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In p rev ious  pape r s  [1-3] we desc r ibed  the pecu l ia r i t i e s  observed  by us in the s t e r e o c h e m i s t r y  and 
p r o p e r t i e s  of some dienic 6 -amino  carbonyl  compounds of type RR1NCH = CHCH = C(X)COR 3 (X = COCH3, 
COOAlk, NO2, CONH2): a quite high r eac t iv i ty  of the carbonyl  group, a rapid (on the NMR t ime  scale) 
ro ta t ion  around the a ,g  double bond under  the equi l ibr ium conditions for  the geome t r i c  i s o m e r s ,  and a 
hindered ro ta t ion  around the C - N  bond. I t  was in teres t ing to compare  them with enamino carbonyl  com-  
pounds. F o r  this pu rpose  we synthesized by  known methods the ketones:  

R 
I �9 

RIR~NCH=CCOCHs (I) (R=H, RI=R~=CH~(a); R=RI=R~=H(b); 
R=RI=R~=CHa(c); R=RI=H, R~=CHs(d) [4--6]) 

and the fl-keto e s t e r s :  CH3(CH3)NCH = C(COCCH3)COOR (II) [7,  8]. The monoalkylamino-f~-keto e s t e r s  were  
obtained by the t r ansamina t ion  of (ILia) 

CHs. /COCHa N~=R H \  /COCHa 
%NCH=C / ; ~NCtt=C / 

CHa / \COOEr 70-95% ~:~/ /  \COOEt 
(IIa) 

R=C4H9 (IIb), CH~C6Hs (IIc) 

To synthes ize  ketones with var ious  subst i tuents  on the ni t rogen we subjected ketone (Ia) to t r a n s a m i n a -  
t ion with p r i m a r y  and secondary  amines  

CHsx IR~tNH R. 
)NCH=CHCOCHa "" ,, ~NCH=CHCOCHs 

C t ~ /  -N~(C~I,), R V 
(Ia) (Ie-h) 

~R=H, RI=Cattg(e), .yield 80%; R=H, Rt=CH,CeH6(f), yield 65%; 
RRI=--(CH~)5--(g), yield 74%; R=CH3, R~-----C6Hs(h), yield 30%. 

The indicated compounds were  obtained for  the f i r s t  t ime  by this p rocedure .  It should be mentioned 
that  this method is v e r y  convenient,  s ince it e l imina tes  the need of using such labile compounds as the sodi-  
um sal t  of hydroxymethyleneacetone ,  methyl  ethyl ketone and chlorovinyl  ketone. 

When the enamino carbonyl  compounds were  studied by the NMR method it was found that,  in h a r m o n y  
with the a l r eady  exist ing l i t e ra tu re  data [5, 9, 10], equi l ibr ium is es tabl i shed between the e i s -  and t r a n s -  
i s o m e r s  in ketones fib, d, e, f), in which connection the c i s - i s o m e r s  a re  found in the chelate fo rm,  s tab i -  
l ized by an in t r amolecu la r  hydrogen bond 

R - - N H \  /H H H 

H/fi=CIcocHa ~ RN~:=:~C--CHa 

trans cis 

In amino ketone (Ie), which contains ~100% of the 15N isotope,  it was found that  the c i s - i s o m e r  has  
JI~N-H = 92 Hz, which is independent of the t e m p e r a t u r e .  This addit ionally c o r r o b o r a t e s  [11], based  on the 
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a l r eady  exist ing IR spec t r a l  data given in [12], that this f o r m  is not the imino enoI, as was p rev ious ly  pos tu-  
la ted [13]. The s ame  conclusion can also be made for  ketones (Ib, d, f), since the i r  spec t r a  a re  analogous 
to the s p e c t r a  of fie). 

When ketones (Id) and Ie) in e i ther  CD3OD or CC14 were  heated up to 100~ the equi l ibr ium constant 
for  the c i s - t r a n s  i s o m e r s  fai led to change, and here  we failed to obse rve  rapid exchange between the i so-  
m e r s ,  which is obse rved  in dienic 5 -aminoke to  e s t e r s ,  d i e s t e r s ,  diketones,  etc.  [3]. An explanation of 
this  d i f ference  m a y  be obtained a f te r  de te rmin ing  the act ivat ion p a r a m e t e r s  of the c i s - t r a n s  i somer iza t ion  
in the ena~aino ketones and compar ing  them with the act ivat ion p a r a m e t e r s  of rotat ion around the %fi-double 
bond in dienic compounds [3]. 

