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In previous papers [1-3] we described the peculiarities observed by us in the stereochemistry and
properties of some dienic 6-amino carbonyl compounds of type RRINCH = CHCH = C(X)COR? (X = COCH;,
COOAlk, NO,, CONH,): a quite high reactivity of the carbonyl group, a rapid (on the NMR time scale)
rotation around the ¢, douhle bond under the equilibrium conditions for the geometric isomers, and a
hindered rotation around the C—N bond, It was interesting to compare them with enamino carbonyl com-
pounds, For this purpose we synthesized by known methods the ketones:

R
| .
RIR*NCH=CCOCHs (I) (R=H, Rl=R*=CHs(a); R=Rl=R2=H (b);
R=R!=R2=CHs(c)y R=R!=H, R2=CH;(d) [4—6])

and the g-keto esters: CH3(CH3)NCH = C(COCCH)COOR (I) 17,81, The monoalkylamino-g-keto esters were
obtained by the transamination of (Ila)

H, COCH; H COCH;
"N NCH=C¢ NER N NeH=C

N = s =
He” \COOEt 0-95% R/ \COOEt
(la)
R=CaHs (11b), CHaCoHs (1<)

To synthesize ketones with various substituents on the nitrogen we subjected ketone (Ia) to transamina-
tion with primary and secondary amines

CcH R
3>NC.H=CHCOCHs RRINH N NCH=CHCOCHs
CHs “NEEH), RV

‘ (1a) (Ie-h) )
R=H, Bl=CH(e), yield 80%; R=H, R}*=CHsCeH;(f), yield g59;
RR!=—(CHa)s—(g), yield 74%; R=CHs, Ri=C¢Hs(h), yield 30%.

The indicated compounds were obtained for the first time by this procedure, It should be mentioned
that this method is very convenient, since it eliminates the need of using such labile compounds as the sodi-
um salt of hydroxymethyleneacetone, methyl ethyl ketone and chlorovinyl ketone.

When the enamino carbonyl compounds were studied by the NMR method it was found that, in harmony
with the already existing literature data [5, 9, 10], equilibrium is established between the cis- and trans-
isomers in ketones (Ib, d, e, f), in which connection the cis~isomers are found in the chelate form, stabi-
lized by an intramolecular hydrogen bond

R-—NH H H H
H> G=C<COCH * 0K
LY HN\H...O /C—GHs
trans cis

In amino ketone (Ie), which contains ~100% of the 1°N isotope, it was found that the cis-isomer has
Jisn~g = 92 Hz, which is independent of the temperature. This additionally corroborates [11], based on the
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already existing IR spectral data given in [12], that this form is not the imino enol, as was previously postu-~
lated [18]. The same conclusion can also be made for ketones (Ib, d, f), since their spectra are analogous
to the spectra of (Ie).

When ketones (Id) and Ie} in either CDy0D or CCl; were heated up to 100°C the equilibrium constant
for the cis-trans isomers failed to change, and here we failed to observe rapid exchange between the iso-
mers, which is observed in dienic §-aminoketo esters, diesters, diketones, etc. [3]. An explanation of
this difference may be obtained after determining the activation parameters of the cis—trans isomerization
in the enaraino ketones and comparing them with the activation parameters of rotation around the o,p~double
bond in dienic compounds [3].

While studying the enamino ketones by the NMR method it was found that the o~-proton in (Ia) is deuter-
ated with exceeding ease (in CD3OD to the extent of 70% and in D,O to the extent of 100%) immediately after
dissolving the sample.

CHa\ D,0, CD,0D CHs\
NCH=CHCOCHy —————  SNCH=CDCOCHj
CH (la) CHy”

These facts show the inaccuracy of the data on the absence of deuteration in (Ia) [14]. It was shown by us
that the deuteration of the o ~-proton in (Id, e, f) proceeds more slowly than in (Ia).

From the data of the NMR spectra it follows that the N-mono-substituted enamino--keto esters exist
as one isoraer, in which connection as the chelate, which is stabilized by an intramolecular hydrogen bond.
Since the values of the chemical shift of the NH proton (11.08 ppm) in compounds (Ie) and IIb) are close, then
it can be assumed that the intramolecular hydrogen bond is formed between the NH proton and the carbonyl
of the acetvl group, and not of the carbethoxyl group. The chemical shift of the proton, which forms a
hydrogen bond with the carbonyl of the carbethoxy group, is shifted by approximately 2.5 ppm upfield {15],
As was shewn by us [3], the N-disubstituted 8-keto esters, for example (IIa), represent an equilibrium mix-
ture of the cis-trans isomers, between which rapid exchange takes place (AGézc = 11,18 keal/M in CDCl,).

