REACTION OF ENAMINOCARBONYL COMPOUNDS
WITH NITROACETIC ESTER

Zh. A. Krasnaya, T. 8, Stytsenko, UDC 542.91:547.465.5
E. P. Prokof'ev, I. P. Yakovlev,
and V. F. Kucherov

As a continuation of studying unsaturated aminocarbonyl compounds {1, 2}, we were the first o study
the reactions of various enaminocarhonyl compounds (ketones, aldehydes, esters, etc.) with nitroacetic
ester (NAE).

It proved that cyclic nitronic esters or isoxazoline N-oxides (III) (always X = COOCHj;) are formed

when g-dialkylaminovinyl ketones (Ia-d) and g-dialkylaminoacrylic acid esters (II) are heated with NAE in
alcohol at 60-65°C.
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The structure of ([Ila~-c) unequivocally follows from the elemental analysis, UV, IR, and mass spec-
tral data (Table 1), as well as the NMR spectral data (Table 2), and is confirmed by the following chemical
reactions: liberation of iedine from KI in CH;COOH solution, and 1,3-dipolar cycloaddition to olefins 3, 47,
which leads to the formation of isoxazolizidine derivatives (IV), the structure of which is in agreement with
the physicochemical data (Tables 2 and 3). The formation of the N-oxides (III) from ketones and esters can
be explained by the above given scheme. The first step of the reaction is apparently nucleophilic replace-
ment of the amino group by the NAE anion, analogous to the reaction with cyanoacetic ester, which was
studied by us previously [2]. The subsequent addition of a second NAE molecule by the Michael rezction
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TABLE 3. Isoxazolizidines

UV spectrum, jig spectrum, v,
O |Lemtin oy (in CHCL)

Found, % Calculated, %

R os

Com-|¥. T cHCl, Empirical
pound} = GH,CO, —N |formula

9 g | *max,] ¢ COOCH, | =G cle|N|c |H|N

FoR I3
(Eva)* | 95143115 | <220 75br. ind Cy HwNO 48,64} 5,62 | 4,01 | 48,69 | 5,55] 4,06
avh) | e tos—to7] <220 17%%? CiHnNO, | 50.04| 5.8 [ 319 | 50°43 | 5.89] 390
ave | sofQil <220 1740 by, in. CuHuNO 46.82( 5,32 | 3,90 | 46,541 5,30| 3,88
(vir) | 9| 108—110| a8 {2096 173 1600 | ClaFLyN.Ou | 46.25] .4k 1 6,69 | 46,50 | 4 34| 6.76

* Based on the NMR spectral and TLC data, (IVa) is a mixture of two steric isomers; one
isomer with mp 118-115° was isclated from CHCJ; solution.
T br, iny broad intense,

leads to 1,3-dinitropropanes, which are converted to isoxazoline N~oxides. The conversion of certain 1,3~
dinitropropanes to isoxazoline N-oxides under the influence of bases is known [5].

Initially it coﬁld be expected that the reaction of 8-dialkylaminoacroleinsg (V) with NAE will proceed
in a similar manner and lead to the corresponding N-oxide (IIId), which contains a CH,CHO group in the 4
position.

R 0
AN
“\NCH_CHCHO+ NOCH;X—X — CCH X
/ / N/
R (Va-—d) H i
N
x/\o/ 0
! (1114)
X X R NOz
N AN /
A " ] I+ “Nem=cHCH=C
N N
A WA X
(VIa) 50% (VII) 5%

(Va) R =R! = CHs (VH R = Rl= CsHy
(Ve) R and Rt =— (CHa)s—; (Vd) R=H; R* =CsHs
A crystalline product with mp 142-143°C was obtained in 50% yield as the result of the reaction of al-

dehyde (Va), which, based on the data of TLC under conditions analogous to those used for N-oxides (IlIa-
¢), is a pure compound. However, the empirical formula Cy,H;,N,0, follows from its elemental analysis
and molecular weight, determined by mass spectrometry, which does not correspond to (IIId). The data
of the UV and IR spectra (Ayax 268 nm, 11631 em™! C=N—0) of this compound, and also its ability to
displace iodine from KI in CH3COOH solution, show that the obtained product is an isoxazoline N-oxide.

