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On the reactions of aroylacetonitriles with acetoacetates
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2,7�Diaryl�3�cyano�4�methylpyrano[4,3�b]pyridin�5�ones were synthesized by Ni(acac)2�
catalyzed condensation of aroylacetonitriles with acetoacetates. The competitive Knoevenagel
reaction gave 6�aryl�5�cyano�4�methylpyran�2�ones as by�products. A preparative method
for the synthesis of the latter compounds in the presence of 1,8�diazabicyclo[5.4.0]undec�7�
ene (DBU) as a catalyst was proposed.
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Until recently, no literature data on the reactions of
β�oxo nitriles with β�diones were available, although both
types of compounds are referred to as traditional and
popular organic reagents. Previously,1 we have shown
that benzoylacetonitrile can react with acetoacetate in
the presence of Ni(acac)2 as a catalyst. The result�
ing product was identified from spectroscopic data
as 3�cyano�4�methyl�2,7�diphenylpyrano[4,3�b]pyri�
din�5�one.

In the present work, the reactions of aroylacetonitriles
with acetoacetates are examined more closely. It was
found that heating nitriles 1a—c with esters 2 in o�xylene
in the presence of catalytic amounts of Ni(acac)2 gives,
along with 3�cyanopyrano[4,3�b]pyridin�5�ones 3a—c,
6�aryl�5�cyano�4�methylpyran�2�ones 4a—c (Scheme 1).

Scheme 1

Ar = Ph (a), 4�MeC6H4 (b), 4�ClC6H4 (c); R = Me, Et

The reaction products were easily separated because
of higher solubilities of pyranones 4a—c in most organic
solvents (e.g., MeCN).

The yields of pyranopyridinones 3a—c were higher
for a nitrile�to�ester ratio of 3 : 2 (Table 1). For a ratio of
2 : 1, which would seem to be optimum since a molecule
of 3 is obviously formed from two molecules of nitrile 1
and one molecule of ester 2, the condensation was ac�
companied by partial resinification reducing the yield of
bicyclic product 3. When the ratio between the starting
reagents was 1 : 1, the yields of compounds 3a—c de�
creased, while the yields of pyranones 4a—c increased

Table 1. Reaction conditions and the yields of compounds 3a—c
and 4a—c

Starting Ratio Solvent Heating Condensation
reagents of time/h products,

1 2
1 : 2 yielda (%)

R
3 4

1a Et 3 : 2 o�Xylene 7 3a, 50 4a, 7
1a Me 3 : 2 o�Xylene 7 3a, 36 4a, 7
1a Et 2 : 1 o�Xylene 7 3a, 30 4a, 6
1a Et 1 : 1 o�Xylene 7 3a, 25 4a, 15
1a Et 2 : 1 Toluene 8 3a, 5 4a, 8
1a Et 1 : 1 Toluene 8 3a, 3 4a, 19
1a Et 1 : 1 Benzeneb 8 — 4a, 15
1b Et 3 : 2 o�Xylene 7 3b, 28 4b, 10
1b Et 2 : 1 o�Xylene 7 3b, 22 4b, 6
1b Et 1 : 1 o�Xylene 7 3b, 13 4b, 12
1c Et 3 : 2 o�Xylene 7 3с, 16 4с, 14
1c Et 2 : 1 o�Xylene 7 3b, 9 4b, 9

a The yields were calculated with respect to the starting nitrile 1.
b Compound 1a was partially recovered (>15%); on further
refluxing for up to 20 h, the yield of product 4a remains un�
changed.
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only slightly. At lower reaction temperatures (in boiling
toluene or benzene), compounds 3a—c were obtained in
low yields; however, the yields of the pyranones did not
exceed 15—19% because of slow condensation and
gradual resinification of the reaction mixture on heating
for more than 7—8 h.

Pyranopyridinones 3a—c are bright yellow crystalline
compounds, which are soluble in CHCl3, DMF, and
DMSO; they are well crystallized from MeCN and Py.
The mass spectra of compounds 3a—c show molecular
ion peaks. Their IR spectra contain absorption bands at
2220—2225 cm–1 (C≡N) and 1745—1760 cm–1 (C=O).
Their 1H NMR spectra (DMSO�d6) show character�
istic singlets at δ 7.21—7.59 (H(8)) and signals at
δ 3.01—3.15 (C(4)Me).

