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The convers ion  of dienic 6 -monoa lky laminoke to  e s t e r s  into 1 - a l k y l - 3 - a c e t y l - 2 - p y r i d o n e s  
and 1 ,3-bis  [3- {1 -a lkyl -2-pyr idonyl) ]  - 2 - b u t c h - l - o n e s  was studied. Heterocycl ic  analogs of 
chalcone were  synthesized f r o m  1 - a l k y l - 3 - a c e t y l - 2 - p y r i d o n e s .  

In our  p reced ing  pape r  we desc r ibed  the synthes is  and s t e r e o c h e m i s t r y  of dienic 6 -monoa lky lamino-  
keto e s t e r s  [1]. This pape r  is devoted to the study of some  of the i r  chemical  t r ans fo rma t ions .  We have 
obse rved  that  6 -monoa lky laminoke to  e s t e r s  (1), ondisso lv ing  in alcohol at r oom t e m p e r a t u r e ,  a r e  conver ted  
in ~80% yield to a read i ly  s epa rab l e  m i x t u r e  of 1 - a l k y l - 3 - a c e t y l - 2 - p y r i d o n e  0I) (Table 1) and 1 ,3-b i s [3-  
{1 -a lky l -2 -pyr idony l ) ] ,2 -bu ten - l -one  (III) (Table 2), the s t r u c t u r e s  of which were  conf i rmed  by the PMR 
spec t r a  (Tables 3 and 4). 

CH3CO \ /H 
/ C-~ ClI-  C H ,,~'C II-- n C.. 

C2H5OOC R 
la, b, c 

I, II, III a R=C:sH;I 

t R 
CH~OH ~ II anb, C 

" 0 C t t ,  

u..nJ~o oCu..ny 
i I r R 

R-CI l i a ;  C R=C|I2C6|t 5 III a ,  b,  c 

By changing the pe rcen tage  of wa te r  in the alcohol ,  one can d i r ec t  the reac t ion  to favor  the p r i m a r y  
fo rmat ion  of e i ther  the 3 -ace ty lpyr idone  (II) or  the "butenone" fiII) (some examples  of this a r e  p resen ted  
in Table 5). The convers ion  of I to a mix tu re  of II and HI is accompanied  by the generat ion of ethanol and 
wate r  (see the expe r imen ta l  sect ion) ,  and the in tensi ty  of the absorpt ion  in the UV s p e c t r u m  at 395 nm,  
which is c h a r a c t e r i s t i c  for  s t a r t ing  e s t e r s  I, d e c r e a s e s  s imul taneously .  The reac t ion  commences  a f t e r  a 
ce r t a in  induction per iod (from 15 rain to s e v e r a l  days) ,  the durat ion of which depends on the concentra t ion  
of the alcohol solution and the t e m p e r a t u r e ;  the reac t ion  can be stopped by the addition of cata lyt ic  amounts  
of RNHCOONH3R (see Fig. 1), CH3COONH4, etc . ,  which a r e  inhibi tors  in this case .  Pyr idones  II a r e  fo rmed  
as  a r e su l t  of i n t r a m o l e c u l a r  cycl izat ion of keto e s t e r s  I, which const i tute  an equi l ibr ium mix tu re  of cis  
and t r ans  i s o m e r s  with r e s pec t  to the ~,fl -double bond [1]. We were  unable to accompl i sh  the cycl izat ion 
of the e s t e r  of 5 -bu ty lamino-2 ,4-pen tad ieno ic  acid,  which exis ts  as  the the rmodynamica l ly  stable t r ans  
i somer .  

N. D. Zelinskii  Insti tute of Organic Chemis t ry ,  Academy of Sciences of the USSR, Moscow. T r a n s -  
lated f r o m  Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 5, pp. 668-675, May, 1973. Original a r t i c l e  sub -  
mit ted January  22, 1972. 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 1001 "1. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permisrion o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

615 



k ~ 

O 

0 

I 
CO 

I 

< 
v-I 

o 
m 

o~ 
r/l 

o 

O 

O 

~ g  i �84 

cO~D c q ~  Oq~O 

: r oo--. ~r 
.2. 

