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The positions of the equilibria of N-alkyl-3-methoxycarbonyl'-4-pi- 
peridinones in the liquid state, in water, in alcohols, and in CC14 
have been determined by IR and UV spectroscopy. It has been shown 
that Meyer's equation is not satisfied for them. This is due tO the 
high steric requirements of the solvating electron pair of the nitrogen 
atom. On the basis of the fact that on passing from the methyl ester 
of eyolohexan-l-one-2-carboxylie acid to the N-alkyl-3-methoxycar- 
bonyl-g-piperidones the position of the equilibrium in the liquid state 
and in CCla does not shift in the direction of the enol it is deduced 
that the spatial req~rements of the free electron pair of the nitrogen 
atom do riot appreciably exceed the steric requirements of the hydro- 
gen atom. The IR and UV spectra of the chlorides of the N-alkyl-3- 
rnethoxycarbonyl-4-piperidinones in the solid state and in water and 
in alcohols are given. 

In r e c e n t  y e a r s ,  the ques t ion  of the s p a t i a l  r e q u i r e -  
m e n t s  of the f r e e  and s o l v a t e d  e l e c t r o n  p a i r  of the n i -  
t r o g e n  a tom has  been d i s c u s s e d  r e p e a t e d l y  i n  the l i t -  
e r a t u r e  [ 1 - 1 0 ] .  Le  F e v r e  and c o l l e a g u e s  [1 -3 ]  h a v e  
put  f o r w a r d  a hypoth 'es is  a c c o r d i n g  to which the s t e r i c  
r e q u i r e m e n t s  of the f r ee  e l e c t r o n  p a i r  of a n i t r o g e n  
a tom a r e  g r e a t e r  than  those  of a hydrogen  a tom.  K a -  
t r i t z k y  et  a l .  [4 -7]  and A l l i n g e r  e t  a l .  [8, 9] th row 
doubt on this  h y p o t h e s i s .  K a t r i t z k y  et  a l .  [7] g ive  the 
fo l lowing sequence  of s t e r i c  r e q u i r e m e n t s :  s o l v a t e d  
e l e c t r o n  p a i r  > h y d r o g e n  a tom > f r e e  e l e c t r o n  p a i r .  

In connec t ion  with the ques t ion  of the  s t e r i c  r e q u i r e -  
m e n t s  of the e l e c t r o n  p a i r  of a n i t r o g e n  a tom,  i t  is  of 
i n t e r e s t  to s tudy the t a u t o m e r i s m  of the N - a l k y l - 3 -  
m e t h o x y c a r b o n y l - 4 - p i p e r i d i n o n e s  and t h e i r  h y d r o e h l o -  
r i d e s .  I f  the s t e r i c  r e q u i r e m e n t s  of the f r e e  s o l v a t e d  
e l e c t r o n  p a i r  of the n i t r o g e n  a tom a r e  g r e a t e r  than 
those  of the hydrogen  a tom,  in the N - a l k y l - 3 - m e t h o x y -  
c a r b o n y l - 4 - p i p e r i d i n o n e s  ( I - V )  they wi l l  be l e s s  s a t -  

the s t r o n g e r  the i n t e r a c t i o n  0flthe so lvent  with the 
h e t e r o a t o m s  of the two f o r m s .  As  a r e su l t ,  M e y e r ' s  
equat ion ,will not  be s a t i s f i e d ,  and the dev ia t ions  f r o m  
it  in a s e r i e s  of s o l v e n t s  of the s a m e  c h e m i c a l  type 
( for  example ,  a lcohols )  may  have an o r d e r e d  n a t u r e .  
A d i s s i m i l a r  so lva t ion  of the h e t e r o a t o m s  in the k e -  
tonic  and eno l i c  f o r m s  of the e s t e r s  I - V  is  a l so  p o s s i -  
b le  b e c a u s e  of the d i s s i m i l a r  s c r e e n i n g  of the e l e c t r o n  
p a i r s  of the n i t rogen  a toms  of the r a d i c a l s  a t t ached  to 
them in the ke ton ic  and enol ic  f o r m s ,  as a consequence  
of the d i f f e r ence  in the con fo rma t ions  of the f o r m s .  
In th is  c a s e  d i f f e r en t  B r b n s t e d - I z m a i l o v  equat ions  wi l l  
be s a t i s f i e d  for  the e s t e r s  I - V .  

