
D I E N E  S Y N T H E S I S  W I T H  2 - P Y R O N E S  

A N D  2 - P Y R I D O N E S  

XIVo* 1,4-CYCLOADDUCTS OF 1-ALKYL-2-PYRIDONES WITH 

N- PHE NY LMA LE INIMIDE AND MALE INIMIDE 

N.  P .  S h u s h e r i n a ,  L .  V .  B e t a n e l i ,  
G .  B.  M n d l y a n ,  a n d  A .  U.  S t e p a n y a n t s  

UDC 547.824 

1 - A l k y l - 2 - p y r i d o n e s  r e a c t  with N-pheny lma le in imide  and ma le in imide  s t e r e o s e l e c t i v e l y  via 
the s c h e m e  of the diene syn thes i s  to give imides  of 8 - a l k y l - 8 - a z a b i e y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 -  
o n e - l , 2 - d i o i c  ac id .  3 -Unsubs t i tu ted  2 - p y r i d o n e s  f o r m  adducts  with an endo conf igurat ion,  
w h e r e a s  1 , 3 - d i m e t h y l - 2 - p y r i d o n e  g ives  an exo adduct  under the same  condi t ions .  The endo-  
and exo - b r idge  adducts  r e a d i l y  undergo r e t r o g r a d e  diene d i s in t eg ra t ion  on heat ing.  

In the p r e s e n t  r e s e a r c h  for  the f i r s t  t ime  we have r e a l i z e d  the diene syn thes i s  for  1 - a l k y l - 2 - p y r i -  
dones with N-pheny lma le in imide  and ma le in imide ,  1 ,4 -Cyc loadduc t s ,  i .e . ,  N-pheny l imides  I-V, and this 
imide (VI) of 8 - a l k y l - 8 - a z a b i c y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 - o n e - l , 2 - d i o i c  acid,  we re  obtained in 30-80% y ie lds  
when x y l e n e  solut ions  of the s t a r t i ng  r eagen t s  we re  ref luxed.  
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I R=C~H7,. R'=R'=H, R'"=C6Hs; II R=:i-C4Hg, R'=R'=H, ,',D . . . .  _C6~5,LT- III R=i-Csii-. 
R'=R"=H, n . . . .  C ~ ' ,, - 6-5, IV R=R"=CH3, R'=H, D . . . .  C ~s ,\ - 6~,5, V[ R=C3HT, R'=R"=R'"=H 

The compos i t ions  of adducts  I -VI  w e r e  conf i rmed  by e l e m e n t a r y  ana lys i s  and m a s s  spec t ro scopy ,  
and the i r  s t r u c t u r e s  we re  proved by t h e i r  IR s p e c t r a  (absorpt ion of the l ac t am b r idges  CO at  1680-1690 
cm - i  and imide CO a t  1715 and 1780 c m  -i)  as  wel l  a s  by the PMR s p e c t r a  (Fig. 1). 

Al l  of the inves t iga ted  r eac t ions  p roceed  with one of the two poss ib le  s t e r e o i s o m e r s ,  the conf igura-  
t ions  of which we re  e s t a b l i s h e d  by PMR s p e c t r o s c o p y  [1, 2]. On the bas i s  of the c lo se  o r  comple t e ly  iden-  
t i c a l  J1,6 and J2,3 va lues  (Table 2) of adducts  I-IV and VI and the endo adducts  of 2 - p y r i d o n e s  [ 1 - m e thy l -2 -  

* See [1] fo r  communica t ion  X]II. 
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T A B L E  I .  Imides  of 8 - A l k y l - 8 - a z a b i c y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 - o n e -  

R' 

1 ,2 -d io ic  Ac id  

C o m -  

p o u n d .  I 
R" 

H 
H 
H 
CHs 

R'" 

C~Hs 
C~H~ 
C,H~ 
C~H~ 

~. eattng 
m ~ ,  h 

26 

15 

mp, *C 

165 
d66--167 
1,66--168 
175---,176 

2~6 
'236--237 

I ; I CaH7 H 
11! .'l i-C~H9 j H 

III I i-CsH~ } H 
I V ,  CHa I H H 
V i CHa ! a 

V| CaH7 i H 

n; in 
C H C l a  

0,5 
0,5 
0,5 
0,5 
0,5 
0,4 

TABLE 1 (continued) 

