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Ring Transformation Reactions of 1-Substituted 2(1H )-Pyrimidinones
and Related Compounds with Active Methylene Compounds
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1-Substituted 2(1H)-pyrimidinones (I) underwent ring transformation with malononitrile
and ethyl acetoacetate in the presence of sodium ethoxide to give 2-amino-3-pyridinecarbonitriles
(II—VII) and N-(substituted)amino-3-pyridinecarboxylic acids (XIV and XV), respectively.
Further, I reacted with ethyl cyanoacetate, dialkyl malonate, or ethyl benzoylacetate to give
pyridine derivatives (VIII—XIII) bearing various functional groups at the C-3 position. The
reaction of 1-substituted 2(1 H )-pyrimidinethiones and 4,6-dimethyl-1-phenyl-2-phenylimino-1,2-
dihydropyrimidine with active methylene compounds is also discussed.

Keywords: ring transformation; l-substituted 2(1H)-pyrimidinone; 1-substituted 2(1H)-
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The synthesis of a new heterocyclic ring by transformation of some other heterocyclic
system is of considerable interest, and a number of papers' have appeared in the literature. It
has been reported that 1-substituted 2(1H)-pyrimidinones can be easily converted into
isoxazoles,” pyrimidines,>® pyrazoles,¥ and p-nitrophenols® by reaction with various
nucleophiles. However, the conversion of 2(1H)-pyrimidinones to pyridines has not been
reported.

In this paper, we describe a novel ring transformation of I-substituted 2(1H)-
pyrimidinones and related compounds by reaction with active methylene compounds as
nucleophiles.

Results and Discussion

4,6-Dimethyl-1-phenyl-2(1 H)-pyrimidinone (Ia) was treated with malononitrile in the
presence of sodium ethoxide in absolute ethanol at room temperature to give 2-amino-4,6-
dimethyl-3-pyridinecarbonitrile (II) in 939, yield and ethyl phenylcarbamate. The latter
compound was identified by gas-liquid chromatographic (GLC) comparison with an authen-
tic sample.®’ A possible mechanism for the ring transformation is illustrated in Chart 2. A
carbanion of malononitrile selectively attacks the C-6 position of 2(1H)-pyrimidinone (Ia),
and the resulting XVII undergoes ring-opening to form the intermediate XVIII and phenyl
isocyanate. By the further attack of an anion at the nitrile carbon, the product II can be
obtained. Phenyl isocyanate also reacted with ethanol to yield ethyl phenylcarbamate.
Similarly, 4,6-dimethyl-1-phenyl-2(1H )-pyrimidinethione (Ib) and 4,6-dimethyl-1-phenyl-2-
phenylimino-1,2-dihydropyrimidine (Id) reacted with malononitrile to give the same product
IT in 95 and 659 yields, respectively (see the table). When compound Ia was treated with ethyl
cyanoacetate instead of malononitrile, 4,6-dimethyl-2-0xo0-1,2-dihydro-3-pyridinecarbonitrile
(VIII)” was obtained. Compound Ia was also reacted with diethyl malonate, but the starting
material Ia was recovered unchanged. However, 1-phenyl-2(1 H)-pyrimidinone (Ie) which has
no substituent at the C-4 and C-6 position of the pyrimidine ring, underwent ring
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transformation to give ethyl 2-oxo-1,2-dihydro-3-pyridinecarboxylate (XII). The difference of
reactivity between compounds Ia and Ie might be due to steric effects. Further, the reaction of
compound Ie with ethyl benzoylacetate gave 3-benzoyl-2(1H )-pyridone (XIII). In these
reactions, the N,—C, fragment of the pyrimidine ring was replaced by the C—-C portion of
carbon nucleophiles such as malononitrile, ethyl cyanoacetate, dialkyl malonates, or ethyl
benzoylacetate, and thus the substituents at the N,-position of the starting materials were
removed.