Pyranones 4a—c are light yellow crystalline sub�
stances, which are well soluble in most organic solvents
(except for hexane and BunOH). The mass spectra of
compounds 4a—c show molecular ion peaks; their IR
spectra contain absorption bands at 2240—2255 cm–1

(C≡N) and 1740—1760 cm–1 (C=O). Their 1H NMR
spectra show characteristic singlets at δ 6.44—6.47 for
the H(3) protons of the pyran ring and singlets at
δ 2.34—2.50 (C(4)Me), but they contain no signals for
the alkoxycarbonyl R group.

It is known that transition metal acetylacetonates cata�
lyze addition of β�diones with the active methylene group
to the C≡N bond of activated nitriles such as trihalo�
acetonitriles,2—5 malononitrile,6,7 and some cyano�
heterocycles.8,9

Apparently, key intermediates in the synthesis of
pyranopyridinones 3 are adducts 5 of esters 2 with ni�
triles 1 (Scheme 2).

It has originally been assumed1 that under the con�
densation conditions presented in Scheme 1, compound 5
undergoes intramolecular cyclization with elimination
of ROH to give substituted 3�acetyl�4�aminopyran�
2�one 6 (pathway A), whose subsequent Friedlander re�
action with nitrile 1 yields pyranopyridinones 3.

While reacting nitriles 1 with an equimolar amount
of an ethyl acetoacetate Ni chelate, compounds 5 1

and 6 10 were isolated and identified. However, the reac�
tion of pyranone 6 (Ar = Ph) with nitrile 1a in boiling
o�xylene afforded no bicyclic product 3a. Presumably,
aroylacetonitriles 1 react with enaminones 5 (pathway B)
to give functionalized pyridines 7, which undergo in�
tramolecular cyclization into pyranopyridines 3. This hy�
pothesis cannot be verified experimentally because com�
pounds 5 undergo resinification on heating. However, if
condensation of adducts 5 with nitriles 1 occurs most
probably at the very moment they are formed, pathway B
seems not to be improbable.

Obviously, methylene�active esters 2 not only add to
the C≡N bond of nitriles 1, but also enter into the
Knoevenagel condensation with nitriles 1, which act
themselves as methylene�active components. The inter�
mediate δ�hydroxy acid esters 8 undergo in situ cycliza�
tion into pyranones 4 (Scheme 3).*

As was noted earlier,1 aroylacetonitriles 1 do not re�
act with esters 2 in boiling benzene, toluene, or xylene
without a catalyst. Therefore, Ni(acac)2 also catalyzes
the addition of the methylene�active nitrile to the C=O
bond, though the mechanism of its promotion calls for
further investigations (we are aware of only one example of
the Ni(acac)�catalyzed Knoevenagel reaction,11 namely,
the condensation of acetylacetone with 2�furaldehyde).
The synthesis of pyranones 4 in such a way is of no
preparative interest (see Table 1). For this reason, we
attempted to stimulate the Knoevenagel reaction of com�
pounds 1 with esters 2 by using commonly employed
catalysts. In the presence of Et3N, Py, or piperidine, the
reaction mixture undergoes resinification to give uni�
dentified products; the condensation of nitriles 1a—c

Scheme 2

* Theoretically, esters 8 can also be converted into pyridines 7
under the action of nitriles 1. However, we have no sufficient
grounds to prefer this pathway to intermediates 7 to the cycliza�
tion shown in Scheme 2.



Substituted pyrano[4,3�b]pyridin�5�ones Russ.Chem.Bull., Int.Ed., Vol. 51, No. 8, August, 2002 1547

with ester 2 (R = Et) in boiling BunOH with DBU as a
catalyst does afford pyranones 4a—c in 45—47% yields
(see Scheme 3).

Hence, the reactions of aroylacetonitriles with alkyl
acetoacetates afford substituted pyrans or pyra�
no[4,3�b]pyridines in 45—50% yields, depending on the
catalyst, the temperature, and the ratio of the reagents.
The compounds obtained are of interest as potential start�
ing reagents for heterocyclic synthesis. For example,
pyranopyridinones 3 can be converted into 2,7�naph�
thyridine derivatives.12

Experimental

1H and 13C NMR spectra were recorded on Bruker WM�250
instrument (250.13 and 62.9 MHz, respectively) with Me4Si as
the internal standard. IR spectra were recorded on a Specord
M�80 instrument (in pellets with KBr). Mass spectra were re�
corded on a Kratos MS�30 spectrometer (EI, 70 eV). All sol�
vents were purified according to the standard procedures. Col�
umn chromatography was carried out on Chemapol L 40/100
silica gel.