Corn- ~ Empirical 
pound :! formula 

I i C,~H,,N203 
II i CIgH~oN~Oa 

III i! C2oH~N~Oa 
1V :! CITH~N2Oa 
V ! C~7Ht6N=Oa 

VI !] C~,HI4N~Oa 

Found Calculated 

c,% 

59,5 
70,5 
71,0 
68,7 
68,8 
61,4 

H,% 

5,9 
6,3 
6,7 
5.5 
5,5 
6,1 

M *  

310 
3~4 

296 
996 
234 

c , %  I H,% 
�9 ! 

69,6 5,9 
70,4 6,2 
70,9 6,6 
68,9 5,4 
68,9 5,4 
61,5 J 6,0 

* By m a s s  s p e c t r o m e t r y .  

Yfeld, 
M % 

&10 80 
324 58 
338 53 
296 43 
296 30 
234 56 

j ~ H  6 -H 

- ,  tl t 

~,  6 -H h 2 - H  A^l-H 

3-H 6-H 2-H 

7 

4 - H q 

&-H 5-H 

6 5 

3-H 

3-H 

~ 8, ppm 

~HI N-- C~3 
2-H t-H" 

7 

F~. 1. 

e 5 ~ 3 &ppm 

PMR s p e c t r a  of  adduc t s  
I, IV, and V. 

pyr idone  with ma le i c  anhydr ide  (J1,6 = 3.5 Hz, J2,3 = 4.0 Hz [3] and 
with N - p h e n y l m a l e i n i m i d e  (J1,6 = 4.4 Hz, J2,3 = 4.6 Hz) [4], we a s s igned  
an endo conf igura t ion  to adduc t s  I - IV and VI. An  exo conf igu ra t ion  
was  a s s i g n e d  to adduc t  V, i n a s m u c h  as  the J2,3 cons tan t  f o r  it d i f f e red  
f r o m  the c o r r e s p o n d i n g  cons tan t s  fo r  adducts  I - IV and VI by 1.5 Hz 
(see Tab le  2 and Fig .  1) and was  ident ica l  to the J2,3 va lues  of the exo 
adduct  of  2 - p y r i d o n e  with N - p h e n y l m a l e i n i m i d e  [1]. It should  be 
noted that  the s a m e  d i f f e rence  of 1.5 Hz was  o b s e r v e d  fo r  the J2,a con-  
s tan t s  of  the i s o m e r i c  endo and exo adduc t s  of 2 - p y r i d o n e  with N- 
pheny lma le in imide  (J2,3 = 4 and 2.5 Hz, r e spec t ive ly )  [1]. 

The conc lus ion  r e g a r d i n g  the conf igura t ion  of the adducts  is 
c o n f i r m e d  by a c o m p a r i s o n  of the c h e m i c a l  shif ts  of the l - H ,  2 -H,  and 
3 - H  p ro tons  of exo adduet  V and i s o m e r i c  endo adduct  IV. The  s ig -  
nals  of  the 1 - H  and 2 - H  p ro tons  a r e  found a t  s t r o n g e r  f ie ld  (2.83 and 
3.39 ppm) f o r  exo adduc t  V than fo r  the endo adduc t  (IV, 3.37 and  3.49 
ppm),  w h e r e a s  the s ignal  of the 3 -H  pro ton  of  adduc t  V is found at  
w e a k e r  f ield than in the c a s e  of  IV (4.56 and 4.28 ppm, r e spec t ive ly )  
(Table 2 and Fig .  1). This  r e l a t i onsh ip  is in a g r e e m e n t  with the 
l i t e r a t u r e  da ta  [2, 5] f o r  o t h e r  b r idged  endo and exo adducts .  