In contrast, 1-phenyl-2(1H)-pyrimidinone (Ie) reacted with ethyl acetoacetate to give a
product, mp 257—258°C, with the formula C,,H;,N,0,. The signals due to acetyl and
ethoxycarbonyl moieties of ethyl acetoacetate were not observed in the proton magnetic
resonance (H-NMR) spectrum of the product. Further, the signals due to protons of the
phenyl group at the N,-position still remained in the 'H-NMR spectrum. From these data
and the infrared (IR), *C-nuclear magnetic resonance (:*C-NMR), and mass spectra (MS),
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TasLe I. Ring Transformation of 1-Substituted 2(1 H)-Pyrimidinones and
Related Compounds into Various Pyridine Derivatives (II—XV)

Starting Reaction Yield mp Lit. mp
material conditions Product (VA &) O
Ia r.t. 7h 11 93 2139 2492519
Ib r.t. 7h 11 95
Ic r.t. 7h 11 98
Id r.t. 12h 1I 65
Ie r.t. 6h III 21 132—133% 131—133
Ig r.t. 7h v 83 183.5—185%
Ih r.t. 7h A% 92 146—147"
Ii rt. 9h VI 89 233—2359 235—236'2
Ij r.t. 9h VI 83
Ik r.t. 7h Vil 90 2552569
Ia Reflux 7h VIII 48 > 2809 2937
Ib Reflux 7h VIII 41
Ic Reflux 24 h VIII 39
1h Reflux 7h IX 100 > 2809 310'%
Ii r.t. 12h X 86 270—2729 274275
Te r.t. 2h XI 33 145—1489 142—143!9
If r.t. 1h X1 10
Ie r.t. 4h XII 27 137—1399 139®
If rt. 1h XI1 42
Ie r.t. 6h XIII 17 150—150.5%
If r.t. 6h X111 18
Ie r.t. 6h XIV 25 2572589 263%
If r.t. 2h XV 21 2392419

r.t.=room temperature.

a) Recrystallized from ethanol.

b) Recrystallized from benzene-hexane.
¢) Recrystallized from benzene.

d) Recrystallized from ethyl acetate.
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the product was assigned as 2-anilino-3-pyridinecarboxylic acid (XIV). In this reaction, the

N, unit of the pyrimidine ring was replaced by the C unit of ethyl acetoacetate. Although the
mechanism of deacetylation'® is obscure, a possible mechanism is shown in Chart 3.
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In conclusion, 1-substituted 2(1H)-pyrimidinones undergo ring transformation with
active methylene compounds to give various pyridine derivatives. The reaction with malono-
nitrile is especially useful for the selective synthesis of 2-amino-3-cyanopyridines having
different substituents at the C-4 and C-6 positions, offering mild conditions and high yield.

Experimental

All melting points are uncorrected. IR spectra were obtained on a Jasco IRA-1 infrared spectrometer. 'H-NMR
and 3C-NMR spectra were recorded on Hitachi R-24 and JEOL-100 NMR. spectrometers, respectively, using
tetramethylsilane as an internal standard. GLC was carried out by using a Shimadzu GC-4CM gas chromatograph
equipped with a flame thermionic detector (FTD) and a Silicon OV-1 (80—100 mesh) column run at a temperature of
80°C, with a detector temperature of 260 °C. MS were determined on a Hitachi M80 spectrometer.

General Procedure for Preparation of 4,6-Disubstituted 2-Amino-3-pyridinecarbonitriles (II—VII). A Typical
Example——2-Amino-4,6-dimethyl-3-pyridinecarbonitrile (II): 4,6-Dimethyl-1-phenyl-2(1 H)-pyrimidinone (Ia,
3mmol) and malononitrile (12 mmol) were added to an ethanolic sodium ethoxide solution (prepared by dissolving
12 mmol of sodium in 20 ml of absolute ethanol). The mixture was stirred for 7h at room temperature. The resulting
precipitate II was filtered off and recrystallized from ethanol. IR (KBr): 3380, 3220, 3140, 2220 cm™!; 'TH-NMR
(DMSO-dg +CDCly) 8: 2.28 (3H, s), 2.30 (3H, s), 6.45 (1H, 5); **C-NMR (DMSO-ds+CDCl;) é: 19.7 (q), 23.9 (q),
113.0 (d), 116.2 (s), 152.5 (s), 159.7 (s), 161.0 (s), 170.7 (s); Anal. Calcd for CgHoN;: C, 65.28; H, 6.16; N, 28.55.
Found: C, 65.13; H, 6.14; N, 28.52. :

2-Amino-3-pyridinecarbonitrile (III): IR (KBr): 3410, 3320, 3200, 2220cm~!; *"H-NMR (CDCl;) 6: 5.5—6.1
(2H, brs), 6.72 (1H, dd, J=5 and 7.8 Hz), 7.77 (1H, dd, J=2 and 7.8 Hz), 8.30 (1H, dd, J=2 and 5Hz).

