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A b s t r a c t -  K e t e n a m i n a l s  1 r e a c t  w i t h  m e t h y l  p r o p i o l a t e ,  m e t h y l  

a c r y l a t e  a n d  d i m e t h y l  a c e t y l e n e d i c a r b o v y l a t e  t o  a f f o r d  t h e  f u s e d  

i m i d a z o [ l , Z - a l p ~ r i d i n e s  a n d  pyrido[1,2-a]pyrimidines 2 ,  4 a n d  2 ,  

r e s p e c t i v e l y .  I n  some ca ses ,  t h e  i n t e r m e d i a t e  a d d i t i o n  p r o d u c t s  

2  a n d  fi a r e  i s o l a t e d .  - 

K e t e n a r n i n a l s  c o n t a i n i n g  i r n i d a z o l i d i n e  o r  h e x a h y d r o p y r i m i d i n e  r i n g  had  been  

r e p o r t e d  i n  l i t e r a t u r e  o n l y  i n  few cases'-6. Because  t h e  @ - c a r b o n  atom o f  t h e s e  

k e t e n a m i n a l s  p o s s e s s e s  h i g h e r  e l e c t r o n  d e n s i t y  a n d  t h e y  may b e  as  n u c l e a p h i l e s  

t,o a t t a c k  t h e  e l e c t r o n  d e f i c i e n t  compounds ,  t h e r e f o r e ,  t h e y  a r e  u s e f u l  p r e c u r s o r s  

i n  o r g a n i c  s y n t h e s i s .  We h a v e  r e p o r t e d  some r e s u l t s  o f  t h e  r e a c t i o n s  of  k e t e n -  

a m i n a l s  w i t h  e s t e r s  of d , P - u n s a t u r a t e d  a c i d s  a n d  s y n t h e s i s  o f  some f u s e d  h e t e r o -  

c y c l e ~ ~ - ~ .  R e c e n t l y ,  w e  r e p o r t e d  a c o n v e n i e n t  method f o r  s y n t h e s i s  o f  k e t e n -  

a m i n a l s  c o n t a i n i n g  i r n i d a z o l i d i n e  o r  h e x a h y d r o p y r i r n i d i n e  r i n g  a n d  b e n z n y l  g r o u p s  

1 0  b y  c o n d e n s a t i o n  of e t h y l  b e n z o y l a c e t i m i d a t e s  w i t h  d i a m i n e s  . Here ,  we w i l l  

r e p o r t  some r e a c t i o n s  o f  t h e s e  k e t e n a m i n a l s  w i t h  e s t e r s  o f  d , R - u n s a t u r a t e d  a c i d s  

a n d  s y n t h e s i s  o f  i m i d a a o [ l , Z - a l p y r i d i n e  a n d  p y r i d o C 1 . 2 - a l p y r i m i d i n e  d e r i v a t i v e s  

v i a  a d d i t i o n  a n d  c y c l o c o n d e n s a t i a n  r e a c t i o n s .  - 
K e t e n a m i n a l s  1 r e a c t  s m o o t h l y  w i t h  m e t h y l  p r o p i o l a t e  i n  d i o x a n e  a t  a m b i e n t  tempe-  

r a t u r e .  From t h e  MS a n d  e l e m e n t a l  a n a l y s e s  d a t a ,  t h e  p r o d u c t s  can b e  c o n s i d e r e d  

1  a s  1 : l  a d d u c t .  The o c c u r r e n c e  o f  t w o  NH s i g n a l s  b o t h  i n  t h e  H n m r  a n d  i r  s p e c t r a  

a n d  two e t h y l e n i c  p r o t o n  s i g n a l s  e x c l u d e s  a l l  t h e  o t h e r  p o s s i b l e  c o n s t i t u t i o n s ,  

s u c h  as [ 2 + 2 1 - c y c l o a d d i t i o n  a n d  N - a d d i t i o n  p r o d u c t  a n d  t h e  t a u t o n e r i c  i s o m e r s ,  

a n d  o n l y  t h e  a - c a r b o n  a d d i t i o n  p r o d u c t  2 i s  t h e  a c c e p t e d  c o n s t i t u t i o n .  A s  t h e  