Whil~ studying the enamino ketones by the NMR method it was found that  the s - p r o t o n  in (Ia) is deu te r -  
ated with exceeding ease  (in CD3OD to the extent of 70% and in D20 to the extent of 100%) immedia te ly  a f te r  
d issolving the sample .  

CHa\ CD,OD CHs\ CH/NC  CHCOC  . '~ . /NC =C0COC . 

These  fact~ show the inaccuracy  of the data on the absence  of deutera t ion in (Ia) [14]. It  was shown by us 
that the deutera t ion of the ~ - p r o t o n  in (Id, e, f) p roceeds  m o r e  slowly than in (Ia). 

F r o m  the data of the NMR s p e c t r a  it follows that  the N-mono-subs t i tu ted  enamino-~-keto  e s t e r s  exist  
as one iso~aer, in which connection as the chelate ,  which is s tabi l ized by an in t r amolecu la r  hydrogen bond. 
Since the values  of the chemica l  shift  of the NH pro ton  (11.08 ppm) in compounds (Ie) and IIb) a r e  close,  then 
it can be a s sumed  that  the in t r amolecu la r  hydrogen bond is fo rmed  between the NH proton and the carbonyl  
of the acetyl  group, and not of the carbethoxyl  group. The chemica l  shift  of the proton,  which f o r m s  a 
hydrogen bond with the carbonyl  of the carbe thoxy  group, is shifted by approx imate ly  2.5 ppm upfield [15]. 
As was shown by us [3], the N-disubst i tu ted ~-keto e s t e r s ,  for  example  (IIa), r e p r e s e n t  an equi l ibr ium mix -  
t u r e  of the e i s~ t rans  i s o m e r s ,  between which rapid  exchange takes  place  (AG~= C = 11.18 kca l /M in CDC13). 

The ~Lctivity of the carbonyl  group in dienic monoalkylamino-~-keto  e s t e r s  was observed  previous ly ,  
which was ~zmnffested in the abi l i ty  of these  compounds  to ea s i ly  r eac t  with 3-ace ty lpyr idones ,  acetophe-  
none, etc.  [1]. Enamino ketones and g-keto e s t e r s  fai l  to enter  s i m i l a r  condensations,  and they also fait  
to r e a c t  wfl:h ace toace t ic  e s t e r ,  ace ty lace tone  and malonic  e s t e r .  However,  it p roved  that  they reac t  under 
mild  conditions (40 ~ with cyanoaeet ic  e s t e r .  Thus, the reac t ion  of (In)* with cyanoacet ic  e s t e r  unexpected-  
ly gave t h e  e s t e r  of 5 - d i m e t h y l a m i n o - 2 - c a r b a m o y l - 2 - 4 - h e x a d i e n o i c  acid (III), the s t ruc tu re  of which was 
p roved  by the UV, NMR, IR and m a s s  spec t r a ,  and a lso  by the e lemental  ana lys is  and chemical  t r a n s f o r m a -  
t ions.  The pos i t ion  of the methyl  group in (IIIa, b) was es tabl i shed via the convers ion  of these  compounds 
by heating them for  a shor t  t ime  in an alcohol at 150 ~ to the cor responding  3 - c a r b a l k o x y - 6 - m e t h y l - 2 - p y r i -  
dones (IVa, b), which were  identical with the authentic spec imens  

CH8 
CH3\ I /CONH~ (" ~---~.--C00R 

>NC=C~--CH=C~ -- CH _~N/H\OII" CH~/ \COOR 

R = C~Hs (Ilia), CH3 (IIIb) R = C~H5 (IVa), Ctta (IYb) 

The fo rma t ion  of (III) can be depicted by the scheme:  

CHa I CNCH~COOR CN\ 
\N--CH=CHCOCHa - -  CH--CH=CHCOCH3 / (Ia) --NH(CHs), 

CH~ LHOOC / 
N NH 7H ~ ] 

ROOC C ROOC C H ROOC\ ~c~. ~ CHs CHs CONH~ 
v ~ I ~.- N--C=CH--CH=C 

I 1 I I C~,j~/C. --N(CH~)~ | / ~ (Ill) CH C--N(CH3)2 C~ /C--N(CH~).. ~ j CH~ COOR 
~CH/z ~CHs CI-I CtIs CH R = C~H, (a); CH~ (5) Ha 

CHa 
CHsN [ *The aldehyde CHa/NC=CHCHO, which is isomeric with ketone (Ia), does not react with cyanoacetic ester. 
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T A B L E  I. NMR Spec t ra  of (Ilia) and (IIIb) 

