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The title compound, C20H15N3O6�C3H7NO, was synthesized by

the reaction of methyl 2-cyano-3-(3-nitrophenyl)acrylate and

4-hydroxyquinolin-2-one in ethanol, catalysed by KF±

alumina. X-ray analysis reveals that the pyran ring adopts a

boat conformation.

Comment

The synthesis of pyranoquinolines and their derivatives is of

great interest in organic chemistry, as such compounds exhibit

antibacterial activity (Madkour et al., 2001), are used as anti-

hypertensive agents (Jolivet et al., 1996) and possess moderate

acetylcholinesterase inhibitory activity (Marco et al., 2001).

The utility of ¯uoride salts as potential bases in a variety of

synthetic reactions has been recognized in recent years.

Potassium ¯uoride coated with alumina (KF±alumina) has

been a versatile solid-supported reagent used for many reac-

tions (Clark, 1980). We report here the crystal structure of the

title compound, (I), prepared in a cyclization reaction catal-

ysed by KF±alumina.

In (I), the atoms of the central pyridine ring are coplanar,

with atoms N1, C1, C2, C7, C8 and C9 deviating from the mean

plane by ÿ0.019 (2), ÿ0.017 (2), -0.009 (2), 0.027 (2),

ÿ0.007 (2) and 0.025 (2) AÊ , respectively. The pyran ring of the

pyranoquinoline moiety is slightly distorted and adopts a boat

conformation (Fig. 1). Atoms C10 and O1 deviate from the

basal plane de®ned by atoms C1/C9/C11/C12 by 0.291 (2) and

0.168 (2) AÊ , respectively. A similar distortion was observed in

ethyl 2-amino-4-(3-nitrophenyl)-1,4-dihydro-2H-pyrano[3,2-

h]quinoline-3-carboxylate (Wang et al., 2004) and 9-(2-

hydroxy-4,4-dimethyl-6-oxocyclohex-1-enyl)-3,3,7-trimethyl-

1,2,3,4-hexahydro-9H-xanthen-1-one (Li et al., 2004). The

basal plane of the pyran ring is nearly perpendicular to

benzene ring C13±C18, forming a dihedral angle of 87.9 (2)�,
and nearly parallel to benzene ring C2±C7, forming a dihedral

angle of 5.9 (2)�. Intermolecular N1ÐH1� � �O2(2 ÿ x, 1 ÿ y,

2 ÿ z) hydrogen bonds (Table 2) are formed in pairs between
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the amino and carbonyl groups, resulting in dimers. These link

to two molecules of dimethylformamide by a further inter-

molecular N2ÐH2A� � �O7 contact (Fig. 2). The solvent di-

methylformamide molecule shows positional disorder over

two possible sites.

Experimental

The title compound, (I), was prepared by the reaction of methyl 2-

cyano-3-(3-nitrophenyl)acrylate (0.46 g, 2 mmol) and 4-hydroxy-

quinolin-2-one (0.32 g, 2 mmol) in the presence of KF±alumina

(0.25 g) in EtOH at 353 K for 8 h (yield 86%, m.p. 541±542 K).

Crystals of (I) suitable for X-ray diffraction were obtained by slow

evaporation of a dimethylformamide solution. Elemental analysis

calculated: C 59.22, H 4.75, N 12.01%; found: C 60.02, H 4.68, N

11.99%; 1H NMR (DMSO-d6): � 2.84 (s, 3H, CH3), 3.01 (s, 3H, CH3),

3.56 (s, 3H, CH3), 4.96 (s, 1H, CH), 7.28±7.34 (m, 2H, ArH), 7.51±7.60

(m, 2H, ArH), 7.71 (d, J = 7.6 Hz, 1H, ArH), 7.88 (s, 2H, NH2), 7.92 (s,

1H, CHO), 8.00 (d, J = 7.6 Hz, 2H, ArH), 8.05 (s, 1H, ArH), 11.77 (s,

1H, NH); IR (cmÿ1): 3392, 3283, 3193 (NH2, NH), 3019 (Ar±H), 2943,

2853 (CÐH), 1683 (C O), 1612, 1574, 1527, 1489 (benzene ring).

