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tetrahydro-1H,7H-pyrano[4,3-b][1]benzo-
pyran-1-one, an active antitumor agentt
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Abstract

The title racemic compound, C;yHOs, an antitumor
agent, was obtained from the condensation reaction of
2-cyclohexenecarboxaldehyde and 4-hydroxy-6-(3,4-di-
methoxyphenyl)-2-pyrone in the presence of L-prolinc.
The X-ray structure (173 K) shows a linear tricyclic
skeleton in which the cyclohexane ring has a chair con-
formation, with the junction H atom axially oriented
on the lone asymmetric C atom. The structure is disor-
dered, such that the two enantiomers lie on the same site.
The dimethoxyphenyl ring is virtually coplanar with the
2-pyrone ring, the angle between these two planes being
4.56 (11)°.

t Alternative name: 3-(3,4-dimethoxyphenyl)-5a,6,8,9-tetrahydro-
1H,5aH-pyrano[4,3-b]chromen-1-one.
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Comment

In search of structurally unique anticancer agents,
we have synthesized several compounds of a class
of tricyclic pyranopyrones via the condensation reac-
tions of cyclohexenecarboxaldehydes and 6-substituted
4-hydroxy-2-pyrones (Hua, Chen, Sin et al., 1997; Hua,
Chen, Robinson & Meyers, 1997). During in vitro anti-
cancer screening, several tricyclic pyranopyrones have
exhibited pronounced activity (Newell et al., 1998).
The product from the reaction of 1-cyclohexenecarbox-
aldehyde, (2), with 4-hydroxy-6-(3,4-dimethoxyphenyl)-
2-pyrone, (3), in the presence of L-proline (see reaction
scheme) was found to possess exceptional inhibitory
activity against DNA, RNA and protein synthesis.
Purification of this product through silica gel column
chromatography with a gradient mixture of hexane-
diethyl ether as eluant afforded an orange product whose
absolute structure could not be determined from its ele-
mental and spectral analysis alone. It was necessary to
turn to X-ray crystal-structure analysis for unambiguous
characterization. The isolated material exhibited zero
optical rotation. It was crystallized from diethyl ether
as orange single crystals, shown by X-ray diffraction to
be racemic 3-(3,4-dimethoxyphenyl)-5a,6,8,9-tetrahydro-
1H,7H-pyrano[4,3-b][1]benzopyran-1-one, (1), formed
via electrocyclization of the intermediate, (4).

OMe
CHO OMe
Oy 0
+ | L-proline
N 343K | EtOAc
OH
(2) 3
OMe

OMe

M 4

The molecular structure of (1) at 173K, with the
atom-numbering scheme (Fig. 1), shows the compound
to have the predicted tricyclic linear skeleton with near-
coplanarity of the C3-dimethoxyphenyl and pyrone
rings, the angle between these two planes being
4.56 (11)°, similar to that in biphenyl (Baudour & San-
quer, 1983). The meta-methoxy group (C14-methoxy) is
syn to the pyrone carbonyl. The structure is disordered,
such that both enantiomers of (1) lie on the same site
and most of their equivalent atoms are superimposed
and occupy the same positions. With the exception of
the C7 atoms, the atoms of the cyclohexane rings, which
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contain the asymmetric center, are not superimposed and
were refined with group occupancies.

Fig. 1. The molecular structure of (I) with the atom-numbering
scheme, showing the two enantiomers occupying the same site.
Where equivalent atoms are not superimposed, the two enantiomers
are differentiated by unshaded versus shaded ellipsoids, dashed
versus solid bonds and primed versus unprimed atom labels.
Displacement ellipsoids are at the 50% probability level and H
atoms are shown as spheres of arbitrary radii.

The refinement produced an occupancy of 0.534 (6)
for the enantiomer with the unprimed atom labels;
since the total occupancy was constrained to 1.0, the
occupancy of the other enantiomer is 0.466 (6). The
enantiomeric H atoms on C5a and C5a’ are axially
oriented. Although the two C7 atoms are superimposed,
the four corresponding H atoms, with occupancies and
geometry appropriate for each of the two enantiomers,
all ride on C7. As the space group is centrosymmetric,
the unit cell occupancy for each enantiomer will be 50%,
preserving the overall racemic nature of the compound.

The two overlapping molecules shown in Fig. 1 are
enantiomeric, but they are not mirror images from a
crystallographic viewpoint because some small differ-
ences in corresponding distances and angles exist within
the two cyclohexane rings. However, these differences
may be a result of imperfections in the refinement re-
sulting from the disorder, since all non-H atoms were
refined anisotropically with no constraints or restraints.
An alternative refinement procedure could constrain the
two enantiomers to be geometrically identical but we
prefer to allow all parameters to vary, where possible.
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Experimental

A solution of 1-cyclohexenecarboxaldehyde [(2); 0.67 g,
6.05 mmol], 4-hydroxy-6-(3,4-dimethoxyphenyl)-2-pyrone
[(3); 1.00 g, 4.03 mmol] and L-proline (0.46 g, 4.03 mmol) in
ethyl acetate (50 ml) was heated at 343 K under argon for
5d. The mixture was cooled to room temperature, diluted
with methylene chloride (80 ml), washed with water (80 mi),
dried with MgSO, filtered and concentrated to give 1.931g
of crude product. Column chromatography on silica gel using
a gradient mixture of hexane and ether as eluant gave 0.85 g
(62% yield) of orange-yellow solids, (1). Recrystallization of
(1) from diethyl ether provided orange crystals used for the
X-ray study (m.p. 387-388 K). UV absorption: Anax = 373 nm;
e = 7.411 m* mol ™! (CHCI3). The compound exhibited zero
optical rotation.