:ompound 
H3C= NCHs 

Chemical shifts, 5, ppm 

~(IIIa) * 

,(Inb) T 

2,20 
2,25 

2,i5 

3,i3 ] 
3,13 

3,05 3,65 

0C,Hs 
CH v 

CH, { CIt, 

i,30 4,i3 7,03 
i,37 4,20 6,38 

6,85 
6,30 

JH~--Hy, Solvent 
fiH~ Hz 

8,t2 t3 
8,30 t3 

8,05 t3 
8,30 t3 

] CD30D + CC14 

CD~OD 

* The signals of the protons of the amide group, with shifts of 7.93 and 6.52 ppm, are 
present in the NMR spectrum in DMSO. 
1" The NMR spectrum was taken at 58* due to the poor solubility of the sample. 

The r e a c t i o n  p r o c e e d s  in a s i m i l a r  m a n n e r  when N-monosubs t i t u t ed  amino  ke tones  (Ie, f) a r e  r e a c t e d  
with CNCH2COOR, but the c o r r e s p o n d i n g  dienes  of the (ItD type,  in v iew of t he i r  lab i l i ty  (due to  the p r e -  
sence  of a p ro ton  on the n i t rogen  a tom [16]), were  not i so la ted  in the  p u r e  s ta te ,  and w e r e  identif ied only  
by  the UV s p e c t r u m  and by TLC.  

The 5 - subs t i tu ted  de r iva t ives ,  n a m e l y  the 3 - c a r b a l k o x y - 6 - m e t h y l - 2 - p y r i d o n e s  (Va, b), a r e  f o r m e d  
in 70-73% yield  f r o m  the  enamino-f~-keto e s t e r s  (IIa), and a l so  f r o m  the a - s u b s t i t u t e d  ke tones  (Ie), by  r e a c -  
t ion  with cyanoace t i c  e s t e r  at 40 ~ Since d ienes  of the (III) type  w e r e  comple t e ly  absen t  when the c o u r s e  of 
th is  t r a n s f o r m a t i o n  was  checked by  the UV s p e c t r a ,  it m a y  be a s s u m e d  that  the (Va, b) a r e  not f o r m e d  
u n d e r  such  mi ld  condi t ions  as  the  r e s u l t  of the  cyc l i za t ion  of the  c o r r e s p o n d i n g  d ienes ,  but r a t h e r  by  the 
fol lowing s c h e m e ,  which includes i n t r a m o l e c u l a r  r e a r r a n g e m e n t ,  s i m i l a r  to that  d e s c r i b e d  in [17] 

C~ [ C N \  

\NCH=C--COCHa |C~CH~COOR, CH--CH=C--COCHs 

/ I LB.~OOC/ l CI~ R R 
R = CH8 (Ic), R = COOC2116 (IIa) 

CN oH 1 R COOR' 

- .  C=CH--C = C--CN,] - .  

mooc / ~ J c a ,  N~,  o (W,h) 
R = R 1 = CH3 (a); R = C00CsHs, R 1 = C~H6 (b) 

It should be ment ioned  tha t  the N-monoa lky lamino- f i -ke to  e s t e r s  (IIb), (IIc) and (IId, R = CH3) a r e  
c o m p l e t e l y  iner t  t oward  eyanoace t i c  e s t e r ;  this  is appa ren t l y  explained by the fac t  tha t  t h e y  a r e  found ex-  
c lus ive ly  as  the che la te ,  which is s t ab i l i zed  by a f a i r l y  s t rong  i n t r a m o l e c u l a r  hydrogen  bond. 

E X P E R I M E N T A L  M E T H O D  

The NMR s p e c t r a  (5, ppm) were  t aken  on a D A - 6 0 - 1 L  ins t rument .  We used  HMDS as the  in te rna l  
s t andard .  

Ethyl  E s t e r  of 3 - B u t y l a m i n o - 2 - a c e t o a c r y l i c  Acid  (IIb). To 2.8 g (0.015 M) of (IIa) was added 1 .1g  
(0.015 M) of buty lamine .  H e r e  the t e m p e r a t u r e  of the r e a c t i o n  m a s s  r o s e  to 45 ~ and d ime thy lamine  was 

4 
R 1 ~ . .  CO0 R 

T A B L E  2. N1VIR Spec t r a  of ~ ,. 
H3C" NH ~O 

~om-! 
~ound 

(IVa) 
(IVb) 
(va) 

/Vb) 