c o u p l i n g  c o n s t a n t s  of t h e  two o l e f i n i c  p r o t o n s  r a n g e  i n  16 Hz, t h e s e  two p r o t o n s  

ere n u a m b i g o u s l y  i n  - - p o s i t i o n  = - a d d i t i o n .  T h e r e  a re  two p o s s i b l e  

mechan i sms  f o r  t h i s  = - a d d i t i o n ,  t h e  o n e  i s  t h e  & - c a r b o n  a tom a n d  i t s  p r o t o n  add 



to t r i p l e  bond t h r o u g h  t h e  four-membered r i n g  t r a n s i t i o n  s t a t e ,  and  t h e  o t h e r  i s  

t h e  & - c a r b o n  atom and  N-proton add t o  t r i p l e  bond t h r o u g h  t h e  six-membered r ing 

t r a n s i t i o n  s t a t e .  We t e n d  t o  t h e  l a t t e r  p o s s i b i l i t y .  b e c a u s e  i n  case  o f  no  

a - c a r b o n  p r o t o n  t h i s  r e a c t i o n  t a k e s  p l a c e  s m o o t h l y  t o o 7 .  T h e r e f o r e ,  a r e a s o n a b l e  

r e a c t i o n  mechanism and  c o n s t i t u t i o n a l  p r o p o s a l  o f  t h e  a d d u c t s  formed from 1 and  

m e t h y l  p r a p i o l a t e  can be r a t i o n a l i z e d  as  f o l l o w s :  

When 2 a r e  r e f l u x e d  i n  m e t h a n o l ,  s p e c t r a  and  e l e m e n t a l  a n a l y s e s  d a t a  i n d i c a t e  t h a t  

i n  f a c t  a c y c l o c o n d e n s a t i o n  t a k e s  p l a c e  accompanied w i t h  l o s s  o f  one m o l e c u l e  o f  

me thano l .  I t  i s  r e s u l t e d  from t h a t  2 u n d e r g o e s  c i s - t r a n s - i s o m e r i z a t i o n  i n  t h e  

p r o t i c  s o l v e n t  w i t h  t h e  a i d  o f  a c i d i c  o r  b a s i c  c a t a l y s t  a t  f i r s t ,  t h e n  t h e  &- 

i n t e r m e d i a t e  i s  c y c l i z e d  t o  g i v e  i m i d a z o [ l . 2 - a l p y r i d i n e s  and  p y r i d o [ l , 2 - a j p y r i m i -  

d i n e s  2 by e l i m i n a t i o n  o f  me thano l :  

The p r e s e n c e  o f  NH s i g n a l  b o t h  i n  t h e  i r  and  'H nmr s p e c t r a  and  one  k e t o n i c  c a r -  

bony1 c a r b o n  s i g n a l  ( c a .  190 ppm ) i n  t h e  13c nmr s p e c t r a  e x c l u d e s  i t s  t a u t o m e r i c  

c o n s t i t u t i o n  A and 1. 

Compound 1 show no r e a c t i o n s  w i t h  m e t h y l  a c r y l a t e  a t  room t e m p e r a t u r e  i n  d i o x a n e .  

b u t  r e a c t i o n  t a k e s  p l a c e  on r e f l u x i n g .  S p e c t r a  and  e l e m e n t a l  analyses i n d i c a t e  

t h a t  a n  a d d i t i o n  a f  me thy l  a c r y l a t e  t a k e s  p l a c e  which i s  accompan ied ,  however ,  by 
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a cyclocondensation reaction with the elimination of methanol. The reaction is 

very similar to that of 1 with methyl propiolate, but because of no cis-trans- 

isomerization problem, hence the addition product can not be isolated and imidazo- 

[i,2-alpyridine and pyrida[1,2-*]pyrimidine 4 are obtained immediately: 

Dirnethyl acetylenedicarboxylate is a mare active electrophilic reagent, therefore, 

1 react easily with this reagent at ambient temperature in dioxane. From the - 

spectral and elemental analytical ddta of the products obtained, only the addition 

product from ij! can be isolated, and in the other cases one molecule of acetylene 

ester has been added to 2 but accompanied by subsequent elimination of methanol, 

and similar to 4 imidaao[l,Z-alpyridine and pyrido[1,2-alpyrimidine 5 are directly 

farmed by the cyclocondensation reaction: 