2-Amino-4-ethyl-6-methyl-3-pyridinecarbonitrile (IV): IR (KBr): 3400, 3320, 3160, 2220 cm™!; 'H-NMR
(DMSO-d,+CDCl,) 6: 1.20 (3H, t, J=7Hz), 2.30 (3H, s), 2.61 (2H, q, J=7Hz), 6.42 (1H, s), 6.5 (2H, brs); Anal.
Caled for CoH,;N;: C, 67.05; H, 6.87; N, 26.06. Found: C, 67.05; H, 6.90; N, 26.12.

2-Amino-4-methyl-6-phenyl-3-pyridinecarbonitrile (V): IR (KBr): 3470, 3300, 3160, 2215cm™'; 'H-NMR
(CDCly) 6:2.43 (3H, s), 5.4 (2H, brs), 7.02 (1H, s), 7.3—7.6 (3H, m), 7.9—8.1 (2H, m); Anal. Calcd for C3H,Ny:
C, 74.61; H, 5.29; N, 20.08. Found: C, 74.44; H, 5.31; N, 20.02.

2-Amino-6-methyl-4-phenyl-3-pyridinecarbonitrile (VI): IR (KBr): 3390, 3310, 3180, 2220 cm™!; 'H-NMR
(DMSO-d, +CDCl,) §: 2.38 (3H, s), 6.6—6.9 (2H, brs), 6.65 (1H, s), 7.5—7.7 (SH, m).

2-Amino-4-( p-chlorophenyl)-6-methyl-3-pyridinecarbonitrile (VII): IR (KBr): 3390, 3310, 3170, 2220 cm™l
"H-NMR (DMSO-d, +CDCl,) 6: 2.37 (3H, s), 6.56 (1H, s), 6.8 (2H, brs), 7.4—7.6 (4H, m); Anal. Calcd for
C,3H,,CIN;: C, 64.07; H, 4.13; N, 17.24. Found: C, 64.16; H, 4.11; N, 17.43.

General Procedure for Preparation of 4,6-Disubstituted 2-Oxo-1,2-dihydro-3-pyridinecarbonitriles (VIII—X). A
Typical Example——4,6-Dimethyl-2-oxo-1,2-dihydro-3-pyridinecarbonitrile (VIII): A solution of compound Ia
(3 mmol), ethyl cyanoacetate (12 mmol) and sodium ethoxide (12 mmol) in absolute ethanol (20 ml) was heated at
reflux for 7 h. The resulting precipitate was filtered off and dissolved in water. The aqueous solution was acidified with
hydrochloric acid and extracted with dichloromethane. The organic layer was dried over anhydrous magnesium
sulfate. The product VIII was recrystallized from ethanol. IR (KBr): 3200—2600 (br), 2220, 1650 cm™!; 'H-NMR
(DMSO-d; +CDCl,) é: 2.25 (3H, s), 2.33 (3H, s), 6.12 (1H, s).

4-Methyl-6-phenyl-2-oxo-1,2-dihydro-3-pyridinecarbonitrile (IX): IR (KBr): 3200—2600 (br); 2240, 1630 cm™Y
'H-NMR (DMSO-d,; +CDCl,) 6: 2.47 (3H, s), 6.62 (1H, s), 7.3—7.8 (5H, m).
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6-Methyl-4-phenyl-2-oxo-1,2-dihydro-3-pyridinecarbonitrile (X): IR (KBr): 3200—2600 (br), 2225, 1660 cm ~;
'H-NMR (DMSO-d;+CDCly) 6: 2.33 (3H, s), 6.25 (1H, s), 7.4—7.7 (5H, m).

General Procedure for Preparation of Alkyl 2-Oxo-1,2-dihydro-3-pyridinecarboxylates (XI and XII). A Typical
Example——Methyl 2-Oxo-1,2-dihydro-3-pyridinecarboxylate (XI): A solution of compound Ie (2 mmol), dlmethyl
malonate (8 mmol) and sodium methoxide (8 mmol) in absolute methanol (15ml) was stirred for 2h at room
temperature. The resulting precipitate was worked up as described in the case of reaction with ethyl cyanoacetate. The
product XI was recrystallized from benzene. IR (KBr): 3500—3100 (br) 1740cm™*; *H-NMR (CDCl;) §: 3.92 (3H,
s), 6.43 (1H, t, /=8 Hz), 7.83 (1H, dd, J=2 and 8 Hz), 8.33 (1H, dd, /=2 and 8 Hz).