2,7�Diaryl�3�cyano�4�methylpyrano[4,3�b]pyridin�5�ones
(3a—c) and 6�aryl�5�cyano�4�methylpyran�2�ones (4a—c) (gen�
eral procedure). A mixture of ester 2 (10 mmol) and Ni(acac)2
(1 mmol) in 5 mL of o�xylene was heated to 110 °C under
dry nitrogen. A solution of a nitrile (1a—c, see Table 1)
(10—20 mmol) in 35—45 mL of o�xylene was added dropwise

over 1.5 h. The reaction mixture was heated at 135—140 °C for
an additional 5.5 h. The solvent was removed, and the residue
was dissolved in 60 mL of CHCl3 and chromatographed on
SiO2 (40/100) in a short column. The chloroform was removed,
and the residue was treated with 20 mL of Et2O and filtered off.
The solid substance from the filter was recrystallized from MeCN
and dried in vacuo to give pyranopyridinones 3a—c. The mother
liquors (in Et2O and MeCN) were combined, the solvents were
removed, and the residue was chromatographed on SiO2 in
AcOEt—hexane (1 : 1, by volume), Rf 0.7—0.8. Evaporation of
the solvents gave pyranones 4a—c.

When the condensation of nitrile 1a (10—20 mmol) with
ester 2 (R = Et, 10 mmol) in the presence of Ni(acac)2 (1 mmol)
was carried out in toluene or benzene, the reaction mixture was
refluxed with the Dean—Stark trap.

The yields of compounds 3a—c and 4a—c are given in
Table 1; their physicochemical parameters and spectroscopic
data are presented in Tables 2 and 3.

Synthesis of compounds 4a—c from nitriles 1a—c and ester 2
(R = Et) in the presence of DBU

5�Cyano�4�methyl�6�phenylpyran�2�one (4a). A mixture of
nitrile 1a (1.45 g, 10 mmol) and ester 2 (1.30 g, 10 mmol) was
heated in 20 mL of BunOH until compound 1a was completely
dissolved. Then DBU (0.15 g, 1 mmol) was added, and the
reaction mixture was refluxed for 5 h. The solvent was evapo�
rated, and the residue was chromatographed on SiO2 in
AcOEt—hexane (1 : 1, by volume). The eluent was removed,

Scheme 3

Reagents and conditions: i. Ni(acac)2, o�xylene (C6H6, MePh), 80—140 °C or DBU, BunOH, ∆.

Table 2. Melting points, elemental analysis data, and IR and MS spectra of compounds 3a—c and 4a—c

Com� M.p./°C Found        (%) Molecular IR, ν/cm–1 MS,
pound (solvent) Calculated formula m/z

C H N Cl

3a 237—238 78.22 4.17 8.10 — C22H14N2O2 2225 (C≡N), 1745 338 [M]+

(MeCN) 78.09 4.17 8.28 (C=O), 1640, 1550
3b 277—278 78.41 5.00 7.70 — C24H18N2O2 2223 (C≡N), 1756 366 [M]+

(MeCN) 78.67 4.95 7.65 (C=O), 1630, 1555
3c 245—246 64.98 3.08 7.00 17.10 C22H12Cl2N2O2 2220 (C≡N), 1760 405, 407 [M]+

(MeCN) 64.88 2.97 6.88 17.41 (C=O), 1635, 1495
4a 150—151 73.71 4.42 6.66 — C13H9NO2 2255 (C≡N), 1760 211 [M]+

(AcOEt—hexane) 73.92 4.29 6.63 (C=O), 1620, 1530
4b 165—166 74.52 5.04 6.35 — C14H11NO2 2250 (C≡N), 1740 225 [M]+

(AcOEt—hexane) 74.56 4.92 6.22 (C=O), 1630, 1560
4c 178—179 63.72 4.42 5.72 14.56 C13H18ClNO2 2240 (C≡N), 1750, 245, 247 [M]+

(AcOEt—hexane) 63.56 3.28 5.70 14.43 1740 (C=O), 1630, 1580
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and the solid residue was dried in vacuo to give pyranone 4a
(0.95 g, 45%).

5�Cyano�4�methyl�6�(4�methylphenyl)pyran�2�one (4b) was
obtained analogously from nitrile 1b and ester 2 (yield 46%).

6�(4�Chlorophenyl)�5�cyano�4�methylpyran�2�one (4c) was
obtained analogously from nitrile 1c and ester 2 (yield 47%).

The melting points and spectroscopic data of pyranones
4a—c synthesized from nitriles 1 and ester 2 (R = Et) in the
presence of DBU are exactly the same as those presented in
Tables 2 and 3 for pyranones 4a—c obtained with Ni(acac)2 as
the catalyst.
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