The activity of the carbonyl group in dienic monoalkylamino-g-keto esters was observed previously,
which was manifested in the ability of these compounds to easily react with 3-acetylpyridones, acetophe-
none, etc, [1]. Enamino ketones and f-keto esters fail to enter similar condensations, and they also fail
to react with acetoacetic ester, acetylacetone and malonic ester. However, it proved that they react under
mild conditions (40°) with cyanoacetic ester. Thus, the reaction of (Ia)* with cyanoacetic ester unexpected-
ly gave the ester of 5-dimethylamino-2-carbamoyl-2-4-hexadienoic acid (II), the structure of which was
proved by the UV, NMR, IR and mass spectra, and also by the elemental analysis and chemical transforma-
tions. The position of the methyl group in (Illa, b) was established via the conversion of these compounds
by heating them for a short time in an alcohol at 150° to the corresponding 3-carbalkoxy-6-methyl-2-pyri-
dones (IVa, b), which were identical with the authentic specimens

CHs
CHs. | /CONHz ﬁ-——COOR
INC=CH—CH=C{ - |
CHs” COOR  CHs— N/H\O

R = CsH; (111a), CHs (I1Ib) R = CaHs (1Va), CHs(IVb)

The formation of (III) can be depicted by the scheme:

CHs CN
N CNCH,COOR AN
N—CH=CHCOCHz """ CH—CH=CHCOCH3
/ (Ia) —NH(CH,)2
CHs ROOG
2 0 Yo
Rooe ¢ Rooc ¢ A ROOCY A CH,  CHs CONHa
=2 ¢H om 2 ¢ o - ¢) 1o Ny d gy g
b d L Qe | TSRS
({ C{'-—N(CHa)z CI—\{\ /C‘——N(CHs)z *\(EZ! 3l CHs (111) COOR
CH CHs CH CHs H, R = CHs (a); CHs (b)
CH,

———— H.
*The aldehyde € S/\,N(!;(:Hcﬂo, which is isomeric with ketone (Ia), does not react with cyanoacetic ester.
CH;
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TABLE 1, NMR Spectra of (IIIa) and (IIth)

Chemical shifts, 5, ppm
Compound 0C:H, JHB—HY’ Solvent
P CH =] NCH, | OCH, CHy | CHp Hz
cy, | cH.
(Illa)* {2,207 3,13 1,30 | 4,431 7,03 | 8,12 13 |CD; OD
2,25 3,13 1,37 | 4,20 | 6,38 8,30 13 -+ CCl,
{11Ib) T 2,15 3,050 | 3,65 6,85 8,05 13 CD:0D
’ 6,30 8,30 | 13

* The signals of the protons of the amide group, with shifts of 7.98 and 6.52 ppm, are
present in the NMR spectrum in DMSO,
T The NMR spectrum was taken at 58° due to the poor solubility of the sample,

The reaction proceeds in a similar manner when N-monosubstituted amino ketones (Ie, f) are reacted
with CNCH,COOR, but the corresponding dienes of the (II) type, in view of their lability (due to the pre-
sence of a proton on the nitrogen atom [16]), were not isolated in the pure state, and were identified only
by the UV spectrum and by TLC.

The 5-substituted derivatives, namely the 3-carbalkoxy-6-methyl-2-pyridones (Va, b), are formed
in 70-73% yield from the enamino-g-keto esters (I1a), and also from the o~substituted ketones (Ic), by reac-
tion with cyanoacetic ester at 40°, Since dienes of the (III) type were completely absent when the course of
this transformation was checked by the UV spectra, it may be assumed that the (Va, b) are not formed
under such mild conditions as the resuilt of the cyclization of the corresponding dienes, but rather by the
following scheme, which includes intramolecular rearrangement, similar to that described in [17]

CHa CN\

NCH=C—COCH, CNCBCO0R: /CH—CH:(]:—COCHs
CHs R , R100C B
R=CHs (Ic), R= CQOCsz {11a)

CN 0H R COOR!
N, l N
- C=CH—C=C—CH; | —~ |

/ N
RI00C R CHy NH'O (Vab)
R=Ri=CHs (ay R =CO00CH;, R!'=CH; (b)

It should be mentioned that the N-monoalkylamino-g-keto esters (IIb), (Ic) and (IId, R = CH,) are
completely inert toward cyanoacetic ester; this is apparently explained by the fact that they are found ex-
clusively as the chelate, which is stabilized by a fairly strong intramolecular hydrogen bond.