From the comparison of the chemical shift of the olefinic proton of the addition 

product from with that from the empirical formula", the configuration of this 

addition product may be as a. This is undoubtedly resulted from the =-addition 
to the acetylene ester, just as this configuration is unfavorable to cycliaation, 

hence the addition intermediate can be isolated. From our experimental facts, the 

ketenaminals containing hexahydropyrimidine ring is more reactive than that con- 

taining imida~olidine ring and electron withdrawing substituent in the para position 

of the benzoyl group will retard the nucleaphilic reaction, therefore, is the 

least reactive member in all the ketenaminals iz this report.. It is probable t,hat is 

favorable to --addition to the acetylene ester due to this cause, but it is worth 

to further investigation. 

1 The H and 13c nmr data of - 2. 2 ,  4 ,  2 and are listed in Tables 1 and 2, respec- 

tively. 



T a b l e  1 .  T h e  It: nmr d a t a  o f  2, 2 ,  4, 3 and  i n  CDC13 

TMS as  i n t e r n a l  s t a n d a r d ,  6 i n  ppm, (J i n  H z )  

EXPERIHENTAL 

I r  s p e c t r a :  S h i n n d z u  430.  - ' 4  nmr s p e c t r a :  V a r i s n - 3 6 0 L  and CAMECA RMN-250. - 13C nmr 

s p e c t r a :  J e o l  FX-100.  - MS: A E I  MS-50. - uv s p e c t r a :  H i t a c h i  340 .  - M e l t i n g  p o i n t :  

n o t  c o r r e c t e d .  - E l e m e n t a l  a n a l y s e s :  A n a l y t i c a l  L a b o r a t o r y  of t h i s  I n s t i t u t e .  

(a): A s o l u t i o n  of 84  mg 

( 1  mrnol) o f  m e t h y l  p r o p i o l a t e  i n  7  r n l  of  d i o n a n e  was d r o p p e d  s l o w l y  i n t o  a s o l u t i o n  

o f  1 8 8  n g  ( 1  mmol) o f  i n  2 5  m l  of t h e  same s o l v e n t ,  t h e n  s t i r r e d  a t  a m b i e n t  tem- 

p e r a t u r e  f o r  2  d a y s .  A f t e r  removal o f  s o l v e n t ,  t h e  p r o d u c t  was  washed tw ice  w i t h  

s m a l l  amount  of d r y  d i e t h y l  e t h e r ,  $ was o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d ,  mp 165 -  

167 'C.  I ~ ( K B ~ ) :  3 4 0 0 ,  3200  (NH),  1 6 8 5  ( e s t e r  c = O ) ,  1 6 0 5  ( C = O ) ,  1 5 4 5  ( c = C ) ;  uv  

( e t h a n o l ) :  h ( l g t )  322  ( 4 . 2 9 ) .  2 3 6  ( 4 . 1 6 ) .  MS: m/z 2 7 2  (M ' ) .  Anal .  C a l c d .  f a r  

CI5Hl6N2O3: C . 6 6 . 1 0 ;  H , 5 . 9 2 ;  N.10.29.  Found :  C ,65 .32 ;  H .5 .91 ;  N.9.85.  

M e t h y l  4 - ~ ( 4 - C h 1 o r o b e n a o y 1 - 2 - i m i d a z o 1 i d i n y l i d e n - ( E - b t - 2 - t  ( 2 b ) :  - S i m i l a r  t o  

Compd. 

2 a  -- 
2 b  -- 
2d - 
2f - 
? a  - 
j b  - 
? c  - 
3d - 
& 
i d  - 
533 - 
5  d  - 
2s 
6  b  - 

Ha H~ T I C  H H~ H~ HE H~ H~ d H 
- 

3.605 8 .175  7 .76s  7 . 3 0 s  7 . 6 7 d ( 1 6 )  5 . 3 6 d ( 1 6 )  3 . 5 3 s  

3 . 0 7 s  8 . 0 0 s  7 . 3 0 s  7 . 2 3 s  7 . 5 0 d ( 1 0 )  5 . 3 3 d ( 1 6 )  3 . 5 6 s  

