time at a constant potential corresponding to the plateau of the limiting current  
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T A B L E  5. Ra te  C o n s t a n t s  k and A c t i v a t i o n  P a r a m e t e r s  for  the  C y c l i -  

z a t i on  P r o c e s s  I I c ~ I c  in A p r o t o n i c  So lven t s  

t, ~C 

70 
80 
90 

100 
110 

To~ene 
k .  10' S e e  "1  

0 , 5 2 2  • 
0,962 • 

1,67• 
2,87• 

DMF.4 
k .  10 4 s e e  -1 

0,427 • 0,075 
0,70 • (), ! 3 
1,15• 
1 ,73  • 0.6.1 

A H  ~ , kJ/mole 
(kca I/mole) 

A S  ~ ,  J/mole .deg 
(cal/mole �9 deg) 

60.7• 
(14,49• 
--157• 
(-37,4• 

47,0• 
(11,22+_0.89) 
- -  193 + -- 10 
(--46,0--+2.5) 

of  the  e n a m i n o  ke tone  of type  I, was  t r a c e d .  The  s l o w  r e a c t i o n s ,  a s  wel l  a s  the r e a c t i o n s  a t  t e m p e r a t u r e s  
above  60~ w e r e  s t ud i ed  by  c o l l e c t i n g  s a m p l e s ,  the  p o l a r o g r a p h y  be ing  c a r r i e d  out  a t  a s t a n d a r d  t e m p e r a t u r e  
of  25~ The  r e a c t i o n s  w e r e  s t ud i ed  o v e r  the  c o u r s e  of one to two p e r i o d s  of h a l f - c o n v e r s i o n ,  and two o r  t h r e e  
r e p e a t e d  m e a s u r e m e n t s  w e r e  c a r r i e d  out.  The  r a t e  c o n s t a n t  w a s  c a l c u l a t e d  f r o m  a f i r s t ,  o r d e r  equa t ion ,  a l l  
the  e x p e r i m e n t a l  po in t s  b e i n g  c o n s i d e r e d  e q u a l l y  a c c u r a t e .  In o r d e r  to  m e a s u r e  the  e q u i l i b r i u m  c o n s t a n t  of  the 
p r o c e s s  I b ~ I I b ,  the  d e c r e a s e  in the l i m i t i n g  c u r r e n t  of  Ib  with t i m e  to a c e r t a i n  c o n s t a n t  va lue  ieq,  which  c o r -  
r e s p o n d s  to the  e q u i l i b r i u m  c o n c e n t r a t i o n ,  was  r e c o r d e d  on the p o l a r o g r a p h .  The  e q u i l i b r i u m  c o n s t a n t  was  c a l -  
c u l a t e d  a s  the  r a t i o  Keq = ( i 0 - i e q ) / i e q ,  and the quan t i ty  (i 0 -  ieq) was  found f r o m  the equa t ion  [14] 

ln(i-ieq) =In(iu-ieq) - (lq -~l,' 1) . I. 

T a b l e  3 p r e s e n t s  the  m e a n  va lue s  of  the  e q u i l i b r i u m  c o n s t a n t s  f r o m  a s e r i e s  of t h r e e  to  s e v e n  r e p e a t e d  
m e a s u r e m e n t s .  The a c t i v a t i o n  p a r a m e t e r s  w e r e  c a l c u l a t e d  f r o m  E y r i n g ' s  equa t ion  

In /e ~23.7(i ~- '-~S~ \l/+ 1 
T R R Y 

E a c h  po in t  was  a s s i g n e d  a s t a t i s t i c a l  we igh t ,  which  was  equa l  o r  p r o p o r t i o n a l  to the  va lue  of p / s  2, w h e r e  p i s  
the  n u m b e r  of r e p e a t e d  m e a s u r e m e n t s  a t  the  p a r t i c u l a r  point ,  and s 2 i s  the  v a r i a n c e  of the  quan t i ty  ( I n k / T ) ,  
which  was  e v a l u a t e d  f r o m  the  r e p e a t e d  m e a s u r e m e n t s .  I f  r e p e a t e d  m e a s u r e m e n t s  w e r e  not  c a r r i e d  out (the 
da t a  f r o m  T a b l e s  2 and 5), a we igh t  p r o p o r t i o n a l  to  the  quan t i t y  (Inn/s2),  w h e r e  n i s  the n u m b e r  of e x p e r i m e n -  
t a l  po in t s  u s e d  to c a l c u l a t e  the  r a t e  c o n s t a n t ,  and  s 2 i s  the  v a r i a n c e  fo r  the  r a t e  cons t an t ,  was  used  in the  c a l -  
c u l a t i o n  of t he  a c t i v a t i o n  p a r a m e t e r s .  

e - M e t h y l a m i n o c a p r o n o y l a c e t o p h e n o n e  H y d r o c h l o r i d e  (Enol ) ( I Ic ) .  A 2.2-.g p o r t i o n  (9.6 m m o l e )  of Ic in 150 
ml  of  0.1 N HC1 was  b o i l e d  (10 h, p o l a r o g r a p h i c  m o n i t o r i n g ) ,  the  m i x t u r e  was  e v a p o r a t e d  in a vacuum,  and IIc 
was  ob ta ined .  The  y i e l d  was  2.6 g (95%), and  the mp  was  118-119~ {from e thanol ) .  UV s p e c t r u m  (in 0.1 N 
NaOH), Z m a x  (log e): 238 (3.90), 325 n m  (4.20). PMR s p e c t r u m  (in CDC13): 1.64 (5, 6, 7-CH2), 2.43 (4-CH2), 
2.69 (N-CH2), 2.94 (8-CH2), 6.17 (2-CH),  7 .40 -7 .90  ppm (Ph),  M +. 247. Found:  C, 63.60; H, 7.72; N, 4 .73;  C1, 
12.42%; M 283.80. C a l c u l a t e d  for  C15H21NO2-HCh C, 63.44; H, 7.81; N, 4 . 9 3 ;  C1, 12.48%. 
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L U M I N E S C E N C E  A N D  M A S S - S P E C T R O M E T R I C  