Crystal data

C20H15N3O6�C3H7NO
Mr = 466.45
Triclinic, P1
a = 8.216 (1) AÊ

b = 11.695 (2) AÊ

c = 12.204 (2) AÊ

� = 77.44 (1)�

� = 89.00 (1)�


 = 78.40 (1)�

V = 1120.8 (3) AÊ 3

Z = 2
Dx = 1.382 Mg mÿ3

Mo K� radiation
Cell parameters from 33

re¯ections
� = 2.8±14.8�

� = 0.10 mmÿ1

T = 295 (2) K
Block, colorless
0.56 � 0.34 � 0.18 mm

Data collection

Siemens P4 diffractometer
! scans
4712 measured re¯ections
4242 independent re¯ections
2583 re¯ections with I > 2�(I)
Rint = 0.010
�max = 25.8�

h = 0! 9
k = ÿ13! 13
l = ÿ14! 14
3 standard re¯ections

every 97 re¯ections
intensity decay: 3.2%

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.108
S = 0.90
4242 re¯ections
361 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0606P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.24 e AÊ ÿ3

��min = ÿ0.16 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.016 (2)

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC12 1.379 (2)
O1ÐC1 1.379 (2)
O2ÐC8 1.245 (2)
N1ÐC8 1.360 (2)
N1ÐC7 1.375 (2)
C1ÐC9 1.347 (2)

C1ÐC2 1.436 (2)
C2ÐC7 1.399 (2)
C8ÐC9 1.450 (2)
C9ÐC10 1.502 (2)
C10ÐC11 1.515 (2)
C11ÐC12 1.360 (3)

C12ÐO1ÐC1 118.02 (14)
C8ÐN1ÐC7 124.92 (15)
C9ÐC1ÐO1 122.00 (16)

C9ÐC10ÐC11 109.42 (15)
C12ÐC11ÐC10 120.44 (16)
C11ÐC12ÐO1 122.12 (16)

C9ÐC1ÐC2ÐC7 1.0 (3)
C8ÐN1ÐC7ÐC2 ÿ4.7 (3)
C1ÐC2ÐC7ÐN1 3.3 (2)
C7ÐN1ÐC8ÐC9 1.5 (3)
C2ÐC1ÐC9ÐC8 ÿ4.1 (3)

O1ÐC1ÐC9ÐC10 ÿ4.3 (3)
N1ÐC8ÐC9ÐC1 2.9 (2)
C9ÐC10ÐC11ÐC12 ÿ22.9 (2)
C10ÐC11ÐC12ÐO1 5.0 (3)
C1ÐO1ÐC12ÐC11 16.1 (3)
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Figure 1
The structure of (I), showing the atom-numbering scheme and
displacement ellipsoids drawn at the 30% probability level. H atoms
are drawn as spheres of arbitrary radius. The dimethylformamide
molecule of crystallization has been omitted for clarity.

Figure 2
A molecular packing diagram of (I). One of two possible sites of the
disordered dimethylformamide molecule has been omitted for clarity.



Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O2i 0.86 1.99 2.8460 (19) 173
N2ÐH2A� � �O7 0.84 (2) 2.10 (2) 2.914 (7) 163 (2)
N2ÐH2A� � �O70 0.84 (2) 2.16 (3) 3.00 (2) 171 (2)
N2ÐH2B� � �O6 0.83 (2) 2.13 (2) 2.759 (3) 133 (2)

Symmetry code: (i) 2ÿ x; 1ÿ y; 2ÿ z.

The solvent dimethylformamide molecule shows positional

disorder, and the occupancy factors of the two possible sites, viz. N4/

O7/C21±C23 and N40/O70/C210±C230, are 64.9 (8) and 35.1 (8)%,

respectively. Amine H atoms H2A and H2B were re®ned isotrop-

ically. All other H atoms were placed in idealized positions and

re®ned as riding on their carrier atoms, with CÐH = 0.91±0.98 AÊ and

NÐH = 0.86 AÊ , and Uiso(H) = 1.2Ueq(parent atom).

Data collection: XSCANS (Siemens, 1994); cell re®nement:

XSCANS; data reduction: SHELXTL (Sheldrick, 1997); program(s)

used to solve structure: SHELXTL; program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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