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It has been es tabl i shed that the reac t ion  of 5 ,6 -d ia lky l -2 -pyr idones  with dimethyl acetylenedicarboxyla te  
leads to e s t e r s  of 2 - k e t o p y r i d i n - l - y l f u r a m i c  acids,  which a re  readi ly  hydrolyzed in the cold by aqueous solu-  
t ions of a lkal is .  The ease of hydrolys is  of the e s t e r s  is apparent ly  explained by in t r amolecu la r  ca ta lys is  as 
a consequent  of the nucleophil ic  par t ic ipa t ion  of the oxygen of the pyridone ring.  

In recen t  yea r s ,  s eve ra l  a t tempts  to effect the diene synthesis  with 2-pyr idones  [1-3] as dienes have been des -  
cr ibed.  It has been found that 2 -pyr idones  reac t  in the manner  of a diene synthesis  only when a subst i tuent  is p r e s e n t  
on the hetero atom [3], forming adducts with ve ry  low yields (1-10%). 2 -Py r idones  unsubst i tu ted on the n i t rogen atom 
reac t  with dienophiles in the manner  of a Michael condensat ion [1]. 

In this  work we have studied the reac t ion  to dimethyl  acetylenedicarboxyla te  with 5 ,6 -d ia lky l -2 -pyr idones  [4, 5]. 
(When the p r e s e n t  work was completed,  a paper  [6] on the reac t ion  of ace ty lenedicarboxyl ic  e s t e r  with 2-pyr idone  and 
6 -me thy l -2 -py r idone  appeared.) 5 ,6 -Dimethy l -  and 5 ,6 -cyc lohexano-2-pyr id ine  unsubst i tu ted  on the n i t rogen atom (I 
and II) reac t  with ace ty lenedicarboxyl ic  e s t e r  on boiling in xylene in the manner  of a Michael condensat ien  with the fo r -  
mat ion of the adducts III and IV: 
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The s t ruc tu re  of the e s t e r s  III and IV was conf i rmed by the i r  IR and PMR spect ra .  The absence f rom the IR spec-  
t r u m  ofanNH absorpt ion  band and the p r e s e n c e  of absorpt ion  bands of an amide carbonyl  {Table 1), and also the PMR 
spec t rum (absence of a NH proton;  p r e s e n c e  of two vinyl protons  in the c i s -pos i t ion  with respec t  to one another ,  judging 
f rom the sp in - sp in  coupling constants ,  and of an isolated vinyl proton) conf i rmed that the aee ty lenedicarb0xyl ic  e s t e r  
has added to the pyr idone at the n i t rogen atom. We thank L. L. Fedorova and V. N. Babina for obtaining the PMR spec-  
t r a  and a s s i s t i ng  in the i r  in te rpre ta t ion .  By analogy with l i t e r a tu r e  data [6, 8], the adducts of ace ty lenedicarboxyl ic  e s t e r  
with 2-pyr idone  and other  he terocycles  may be asc r ibed  the t r ans  configurat ion,  i .e. ,  the s t ruc tu re  of 2 -oxopyr idone-  
1 -y l fumar ic  acid. 

Table  1. IR Spectra* of Compounds II-VI, VIII 

v' cm  -1 

C o m p o u n d  C = C  C = O  C = O  
C--N ( a m i d e )  (es te r )  OH, NH 

II 
III 
IV 
V 

VI 

VIII 

1558 
1538,1597 
1542,1592 
1510,1562 
1510,1560 

1525,1562 

1635,1665 
1676 
1666 
1635, t664 
1635,1660 

1635,1662 

m 

1727 
t743 
1747 
1748 

1715, 
1740 

2400--3150 

2200--3600 (max 2600) 
2670, 3090, 3450 
2200--2800, 3425 

2200--3300 (max 3160) 

*Taken on a UR-10 spectrophotometer ;  the samples  for the spec t ra  
were  p r epa red  in the form of tablets  with KBr (0.5%) and mulls  with 
paraf f in  oil. 
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On being heated above 200~ the adducts III and IV decomposed into the initial components: 2-pyridones and 
acetylenedicarboxyl ic  e s t e r  (identified by th in- layer  chromatography).  