f~ 
g2 

r r r $.~ 
o 

"6 
O 
I 

C 

o 
o 

r r 

Cq CO 

L7 G U 

t~ c l  

~9 

o 

O 
c 

o 

o 
q) 

t/] 
O 

C x 103 i 

7C 

6C 

50 

40 

3O 

20 

10 

in 
10 20 3 0 4 0  5 0 6 0  7 0 8 0 g 0  1001~1201301,~1150 ~ 

Hg. 1. Dependence of the concentration 
of  lb in Ctt3Ott on the  t ime ,  d e t e r m i n e d  
f rora  the UV s p e c t r u m  [the d e c r e a s e  in 
in tens i ty  (e) at  395 nra] without  the  add i -  
t ion of  ca rba raa t e  (C4I-IsNItCOONttaC4ttg). 
Carba raa te  (in quant i t ies  of  10% of  the 
amount  of ]b) was added to an al iquot  of  
the  r e a c t i o n  so lu t ions :  1) i m m e d i a t e l y  
a f t e r  Ib had d i sso lved;  2) a f t e r  40 rain; 
3) a f t e r  50 rain; 4) a f t e r  60 rain. 

T A B L E  2. Yields and Phys ica l  Constants  of  

. 

o ~"3 
C - - C H = C ~  

o r  
R 

1 
IIIa I Call7 

I 
IIlb C4H9 

IUc CH2C6H5 

Found, % Calculated, % 
Empirical ,lc=o : [ : i N i ~ _  formula c H N O 

~ 

203--205 C20H24N203170,4 

211--212 C22H28N203 71,4 

222--224 C2sH~4N2Oa 76,9 

7,2 

7,6 

5,4 

8,1 8,0 70,6J7,1 8,2 8,2 

7,8 7,8 717 77"76 76 ,4:0t::4I 

| ,  

u__yv spectmn 

241 4,0 
326 3,8751 
278 ]3,7634 
334 3,9582 
335 3,7118 

T A B L E  3. Data f ro ra  the PMIt Spect ra  (in CD3OD ) of  

~ / C O C H a  

I 
R 

I~o C4H9 
l]c CH2C6H~ 

Chemical shifts, 6, ppm 

CHs--CICH3CO]N--CH2 [ 5-H [ 4-H I 6-H [ C61~ 

0,93 / 2,57 I 4,03 16,4 7,92 8,081 
2,55 5,18 6,37 7,93 8,07 7~8 

60 

65 

59 

Couplingconstants, Hz 

'NC.~c.~l '.~i ,5~ ,,~ 

7 [76,9 2,2 
-- 2,07 
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T A B L E  5 .  Effect  of  the P e r c e n t a g e  

of Water  in Methanol on the Y ie lds  
of  II and HI 

C4H9 

CH2C6Hs 

Percentage 
of water m 
methanol, % 

0 
30 
0 

30 

Yield, % 

II  I l l  

12,5 65 
57 18 
10 59 
48 32,7 

~ H~ + 

] 
CH~C6H $ 

I Ic  

G?2�9 
CH2C6H s C~H,I 

/1"  iv 7o~o 
CH3C O H 

~C=CH- -CH~CH N~ j ~ O CH~ 

II I ] H 
~ . . N . ~ O  O~,.N.~' 

I (L4 Hs, C4H 9 

tl! b :so% 

"Butenones" H I  a r e  not  the p r o d u c t s  o f  c r o t o n i c  c o n -  
d e n s a t i o n  of  3 - a c e t y l p y r i d o n e s  II, s i n c e  ' ~ u t e n o n e s "  III 
could  not  be  obta ined f r o m  t h e m  by s p e c i a l  e x p e r i m e n t s .  
H o w e v e r ,  i t  turned out that "butenone" IV i s  f o r m e d  as  the 
pr inc ipa l  product  when 1 - b e n z y l - 3 - a c e t y l p y r i d o n e  IIc i s  
added to an a l coho l  so lu t ion  o f  lb. 

+ ) C = C H - - C H = C H N ~  
N O C2ff OOC CH2C6ff~ 
L 
C~ H9 I C 

l i b  

CH~ 

~ o  o~'-~Y 

v so% 

I I 
~H2C6H 5 CH2C~H 5 

II1r 44% 

S i m i l a r l y ,  "butenone" V p r e d o m i n a t e s  in the r e a c t i o n  
m i x t u r e  when 1 - b u t y l - 3 - a c e t y l p y r i d o n e  (rib) i s  added to an 

a l c o h o l  so lu t ion  of  Ic.  

T h e  s t r u c t u r e  of  t h e s e  m i x e d  "butenones" (IV and V) 
w a s  c o n f i r m e d  by  PMR s p e c t r o s c o p y  ( s ee  Tab le  4) .  