The  a tomic  d i s t a n c e  s ( lengths  and angles  of the 
bonds) of the ==CH 2 a n d - - N R  g r o u p s  do not d i f fe r  sub -  
s t a n t i a l l y  [11], and t h e r e f o r e  a change in the i n t r i n s i c  
( so !ven t : i ndependen t )  e q u i l i b r i u m  cons tan t  on p a s s i n g  
f r o m  m e t h y l  C y c l o h e x a n - i - o n e - 2 - c a r b o x y l a t e  (VI) to 
the e s t e r s  I - V  wil l  be d e t e r m i n e d  ma in ly  by the s t e r i c  
r e q u i r e m e n t  s o f  the f r e e  e l e c t r o n  p a i r  of the n i t rogen  
a t o m .  If  they a r e  l a r g e r  than those  of the h y d r o g e n  
a tom,  the cons tan t  mus t  i n c r e a s e .  The  inf luence  of 
changes  of the 1, 2 - i n t e r a c t i o n  and AS on the change in 
the i nhe ren t  e q u i l i b r i u m  cons tan t  on p a s s i n g  f r o m  the 
e s t e r  VI to the e s t e r s  I - V  wil l  depend on the na tu r e  
of the r a d i c a l  on the h e t e r o a t o m  in the e s t e r s  I - V .  In 
the h y d r o c h l o r i d e s  of the e s t e r s  I - I V  (VII-X} r e s p e c -  
t ive ly) ,  t h e r e  is  no i s o l a t e d  e l e c t r o n  p a i r  on the n i t r o -  
gen a tom but t h e r e  is  a hydrogen  a tom.  

The  t a u t o m e r i s m  of the e s t e r s  I - V  and V I I - X  has  
not  p r e v i o u s l y  been  s tud ied .  F o r  i ts  s tudy we used  IR 
and UV s p e c t r o s c o p y .  F r o m  the a b s o r p t i o n  in the UV 

i s f i e d  in the  ke to  f o r m  (two 1, 3 - d i a x i a  ! i n t e r a c t i o n s )  
than in the enol ic  f o r m  (one 1 ,  3:-diaxial  i n t e r ac t ion ) ,  
and this  m u s t  have an ef fec t  on  the pos i t i on  of t h e  equ i -  
l i b r i u m  of the f o r m s .  

H H 

OCH 3 

I r=cH3,  . r = q H , ;  . I  R=C.3H,; 
IV r=C4Hg,  v R=CsHI] .  

If the s t e r i e  d e m a n d s  of the s o l v a t e d  e l e c t r o n  p a i r  
of the n i t r o g e n  a t o m  a r e  g r e a t e r ,  the l o w e r  h i n d r a n c e  
to the so lva t i on  of the h e t e r 0 a t 0 m  f r o m  the d i r e c t i o n  
of the f l - a x i a l  h y d r o g e n s  in the eno l i e  f o r m  as  c o m -  
p a r e d  with the ke ton ic  f o r m  mus t  l e ad  to a shi f t  in the 
p o s i t i o n  of the e q u i l i b r i u m  of the e s t e r s  I - V  in s o l u -  
t ions  in the d i r e c t i o n  of the enol  to a g r e a t e r  d e g r e e  

s p e c t r a ,  the~contents  of the enols  in a l coho l i c  so lu -  
t i0ns of the e s t e r s  I - V  and in a hexane  so lu t ion  of the 
III  w e r e  c a l c u l a t e d :  F o r  the m o l a r  a b s o r p t i o n  coe f f i -  
c ien t  of the eno l i c  f o r m  Of the e s t e r s  I - V  we used  the 
m o l a r  a b s 0 r p t i o n  coef f ic ien t  of the enol ic  f o r m  of e th -  
yl  c y c l o h c x a n - l - o n e - 2 - c a r b o x y l a t e  (eenol  10850) [12]. 
It is  c o n s i d e r e d  tha t  the m o l a r  a b s o r p t i o n  coef f ic ien t  
of the enoli:c f o r m  of a f i -ke to  e s t e r  does  not depend on 
the n a t u r e  of the so lvent ,  with cons t ancy  of the a b s o r p -  
t ion m a x i m u m  :[13]. ' T h e  r e s u l t s  a r e  g iven  in Tab le  1. 

The  cons t an t s  of the  t a u t o m e r i c  e q u i l i b r i u m  (K T) of 
the e s t e r s  I - V  in a l coho l i c  so lu t ions  w e r e  d e t e r m i n e d  
and a g r a p h  was c o n s t r u c t e d  of t h e i r  dependence  on 
the eno l i z ing  c a p a c i t y  of the so lven t  (L).  In a l l  c a s e s  
M e y e r ' s  equat ion  was not s a t i s f i ed ,  while  an equat ion 
of the type  Y =AX +B was s a t i s f i e d  (F ig .  1). Since  one 
and the s a m e  B r ~ n s t e d - I z m a i l o v  equat ion  is  s a t i s f i e d  
f o r  the  este-/ 's I - V  ~(Fig: 2), t h e i r  f a i l u r e  to s a t i s f y  
M e y e r ' s  equat ion can  be exp la ined  by  the high s t e r i c  
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Fig .  1. Constants of the tau tomer ie  
equi l ibr ium of e s t e r s  I - V  in a lco-  

holic solutions.  
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Fig .  2. Br 'dnsted-Izmai lov equation 
for the e s t e r s  I - V ,  
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Fig .  3. IR spect ra :  a) III in the liquid s tate;  b) III in CC14; c) VI in the i iquid state;  
d) VI in CC14; e) VII -X in the solid s tate;  f} VI I -X in isobutanol.  