EXPERIMENTAL METHOD

The NMR spectra (5, ppm) were taken on a DA-60-1L instrument. We used HMDS as the internal
standard.

Ethyl Ester of 3~Butylamino-2-acetoacrylic Acid (Ilb). To 2.8 g (0.015 M) of (Ila) was added 1.1g
(0.015 M) of butylamine, Here the temperature of the reaction mass rose to 45° and dimethylamine was

MEPEN COOR
TABLE 2. NMR Spectra of 3 .
HoC H o0

Chemical shifts, 8, ppm Coupling
Com- ' ' constants, Hz] Solvent
0CHs s
pound| ¥ RECH o, H | H, CHis
at g cH, l cH, atCs 17, JCHCH,
(IVa) | CoHs H 2,25 1,2514,186,148,04 7,5 7,0 CDsOD
(Vb | CHa H|2.23] 3,7 6,03 |8.03 75 CD;0D
(va) |CHs | CHs {2,28(3,77 7.97| 2,08 CDCls +
+CD3z0D
(Vb | CoHs |COOC.H;{2,77} — |1,3 z,gg 8,72 7,0 CDClas
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evolved vigorously. After 30 min the reaction mass was distilled. We obtained 2.4g (75%) of (IIb) with bp
131-132° (2 mm); np? 1,5090. Apax (in CoH;OH): 238 nm (e 15000), 297 nm (¢ 14800), Found: C 61.91;
H8.93%. CyH gNO;. Calculated: C61,94; H8,98%. NMR spectrum of (IIb) in CCly (5, ppm): 1.25 (CHj
*CH,0); 4.08 (CH;CH,0); 0.95 (CHj in C4Hy); 1.42 (CHy),; 3.35 (NCH,; 2.35 (CH;CO); 7.93 (CH); 11.08
(NH); JCH,CH, = THz, JCH;CH, (in C4Hy) = 6Hz, JCHZCHzN = 7Hz, JoH, NH = 14Hz,

Ethyl Ester of 3-Benzylamino-2-acetoacrylic Acid (Ilc). The ester was obtained in 83% yield by the

above desecribed method, mp 66-67° (from hexane). Amax (in C,HsOH): 236 nm (e 15700), 299 nm (g 17500).
Found: C67.94; H6.90; N5,68%, Ci4H{sNO;, Calculated: C67,99; H6.93; N5.66%.

Methyl Ester of 3-Methylamino-2-acetoacrylic Acid (IId), Ester (IId) was obtained as described in
isl, mp 58-61° Amax (in CyH;OH) 294 nm, NMR spectrum of (IId) in CCl, (6, ppm): 2.4 (CH3CO); 3,18(N
~CHg); 3.67(COOCH,); 7.85(CH); 11,12 (NH); INH, oy = 18.4Hz, JCH3 H = 5.3Hz,
9 2

Transamination of Ketone (Ia), An equimolar mixture of ketone (Ia) and the amine was heated at 70°
for 10 h (C4H,NH,), at 140-160° for 10 h (CH;CH,NH,), at 110° for 2 h (CsH;,NH), and at 200° for 2 h (CH,
* NHCgHs). The end of reaction was determined by TLC (SiO,, acetone :hexane, 1:2), after which the reac-
tion mass was distilled. The purity of the ketones and the ratio of the cis-trans isomers were checked by
the NMR spectra. ‘

Ethyl Ester of 5~-Dimethylamino-2-carbamoyl-2, 4-hexadienoic Acid (Illa). A mixture of 3g of (Ia)
and 3.2 g cf ethyl cyanoacetate in 10 ml of absolute ethanol was heated at 40° for 10 h. After cooling we
separated 1.2g of a yellow precipitate, which gave one spot when subjected to TLC (R¢ = 0.37, SiO,, ace-
tone —chloroform —ethanol, 12:6:1), which represents the ethyl ester of 5-dimethylamino-2-carbamoyl-2,
4-hexadienoic acid (Illa) as a mixture of the cis—trans isomers at the ¢,S-double bond (based on the NMR
data), with mp 158-159° (from an ethanol —acetone mixture). * The yield of (IIla) was 30% when based on the
reacted ketone (Ia). Found: C58.35; H8.02; N12.39%; mol. wt. 226 (mass spectrometry). CyH{gN,O;.
Calculated: C58.39; HS8.02; N12,38%; mol. wt. 226. Apgx (in CoH;OH): 298 nm (e 10,000); 394 nm (e )
58,500), In the IR spectrum (2% solution in CHCly) the bonds at 3340 and 3490 cm~! belong to the NH, group.