From an analysis of all of the presented data (see Table 1) and the NMR data (see Table 2) it follows
that this compound is 3,5-dicarbomethoxy-4-(3'-carbomethoxyisoxazol-4'-yl)isoxazoline (Via). The fol-
lowing assignment of the lines in the NMR spectrum was made for (Via): the three singlets of equal inten-
sity (3H each) at 3.7, 3.8, and 3.94 ppm belong to the protons of the COOCH; groups at Cs, Cs and Cy;
the doublet with 6 = 4.86 ppm (1H), J, ; =4, belongs to the proton at C3; the quadruplet with 6 = 5.31 ppm
(1H), J, 5 =4 and Jy 5+ = 0.6 Hz, belongs to the proton at Cy; the doublet at 8.59 ppm (1H), Jy 4 = 0.6 Hz,
belongs to the proton at Cy of the isoxazole ring. Basedon the data given in [6], the signal of the proton at
Cj in the isoxazole is found at 8.51 ppm.

N-Oxide (VIa) readily enters into the 1,3-dipolar cycloaddition reaction with methyl acrylate to give
the isoxazolizidine derivative (VIII), the structure of which is found to be in agreement with the elemental
analysis and spectral data (see Tables 2 and 3). The absorption in the UV spectrum (A, 238 nm) and the
band at 1590 ecm™! in the IR spectrum belong to the isoxazole ring [7, 8].

X X

CH,=CHX
(via) SE=CHX [

|

o

N
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X
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The g-dialkylaminoacroleins (Va-c), and also the f-monoalkylaminoacrolein (Vd), react with NAE to
give N-oxide (VIa), independent of the character of the R and R! substituents on the nitrogen. It should be
mentioned that the reaction products contain 5% of the methyl ester of the 5-dialkylamino-2-nitro-2,4-pen-
tadienoic acid (VII). By means of special experiments it was shown that N-oxide (VIa) is also formed in
45% yield by the reaction of the authentic (VII, R=R!= CHs) [9] with NAE.

The formation of N-oxide (VIa) from aldehydes (Va-d) can be depicted by the scheme:

R /N02
ND-C \ NO,CH.X
a) (v) DO:CHX NCH—=CH—CH =C NOLHLK,
g’ (VID “x
NOg
CH
R N R\
AN / XC=N-»0
NCH=CHCH o, o NCH:CH\ X -
Rl/ (XI) \\ e : 13\1/ —”/
o FANVA
X X" o
X11)
X . (
C——CH X
& C|H N
\0/% \O/ \0 =~ (Via)
R—N . —NH
;X N
Rt Rt
(XIIT) ]
b)NOCH:X 80, % CNO, —— XC=N = 0
] - :
=) 4o (XV)

According to [10], 1,3-dinitropropanes are formed when NAE is reacted with certain aldehydes in
the presence of amines in alcohol, which are converted to isoxazoline N-oxides. A similar transformation
apparently also occurs in the case of the g-dialkylaminoacrolein (V), which leads first to the formation of
N-oxide (XII) via diene (VII). Then N-oxide (XII) reacts as a 1,3-dipolarophile, analogous to enamines [11],
with nitrile oxide (XV), the presence of which can be explained by scheme b), taking into account the case
with which nitrolic acids (XIV), as well as nitrile oxides, are formed from them [12].

In contrast to the unsubstituted aldehydes (Va-c), the g-phenyl-g-dialkylaminoacroleins (IX) when
reacted with NAE form the esters of the 5-dialkylamino-5-phenyl~2-nitro-2,4-pentadienoic acid (X) in 46%
yield, which are identical with the nitro esters (X) that were obtained by us previously from the acetals
IX) 91

R R NO:
Sno—crcro YCEE Sye_onon o’
i ! AN

Rl CeHs RY  CeHs X

IXa) R = Rl = Coffs; (IXb) R =R! =CH; (Xa) R=R!=CgHls; (Xb) R = R!=CH;

Despite the fact that the unsubstituted and substituted N-dialkylaminoacroleins (V) and (IX) lead to
completely different products (VIa) and (X), their transformations are based on the reaction involving the
CHO group. The reactions of f~aminoacroleins with NAE, discovered by us, show that the CO group in
enaminocarbonyl compounds can be quite active. A high activity of the CO group in dienic 6-aminoketo
esters was already observed previously [1].