Chemical shifts, 5, 

R~ CHa 0C2H5 
OCH3 - -  

at C s CI-Is 

CHa 2,25 t ,25 cH3C2H5 H 2,23l 3,7] 
CHa 2,26 3,77 I 

CzH5 COOC2H5 2,77 -- t,3t 

Hs 
CH, 

4,i8 6,i4 
6,08 

4,251 
4,281 

ppm 

~H3 
H, it C 5 

Coupling 
constants, Hz! Solvent 

8,721 

J4,51 JCHzCH~ 

2,o3 

CDaOD 
CDaOD 
CDCla + 
+CDaOD 
CDCla 
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evolved vigorously.  After  30 min the react ion mass  was distilled. We obtained 2.4g (75%) of (IIb) with bp 
131-132 ~ (2 mm); nD 2~ 1.5090. Xma x (in C2H5OH): 238 nm (e 15000), 297 nm (e 14800). Found: C 61.91; 
H8.93%. CltHIgNO 3. Calculated: C61.94; H8.98%. NMR spect rum of (IIb) in CC14 (5, ppm): 1.25 (CH 3 
�9 CH20); 4:.08 (CH3CH20); 0.95 (CH 3 in C4H9); 1.42 (CH2)2; 3.35 (NCH2; 2.35 (CH3CO); 7.93 (CH); 11.08 

(NH); JCtI3CH 2 = 7Hz, JCH3CH2 (in C4H9) = 6Hz, JCH2CH2 N = 7Hz, JCH, NH = 14Hz. 

Ethyl Es te r  of 3 -Benzy lamino-2-ace toac ry l i c  Acid (IIc). The es te r  was obtained in 83% yield by the 
above desi~ribed method, mp 66-67 ~ (from hexane). Xma x (in C2H5OH): 236 nm Ca 15700), 299 nm (e 17500). 
Found: C67.94; H6.90; N5.68%. C14HlTNO 3. Calculated: C67.99; H6.93; N5.66%. 

Methyl Es te r  of 3 -Methylamino-2-ace toacry l ic  Acid (IId). Es te r  (lid) was obtained as descr ibed in 
[8], mp 5g-61 ~ Xma x (in C2H5OH) 294 nm. NMR spec t rum of (lid) in CCI 4 (5, ppm): 2.4(CH3CO); 3.18(N 
-CH3); 3.67 (COOCH3); 7.85 (CH); 11.12 (NH); JNH, CH = 13,4Hz, JCH3, H = 5.3Hz. 

Transaminat ion of Ketone (In)_. An equimolar mixture of ketone (Ia) and the amine was heated at 70 ~ 
for 10 h (CtHgNH2) , at 140-160 ~ for 10 h (C6HhCH2NH2) , at 110 ~ for 2 h (ChH10NH), and at 200 ~ for 2 h (CH 3 
�9 NHC6Hh). The end of react ion was determined by TLC (SIO2, acetone :hexane, 1 : 2), af ter  which the r eac -  
t ion mass  was distilled. The pur i ty  of the ketones and the rat io of the c i s - t r ans  i somers  were checked by 
the NMR spect ra .  

Ethyl Es te r  of 5 -Dimethy lamino-2-ca rbamoyl -2 ,  4-hexadienoic Acid (Ilia). A mixture of 3 g of (Ia) 
and 3.2 g c f ethyl cyanoacetate in 10 ml of absolute ethanol was heated at 40 ~ for  10 h. After cooling we 
separa ted  1.2 g of a yellow precipi tate ,  which gave one spot when subjected to TLC (Rf = 0.37, SiO2, ace-  
t o n e - c h l o r o f o r m - e t h a n o l ,  1 2 : 6 : 1 ) ,  which represen ts  the ethyl es te r  of 5 -d imethylamino-2-carbamoyl -2 ,  
4-hexadienoic acid (IIIa) as a mixture of the c i s - t r a n s  i somers  at the ~,fi-double bond (based on the NMR 
data), with mp 158-159 ~ (from an e thano l -ace tone  mixture).  * The yield of (IIIa) was 300/0 when based on the 
reacted  ketone (In). Found: C58.35; H8.02; N12.39%; mol. wt. 226 (mass spect rometry) .  CItH18N203. 
Calculated: C58,39; H8.02; N12.38%; mol. wt. 226. Xmax(in CxHhOH): 2 9 8 n m ( e  10,000); 3 9 4 n m ( e  
58,500). In the IR spec t rum (2% solution in CHCI3) the bonds at 3340 and 3490 cm -1 belong to the NH 2 group. 