The vacuum-distillation of the mother liquor from the separation of (Illa), besides 1g of the starting
ketone (Ia), gave 0.3 g of 3-carbethoxy-6-methyl-2-pyridone (IVa) with bp 125-127° (0.7 mm), which crystal-
lized on cooling, After sublimation, (IVa) had mp 145-146° and failed to depress the mixed melting point
with the ethyl ester obtained by the esterification of 3-carboxy-6-methyl-2-pyridone [18]. Found: C59.27;
H6.17; N7.56%. CgHy{NO;. Calculated: C59.6; H6.08; N7.79%., Amax (in CoH;OH): 241 nm (e 8200), 338
nm (e 10300).

In a similar manner, from (Ia) and methyl cyanoacetate we obtained the methyl ester of 5-dimethyl-
amino-2-carbomoyl-2, 4-hexadienoic acid (IITb) with mp 177-178° {from a methanol —acetone mixture}. Found:
C56.82; E 7.54; N13.43%. CygH{gN,0;. Calculated: C56.59; H7.60; N13.20%. Amax (in C;H;0H): 255 nm
(e 6360), 396 nm (e 72000).

The NMR spectra of (IIla) and (IIIb) are given in Table 1.

3-Cerbethoxy-6-methyl-2-pyridone (IVa), A solution of 0,3g of (IIIa) in 2.4 ml of ethanol was heated
in a sealed ampul at 150° for 20 min, After evaporation, we isolated from the residue 0.2g of (IVa) with mp
147-148° {from benzene), which was identical with an authentic specimen.

3-Cerbomethoxy-6~methyl-2-pyridone (IVb). In a similar manner, from (IIIb) by heating in methanol
we obtained (IVb) with mp 165-166° (from methanol), which was identical with an authentic specimen. Ap gk
(in C,H:OKE): 240 nm (e 6500}, 336nm (¢ 9540). Compound (IVb) is also formed when (IIIa) is heated in
methanol,

3-Carbomethoxy-5, 6-dimethyl-2-pyridone (Va). A mixture of 0.5g of (Ic) and 0.5 ml of methyl cyano-
acetate in 3ml of absolute MeOH was heated at 40° for 1h, after which the solvent was evaporated. We ob-
tained 0.5g (70%) of (Va) with mp 215-216° (from benzene). Found: C59.63; H6.16; N7.74%. C,HNO;.
Calculated: C59.66; H6.12; N7.73%. Agax (in CyH;OH): 243 nm (e 7760), 350nm (e 9100).

3, 4-Dicarbethoxy-6-methyl-2-pyridone (Vb). A mixture of 0.7g of (IIa) and 0.43 ml of ethyl cyano-
acetate was heated at 40° for 1h, After cooling, the obtained precipitate was separated and washed with

*A mixture of 75% of methyl ester (IIIb) and 25% of ethyl ester (IIIa) (based on the NMR spectral data) was
obtained when the reaction was run in methanol,
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ether. We obtained 0.7 g (73%) of (Vh) with mp 185-187°. Found: C56.75; H5.91; N5.72%. Cy,HysNO;.
Calculated: C56.91; H5.97; N5.53%. Ay gy (in CoH;OH): 263nm (e 16700), 330 nm (g 28450).

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

CONCLUSIONS

1. Based on the data of the NMR spectra, the en-N-monoalkylamino-g-keto esters represent exclu-
sively the cis-isomers as the chelates, which are stabilized by an intramolecular hydrogen bond NH...O
= C(CHj); exchange between the cis- and trans-isomers is absent in the enamino ketones under equilibrium
conditions when the temperature is varied; in enamino ketones, including those containing a tertiary amino
group, the Hy proton is easily replaced by deuterium,

2. Enamino ketones react with cyanoacetic ester under mild conditions to give the esters of 5-amino-
~2-carbamoyl-2, 4-hexadienoic acid, while enamino-p-keto esters and c¢-alkyl ketones react to give 2-pyri-
done derivatives.
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