Crystal data

C20H2005 Mo Ko radiation

M, = 340.36 A=0.71073 A
Monoclinic Cell parameters from 30
P2,/c reflections
a=81017(12) A 0=5.14-12.43°
b=22918(4) A # = 0.098 mm~'
c=89358(11) A T=1132)K

B =94.453 (8)° Prism

V=1654.1 (4) A’ 0.6 x 0.5 x 0.4 mm
Z=4 Orange

D, = 1.367 Mg m >

Dy, not measured

Data collection

Siemens P4 diffractometer Omax = 25°

20/w scans h=-9—1
Absorption correction: none k= —27 — 1

3171 measured reflections I=-10—-10

2915 independent reflections

2249 reflections with
I>20()

Rin = 0.016

Refinement

Refinement on F?
R(F) = 0.054
wR(F?) = 0.150
S =1.056
2915 reflections
274 parameters
H atoms riding
w = U[o®(F2) + (0.0716P)?
+ 0.6728P)
where P = (F2 + 2F})/3

3 standard reflections
every 97 reflections
intensity decay: 2.1%

(A/o)max < 0.001

Apmax = 0270 e A73

Apmin = —0.151 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/i, °)

05—C5a 1.535 (4)
05—C5a’ 1.520 (6)
C10—C9a 1.364 (7)
C10—C9a’ 1.329 (9)
C5a—C6 1.508 (9)
C5a'—C¢6’ 1.472 (12)

C7—C8 1.592 (7)
c1—cg’ 1.486 (8)
c8—C9 1.513 (9)
cg'—c9’ 1.505 (12)
C9—C9a 1.519 (8)
C9'—C9a’ 1.518 (11)



1190 CaoH2005

C6-—C7 1518 (9)  C9a—CSa 1500 ®)  Acta Cryst. (1999). CSS, 1190-1192
Cc6'—C7 1.601 (11)  C9a’'—C5a 1.511 (10)

05—C5a—C6 103.1 (5) C8—C9—C9a 111.7 (5) . . .
05—CSa’'—C6' 100.5 (6)  C8'—CY'—CY%' 24  2-(Isopropylthio)benzoic acid
C5a—C6—C7 107.8 (6) C9—C9a—C5a 110.8 (5)

CSa’'—C6'—C7 107.5 (7) C9'—C9a'—C5a’ 116.3 (6)

C6—C7—C8 108.1 (4) C9a—C5a—C6 1114 (5) RoGER E. GERKIN

c6'—C7—C8’ 108.6 (5) C9a’'—C5a’'—C6' 114.2 (6)

CT—C8—C9 | 1075 (5)  C10—C9%—C9 | 121.9(6)  Department of Chemistry, The Ohio State University,
C7—C8'—C9 109.2 (6) C10—C9a’'—C9 121.1 (7)

The occupancy factors for the two enantiomers were deter-
mined by refining the occupancies of the non-overlapping
atoms. The orientations of the methyl groups were refined by
the circular Fourier method available in SHELXL97 (Sheldrick,
1997a). All H atoms were riding.

Data collection: XSCANS (Siemens, 1991). Cell refine-
ment: XSCANS. Data reduction: TEXSAN (Molecular Structure
Corporation, 1997). Program(s) used to solve structure:
SHELXS97 (Sheldrick, 1997b). Program(s) used to refine
structure: TEXSAN and SHELXI97. Molecular graphics:
ORTEP (Johnson, 1965) and PLATON (Spek, 1990). Software
used to prepare material for publication: TEXSAN, SHELXL97
and PLATON.

DHH gratefully acknowledges financial support from
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SX1082). Services for accessing these
data are described at the back of the journal.
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Abstract

The title acid, CoH;,0,S, crystallized in the centrosym-
metric space group P2,/c with one molecule in the
asymmetric unit. There is a single hydrogen bond, in
which the O and H atoms are ordered and Op- -

is 2.658 (2)A The hydrogen bond forms a cycllc
dimer, with graph-set descriptor R}(8), about a center of
symmetry. The dihedral angle between the best-fit planes
of the benzene ring and the carboxyl group is 13.6 (1)°.

Comment

This study of the title acid, (I), is one of a series
of studies of hydrogen bonding in aromatic carboxyl-
ic acids. Our previous studies of substituted benzoic
acids include ortho-(1-naphthoyl)benzoic acid and 3-[2-
(1,3-dioxolan-2-yl)ethyl]-2-methylbenzoic acid (Gerkin,
1998, 1999). (I) crystallized in the centrosymmetric

COOH

N

@M

space group P2,/c with one molecule in the asymmetric
unit. The refined molecule, with our numbering scheme,
is shown in Fig. 1. In the single hydrogen bond, O1—

1---02(1 —x, 1 —y, 2—72), the O and H atoms are
ordered, with O—H = 0.88(2), H---O = 1.78(2),
Op---04 = 2.658 (2) A, and with O—H. - -0 = 177 (2)°.

This bond forms a cyclic dimer about a center of
symmetry as shown in the packing diagram, Fig. 2. The
first-level graph (Bernstein et al., 1995) for the hydro-
gen bond is thus a ring, with descriptor R3(8), and there
are no higher-level graphs. A single noteworthy inter-
molecular C—H- - -0 interaction, C5—HS5- - -O1"(1 — x,
—1+y, 3+2), occurs, for which H---O = 2.69(2),
C.0 ="3.646(3) A and C—H.--O = 169 (2)°. This
forms a first-level chain, with descriptor C(6), which
propagates along [010].
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