As  a r e s u l t  o f  further  i n v e s t i g a t i o n s  i t  w a s  shown 
that o ther  k e t o n e s ,  for  e x a m p l e ,  a c e t o p h e n o n e  and 3 - a c e t y l -  
p y r i d i n e ,  can a l s o  be  used  in th i s  r e a c t i o n .  In the c a s e  o f  
3 - a c e t y l p y r i d i n e ,  on ly  "butenone" VI w a s  obta ined ( s e e  
s c h e m e  on fo l lowing  page) .  

It f o l l o w s  f r o m  the e x p e r i m e n t a l  fac t s  p r e s e n t e d  above  
that  "butenone s" HI are  f o r m e d  as  a r e  su i t  o f  c o n d e n s a t i o n  of  
3 - a c e t y l p y r i d o n e s  II with  d i e n i c  5 - m o n o a l k y l a m i n o k e t o  e s t e r s  
I with  s u b s e q u e n t  c y c l i z a t i o n  of  the c o n d e n s a t i o n  p r o d u c t s :  
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chaco,, c.N/" ~c=cn--cn= \ 
C2HsO0 C C,~H9 

o ~"3 

C4H9 
Vl 

0"-" "-N ~ 
, 
C4H 9 

VII 77~ 

C4H ~ C4H9 
m b 23% 

r o Ho ~:ooc2n ,., 
~1 ! ~t I / s / .  

~ - ~ - -  " ~ .c--c.2--c--c=cH--cn=cnN_ 
cH3 CH3CO x / n  tFF "~"( [ \R  

§ ) C = C H - - C H = C H N \  - - [ 1  i ~ CH.~ 2 = 
c2.5ooc/ ".It= / " -~ /~o  . 

&' L R' A 
II 

1120 

o COOC~ . ]  ~a 3 
/ " ~ / "  / o c a =  

Ri B J Rl R= 

When the r e a c t i o n  is  c a r r i e d  out in d e u t e r o m e t h a a o l  (CD3OD) , the  p ro ton  in the  "bu tenone"  chain  in 
the r e s u l t i n g  "bu tenone"  is  r e p l a c e d  by  d e u t e r i u m ;  th is  c o n f i r m s  the  f o r m a t i o n  of i n t e r m e d i a t e  ke to l  A. 

The  a b o v e - i n d i c a t e d  t r a n s f o r m a t i o n s  show tha t  the  keto  group  in the dienic  6 - m o n o a l k y l a m i n o k e t o  
e s t e r s  has  an  unexpec ted  high r e a c t i v i t y ,  in c o n t r a s t  to the  known fac t s  of the d e c r e a s e  in ac t iv i ty  of  the  
c a r b o n y l  g roup  in enamine  c a r b o n y l  compounds  [2, 3]. 

T A B L E  6. P h y s i c a l  Cons tan t s  and Yie lds  of  

o 
II 

I C~H~ 

C o m -  
p o u n d  

VIII 

IX 

C6H5 

p -  

�9 

mp, *C Empiricalformula 

55--57 C1aHIgNOz 

67--68 C16HIrNO3 

50--52 CITH18N202 

Found, % Calculated,% UVtrumSpec- 

76,7 

71,0 

72,3 

7,0 4,7 76,8 6,8 

6,4 5,2[ 70,8 6,3 

6,6 9,6 72,3 6,4 

5,C 220 
233 
323 
370 

5,2 217 
261 
378 

9,9 223 
244 
308 
371 

4,1697 
4,0962 
4,1405 
4,0962 
4,0382 
3,5866 
4,3032 
4,214~ 
4,049~ 
4,082~ 
4,0 

77 

80 

72 
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Owing to the p r e s e n c e  of  an acety l  group, the 1-  
a lky l -3 -aceWlpyr idones  (IIa ,b ,c) m a y  have  interest ing  
synthetic  application.  Thus we  w e r e  able to synthe-  
s i z e  var ious  he teroeyc l i c  analogs  o f  cha lcone  in high 
y ie lds  by condensat ion of  1 -buty l -3 -ace ty lpyr idone  
with aromat i c  and he terocyc l i c  a ldehydes:  

O 
~N~OCHs + RCHO ~ ~ )  -cH~CHR 

~41"1'9 I C4H ~ 

II b VIII-X 

VIII R~C6H~; IX R=~---'~; X R = ~  

The y ie lds ,  phys ica l  cons tants ,  and data from 
the PMR spectra  of  the compounds obtained are  p r e -  
sented in Tables  6 and 7. 