The  inves t iga ted  r e a c t i o n s  of  the diene syn thes i s  of 1 - a l k y l - 2 -  
py r idones  p r o c e e d e d  s t e r e o s e l e c t i v e l y .  2 - P y r i d o n e s  without  subs t i tu -  

ents  at  the e n d s  of the  con juga ted  s y s t e m  r e a c t e d  with N - p h e n y l m a l e i n i m i d e  and m a l e i n i m i d e  in c o n f o r m i t y  
wi th  A l d e r ' s  ru l e  to g ive  endo i s o m e r s ,  w h e r e a s  1 , 3 - d i m e t h y l - 2 - p y r i d o n e  gave  an  exo adduc t  under  these  
condi t ions .  

In the c a s e  of the endo (I) and exo (V) adducts ,  the ab i l i ty  of  b icyc l i c  s y s t e m s  wi th  an  endo a z o c a r -  
bonyl  b r idge  to undergo  r e t r o g r a d e  diene d e c o m p o s i t i o n  on heat ing above  the mel t ing  point was  d e m o n -  
s t r a t e d  fo r  the f i r s t  t ime .  

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

The  IR s p e c t r a  of  m i n e r a l  oi l  su spe ns ions  of  the compounds  w e r e  r e c o r d e d  with IKS-22 and UR-20 
s p e c t r o m e t e r s .  The  PMR s p e c t r a  o f  CHC13 so lu t ions  (for adduc t s  I-V) and pyr id ine  solut ions  (for adduct  
VI) w e r e  r e c o r d e d  with a V a r i a n - H A  100 s p e c t r o m e t e r  wi th  hexame thy ld i s i l oxane  a s  the in te rna l  s t andard .  

Imides  (I-VD of 8 - A l k y l - 8 - a z a b i c y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 - o n e - l , 2 - d i o i c  Ac ids .  These  compounds  w e r e  
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T A B L E  2. P a r a m e t e r s  of the  PMR S p e c t r a  of A d d u c t s  I -VI  

Compound 

II 

III 

IV 

VI 

Position of 
the proton 

1 
2 
6 
3 
5 
4 
1 
2 
6 
3 
5 
4 
l 
2 
6 
3 
5 
4 
t 
2 
6 
3 
5 
1 
2 
3 
5 
4 
1 
2 
6 
3 
5 
4 

5, ppm 

3,35 
3,5 
3,92 
4,58 
6,38 

3.35 

3.9I 
4,55 
6,45 

3,10 
3,32 
3,88 
3,56 
6,50 

3,27 
3.49 
3,86 
4,28 
5,84 
2,83 
3,39 
4,56 
6,12 
6,54 
3,55 
3,55 
4,10 
4,77 
6,3-3 
6,7 

Multi- 
plicity* 

q 
q 
In 

In 
m 

IT[ 

m 
m 

m 

q 
q 
m 
m 

m 

q 
q 
q 
q 
m 
q 
q 
IIl 
m 

q 

m 
in 
m 

m 
In 

Spin--spin co~zling constants, 

]1.6 ]2,3 15,6 

4,5 4,0 5,8 

4,5 4,0 6,5 

4,0 4;0 6,0 

3,7 4,0 6,0 

- -  2 , 5  - -  

4,0 4,0 7,0 

]3.4 I ]1,2 

6,5 

6,0 --  

6,5 --  

- -  8,0 

5,5 8,5 

6,0 --  

* A b b r e v i a t i o n s :  q is  q u a r t e t  and m is  m u l t i p l e t .  