3 . 3 3 t  1 . 9 0 q u i n  8 . 9 0 s  7 . 6 7 s  7 . 2 6 s  7 . 5 6 d ( 1 6 3  5 . 3 0 d ( 1 6 1  3 . 5 3 s  

3 .33t .  1 . 9 0 q u i n  8 . 9 3 s  7 . 7 ? s  7 . 26d  6 . 7 8 d  3 . 7 3 s  7 . 6 7 d ( 1 6 )  5 . 3 1 d ( 1 6 )  3 . 5 4 s  
3 . 9 2 t  4 . 2 0 t  8 . 6 7 s  7 . 4 2 - 7 . 4 6 n  5 . 6 8 d ( 1 0 )  7 . 4 O d ( 1 0 )  
4 . 0 3 t  L . l O t  8 . 5 6 s  7 . 4 0 s  5 . 6 7 6 ( 1 0 )  7 . 3 8 d ( l 0 )  

3 . 7 6 t  4.0i.t 8 . 9 0 s  6 .96-7 .62m 3 . 8 0 s  5 . 4 8 d ( 1 0 )  7 . 9 7 d ( 1 0 )  

1 . 7 0 t  4.OOt 2 . 1 0 q u i n  1 1 . 1 4 s  7 . 3 8 s  5 . 0 3 d ( 1 0 )  7 . 3 6 d ( 1 0 )  

3 . 7 0 t  3 . 8 0 t  8 . 1 3 s  7 . 2 6 s  2 . 5 7 t  2 . 5 3 t  

3 . L h t  3 . 8 3 t  2 . 0 0 q u i n  1 2 . 6 0 s  7 . 4 0 s  2 . 5 6 t  2 . 5 0 t  

3 . 9 7 t  4 . 0 3 t  8 . 3 0 s  7 . 3 7 s  5 . 9 7 s  3 . 0 0 s  

3. 5 0 t  2 . 0 7 q u i n  9 . 8 0 s  7.  4 0 s  6 . 1 0 s  3 . 0 0 s  

3 . 5 3 t  2 . 0 3 q u i n  9 . 7 0 s  7 .17-7 .56m 6 . 0 7 s  3 . 0 3 s  

1.6?t 8 . l ? s  7 . 3 7 s  7 . 2 0 s  3 . 6 0 s  0 . 5 0 s  3 . 4 0 s  
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T a b l e  2 .  The "C nmr data of 2 ,  1, 4 ,  2 and fi in CDCl? 

TMS as internal standard, d in ppm 

C - 3  C - L  C - 5  C - 6  C-7 C-8 C-9 C-10 



Za, a mixture of 222 rng (1 mmol) of and 84 mg of methyl propiolate was stirred - 
at 40.50'~ far 6 h. After removal of solvent, the crude product was recrystallized 

from methylene chloride, 240 mg (78%) of a was obtained, mp 157-159'C. Ir(KBr): 

3400. 3280 (NH), 1683 (ester C-0). 1570 (C=O), 1540 (C=C); uv  (ethanol): X(lg t . )  

325 (4.41). 240 (4.25). MS: m / a  106 (M'). Anal. Calcd. for C15H15C1N203: C.58.73; 

H.4.93; N.9.13. Found: C.58.47; H,5.04: N,9.96. 

Methyl 4-[Benaoyl(2-hexahydropY~imidinylidene)l-(E)-but-2-enoate (a): Like a from 
202 mg (1 mmol) of id and 84 mg (1 mmol) o f  methyl propiolate, 3 was obtained in 

quantitative yield, mp 104-106'~. Ir(KBr): 3350, 1250 (NH). 1680 (ester C=O), 1600 

(C=O), 1515 (C=C); uv (ethanol): ii (lg t )  342 (4.201, 236 (4.11). MS: m / z  286 (M'). 

Anal. Calcd. for CI6Hl8N2O3: C'67.11; H.6.14; N,9.79. Found: C,66.85; H,6.25; N, 

9.25. 

Methyl L-[(2-Hexahydropyrimidinylidene)-4-methoxybenzoyl-(E~-but-2-enoate (2): 

Like &. from 232 mg (1 mmol) of if and 84 mg (1 mmol) of methyl propiolate. Zf was 

obtained in quantitative yield, rnp 150-152'C. Ir(KBr): 3400, 3250 (NHI, 1645 

(ester C=O), 1595 (C=O), 1515 (C=C); uv (ethanol): h (lg t )  348 (4.33, 2L2 (4.06). 

