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In the title compound, C25H20O4, the dihydropyran rings

adopt distorted sofa conformations. The molecule comprises

two planar regions which form a dihedral angle of 62.56 (3)�.
CÐH� � �� interactions link the molecules to form centrosym-

metric dimeric pairs. The dimers are interlinked along the

[101] direction by CÐH� � �O hydrogen bonds.

Comment

Coumarin derivatives occurring in plants have different

biological activities (Cisowski, 1983, 1984). These derivatives

are used in oral anticoagulation therapy (Cole et al., 1988;

Green®eld, 1988). Coumarin derivatives have been found to

be useful in solid-state photochemical reactions (Gnanaguru et

al., 1985) and in dye lasers (Masilamani, 1979). Coumarin

substrates are also used in enzyme determination (Michel &

Durant, 1976). The title compound, (I), was chosen for this

crystallographic study to determine its structure and

conformation.

The title molecule (Fig. 1) consists of three benzene rings

(A, B and F), one pyran ring (C) and two dihydropyran rings

(D and E). The molecule contains two planar regions, one

comprising atoms in rings A, B, C and D and the other

containing atoms in rings E and F. The weighted least-squares

planes through these two parts (excluding C17), form a

dihedral angle of 62.56 (3)�. The H17ÐC17ÐC26ÐH26

torsion angle at the D/E ring junction is ÿ46.6 (2)�. Both the

dihydropyran rings, D and E, adopt distorted sofa conforma-

tions, with �Cs(C17) asymmetry parameters of 0.070 (1) and

0.026 (1), respectively (Nardelli, 1983); the deviation of C17

from the C3ÐC4ÐO15ÐC16ÐC26 and C18ÐO19ÐC20Ð

C25ÐC26 planes is 0.623 (2) and 0.633 (2) AÊ , respectively. All

the CÐC bond lengths in the title compound agree well with

the mean values (Allen et al., 1987). The C2ÐO1

[1.381 (2) AÊ ], C14ÐO1 [1.371 (2) AÊ ] and C2ÐO29

[1.216 (2) AÊ ] distances in the pyran ring agree well with those

reported in related structures (Chinnakali et al., 1998, 1999).

In the crystal structure, inversion-related molecules are

linked to form dimeric pairs by CÐH� � �� interactions (Table

2), C28ÐH28A� � �CgA, where CgA is the centroid of the
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benzene ring A (C9±C13) of the symmetry-related molecule at

(1 ÿ x, 1 ÿ y, ÿz). The dimeric pairs are interlinked by C7Ð

H7� � �O29ii [symmetry code:(ii) x ÿ 1
2,

3
2 ÿ y, z ÿ 1

2] hydrogen

bonds along the [101] direction.

Experimental

To a re¯uxing solution of 4-hydroxy-�-naphthocoumarin (1 mmol) in

10 ml of dry ethanol, 2-(3-methyl-2-butenyloxy)benzaldehyde

(1 mmol) was added and the reaction mixture was re¯uxed for 7 h;

evaporation of the solvent and ¯ash column chromatography

(hexane/ethyl acetate) afforded the title compound as a colourless

solid, in 22% yield. Single crystals were grown by slow evaporation of

a solution in methanol±chloroform (1:1).

Crystal data

C25H20O4

Mr = 384.41
Monoclinic, P21=n
a = 12.172 (1) AÊ

b = 9.140 (1) AÊ

c = 18.081 (1) AÊ

� = 106.58 (1)�

V = 1927.9 (3) AÊ 3

Z = 4

Dx = 1.324 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 15±35�

� = 0.72 mmÿ1

T = 293 (2) K
Block, colourless
0.30 � 0.25 � 0.20 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

!±2� scans
Absorption correction: none
3967 measured re¯ections
3783 independent re¯ections
2686 re¯ections with I > 2�(I)
Rint = 0.014

�max = 71.9�

h = 0! 15
k = 0! 11
l = ÿ22! 21
3 standard re¯ections

every 100 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.153
S = 1.02
3783 re¯ections
263 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0905P)2

+ 0.3018P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.20 e AÊ ÿ3

��min = ÿ0.25 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0045 (5)

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC14 1.371 (2)
O1ÐC2 1.381 (2)
C2ÐO29 1.216 (2)
C2ÐC3 1.427 (2)
C3ÐC4 1.361 (2)
C3ÐC26 1.508 (2)
C4ÐO15 1.336 (2)
C4ÐC5 1.443 (2)
C5ÐC14 1.368 (2)
O15ÐC16 1.476 (2)

C16ÐC27 1.505 (3)
C16ÐC28 1.518 (3)
C16ÐC17 1.540 (3)
C17ÐC18 1.522 (3)
C17ÐC26 1.535 (3)
C18ÐO19 1.422 (3)
O19ÐC20 1.370 (3)
C21ÐC22 1.370 (4)
C25ÐC26 1.523 (3)

C14ÐO1ÐC2 121.31 (14)
O29ÐC2ÐO1 115.36 (16)
O29ÐC2ÐC3 125.78 (17)
O1ÐC2ÐC3 118.86 (15)
O15ÐC4ÐC3 124.88 (16)
O15ÐC4ÐC5 114.00 (14)

C5ÐC14ÐO1 121.47 (16)
C4ÐO15ÐC16 119.77 (13)
O15ÐC16ÐC27 106.10 (15)
O15ÐC16ÐC28 102.94 (15)
O19ÐC20ÐC21 115.4 (2)
O19ÐC20ÐC25 123.34 (19)

C26ÐC3ÐC4ÐC5 ÿ175.5 (2)
C6ÐC5ÐC14ÐO1 ÿ179.4 (2)
C4ÐO15ÐC16ÐC27 90.5 (2)

C4ÐO15ÐC16ÐC28 ÿ153.9 (2)
O19ÐC20ÐC25ÐC24 174.3 (2)

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

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

C28ÐH28A� � �CgAi 0.96 2.60 3.530 (3) 163
C7ÐH7� � �O29ii 0.93 2.49 3.306 (2) 147

Symmetry codes: (i) 1ÿ x; 1ÿ y;ÿz; (ii) xÿ 1
2;

3
2ÿ y; zÿ 1

2.

The H atoms were positioned geometrically and were treated as

riding on their parent C atoms; they were re®ned isotropically with

phenyl CÐH distance of 0.93 AÊ , methyl CÐH distance of 0.96 AÊ ,

Figure 2
Packing of the molecules in the title compound, viewed down the a axis.
For clarity, H atoms not involved in hydrogen bonding have been omitted.

Figure 1
The molecular structure of the title compound, showing 50% probability
displacement ellipsoids and the atom-numbering scheme.



methylene CÐH distance of 0.98 AÊ and ethylene CÐH distance of

0.97 AÊ .

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: ORTEP-3 (Farrugia, 1997) and

PLATON (Spek, 1990); software used to prepare material for

publication: SHELXL97 and PARST (Nardelli, 1995).
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