64 KH]2VIIYA G E T E R O T S I K L I C H E S K I K H  SOEDINENII  

T a b l e  i 

UV A b s o r p t i o n  and C o n t e n t  of the  E n o l i c  F o r m  in S o l u t i o n s  of 

E s t e r s  I - V  

I &max, I IiI III IV V 
Solvent I % 

n m  J 8 % e % e % e �9 % e 

Methanol 252 7200 
Ethanol 252 7500 
Isobutanol 252 7900 
Hexane 252 

66.3 
69.1 
72.8 

7200 
7200 
7700 

66.3 
66.3 
70.9 

7600 
8400 
9'050 

10000 

700 
77.4 
83. :~ 
92.1 

5400 
5700 
6000 

49~7 
52,,3 
55,3 

6300 
7250 
7650 

58.6 
66.8 
70.,3 

T a b l e  2 

UV A b s o r p t i o n  of  the  H y d r o c h l o r i d e s  V I I - X  in S o l v e n t s  

Com- 
pound Solvent 

e after the following intervals of time from the prepara- 
tion of the solution, hours 

1--5 24 48 72 120 ] 144 168 264 

VII Water 
Methanol 
Ethanol 
Isobutanol 

VIII Water 
Methanol 
Ethanol 
Isobutanol 

IX Water 
Methanol 
Ethanol 

Isobutanol 

X Water 
Methanol 
Ethanol 

l Isobutanol 

3300* 3300 3300 
10000 8000 6000 6000 
9100 8600 8300 8100 
9700 8500 8400 8400 

3900 3900 
7350 6500 
8150 8000 

9200 9000 

4300 4300 
9000 7000 
8500 8350 

8,600 

3900 3900 3900 3900 
9600 7300 6400 5900 

I0000 9000 9000 9000 
9500 8700 8700  8400 

*Only 30 min after the preparation of the solution, E = 3300. 

5600 

6200 
8000 
8300 

4200 

8500 

3900 

18,ooo 
i 8400 

5850 

85OO 

5600 

3~0 
5~0 
7850 
8 ~ 0  
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r e q u i r e m e n t s  of the solvated  e l ec t ron  pa i r  of the n i -  
t rogen  atom.  The d i f fe rences  in the contents  of the 
enol ic  form in the e s t e r s  I - V  in alcoholic  solut ion a re  
apparen t ly  due to the inf luence  of the r ad ica l  on the n i -  
t rogen atom on the i n t r i n s i c  e q u i l i b r i u m  cons tan ts  of 
the e s t e r s .  F r o m  the IR spec t r a  in the l iquid s ta te  and 
CCI~, in the e s t e r  IV the amount  of enol ic  fo rm is s o m e -  
what less ,  and in the e s t e r  III somewhat  g rea t e r ,  than 
in the e s t e r s  I, II, and V. 

F ig .  3 g ives  the IR spec t r a  in the 1800-1600 cm -1 
reg ion  of the e s t e r s  III and VI. They show that the po- 
s i t ion  of the e q u i l i b r i u m  of e s t e r  III in the l iquid s tate  
(Fig.  3, a) and in CC14 (Fig.  3, b) is not d isplaced ap-  
p r ec i ab ly  in the d i rec t ion  of the enolic fo rm as com-  
pared  with the posi t ion of the equ i l i b r ium of e s t e r  VI 
in the l iquid s ta te  (Fig.  3, c) and in CC14 (Fig.  3, d), 
r e spec t i ve ly .  The f ea tu re s  of the UV spec t r a  conf i rm 
the in fo rma t ion  der ived  f rom the IR spec t r a  on the 
absence  of a shift  in the posi t ion of the equ i l i b r i um in 
the d i r ec t i on  of the enol  in nonpolar  so lvents  on p a s s -  
ing f rom e s t e r  III to e s t e r  VI: in hexane e s t e r  III con-  
ta ins  92.1% of enol (Table  1) and e s t e r  VI conta ins  
94% of enol  ( f rom the UV absorp t ion  given in  [14-15]).  
Thus ,  the s t e r i c  r e q u i r e m e n t s  of the f ree  e l ec t ron  
pa i r  of the n i t rogen  a tom a re  apparen t ly  low. 

