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NOVEL SYNTHESIS OF 3-ARYL-5,6-DIHYDROPYRIDIN-
2(1H)-ONES

A. S. Fisyuk, M. A. Vorontsova, and S. A. Ivanov

Cyclization of N-3-oxoalkylamides of substituted phenylacetic acids under the influence of bases produces 3-
aryl-substituted 5, 6-dihydropyridin-2(1H)-ones. Dehydrogenation of these latter compounds yields substituted
pyridin-2(1H)-ones.

5,6-Dihydropyridin-2(1H)-ones are of interest as compounds that are biologically active [1, 2]; also, they are used in
organic synthesis as intermediates, for example in the preparation of natural alkaloids and their analogs {3, 4].

At the same time, there are no general methods for preparation of these compounds that are effective in all cases. Most
of the known methods of synthesis are limited by low yields, low selectivity, or lack of availability of the starting materials
for the synthesis [5, 6].

We had shown previously [7] that 3-phenyl-5,6-dihydropyridin-2(1H)-ones can be obtained by cyclization of the
accessible N-3-oxoalkylphenylacetamides [8-11] under the influence of bases.

With the aim of expanding the synthetic possibilities of the method and obtaining new 3-aryl-substituted 5,6-
dihydropyridin-2(1H)-ones, which are of interest as compounds with potential biological activity, we have investigated the
cyclization of N-3-oxoalkylamides of 3,4-dimethoxy- and 2-nitro-4,5-dimethoxyphenylacetic acids (la-d) under the influence
of bases. The N-3-oxoalkylamides Ia and Ib were obtained, as described in [8], from 1,3-chloroketones and homoveratronyl;
the amides Ic and Id were obtained by nitration of compounds Ia,b, using a procedure described in [12].

The IR, PMR, and 13C NMR spectra provide full confirmation of the structures of compounds Ia-d (see Experimental
section and Tables 1 and 2).

We found that the N-3-oxoalkylamides Ia-d, under the influence of bases, are converted to 5,6-dihydropyridin-2(1H)-
ones (IIa-d). In the nitro-substituted N-3-oxoalkylamides Ic, d, the e-carbamoyl hydrogen atoms are more mobile, so that these
compounds are cyclized more readily than compounds Ia, b. At the same time, the amides Ib,d require more severe conditions
to convert them to the corresponding 35,6-dihydropyridin-2(1H)-ones (in comparison with the conversion of the amides la, c);
this difference can be attributed to the influence of the substituents in the N-3-oxoalkyl chain, which we had investigated
previously [7].
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TABLE 1. Characteristics of Synthesized Compounds I-1II

Com- Empirical np, °C IR spectrumi, ¥, cm™! Yield,
. T N
pﬂund tolmula Nt (48] CONH C=C NOjy %
Ia | Clall2sNO4 87...88 | 3410 1720 1680 — — 74,5
Ib | Ca0t123NO; 159...160 | 3420 1725 1690 — — 32,0
Ie | Cie122N206 126...127 | 3400 1713 1680 — 1339 81.4
Id | Caol122N204 168...169 | 3420 1727 1680 — 1339 87.4
Ha | Cisll2iNO3 161...163 ] 3400 — 1680 1640 — 92,0
b | CaotiayNO3 130...131 | 3400 — 1675 1630 — 83,4
e | Cialt2oN205 201...202 | 3406 — 1673 1640 1353 75,0
IId | CaoHaoN20s 176...177 | 3400 — 1673 1642 1339 62,5
ITb | Cal11aNO3 226...227| 3385 — 1630 — 72,7
Td | CuitysNo 05 256...257 — 1625 1339 74,9
TABLE 2. PMR Spectra of Compounds la-d
Com- Chemical shift, 6, ppm (and SSCC J, Hz)
nound .
P NH EROT 2-C1 r! R? Ar@ocny | I
. < T
Ia 5,66 br.s 2,018 | 285 s 1,26 S 6,75...6,73 m | 3,34
(3.545&381 | s
s)
Ib |6.57 brd 2,148 | 2,95dd, 5.48M, 7,38...7,02 | 6.91...6.86 M | 3,60
3 =90 3.66d 37 =90 m (3,975 &3,94 | ¢
1y =200 =170 $)
3![3 = 7.0
Ic 6,07 brs 2028 1283 1.33 s 7.62 8, 3-11 3,70
6,75 8, 5-1 | s
(3.91's &3.88
s)
d {689d 7% 2085 | 301 m 5,39m 7.35..7.27 | 7,07 s, 3-H | 3,84
= 8.0 J=17,0 2J=8.0 m 6.82 8. §-11 | s
2= 6.0 12=6,0 (3.955s & 3,94
s)