MS: m/a 284 (M-CH~OH)'. Anal. Calcd. for C17H20N204: C,64.5L: H.6.37; N, 8.86. 

Found: H.6.41; N,9.01. 

8-Benaoyl-2,3-dihydroimidaao[1,2-a]pyridin-5(lH)-ane(3a): A solution of 140 mg of 

2a in 15 rnl of methanol was refluxed for 16 h, and then partial solvent was evapo-  - 
rated. After cooling 105 mg ( 8 5 % )  of crystal of & ;--B obtained, rnp 195-196.C. 

Ir(KBr): 3370 (NH), 1670 (arnide C=O), 1600 (C=O), 1570 (C=C); uv (ethanol): h (Ig t )  

349 (4.31). 310 (3.931, 217 (4.09). HS: m/z 240 (M'). Anal. Calcd. for C14H12N202: 

C.69.98; H,5.03; N,11.66. Found: C,69.68: H,4.96; N,ll.42. 

8-(L-Chlorobenaoyl)-2,3-dihydroimidaaa[1,2-a]pyridin-5(1H)-on~ (2): Like & a 

solution of 1 5 0  mg of 2 in 10 ml of methanol was refluxed for 22 h, 120 mg (91%) 

of 2 was obtained, mp 229-230'C. I ~ ( K B ~ ) :  3370 (NH), 1670 (arnide c=O), 1590 (C=O), 

1565 (c=c); u v  (ethanol): A(lg € 1  341 (L.24). 110 (3.951, 24L (4.21). MS: m/z 

274 (M'). Anal. Calcd. for ClLH11C1N202: C,61.21; H.4.04; N.10.20. Found: H,4.20: 

N.9.43. 

2,3-Dihydro-8-(4-methoxybenzoyl)imidazo[1.2-alpyridin-5(1H)-one (2): Similar to 

2a a dioxane solution of 213 rng (1 mrnol) of & and 84 rng (1 mmol) of methyl pro- - 
piolate was stirred at room temperature for 2 days. After removal of solvent, the 

residue w a s  soluble in 15 ml of methanol and refluxed for 20 h, 150 mg (56%) of 3 

was obtained, mp 152-153'~. I r ( K B r ) :  3160 (NH), 1670 (arnide C=O), 1600 (C=O), 1570 

(C=C): u v  (ethanol): % (lg € )  361 (4.32), 312 (4.15). 229 (4.17). MS: m/z 270 (M*). 
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Anal. Calcd. for CI5Hl4N2O1: C,66.65; H.5.22; N.10.37. Found: C,66.42; H.5.21; N, 

10.21. 

9 ~ a o y l - 1 , 2 , 3 , L - t e t r a h y d r o p y r i d o [ 1 , 2 - a ] p y r i m i d i n - 6 - o n e  (3): Like 2 from 150 mg 

o f  8 in 15 ml of methanol, 110 mg (84%) of was obtained, rnp 167-168'C. Ir(KBr): 

3350 (NH), 1670 (arnide C=O), 1595 (C=O), 1560 (C=C); uv (ethanol): X(lg t )  341 

(L.13). 308 (4.03), 239 (4.16). MS: m/z 254 (M'). Anal. Calcd. for C15HlLN202: 

C,70.85; H,5.55; N,11.02. Found: C,70.16; H.5.52; N.10.92. 

8-Benaayl-2,3,6,7-tetrahydroimidazo[l,2-a]pyridin-5(1H)-ane : A solution of  188 

rng (1 rnmol) of la and 86 mg (1 mmol) of methyl acrylate in 10 ml of dioxane was 

stirred at 5 0 ' ~  for 1 h, and then refluxed for 20 h. After removal of solvent, the 

product was washed twice with small amount of dry diethyl ether. & was obtained 

in quantitative yield. mp 119-140~~. 1r(KBr): 1320 (NH), 1680 (amide C=O). 1630 

(C=O). 1515 (C=C); uv (ethanol): h(lg t )  334 (4.23), 236 (4.13). MS: m/z 242 (Mi). 