I N V E S T I G A T I O N  O F  I N D O L Y L O U I N O L I N E S  

A N D  I N D O L Y L A C R I D I N E S  

P .  B .  K u r a p o v  a n d  N. A .  K l y u e v  UDC 535.37:543.51:547.759.3~831' 835 

The quan tum-chemica l  calculat ions in [1] show t h a t t h e  ni t rogen a tom in the pyridine ring is s imul taneous-  
ly a a and a ~ accep tor  of e lec t rons ,  while the pyr ro le  ni t rogen a tom is a ~ donor and a a accep tor ,  i ts  s t rong 
~-donor p rope r t i e s  more  than compensa t ing  the a - a c c e p t o r  effect .  The p resence  in one s y s t e m  of in teract ing 
u - e l ec t ron -dono r  and 7r-e lec t ron-acceptor  nuclei  should r e su l t  in s ignif icant  i n t r amolecu la r  interact ions,  which 
inc rease  the e lec t ron  densi ty  inthe region of the in te rnuc lea r  bond. The o rder  of this bond, which is equal to 
~0.4,  indicates  that it has a s ignif icant  double-bond c h a r a c t e r  [2]. 

With the aid of m a s s  s p e c t r o m e t r y  it has p rev ious ly  been es tabl i shed that the molecu la r  ion (M +) in in- 
dolylquinolines [2] has conjugation between he ta ry l  nuclei.  Cr i t e r i a  which make it poss ible  to evaluate  the con- 
jugation in M + a r e  enumera ted  in [3-5]. This  fact  has also been noted in the ground s ta te  for other b i she te ro -  
cycles  [6, 7]. 

The conjugation in compounds with such a s t ruc tu re  is due to the nea r ly  coplanar  or ientat ion of the r ings ,  
since the magnitude of the m e s o m e r i c  effect  (eM) is s ignif icantly dependent on the rota t ion angle of the conju- 
gated groups re la t ive  to one another  [8]. 

The energ ies  of the b a r r i e r  to in ternal  rota t ion in b i she t e rocyc le s ,  which have been calculated or de te r -  
mined exper imenta l ly ,  a re  3 to 12 k c a l / m o l e  [9, 10]. Such energy  values suggest  the r ea l  exis tence  of s table 
c o n f o r m e r s ;  however ,  the i r  isolat ion is poss ible  only a t  low t e m p e r a t u r e s .  

The purpose  of the p resen t  invest igat ion was to d e t e r m i n e  the energy  of the s inglet  t rans i t ion  (E s) and 
the f luorescence  quantum yield (Of) of a number  of indolylquinolines and indolylacr idines .  In these compounds 
the ~-donor and ~ -accep to r  he te rocyc l ic  r ings a r e  joined to one another  by a s imple  C-C bond. A re la t ionship  
between the value of E s and the p lanar i ty  (or conjugation) of the molecule  is known [11]: T h e  s m a l l e r  is the 
angle of rota t ion between the planes of the r ings  compr i s ing  the or iginal  molecule ,  the lower is the value of E s. 
An inc rease  in the conjugation in the compounds invest igated should cause an inc rease  in the f luorescence  quan- 
tum yield, s ince the probabi l i ty  of i n t e r s y s t e m  c ros s ing  d e c r e a s e s  [12]. In this case ,  a compar i son  of the 
values of E s and r  independently by invest igat ing the luminescence  spec t r a  and the mass  s p e c t r o m e t -  
r i c  data cha rac t e r i z ing  the conjugation in the s y s t e m s  under invest igat ion is of definite in teres t .  

We studied the following compounds :* 2- (indol- 3-yl)quinoline (I), 4- ( indol-3-yl)quinoline (II), 4- (1- 
methylindol-  3-yl)quinoline (III), 2- (1- methylindol-  3- yl)quinoline (IV), 2- (2- methylindol-  3- yl)quinoline (V), 2- 
(indol- 3-yl}- 7- methylquinoline (VI), 2- (indol- 3-yl) -  8- methylquinoline (VII), 1-benzoyl-  1,2- dihydro- 2- (indol- 3- 
yl)quinoline (VIII), 9- ( indol -3-y l ) -acr id ine  (IX), 9- (1- methylindol-  3-yl )acr id ine  (X), and 9- (2- methylindol-  3-yl) -  
acr id ine  (XI). The values of  E s and Cf and some m a s s - s p e c t r o m e t r i c  c h a r a c t e r i s t i c s  for the compounds just  
l is ted a r e  presented  in Table 1. 

According to this table ,  compounds I - IV,  VI, and VII, in which ~-e lec t ron  conjugation between the r ings 
is poss ib le ,  f luoresce  wel l  in polar  solvents  under conditions for  the exis tence  of these  molecules  in a nea r ly  

*We thank Prof .  A. K. Sheinkman for  supplying the compounds for  the exper iment .  
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