A study was made of the reaction of NAE with enaminocarbonyl compounds that contain either a pri-
mary or a secondary NH, group. Here it proved that N-oxides of the (Ille) type, in which one of the car~

bomethoxy groups is replaced by an amide group, * are also formed from the esters of the f~monoalkylam-
inoacrylic acids.

*The position of the amide group was not established.
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CHs

AN 3
N—CH=CHX J°CHX  cHNH—C—CH: X
g’ (lib) § N
N
NN

X" 07 To @i

However, ketones (Ie, If), in contrast to the g~-dialkylaminovinyl ketones (Ia-d), react with NAE to
give 3-nitro-6-methylpyridones (XVIIa) and (XVIIb) in respective yields of 30 and 70%, the structure of
which was confirmed by comparison with authentic specimens.

R\ NOs
. AN
NCH=CHCOCH; J0:CHX CHCH=CHCOCH;
H X
(Ie) R=H; () R=CHs; (Ig) R =CiHs
NOz OH NOs H
AN ] N /
2 /CHCH=CH(‘ICH3 2 /C=CHCH=CN
N
X N X CHs R
e (XVI)
(XVIa) R =H; (XVIbj R = CHs; (XVIc) R = CsHs
NOg
I N
/N
cHYy N 0
| (XVIla) R =H; (XVIIb) R = CHs;
R (XVIIb) R = CiHo

Diene (XVIc) was isolated in the case of ketone (Ig), which cyclized to pyridone (XVIIc) when heated
in alcohol, analogous to the previously described cyclization [1]. Pyridones (XVIIa) and (XVIIb) are also
formed as the result of the intramolecular cyclization of the corresponding dienes (XVIa, b)., Together with
with pyridone (XVIId), a small amount of N-oxide (VIb) was isolated in the reaction of ketone (Ih) with NAE.

CeH:CH: NO: X X
NCH=CHCOCH, NO:CHX /(Y + ) | d
g s’ ¥ o N )\ l\ AN
o” e X0 0
G xviig (VID)

6116

A signal with 6 9.25 ppm was detected in the NMR spectrum of the reaction mass, which can be as-
signed to the aldehyde proton in C;H;CH, —I;I— ?= CH — CHO (Ve). Compound (Ve) is apparently formed by

H CHy
the isomerization of (Ih) in the presence of an amine [13]. The presence of (Ve) makes it possible to ex-
plain the formation of (VIb) in the same mamner as that of (VIa) from (Va).

EXPERIMENTAL

The NMR spectra (8, ppm) were taken on a DA-60-1L instrument, using HMDS as the internal stan-
dard. The NMR spectra of (XVIIa-d) are given in Table 4).

N-Oxides (IIa, b, ¢, e, f) and (VIa). A mixture of 1 mole of the appropriate enaminocarbonyl com-
pound and 2 moles of NAE in an equal volume of absolute methanol was heated at 60°C for 3 h. The crys-
talline N-oxides were isolated by cooling the reaction mixture, and were purified by recrystallization from
methanol. The yields, constants, and spectral data are given in Tables 1 and 2. Based on the TLC and
UV spectral data, the mother liquor from the separation of (VIa) contains 5% of (VII). Compound (VIa) was
also obtained in 45% yield by heating 1 mole of (VII) [9] with 1.5 moles of NAE in MeOH for 3 h at 60°C.

Isoxazolizidines (IVa, b, c¢) and (VIII). A solution of 0.35 g of the isoxazoline N-oxide in 18 ml of
methyl acrylate was kept at ~20°C for from 7 to 20 days. The completion of reaction was checked by the
UV spectrum, by the disappearance of absorption at Ay 4x 269 nm, or by the IR spectrum, by the disap-
pearance of absorption at 1628-1632 cm™!, The methyl acrylate was vacuum-distilled, while the residue
was recrystallized from either MeOH or CHCl;. The yields, constants, and spectral data are given in
Tables 2 and 3.
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s N {-NO,

TABLE 4. NMR Spectra of 2-Pyridones - m

I (o]
R

Com- Chemical shifts, §, ppm
R Solvent
pound GH;  G¢| He* | H, | N-CH, | N—CH, | CoHs
(XVIla) | H 2,27 6,16 | 8,29 DMSO - CDs0OD
(XVIIb) | CHs 2,42 6,08 ] 8,05 3,53 CDCls
(XVilc) | CiHa 2,52 6,18 | 8,08 — 4,03 CD;CGOCD3
8,21 5,34 7,16 {CDCls

(XVIld) | CHeCeHs 2,34 6,13

* Jos =8 Hz.