A charac te r i s t i c  p roper ty  of the e s t e r s  III and IV is thei r  r emarkab le  ease of hydrolysis  of cold aqueous 2N caustic 
soda. As we have descr ibed  previously  for e s t e r s  of f l -2 -oxopyr id in- l -y lp rop ion ic  acids [9], this ease of hydrolysis  is 
apparently due to in t ramolecular  cyclization with the subsequent formation of unsaturated 7-  and 5-azlactones with 
ammonium nitrogen [10], which readi ly  open the lactone ring under the action of alkali ,  being converted into dicarboxyl-  
ic acids (V and VI) in quantitative yield.  The product of the bromination of the adduct IV (VII, in which the bromine is 
p resen t  (according to the PMR spectrum) in posit ion 3 of the pyridone ring, is converted into the acid (VII1) just a s  
readi ly .  

In the IR spect ra  (table) of the acids V, VI, and VIII obtained by the hydrolysis  of the corresponding e s t e r s ,  there  
is the absorption cha rac te r i s t i c  for pyridones in the 1635-1664 cm -t  region (amide carbonyl) and strong absorption in 
the 1510-1525 cm -I region which, with the marked shift of the vibrat ions of the OH group in the low-frequency direction,  
indicates a bipolar  (betaine-like) s t ructure  of the type of Via. The acids V and VI are  not converted into anhydrides 
under the 

I\1t 
C - - C O 0 -  Via  
II 

' C O O H - - C H  

action of acet ic  anhydride and acetyl  chloride,  which pe rmi t s  the assumption of the t r a n s -  configuration for them and, 
consequently, for the initial e s t e r s  HI and IV. On being heated with acet ic  anhydride to 100~ the acid VI was recovered  
unchanged, while above 100~ its complete res inif icat ion took place.  

N-Substituted 2-pyridones  - N-phenyl-  and N-ethyl -5 ,6-cyclohexano-2-pyr idones  (IX and X - do not reac t  with 
acetylenedicarboxyl ic  e s t e r  under the conditions descr ibed  above, nor on being heated in an autoclave at 150-180~ and 
a p r e s s u r e  of 100-180 atm for 10 hr (for the N-ethylpyridone) and 30 hr (for the N-phenylpyridone). 

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

5,6-Cyelohexano-2-pyridone and 5 ,6-dimethyl -2-pyr idone  (II and I) were obtained by the chlorination with sulfuryl 
chloride [5] of the corresponding 5,6-disubst i tuted 3 ,4-dihydro-2-pyr idones  and subsequent dehydrochlorination of the 
dichlor ides  formed. Together with the 5,6-dimethylpyridone,  3 -ch loro-5 ,6-d imethyl -2-pyr idone ,  subliming 
at 190~ was isolated (yield 3%). Found %: C 53.1; H 5.3; N 8.6. CTHsNOC1. Calculated %: C 53.3; H 5.1; N 8.9. 

N-Phenyl -  and N-ethyl -5 ,6-cyclohexano-2-pyr idones  (IX and X) were obtained by Acheson and T a s k e r ' s  method 
[5] from N-phenyl-  and N-e thyl -5 ,6-cyclohexano-3 ,4-d ihydro-2-pyr idones  [11]. Compound IX was obtained with a yield 
of 27%, bp 186-187~ ( 1 mm), mp 139-140~ (from ethyl acetate),  Rf 0.18 (in chloroform; the th in- layer  chromatography 
was ca r r i ed  out on alumina of act ivi ty grade II). Found %: C 80.4; H 6.8; N 6.1. CtsHIsNO. Calculated %: C 80.0; 
H 6.7; N 6.2. Compound X was obtained with a yield of 50%, mp 45-47~ (from petroleum ether with bp 80-100 ~ To 
el iminate t r aces  of the initial dihydropyridone, the mater ia l  was previously  r ec rys t a l l i zed  repeatedly from ethyl acetate.  
Rf 0.11 (in chloroform). Found %: C 73.9; H 8.3; N 8.0. CtlH15NO. Calculated %: 74.5; H 8.5; N 8.0. 