o b t a i n e d  by  r e f l u x i n g  s o l u t i o n s  of e q u i m o l e c u l a r  a m o u n t s  of  2 - p y r i d o n e s  and the  d i e n o p h i l e  ( m a l e i n i m i d e  o r  
N - p h e n y l m a l e i n i m i d e )  (0.004 m o l e  of  each)  in 8-10 m l  of x y l e n e .  The  m i x t u r e  w a s  c oo l e d ,  and  the  x y l e n e  
w a s  r e m o v e d  by  v a c u u m  d i s t i l l a t i o n .  The  c o m p o s i t i o n s  of the  r e s i d u e s  o b t a i n e d  w e r e  m o n i t o r e d  by t h i n -  
l a y e r  c h r o m o t o g r a p h y  (TLC),  a f t e r  w h i c h  the  r e s i d u e s  w e r e  w a s h e d  s e v e r a l  t i m e s  wi th  e t h e r  to r e m o v e  
the  s t a r t i n g  c o m p o u n d s .  A d d u c t s  I -HI ,  V, and VI w e r e  p u r i f i e d  by r e c r y s t a l l i z a t i o n  f r o m  a l coho l ,  w h e r e a s  
a d d u c t  IV w a s  p u r i f i e d  b y  c o l u m n  c h r o m o t o g r a p h y  wi th  AI203 (e lu t ion  wi th  c h l o r o f o r m )  and  b y  r e c r y s t a l l i -  
z a t i o n  f r o m  e thy l  a c e t a t e .  The  i n d i v i d u a l i t y  of the  a dduc t s  o b t a i n e d  was  m o n i t o r e d  b y  TLC on A1203 (CHCI3). 
The  r e a c t i o n  t i m e s ,  p h y s i c a l  c o n s t a n t s ,  y i e l d s ,  and r e s u l t s  of e l e m e n t a r y  a n a l y s i s  a r e  p r e s e n t e d  in T a b l e  2. 

T h e r m o l y s i s  of A d d u c t s  I and  V. A 0 . 2 - g  s a m p l e  of  e n d o - 8 - p r o p y l - 8 - a z a b i c y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 -  
o n e - l , 2 - d i o i c  a c i d  N - p h e n y l i m i d e  (I) was  h e a t e d  in vacuo  in a s u b l i m a t i o n  a p p a r a t u s  a t  165-180  ~ (7 m m ) .  
Yel low c r y s t a l s  of N - p h e n y l m a l e i n i m i d e  s u b l i m e d  in 10-15 ra in .  The  y i e l d  of p r o d u c t  w i th  m p  88-89 ~ ( f rom 
c y c l o h e x a n e )  w a s  0.1 g (91%); no m e l t i n g - p o i n t  d e p r e s s i o n  w a s  o b s e r v e d  fo r  a m i x t u r e  of t h i s  p r o d u c t  wi th  
a n  a u t h e n t i c  s a m p l e .  A c c o r d i n g  to the  T L C  da t a  and the  IR s p e c t r u m ,  the  o i l y  r e s i d u e  w a s  1 - p r o p y l - 2 -  
p y r i d o n e .  N - P h e n y l m a l e i n i m i d e  [0.05 g (84%)] and  0.04 g of 1 , 3 - d i m e t h y l - 2 - p y r i d o n e  w e r e  s i m i l a r l y  o b -  
t a i n e d  by  t h e r m o l y s i s  Of 0.1 g of  e x o - 6 , 8 - d i m e t h y l - 8 - a z a b i c y c l o [ 2 . 2 . 2 ] - 4 - o c t e n - 7 - o n e - l , 2 - d i o i e  a c i d  N- 
p h e n y l i m i d e  (V) a t  225-240  ~ (6 m m ) .  

1. 

2. 

3, 

4. 

5. 

L I T E R A T U R E  C I T E D  

N. P.  S h u s h e r i n a ,  L .  V. B e t a n e l i ,  and  A.  U. S t epanyan t s ,  Dokl .  Akad .  Nauk SSSR, 213, 1107{1973) .  
N. P.  S h u s h e r i n a ,  M. V. G a p e e v a ,  A.  U. S t epanyan t s ,  Yu. A.  K n i r e l ' ,  and  R. Ya. L e v i n a ,  Zh.  Organ .  
K h i m . ,  8 ,  2426 (1971). 
H. T o m i s a w a  and  H. Hongo, Chem.  P h a r m .  Bul l .  J a p a n ,  18, 925 (1970). 
N. P.  S h u s h e r i n a  and  M. V. G a p e e v a ,  Zh.  Organ .  K h i m . ,  9,  848 (1973). 
M. Cava and N. Pollack, J. Amer. Chem. Soc., 88, 4112 (1966). ' 

1331 