EXPERIMENTAL 

The PMR spectra were recorded with a Varian 

DA-60-1 L spectrometer with an operating frequency 
of 60 MHz. Hexamethyldisiloxane was used as the 

internal standard. 

I, 3- Bis [3 - (1 -butyl -2 -pyridonyl) ] -2 -buten -i -one 
(IItb) and l-Butyl-3-acetyl-2-pyridone (flb). A. In 

absolute  methanol .  A 3 - g  (12.5 mmole )  sample  of  ethyl 
5 -buty lamino-2 -ace ty l -2 ,4 -pentad ienoate  (ib) was  d i s -  
so lved in 14 ml  of  absolute  methanol ,  and the so lut ion,  
which turned red after  15 rain, was  al lowed to stand 
for 24 h and then vacuurr~evaporated. Dry acetone 
was  added to the res idue ,  which was  a heavy red oi l ,  
and the resul t ing  precipitate  was  separated and washed 
thoroughly with dry acetone  to give 1.5 g (65%) of IIIb. 
"Butenone" IIIb can be i so lated  without the addition of  
acetone  by chromatography on s i l i ca  gel (elution with 
alcohol) .  The mother  l iquor after  separat ion of  IIIb 
was  vacuum-dist i l led  at 0.3 m m  {bath temperature  
150 ~ to give 0.3 g (12.5%) of  lib. 

B. In 70~  methanol .  A 6.2-g (26 mmole )  sample  
of Ib was  d i s so lved  in 67 ml  of  70~  methanol ,  and the 
fol lowing day the solut ion was  heated at 30 ~ for 15 rain 
(the end of  the react ion was  determined f rom the d i s -  
appearance of Xmax at 395 nm and the appearance o~ 

max at 349 nm in the UV spectrum) and vacuum-evap- 
orated.  Ether was  added to the res idue ,  and the ether 
solut ion was  separated ,  dried with ca lc ined m a g n e s i u m  
sulfate ,  and vacuum-evaporated.  The res idue  (57%) 
was  a transparent  red oil  (n~ 1.5460) of  IIb with bp 
120-122 ~ ~0.1 ram) and n ~  1.5490. 

The aqueous layer  was  vacuum-evaporated ,  dry 
acetone  was  added to the res idue ,  and 0.86 g (18%) of  
IIIb was  separated.  

C. In CD3OD. A 1.3-g (5.5 mmole )  sample  of  Ib 
was  d i s so lved  in 3 ml  of  CDuOD, and the solut ion was  
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t r ea t ed  as above to give 0.7 g (70%) of IIlb and 0.14 g (14%) of lib. According to the PMR spec t r a ,  the p r o -  
ton at tached to the double bond in the "butenone" chain of  IIlb undergoes  70% rep lacemen t  by deuter ium; 
deu te r ium is absent  in lib. 

Determinat ion  of Water  Genera ted  during Dissolving of ]b and Ic in Methanol. A. A 99.248-mg sample  
was dissolved in 5 ml  of absolute  methanol ,and aliquots of the solution (1 ml  each) w e r e  t i t ra ted  with the 
Fischer  reagen t  a f te r  4 rain, 1 h, and 3 h. The following amounts  of  water ,  r e spec t ive ly ,  were  found: 0.34, 
2.175, and 2.45%. In the quanti tat ive format ion  of IIIb, 3.76% wa te r  should be genera ted.  

B. A 103.324omg sample  of ethyl 6 -benzy lamino-2 -ace ty l -2 ,4 -pen tad ienoa te  (Ic) was dissolved in 5 
ml  of absolute  methanol ,  and aliquots of  the solution were  t i t ra ted  as  above a f t e r  11 rain, 1 h, and 3 h. The 
amounts  of  wa te r  found were :  1.05, 2.75, and 2.91%. In the quanti tat ive fo rmat ion  of IIIc f r o m  Ic,  3.3% wate r  
should be  genera ted .  