Reaction of 2-pyridones  with dimethyl acetylenedicarboxylate .  A solution of 0.06 mole of a 2-pyridone and 0.06- 
0.07 mole of acetylenedicarboxyl ic  e s t e r  in 50 ml of xylene was boiled for 5 hr (if toluene or benzene was used instead 
of xylene, the t ime of heating had to be increased to 12 hr). The solvent was dis t i l led off in vacuum and the residue,  a 
dark par t i a l ly  c rys ta l l iz ing  oil, was r ec rys ta l l i zed ,  with solid carbon dioxide cooling, f i r s t  f rom petroleum ether (bp 
80-100~ and then from ether .  The bright yellow crys ta l l ine  substance was chromatographed in a thin l aye r  of A1203 
(Rf 0.15 in chloroform),  and when the initial pyridone was p resen t  as an impuri ty (Rf 0-0.02) the product was freed 
from it by washing its e thereal  solution with 4 N HC1. Dimethyl 5 ,6 -cyc lohexano-2-oxopyr id in - l -y l - fumara te  (IV), yield 
60%, mp 108-109~ (from ether).  PMR spectrum: multiplet  of a cyclohexane ring (6 2.10 ppm), two singlets of the 
protons of a methoxycarbonyl group (6 3.69 and 3.82 ppm), two doublets and a singlet in the region of vinyl protons 
(doublets with 5 6.20 and 7.01 ppm, J = 10.5-11 Hz, singlet ~ 7,07 ppm). Found %: C 61.5; H 5.9; N 5.1. Ct5HtTNO 5. 
Calculated %: C 61.8; H 5.9; N 4.8. Dimethyl 5 ,6 -d imethy l -2 -oxopyr id in - l -y l fumara te  (III), yield 31%, mp 98-99~ 
(from ether).  Found %: C 58.7; H 5.8; N 5.1. C~sHtsNO 5. Calculated %: C 58.9; H 5.7; N 5.3. Dimethyl 3 -bromo-5 ,6-  
eyc lohexano-2-oxopyr id in- l -y l fumara te  (VII). At room tempera ture  0.26 ml (5 m) of bromine was added dropwise to 
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a solut ion of 1.45 g (5 m) of IV in 30 m][ of e the r  o r  c h l o r o f o r m .  Af t e r  the solvent  had been d i s t i l l ed  off in vacuum,  the 
r e s i d u e  (a v i scous  oil) was t r e a t e d  with w a t e r  in the cold and was then r e c r y s t a l l i z e d  f rom e t h e r  (with sol id  carbon  d i -  
oxide cooling).  This  gave 1.15 g (70%) of p roduc t  with mp 139-141~ Rf 0.22 (in ch lo roform) .  In the r eg ion  of vinyl  
p ro tons ,  the PMR s p e c t r u m  has  two s ing le t s  with 6 6.98 and 7.33 ppm.  Found %: C 48.9; H 4.5; N 3.9. C15H16NOjBr. 
Calcu la ted  %: C 48.7; H 4.4; N 3.8. 

5 , 6 - D i a l k y l - 2 - o x o p y r i d i n - l - y l f u m a r i c  ac ids .  Some 0.5 g of one of the e s t e r s  HI, IV, and VII was boi led  with 3 ml 
of 2 N aqueous caus t i c  soda (i ts  comple te  d i s so lu t ion  was ins tantaneous) ,  the solut ion was ac id i f ied  with conc. HC1, and 
the c r y s t a l s  of the d i ca rboxy l i c  ac id  (V, VI, o r  VIII) were  f i l t e r ed  off, r e c r y s t a l l i z e d  f rom wa te r ,  and d r i e d  in vacuum 
at 70~ 

5 , 6 - D i m e t h y l - 2 - o x o p y r i d i n - l - y l f u m a r i e  ac id  (V, monohydrate)  was obtained in quant i ta t ive  y ie ld ,  mp 145-147~ 
Found %: C 51.6; H 5.2; N 5.7. CllHllNO 5.H20.  Calcu la ted  %: C 51.8; H 5.1; N 5.5. 

5 , 6 - C y c l o h e x a n o - 2 - o x o p y r i d i n - l - y l f u m a r i c  ac id  (VI, monohydrate)  was obtained in quant i ta t ive  y ie ld ,  mp 165- 
166~ Found %: C 55.4; H 5.3; N 5.0. C13H13NO 5-H20. Calcu la ted  %: C 55.5; H 5.4; N 5.0. An a t t empt  to subl ime the 
ac id  at  200~ led  to i ts  decompos i t ion .  When the monohydra te  of the ac id  was hea ted  in vacuum over  1)205 at  110~ for  
60 hr ,  the anhydrous  acid ,  VI, with mp 190-191~ was obtained.  Found %: C 58.8; H 5.2; N 5.2. C13H13NO 5. Calcula ted%:  
C 59.3; H 5.0; N 5.3. 

3 - B r o m o - 5 , 6 - c y c l o h e x a n o - 2 - o x o p y r i d i n - l - y l f u m a r i c  ac id  (Vim,  Yield 85%, mp 213-214~ Found %: C 45.9; 
H 3.8; N 4.4. CisH12NOjBr. Calcu la ted  %: C 45.6; H 3.5; N 4.1. 
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