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The title compound, C19H14O6, is a derivative of 2,3-dioxo-2,3-

dihydrofuran. The furan ring is essentially planar and the

phenyl rings in the methoxyphenyl and methoxybenzoyl

groups are not parallel to each other. The furan and phenyl

rings are not coplanar. In the crystal, there are two weak CÐ

H� � �O-type intermolecular interactions.

Comment

Recently, reactions of cyclic oxalyl compounds have been

reported to give substituted heterocyclic compounds (Kollenz,

Kappe & el Nabey, 1991). The reactions of substituted 2,3-

furandiones with various dienophiles (AkcËamur & Kollenz,

1987; Kollenz et al., 1984; Kollenz, Sterk & Hutter, 1991) or

nucleophiles (AkcËamur et al., 1997) in different solvents and at

various temperatures have also been studied. A convenient

method for the synthesis, together with mechanisms of reac-

tions and calculations on the interaction of 2,3-dioxo-2,3-di-

hydrofurans with several semicarbazones, ureas and their thio-

analogues have been reported recently (Altural et al., 1989;

Yõldõrõm et al., 1995).

Thermal decomposition of 2,3-dioxo-2,3-dihydrofurans

leads to the formation of reactive �-oxoketene (acylketene)

intermediates (Kollenz et al., 1972; Ziegler et al., 1977).

�-Oxoketenes are highly reactive molecules which can be

trapped by nucleophiles to give �-ketocarboxylic acid deri-

vatives (Yõldõrõm & IÂlhan, 1997) or alternatively undergo

cycloaddition reactions (Sarõpõnar et al., 2001; Kollenz et al.,

1977; Ziegler et al., 1977).

Fig. 1 shows the title compound, (I), with the atomic

numbering. The bond lengths and angles are in accordance

with other reported values. The furan ring is almostly planar

[C1ÐC2ÐC3ÐC4 = ÿ3.3 (3)�], due to strong overlap of the

p-orbitals.

An examination of the deviations from the least-squares

planes through the individual rings shows that rings A (O1/
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C1±C4), B (C6±C11) and C (C13±C18) are nearly planar

with maximum deviations for atoms C2 [ÿ0.019 (4) AÊ ],

C9 [ÿ0.021 (4) AÊ ] and C16 [ÿ0.019 (3) AÊ ]. The phenyl rings in

the 4-methoxybenzoyl and 4-methoxyphenyl groups are not

parallel to each other, the angle between these rings being

79.9 (1)�. The dihedral angles between the phenyl rings and

the furan ring are A/B = 77.5 (1)� and A/C = 6.3 (1)�.
The coplanarity of methoxy carbon with the phenyl rings

[0.280 (4) AÊ for C12 and 0.063 (4) AÊ for C19] results in a close

approach between C9 and C10 [1.379 (4) AÊ ] and between C15

and C16 [1.384 (4) AÊ ] and this causes widening of C10ÐC9Ð

O5 [124.5 (3)�] and C15ÐC16ÐO6 [124.8 (3)�] and narrowing

of C8ÐC9ÐO5 [115.8 (3)�] and C17ÐC16ÐO6 [115.8 (3)�]
from 120�. Atoms O2 and O3 are nearly coplanar with the

furan ring [O1ÐC1ÐC2ÐO3 = ÿ177.9 (3)�, O2ÐC1ÐC2Ð

C3 = ÿ177.2 (4)�].
A quantum-chemical calculation using the AM1 technique

showed that the charges on atoms C1 and C2 are 0.334 and

0.187 eÿ, respectively, whereas the charges on atoms C3 and

C4 are ÿ0.360 and 0.230 eÿ, respectively. Atoms O2 and O3

have charges of ÿ0.210 and ÿ0.203 eÿ, respectively (Yõlmaz,

2000).

The molecules in the crystal structure are bonded by van

der Waals interactions. As can be seen from the packing

diagram (Fig. 2), there are two intermolecular hydrogen bonds

involving O3 atoms [(C12)H12C� � �O3(1+x, y, z) = 2.494 AÊ

and (C19)H19A� � �O3(1+x, ÿ1+y, z) = 2.577 AÊ ] and one

intramolecular hydrogen bond [(C18)H18� � �O1 = 2.395 AÊ ].