Methyl Ester of 5-Diethylamino-5-phenyl-2-nitro-2,4-pentadienoic Acid (Xa). A mixture of 0.9 g of
(IXa) and 1 g of NAE in 3 ml of absolute MeOH was refluxed for 5 h. Here the intensity of the absorption at
Amax 513 nm decreases in the UV spectrum [starting (IXa)], and absorption with Amgx 435 nm appears and
increases. After cooling, we isolated 0.62 g (46%) of (Xa) with mp 105~106° (from MeOH). Ayqx in EtOH,
nm: 250 (g 6600), 310 (¢ 8700), 435 {(c 41,500). Compound (Xa) does not depress the mixed melting point
with an authentic specimen {9], and their UV, IR, and NMR spectra are also identical.

Methyl Ester of 5-Dimethylamino~5-phenyl-2-nitro-2,4-pentadienoic Acid (Xb). Using the above de~
scribed method, from (IXb) and NAE we obtained (Xb) with mp 134-134.5°C (from MeOH). Mpgx in EtOH,
nm: 255 (£7040), 310 (e 8750), 440 (¢ 43,500). Found: C 60.98; H 5.84; N 10.149%. C;HN,0, Cal-
culated: C 60.86; H 5.84; N 10.14%.

3-Nitro-6-methyl-2-pyridone (XVIIa). A mixture of 0.5 g of (Te) and 1.6 g of NAE in 1.5 m! of ab-
solute MeOH was heated at 60°C for 1 h. After cooling, we isolated (XVIIa) with mp 227-227.5°C (from
MeOH). Mpgx in EtOH 375 nm. The obtained (XVIIa) does not depress the mixed melting point with an
authentic specimen, which was obtained by the nitration of 6-methyl-2-pyridone [14] as described in [15].

3-Nitro-1,6~dimethyl-2-pyridone (XVIIb). A mixture of 0.5 g of (If) and 0.6 ml of NAE in 1 ml of
absolute MeOH was either allowed to stand for a day at ~20°C, or it was heated at 60°C for 3 h. After
cooling, we isolated 0.6 g of (XVIIb) with mp 133-133.5°C (from MeOH). Myg, in EtOH, nm: 266 (¢ 1990),
371 (¢ 8950). Found: C49.54; H4.61; N 16.91%. C;HgN,0O,. Calculated: C 50.00; H 4.8; N 16.68%.
Compound (XVIIb) does not depress the mixed melting point with an authentic specimen, which was obtained
by the methylation of (XVIIa) as described in [16].

Methyl Ester of 5-Butylamino-2-nitro-2,4-hexadienoic Acid (XVIc). Amixtureof 1gof (Igtandlig
of NAE in 1 ml of absolute MeOH was allowed to stand for a day. Here the absorption at Ay ., 313 nm in
the UV spectrum of the reaction mass disappears (starting Ig), and absorption appears at A, 430 nm.
After evaporation we obtained 2 g of a red oil, which was chromatographed on 8i0,. Elution with a 3: 2
hexane — acetone mixture gave (XVI) with mp 112-113°C. 2y 4« in EtOH, nm: 248 (e 5400), 312 (e 7860),
430 (¢ 31,200). Found: C 55.02; H 7.64; N 11.58%. Cy{HyN,O4 Calculated: C 54.53; H 7.49; N 11.56%.
NMR spectrum (with CDCl;, 6, ppm): 2.32 (CH3C=C), 3.74 (OCHj), 6.64 (4CH), 8.21 (3 CH), 3.36 (NCN,),
0.83-1.5 (CHyCH,CHjy), J3 4 = 13.5 Hz.