In the case of diethyl malonate, the reaction was carried out by using sodium ethoxide-absolute ethanol.

Ethyl 2-Oxo-1,2-dihydro-3-pyridinecarboxylate (XII): IR (KBr): 3200 (br), 1720cm™!; *"H-NMR (CDCl,) é:
1.35 (3H, t, J=7Hz), 4.37 (2H, q, J=7Hz), 6.31 (1H, t, J=8 Hz), 7.88 (1H, dd, J=2 and 8 Hz), 8.30 (1H, dd, /=2
and 8Hz).

Reaction of 4,6-Dimethyl-1-phenyl-2(1 H)-pyrimidinone (Ia) with Diethyl Malonate——A solution of compound
Ia (3 mmol), diethyl malonate (12mmol) and sodium ethoxide (12mmol) in absolute ethanol (20 ml) was stirred
overnight, but the starting material was recovered unchanged.

Reaction of 1-Aryl-2(1H)-pyrimidinones (Ie and If) with Ethyl Benzoylacetate——A solution of compound Ie or
If (2 mmol), ethyl benzoylacetate (8 mmol) and sodium ethoxide (8 mmol) in absolute ethanol (15ml) was stirred for
6h at room temperature. The solvent was evaporated off, and the residue was dissolved in water. The aqueous
solution was acidified with hydrochloric acid and extracted with dichloromethane. Compounds Ie and If gave the
same product, XIII.

3-Benzoyl-2(1H)-pyridone (XII)——IR (KBr): 3200—2600 (br), 1650cm~*; *H-NMR (CDCl,) §: 6.30 (1H, t,
J=THz), 7.2—8.0 (TH, m); Anal. Calcd for C,,HyNO,: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.33; H, 4.51; N, 7.03.

Reaction of 1-Aryl-2(1H)-pyrimidinones (Ie and If) with Ethyl Acetoacetate——A solution of compound Ie or If
(2mmol), ethyl acetoacetate (8 mmol) and sodium ethoxide (8 mmol) in absolute ethanol (15ml) was stirred for 6h
(2hin the case of compound If) at room temperature. The solvent was evaporated off, and the residue was worked up
in the same manner as described for the reaction with ethyl benzoylacetate. Compounds Ie and If gave the products
XIV and XV, respectively.

2-Anilino-3-pyridinecarboxylic Acid (XIV)——IR (KBr): 3600—2600 (br), 1675cm™!; ‘H-NMR (DMSO-
ds+CDCl;) 6: 6.56 (1H, t, J=T7Hz), 7.1—7.8 (6H, m), 8.49 (1H, dd, J=2 and 7Hz), 12.2 (1H, brs), 12.7 (1H, brs);
MS mfe: 214 (M*), 122, 93, 44; Anal. Caled for C,,H,,N,0,: C, 67.28; H, 4.71; N, 13.08. Found: C, 66.96; H, 4.65;
N, 12.96.

2-(p-Toluidino)-3-pyridinecarboxylic Acid (XV)——IR (KBr): 3600—2600 (br), 1670cm ~!; 'H-NMR (DMSO-
ds+CDCly) 6: 2.28 (3H, 5), 6.50 (1H, t, J=7Hz), 7.1—7.3 2H, m), 7.5—7.8 (3H, m), 8.47 (1H, dd, J=2 and 7 Hz);
Anal. Calcd for C3H;,N,0,: C, 68.41; H, 5.30; N, 12.27. Found: C, 68.22; H, 5.26; N, 12.16.

Methylation of Compound X1V with Diazomethane——A solution of compound XIV (1 mmol) and an excess of
diazomethane [prepared from N-nitrosomethylurea (1.05g) and 40% aqueous potassium hydroxide (3.2 g)] in ether
(15ml) was stirred overnight at room temperature. The ether layer was evaporated to dryness, and the residue was
chromatographed on silica gel with chloroform—acetone—ethanol (50:5: 1) to give the product XVI.

Methyl 2-Anilino-3-pyridinecarboxylate (XVI)——IR (KBr): 3200—2800 (br), 1675cm ~!; *H-NMR (CDCl,) §:
3.48 (3H, s), 6.30 (1H, t, J=7Hz), 7.0—7.8 (6H, m), 8.48 (1H, dd, J=2 and 7Hz), 12.0 (1H, brs); 4nal. Calcd for
C;3H,N,0,: C, 68.41; H, 5.30; N, 12.27. Found: C, 68.48; H, 5.33; N, 12.19.
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