Anal. Calcd. for C14H14N202: C,69.40; H,5.82; N,11.57. Found: C,68.85; H.5.81; N, 

11.21. 

9-Benzoyl-1,2,3,4.7,8-hexahydropyrido[1,2-a]pyrimidin-6-one (Id): Like I& from 101 

m g  (0.5 mmol) of id and 43 mg (0.5 mrnol) of methyl acrylate, Id was obtained in 

quantitative yield, mp 146-147'~. Ir(KBr) : 3425 (NH), 1690 (amide C=O), 161 5 (C=O), 

1535 (C=C); uu  (ethanol): X(lg E )  340 (4.171, 230 (4.08). MS: m/z 256 (MI). Anal. 

Calcd. for C15H16N202: C.70.29; H,6.29; N, 10.93. Found: C,70.09; H,6.17; N, 10.87. 

Methyl 8-Benzoyl-l,2,3,5-tetrahydro-5-oxoimidazo[1,2-a]pyridine-7-carboxylate (a): 
A solution of 1L2 mg (1 rnmol) of dimethyl acetylenedicarboxylate in 6 ml of dioxane 

was dropped slowly into a solution of 188 mg (1 mmol) of in 10 ml of the same 

solvent, and then stirred at ambient temperature for 2 days. After removal of 

solvent, the product was washed twice with small amount of dry diethyl ether, 2 

was obtained in quantitative yield, mp 180-181'~. Ir(KBr): 3350 (NH), 1728 (ester 

C=O), 1660 (amide C=O), 1595 (C=O), 1555 (C=C); u v  (ethanol): X (Ig t )  162 (4.05), 

218 (4.16). MS: m / z  298 (M*). Anal. Calcd. for C16H14N204: C,64.42; H.L.73; N,9.39. 

Found: C,64.21; H,L.71; N,9.31. 

Methyl 9-Benzoyl-1,2,3,L-tetrahydro-6-0~0-6H-pyrid0[1,2-a]~yrimidine-8-carb0xy1ate 

(d): Like 2 from 101 mg (0.5 mmol) o f  and 71 m g  (0.5 mmol) of dimethyl acety- 

lenedicarboxylate, the crude product was recrystallized from methylene chloride- 

diethyl ether, 125 rng (83%) of s was obtained, mp 193-194'~. Ir(KBr): 1430 (NH), 

1730 (ester C=O), 1655 (amide C=O), 1605 (C=O); uv (ethanol): A(lg t )  159 (3.92), 

236 (4.22). MS: m/z 312 (M 1. Anal. Calcd. for C17H16N20L: C.65.37; H,5.16; N,8.97. 



Found: C.65.42; H.5.22; N,8.98 

~ ~ t h ~ l  9-(4-Chlorobenzoyl)-1,2,3.4-tetrahydro-6-ono-6~-pyrid0~1,2-a]pyrimidine-8- 

carboxylate (je): Like % from 118 mg (0.5 mmol) of > and 71 mg (0.5 rnmol) of 

dimethyl acetylenedicarboxylate, the crude product was recrystallized from methylene 

chloride, 1LO rng (81%) of 2 was obtained, mp 187- 188*C. Ir(KBr): 3425 (NH), 1737 

(ester C=Ol. 1655 (amide C=O). 1605 (C=O); u v  (ethanol): K(lg t) 360 (3.861. 2L2 

(4.20). MS: m / z  314 (M-CH~OH)+. Anal. Calcd. for Cq7H1 5C1N204: C,58.88; H,4.36; 

N,8.08. Found: C,58.21; H,4.?7; N,8.17. 

D i m e t . l m a l e a t e  (&I: Like 2 from 

145 rng (0.65 mmol) of 3 and 92 mg (0.65 mmol) of dimethyl acetylenedicarboxylate, 

the crude product was recrystallized from diethyl ether, 135 rng of fi was obtained, 
mp 98-100'C. Ir (KBr): 3400, 3260 (NH), 1725, 1710 (ester C=O), 1585 (C=O), 1525 

(C=C); uu (ethanol): R(lg t )  364 (4.11), 2L8 (4.23). MS: m / z  364 (M'). Anal. 

Calcd. for C17H17C1N205: C.55.97; H.4.70; N,7.68. Found: C.55.60; H,L.78; N,7.34. 
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