The vacuum-dis t i l la t ion of the mother  liquor f rom the separat ion of (IIIa), besides 1 g of the start ing 
ketone (In), gave 0.3 g of 3 -ca rbe thoxy-6-methy l -2 -pyr idone  (IVa) with bp 125-127 ~ (0.7 mm), which c rys ta l -  
lized on cooling. After  sublimation, (IVa) had mp 145-146 ~ and failed to depress  the mL,~ed melting point 
with the ethyl es te r  obtained by the esterff icat ion of 3 -ca rboxy-6 -me thy t -2 -pyr idone  [18]. Found: C 59.27; 
H6.17; N7.56%. CsHllNO 3. Calculated: C59.6; H6.08; N7.79%. Xmax(inC2H5OH): 241 nm(e 8200), 338 
nm (~ 10300). 

In a s imi la r  manner ,  f rom (Ia) and methyl cyanoacetate we obtained the methyl es te r  of 5-dimethyl-  
amino-2 -ca rbomoyl -2 ,  4-hexadienoic acid (IIIb) with mp 177-178 ~ (from a me thano l -ace tone  mixture). Found: 
C56.82; E7.54;  N13.43%. C10H16N203. Calculated: C56.59; H7.60; N13.20%. kmax(inC2H5OH): 255nm 
(e 6360), 396 nm (e 72000). 

The NMR spec t ra  of (IIIa) and (IIIb) are  given in Table 1. 

3 -Carbe thoxy-6-methy l -2 -pyr idone  (IVa). A solution of 0.3 g of (IIIa) in 2.4 ml of ethanol was heated 
in a sealed ampul at 150 ~ for  20 min. After  evaporation, we isolated f rom the residue 0.2 g of (IVa) with mp 
147-148 ~ (from benzene), which was identical with an authentic specimen. 

3-Cs . rbomethoxy-6-methyl -2-pyr idone  (IVb). In a s imi la r  manner ,  f rom (IIIb) by heating in methanol 
we obtained (IVb) with mp 165-166 ~ (from methanol), which was identical with an authentic specimen. Xma x 
(in C2HhOH): 240 nm (e 6500), 336nm (e 9540). Compound (IVb) is also formed when (IIIa) is heated in 
methanol. 

3-Cs.rbomethoxy-5,  6-dimethyl -2-pyr idone (Va). A mixture of 0.5 g of (Ic) and 0.5 ml of methyl cyano- 
acetate in 3 ml of absolute MeOH was heated at 40 ~ for 1 h, after which the solvent was evaporated. We ob- 
tained 0.5g (70%) of (Va) with mp 215-216 ~ (from benzene). Found: C 59.63; H 6.16; N 7.74%. CgHilNO 3. 
Calculated: C59.66; H6.12; N7.73%. ~'max (in C2H5OH): 243 nm(e 7760), 350nm(e 9100). 

3 ,4 -Dica rbe thoxy-6 -methy l -2 -pyr idone  (Vb). A mixture of 0.7g of (Ha) and 0.43 ml of ethyl cyano- 
acetate was heated at 40 ~ for 1 h. After cooling, the obtained precipi ta te  was separated and washed with 

*A mixture of 75% of methyl es te r  (IIIb) and 25% of ethyl es te r  (Ilia) (based on the NMR spectra l  data) was 
obtained when the react ion was run in methanol. 
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ether.  We obtained 0.7 g (73%) of (Vb) with mp 185-187 ~ Found: C 56.75; H 5.91; N 5.720/0. Ci2H15NO 5. 
Calculated: C56.91; H5.97; N5.53%. kmax(in C2H5OH): 263nm (e 16700), 330 nm (e 28450). 

The NMR spectra of (IVa), (IVb), (Va) and (Vb) are give n in Table 2. 

C O N C L U S I O N S  

1. Based Oh the data of the NMR spectra, the en-N-monoalkylamino-•-keto esters  represent  exclu- 
sively the c is- isomers  as the chelates, which are stabilized by an intramolecular hydrogen bond NH. . .  O 
= C(CH3); exchange between the cis- and t rans- i somers  is absent in the enamino ketones under equilibrium 
conditions when the temperature is varied; in enamino ketones, including those containing a te r t i a ry  amino 
group, the I ~  proton is easily replaced by deuterium. 

2. Enamino ketones react  with cyanoacetie es ter  under mild conditions to give the esters  of 5-amino- 
-2-carbamoyl-2,  4-hexadienoic acid, while enamino-f~-keto esters  and ~-alkyl ketones react  to give 2-pyri-  
done derivatives. 
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