1 - ( 3 - P y r i d y l ) - 3 - [ 3 - ( 1 - b u t y l - 2 - p y r i d o n y l ) ] - 2 - b u t e n - l - o n e  (V1). A 0.3-g (1.25 nunole) sample  of lb was 
dissolved in a mix tu re  of  3 ml  of absolute  methanol  and 0.46 g (3.8 mmole)  of 3 -ace ty lpyr id ine ,  and the so lu -  
tion was allowed to stand a t  r o o m  t e m p e r a t u r e  for 24 h. The solvents  were  vacuum-evapora ted ,  and d r y  
acetone was added to the res idue .  The prec ip i ta te  was sepa ra ted  and washed thoroughly with d ry  acetone  
to give 0.23 g (62%) of VI as the c r y s t a l  hydra te  with mp 94-96 ~ Found: C 65.4; H 7.2; N 8.6; ~I20 10.9%. 
C18H20N202-2tt20. Calculated:  C 65.1; H 7.2; N 8.4; H20 10.8%. UV s p e c t r u m  ~n ethanol:  k m a x  278,313 
nm (log e 3.850, 3.766). PMR s p e c t r u m  in CD3OD , 8, ppm: 0.92 CH3(CH2)3, 2.05 (Ctt3C = C), 4.62 (NCH2) , 
7.00 (CH), 7.33-9.07 Oyridine and pyridone).  

1 -Pheny l -3 - [3 - (1 -bu ty l -2 -pyr idony l ) ]  - 2 - b u t e n - l - o n e  (VK). A 0.2-g (0.84 mmole)  s ample  of ]b was d i s -  
solved in a mix tu re  of  2 ml  of absolute  methanol  and 0.3 g (1.5 mmole)  of acetophenone,  and the solution 
was allowed to stand at  r o o m  t e m p e r a t u r e  for  24 h. Workup as  descr ibed  above gave 0.18 g of a c rys ta l l ine  
subs tance ,  which was a mix tu re  of  77% VII and 23% IIIb (the ra t io  was de te rmined  by means  of the PMR 
s pec t r a  f r o m  the in tegra l  of  the methyl idyne protons) .  PMR spec t rum in CD3OD , 5 ,  ppm:  0.97 Ctt3(CH2)3, 
2.02 (CH3C= C), 4.6 (N = CH2) , 6.90 (CH), 7.9 (5-H), 8.53 (4-H), 8.9 (6-tB, 7.3-7.7 (phenyl): JCH2CH2 N = 7 
Hz, JCH=CCH3 = 1 Hz, J45 = 8 Hz, J56 = 6 Hz, and J46 = 1.6 Hz. 

1-  [3- (1 -Buty l -2-pyr idonyl ) ] -3-  [3- (1-benzyl-2-pyr idonyl)]  - 2 - b u t e n - l - o n e  (V). A mix tu re  of 0.35 g 
(1.28 mmole)  of  Ic and 0.24 g (1.24 mmole)  of lib was dissolved in 7 ml  of absolute  methanol ,  and the so lu-  
t ion was allowed to stand. It was then worked up by the usual method to give 0.18 g of a mix tu re  of 56% V 
and 44% ]IIc (according to the P1VIR spect rum);  the mothe r  l iquor contained 3-ace ty lpyr idones  rib and IIc, 
according  to th in - layer  chromatography .  

1- [3- (1- Benzy l -2 -pyr idony l ) ] -3 -  [3- (1-butyl-  2-pyr idonyl) ] -  2-buten-  1-one (IV). S imi la r ly ,  0.16 g (0.67) 
mmole)  of  l~ and 0.14 g (0.62 mole) of  IIc in 2 ml  of  absolute  methanol  gave 0.7 g of  d substance ,  which con-  
tained 70% IV and 30% IIIb, accord ing  to the PMR spec t rum.  

1 - [ 3 - ( 1 - B u t y l - 2 - p y r i d o n y l ) ] - 3 - f u r y l p r o p e n - l - o n e  (iX). Compounds VIII and X were  a lso  obtained via 
the following method. A 0.4-g (4.2 mmole)  sample  of fur fura l  and 0.4 g (2.1 mmole)  of 1 - b u t y t - 3 - a c e t y l - 2 -  
pyr idone were  added succes s ive ly  with s t i r r ing  to a cooled (to - 1 0  ~ solution of 0.8 ml of 10% NaOH and 0.4 
ml  of methanol ,  a f te r  which the mix tu re  was s t i r r ed  at  0 ~ for  2.5 h. Ether was added, and the organic  l aye r  
was sepa ra ted ,  washed with wa t e r ,  d r ied ,  and evapora ted  to give 0.46 g (80%) of IX with rnp 67-68 ~ (from 
80% ethanol). 

I . 
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