Experimental

3.0 g (10.6 mmol) of p,p0-dimethoxydibenzoylmethane was dissolved

in 100 ml of dry diethyl ether, 1 ml (11.7 mmol) of oxalyl chloride was

added and the mixture kept at room temperature for 48 h. The liquid

phase was pipetted from the yellow crystals. It was washed several

times with dry diethylether; yield 2.4 g (67%), m.p. 428 K. Solvents

were dried by re¯uxing with the appropriate drying agent and

distilled before use. Melting points were determined on an Electro-

thermal 9200 apparatus and uncorrected. Elemental analysis was

performed with a Carlo Erba Elemental Analyzer, 1108. IR spectra

were recorded on a Shimadzu 435-V-04 apparatus, using potassium

bromide tablets. The 1H and 13C NMR spectra were obtained on a

Gemini±Varian 200 instrument. The chemical shifts are reported in

p.p.m. from tetramethylsilane and given in � units. IR (KBr): � =

1810 cmÿ1 (C2 O); 1720 (C3 O); 1645 (Ar±C O); 1600 (C C).
1H-NMR (CDCl3): �= 3.87 p.p.m. (3H, CH3O); 3.88 (3H, CH3O); 6.92

(2H, Ar±H); 6.94 (2H, Ar±H); 6.97 (2Ar±H); 7.90 (2H, Ar±H); 13C

NMR (CDCl3): � = 187.81 p.p.m. (C6); 176.46 (C3); 175.84 (C5); 154.53

(C2); 118.2 (C4); 166.62±114.74 (aromatic C); 56.35 (CH3O); 56.11

(CH3O). Found: C 67.62; H 4.13%; calculated for C19H14O6: C 67.45;

H 4.17%.

Crystal data

C19H14O6

Mr = 338.3
Monoclinic, P21=n
a = 8.3574 (10) AÊ

b = 9.5422 (10) AÊ

c = 19.775 (2) AÊ

� = 96.197 (8)�

V = 1567.8 (3) AÊ 3

Z = 4

Dx = 1.433 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 10±18�

� = 0.11 mmÿ1

T = 293 (2) K
Rod-shaped, colorless
0.30 � 0.25 � 0.20 mm

Data collection

Enraf±Nonius Turbo±CAD-4
diffractometer

Non-pro®led !/2� scans
Absorption correction:  scan

(MolEN; Fair, 1990)
Tmin = 0.968, Tmax = 0.979

2479 measured re¯ections
2395 independent re¯ections
1188 re¯ections with I > 2�(I)

Rint = 0.019
�max = 24.2�

h = ÿ9! 9
k = ÿ11! 11
l = ÿ22! 22
3 standard re¯ections

frequency: 120 min
intensity decay: none
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Figure 1
An ORTEPII (Johnson, 1976) drawing of the title molecule with the
atom-numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level.

Figure 2
Packing diagram for the title compound. Hydrogen bonds are shown as
dotted lines.
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Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.116
S = 0.98
2300 re¯ections
226 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0507P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.15 e AÊ ÿ3

��min = ÿ0.22 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC1 1.381 (4)
O1ÐC4 1.414 (4)
O2ÐC1 1.191 (4)
O4ÐC5 1.215 (4)
O5ÐC9 1.362 (4)
O5ÐC12 1.425 (4)
O6ÐC16 1.355 (4)

O6ÐC19 1.436 (4)
C1ÐC2 1.528 (5)
C3ÐC2 1.436 (5)
C3ÐC5 1.501 (5)
C4ÐC3 1.353 (4)
C4ÐC13 1.435 (4)
C6ÐC5 1.462 (5)

C1ÐO1ÐC4 107.4 (3)
C9ÐO5ÐC12 117.4 (3)
C16ÐO6ÐC19 117.5 (3)
O2ÐC1ÐC2 130.7 (3)
O1ÐC1ÐC2 107.1 (3)
O3ÐC2ÐC3 132.6 (3)
C3ÐC2ÐC1 104.8 (3)
C4ÐC3ÐC2 108.0 (3)
C4ÐC3ÐC5 130.3 (3)
C3ÐC4ÐO1 112.6 (3)

C3ÐC4ÐC13 133.9 (3)
O1ÐC4ÐC13 113.4 (3)
O4ÐC5ÐC6 122.4 (3)
O4ÐC5ÐC3 117.9 (3)
C6ÐC5ÐC3 119.6 (3)
C7ÐC6ÐC5 120.4 (3)
O5ÐC9ÐC10 124.5 (3)
O6ÐC16ÐC15 124.8 (3)
O6ÐC16ÐC17 115.4 (3)
C15ÐC16ÐC17 119.7 (3)

C2ÐC3ÐC5ÐO4 64.2 (4)
C11ÐC6ÐC5ÐO4 ÿ167.1 (3)
C11ÐC6ÐC5ÐC3 8.6 (5)
C12ÐO5ÐC9ÐC10 9.3 (5)

C12ÐO5ÐC9ÐC8 ÿ171.6 (3)
C19ÐO6ÐC16ÐC15 ÿ2.2 (5)
C19ÐO6ÐC16ÐC17 180.0 (3)

H atoms were placed geometrically and re®ned using the usual

riding model.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976);

software used to prepare material for publication: SHELXL97.

The authors wish to acknowledge the purchase of the CAD-

4 diffractometer under grant DPT/TBAG1 of the Scienti®c

and Technical Research Council of Turkey. This project was

®nancially supported by the Research Center of Erciyes

University.
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