It is known that the absorption maxima of cyclic fi- 

keto esters in the UV spectra remain constant in water, 

alcohols, and hexane [13]. It is assumed that this is 

due to a particularly strong chelate hydrogen bond in 

the cyclic fl-keto esters [13]. In the esters I-V, on 

pass ing  f rom alcohols  ( k m a  x 252 nm) to wa te r  (kmax 
276 nm, e 7300-8900),  the absorp t ion  max ima  in the 
UV s p e c t r a  shif ts  in the d i r ec t i on  of long wavelengths .  
The anions  of the e s t e r s  I - V  abso rb  at 280 nm (e 12000), 
and it  is poss ib le  that the e s t e r s  I - V  undergo d i s s o c i a -  
t ion in aqueous so lu t ions .  

Acco rd ing  to the IR spec t ra ,  the hydroch lo r ides  
V I I - X  in the sol id s ta te  (Fig .  3, e; spec t r a  of the hy-  
d roeh lo r ides  VI I -X  ident ical)  and in i sobutanol  (Fig.  3, 
f; s p e c t r a  of the hydroch lo r ides  VI I -X  ident ica l ;  the 
so lu t ions  stood for  2 days),  cons i s t  of the enol ic  fo rm.  

Tab le  2 gives  in fo rma t ion  on the UV abso rp t ion  of 
the hydroch lo r ides  VI I -X  in aqueous a lcohol ic  so lu-  
t ions .  In  con t r a s t  to the N - a l k y l - 3 - e t h o x y c a r b o n y l - 4 -  
p ipe r id inones  ( I -V) ,  in the i r  hydroch lo r ides  (VII-X) 
the abso rp t ion  m a x i m a  in the UV s p e c t r a  undergo no 
shift  on pas s ing  f r o m  wate r  to a lcohols .  In a g r e e m e n t  
with the IR spec t ra ,  it is poss ib le  to take the e x t r e m e -  
ly high abso rp t ion  obse rved  in so lu t ions  of the hydro -  
ch lo r ides  as the abso rp t ion  of the 100% enols  and to 
ca lcu la te  the contents  of the enol ic  f o r m s  in the equi -  
l i b r i u m  m i x t u r e .  However,  the na tu re  of the equ i l i b -  
r i u m  in a lcohol ic  so lu t ions  of the hydroeh lo r ides  is 
obscure ,  s ince  the obse rved  ra te  of e s t a b l i s h m e n t  of 
the e q u i l i b r i u m  is too low for ke to-enol  s y s t e m s .  

At tempts  a re  being made to connect  the na tu re  of 
the abso rp t ion  in the 2700-2820 em -1 reg ion  in sa tu -  
r a ted  cyc l ic  n i t r o g e n - c o n t a i n i n g  compounds  with the 
o r i en t a t i on  of the e l e c t r o n  pa i r  of the n i t rogen  a tom 
[3]. The e s t e r s  I - V  have the fol lowing abso rp t ion  bands 
in the 2700-2800 cm -1 region:  1--2678, 2765, 2797; 

II--2780, 2820; III--2683, 2746, 2800; IV--2743, 2780, 
2810; V--2765, 2785, 2815. 

EXPERIMENTAL 

The N-alkyl-3-methoxycarbonyl-4-piperidinones and their hy- 
drochlorides were obtained by methods given by Preobrazhenskii et 
al. [16]. They had the following constants: I--bp 61-62" C (0.3 mm), 
n~ 1.4882, d~ s 1.0661. Found, ~ C 56.11; H 7.72. Calculated, %: 
C 56.09, H 7.68; II-bp 110 ~ C (8 ram), n~ 1.4895. Found, %: C 58.16; 
H 8.21. Calculated, 070: C 58.35; H 8.16; III--bp 95 ~ C (1 mm), n~ 
1.4860, d~ s 1.0523; IV--bp 112 ~ C (0.3 mm), n~ 1.4829, d24 ~ 1.0494. 
Found, %: C 61.74; H 9.16. CaIculated, % C 61.95; H 8.98; V--bp 
101~ (0.5 ram). Found, %: C 63.31; H 9.3. Calculated. 070: C63.41; 
H 9.3; VII--rap 166 ~ C; VIII--rap 144-145 ~ C; IX--rap 141-141.5 ~ C; 
X-rap 134-135 ~ C. 

The IR spectra were recorded on a Hilger H-800 spectrophotome- 
ter, and the UV spectra on an SF-4 speetrophotometer. The spectra were 
recorded after predetermined intervais of time until they ceased to 
change, which showed the establishment of equilibrium. 
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