Here we must note that in the PMR spectrum of the 5,6-dihydropyridin-2(1H)-one IId, there are signals of two
diastereomers with an equatorial position of the phenyl group at C g, and different mutual orientations of the aryl ring and the
dihydropyridine ring, owing to the presence of the asymmetric carbon atom C ) and a chiral axis formed as a consequence
of hindered internal rotation at the C 3)-Ar bond. The magnitude of the SSCC 3JsHgH indicates axial orientation of the proton

at C4) and, correspondingly, equatorial orientation of the 6-Ph group.

The 3-aryl-5,6-dihydropyridin-2(1H)-ones are readily dehydrogenated. When compounds IIb,d are refluxed in xylene

with Pd/C, the corresponding substituted pyridin-2(1H)-ones 1IIb,d are obtained in high yields.

Thus, the accessibility of the starting materials, the simplicity of the experimental procedures, and the high yields of
product make the N-3-oxoalkylamides of arylacetic acids convenient synthons for obtaining not only 3-aryl-substituted 5,6-

dihydropyridin-2(1H)-ones, but also pyridin-2(1H)-ones.
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TABLE 3. PMR Spectra of Compounds Ila-e

Com- Chemical shift, 8, ppm (and SSCC J, Hz)
pound - ; : 1 2
NH | 4-Cii. s EXIN ERTN 6-Rar 6-Ky 3-Ar (20CH3)
fMa {539 1,74 235s 1,278 6,74 m
br.s (3,81 5)
b |5.63 1,89 1274 4dd 2.50 dd 4,80 m 7.46m | 6,89 m
br.s =180 2/ = 18,0 =15 (3,95 s &
3 sasa =10.5 | *se0a = 6.6 'le;.m = 10,5 3,96 s)
JSetn = 6.6
e |5.51 1,67 |2194d 2.52d 1,28 s 1,398 7,665, 3-11'
s =160 | =160 6.56S, 6-11'
(3,90 s &
. 3.87 d)
Hd 15,79 1,835 | 2,83 dd 2.54 dd | 502m 7.51...7,33 7,805, 3-11
br.s saen =130 | Vseon = 50| Usesa = 5.0 m 6,765 6'-H
ei12 =112 3 sun = 13,0 (4,03 s &
4,02 8}
He* {576 1,831 | 285 dd | 268 dd | 489m 7.51...7.33 7,795, ¥-H
br.s sagw =112 | Mseon = 6,0 | Yoase = 6,0 m 6,708, 6'-11
2 =110 2y =170 Jeasa= 11,2 4,02 s&
4,128)

*Mixture of two diastereomers.

EXPERIMENTAL

The IR spectra were recorded in a Specord 75-IR instrument in chloroform. The PMR spectra were recorded in a
Bruker AC-200 P spectrometer (200 MHz) and a Tesla BS-587 spectrometer (80 MHz) in CDCl;. The 13C NMR spectra were
recorded in a Tesla BS-587 spectrometer (20 MHz) in CDCls, internal standard HMDS. The mass spectra were recorded in
a Mat-112 instrument (FINNIGAN MAT). The course of the reaction was monitored by TLC on Silufol UV-254 plates. Liquid
column chromatography was performed on L 40/100 silica gel.

The characteristics of the synthesized compounds are listed in Tables 1-3. The results of elementary analyses matched
the calculated values.

The 4-methyl-4-chloro-2-pentanone and 4-phenyl-4-chloro-2-butanone were obtained by a procedure given in [9].

N-3-Oxoalkylamides Ia,b. To a solution of 20 mmoles of 3,4-dimethoxyphenylacetonitrile and 20 mmoles of 4-methyl-
4-chloro-2-pentanone (for Ia) or 4-phenyl-4-chloro-2-butanone (for Ib) in 100 ml of absolute chloroform, 20 mmoles of SnCl,
was added dropwise with stirring at 0°C. The reaction mixture was stirred for 15 min at 0°C and then left for 2-3 h at room
temperature. The solution was neutralized with a saturated Na,CO, solution, the organic layer was separated and dried over
MgSO,, and the solvent was removed under vacuum.

N-(2-Methyl-4-oxopentyl-2)-3',4’-dimethoxyphenylacetamide (Ia). After taking off the solvent, the residue was
dissolved in 50 ml of hexane and chilled to 0°C; the la precipitated in the form of colorless crystals, which were filtered off
and then recrystallized from a chloroform-hexane mixture.