3-Nitro-6-methyl-1-butyl-2-pyridone (XVIic). A solution of 50 mg of (XVIc) in 0.5 mi of absolute
MeOH was heated at 60°C for 4 h. The checking was done either by the UV spectrum (decrease in the ab-
sorption at Mmayx 430 and appearance of absorption at 378 nm), or by TLC on Silufol (2:3 acetone - hexane)
(disappearance of a bright yellow spot with Rf 0.45 and appearance of a spot with Ry 0.55, which is dark
violet in UV light), After evaporation we obtained (XVIIc) with mp 51-53°C (from MeOH). Mmax in EtOH,
nm: 268 (¢ 1400), 378 (e 8800). Found: C 57.08; H 6.78; N 13.11%. CyyH,N,Os. Calculated: C 57.13;
H 6.71; N 13.33%.

3-Nitro-6-methyl~1-benzyl-2-pyridone (XVIId) and N~Oxide (VIb). A mixture of 0.5 g of (Ih) and
0.5 ml of NAE in 1 ml of MeOH was heated at 60°C for 6 h. The aldehyde proton at 9.25 ppm was detected
in the NMR spectrum of the reaction mass after heating for 3 h. After evaporation in vacuo, the residue
was chromatographed on Si0O, (1:4 acetone —hexane). We isolated 0.1 g of (XVIId) with mp 102-104°C.
Mmax in EtOH, nm: 259 (e 2060), 375 (¢ 8700). Found: C 63.86; H 5.07; N 11.64%. Cy3HN,O5. Cal-
culated: C 83.92; H 4.95; N 11.47%. In addition, 60 mg of (VIb) was isolated (the data are given in Tables
1 and 2). '
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CONCLUSIONS

1. A study was made of the reaction of enaminocarbonyl compounds (ketones, aldehydes, and esters)

with nitroacetic ester.

2. Some new methods were‘proposed for the synthesis of substituted isoxazoline and 3-nitro-2-pyri-

done N-oxides.

© 0= wu
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12.
13.
14.
15.
16.

816

LITERATURE CITED

Zh. A. Krasnaya, T. S. Stytsenko, E. P. Prokof'ev, and V. F. Kucherov, Khim. Geterotsikl.
Soedin., 668 (1973).

Zh. A. Krasnaya, E. P. Prokof'ev, T. S. Stytsenko, and V. ¥. Kucherov, Izv. Akad. Nauk SSSR,
Ser. Khim., 2543 (1973).

V. A. Tartakovskii, I. E. Chlenov, S. S. Smagin, and S. S. Novikov, Izv. Akad. Nauk SSSR, Ser.
Khim., 583 (1964).

V. A. Tartakovskii, B. G. Gribov, 1. A, Savost'yanova, and S. S. Novikov, Izv. Akad. Nauk SSSR,
Ser. Khim., 1644 (1965).

E. P. Kohler and G. R. Barret, J. Am, Chem, Soc., 46, 2105 (1924).

R. Huisgen and H. Christl, Angew. Chem., 79, 471 (1967).

H. Laurent and G. Schulz, Chem. Ber., 102, 3324 (1969).

A. R. Katritzky and A. J. Boulton, Spectrochim. Acta, 17, 238 (1961).

Zh. A. Krasnaya, T. S. Stytsenko, E. P. Prokof'ev, and V. F. Kucherov, Izv. Akad. Nauk SSSR,

. Ser. Khim., 2008 (1973).

H. Feuer (editor), The Chemistry of the Nitro and Nitroso Group, Part 2 (1970), p. 110.
M. E. Kichne, 8. J. Weaver, and P. Franz, J. Org., Chem., 29, 1582 (1964).
Methoden der organischen Chemie (Houben-Weyl), Vol. x/3 (1965), p. 850.

Z. Arnold and J. Zemlicka, Coll, Czech, Chem. Commun., 24, 786 (1959).

N. K. Kochetkov, Dokl. Akad. Nauk SSSR, 34, 289 (1952).

A. Binz and H. Maier-Bode, Angew. Chem., 49, 488 (1936).

H. Mohrle and H. Weber, Chem. Ber., 104, 1478 (1971).