13C NMR spectrum: 208.13 (CO); 171.50 (CON); 149.04 (C(z'y); 148.14 (Cyy); 127.63 (C(y1y); 121,51 (Cig'y); 112.53
(C(sy); 111.56 (C')); 73.04 (—CHy—Ar): 55.81 (Cyy): 51.99 and 50.72 (OMe); 43.86 (Cpy)); 31.67 (CH;—CO); 27.24
(2Me).

N-(1-Phenyl-3-oxobutyl-1)-3’,4’-dimethoxyphenylacetamide (Ib). After taking off the solvent, the residue was
purified by column chromatography (eluent 95:5 chloroform-ethy! acetate). The eluate was evaporated down, and the residue
was recrystallized from ethanol.

N-3-Oxoalkylamides (Ic,d). To a solution of 5 mmoles of compound Ia,b in 100 ml of glacial acetic acid, 1.35 ml
of HNO; (d = 1.50) was added dropwise at 10°C. The reaction mixture was held for 15 min at 10°C and then poured into
ice water (60 ml); after 30 min, the precipitated product was filtered off, washed with ice water, and recrystallized from
ethanol. :

3-Aryl-5,6-dihydropyridin-2(1H)-ones (Hla,c,d). A 9-mmole quantity of the N-3-oxoalkylamide Ia,d in a 3% solution
of MeONa was refluxed in a flow of inert gas for 7 h or 1 h, respectively. The reaction mixture was cooled and neutralized
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with 10% aqueous HCI; the solvent was removed under vacuum, and the residue was extracted with chloroform (2 X 40 ml)
and dried over MgSQ,; after taking off the solvent, the products Ila,d were obtained. The reaction with the amide Ic was
performed by the same procedure, but at room temperature for 30 h.

4,6,6-Trimethyl-3-(3',4'-dimethoxyphenyl)-5,6-dihydropyridin-2(1H)-one (Ila) was recrystallized from a chloro-
form-~hexane mixture. M* 275.0.

4,6,6-Trimethyl-3-(2'-nitro-4',5'-dimethoxyphenyl)-5,6-dihydropyridin-2(1H)-one (IIc) was recrystallized from
ethanol. 13C NMR spectrum: 165.12 (CO); 153.04 (C(4)); 148.37 (C(S')); 144.31 (C(4')); 141.46 (Cy)); 128.42 (Czy: 126.23
(Cyry): 114.22 (Cgry); 108.1 (C31y); 56.54 (20CH5); 51.14 (Cg)): 44.04 (C(5)); 30.21 and 28.63 (C-CHy); 21.78 (4-CHy).

4-Methyl-3-(2'-nitro-4',5’-dimethoxyphenyl)-6-phenyl-5,6-dihydropyridin-2(1H)-one (IId). Crystallized from eth-
anol, obtaining a mixture of two diastereomers.

4-Methyl-3-(3’ 4’ -dimethoxyphenyl)-6-phenyl-5,6-dihydropyridin-2(1H)-one (IIb). Refluxed 9 mmoles of Ib in 20
ml of a 10% alcoholic KOH solution for 20 min in a flow of inert gas. After treatment as indicated above, the residue was
purified by column chromatography (eluent 1:1 benzene-ethyl acetate). The residue remaining after concentrating the eluate
was crystallized from a benzene-heptane mixture.

4-Methyl-3-(3',4' -dimethoxyphenyl)-6-phenylpyridin-2(1H)-one (IIIb). Refluxed 0.5 mmole of compound IIb and
0.1 g of 10% Pd/C in 10 ml of dry p-xylene for 3 h. The reaction mixture was filtered and cooled. The precipitate was
separated and recrystallized from ethanol. PMR spectrum: 7.55 (5H, m, 6-Ph); 6.93 (3H, m. 3-Ar); 6.49 (1H, m, 5-H); 3.96
(3H. s, OCHjy): 3.85 (3H. s, CH3); 2.20 (3H, s, 4-CHjy).

4-Methyl-3-(2’-nitro-4',5'-dimethoxyphenyl)-6-phenylpyridin-2(1H)-one (IIId). Obtained in the same manner, from
1id, by refluxing for 4 h. PMR spectrum: 7.79 (1H, s, 3'-H); 7.55 (5H, m, 6-Ph); 6.71 (1H, s, 6'-H); 6.45 (1H, s, 5-H); 4.03
(3H, s, OCH,); 3.92 (3H, s, OCH;); 2.11 (3H, s, 4-CH>).
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