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Abstract

Flavocommelin, 6-8-D-glucopyranosyl-2-[4-(B-D-glu-
copyranosyloxy)phenyl]-5-hydroxy-7-methoxy-4 H-1-
benzopyran-4-one, is a flavonoid component of a
blue pigment, commelin, which is isolated from the
petals of Commelina communis. The crystal structure
of the octaacetate derivative, 5-hydroxy-7-methoxy-
6-(3,4,5,6-tetra-0-acetyl-B-D-glucopyranosyl)-2-[4-
(3,4,5,6-tetra-0-acetyl-B-D-glucopyranosyloxy)-
phenyl]-4H-1-benzopyran-4-one, C,Hy0,5, has
been determined by X-ray diffraction. In the crystal,
the molecules are arranged parallel to each other
according to the periodicity of the crystal lattice.
However, intermolecular stacking of the flavanone
skeletons is not observed. This suggests that the
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hydrophilicity of the glucose moieties is one of the
important factors governing the self association.

Comment

The mechanism of the color variation and stabiliza-
tion of anthocyanins has been investigated pre-
viously (Goto & Kondo, 1991). The crystal structure
of commelin has been determined and revealed that
the pigment is a metal-complex anthocyanin (Kondo
et al., 1992). In the pigment there exists hydrophobic
stacking of the aromatic rings of the anthocyanin
and flavone molecules. One of the components,
flavocommelin (I), also shows self association in
condensed aqueous solutions (Goto, Yoshida,
Yoshikane & Kondo, 1990). Because the crystalliza-
tion of (I) is difficult, the acetate derivative, (II), was
prepared.
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There are many reports of crystal structures of
flavone compounds, but none of them have a sugar
moiety except aciculatin (Krause & Eggleston, 1991).
In the crystal of aciculatin (monoclinic, space group
12, Z=18), the aromatic rings are stacked: two
independent flavone molecules lie separately on 2,
screw axes with the flavanone skeletons almost per-
pendicular to the screw axes. The cell parameter b
[7.371 (2) A] is, therefore, roughly four times the van
der Waals radius of the aromatic C atom (1.77 A).

The molecular structure of the title compound is
shown in Fig. 1. The C22-C23-C25-04 plane of the
hexopyranosyl ring of the glucose moiety connected
by the O-glucopyranosyloxy bond is inclined at
30.1 (3)° to the phenyl ring B, while the C17-C18-
C20-03 plane of the other glucopyranosyl connected
by the C—glucopyranosyl bond is almost perpendicu-
lar to the benzene ring A [84.4 (2)°], as a result of
steric interactions. The phenyl ring B not only
rotates around the C1—C10 bond but is also slightly
bent with respect to the pyran plane, C. This bending
is measured by the shift, S, of the center of ring B
from the plane of ring C [S=0.25(2) A]. Similar
bending is also observed in other flavone crystals, as
shown in Table 3. The 4, B and C rings are essen-
tially planar. The bending between the B and C rings
must be a result of the crystal packing. Six of the 18
flavone molecules, whose deformations were calcu-
lated based on the crystal structure data, have S
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preparative TLC using CHCl3/AcOEt (1:1) to afford a colorless
oil of acetylflavocommelin (480 mg). The crystals were grown
from AcOEt, benzene and acetone mixture.

values of less than 0.06 A. The benzopyran moieties
are not completely planar and the dihedral angles
between the 4 and C rings are in the range 0.3 (1)-

4.4 (4). Crystal data
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023 0.0139 (6) 0.9605 (4) 0.901 (1) 6.9 (2)
Cl 0.8348 (5) 0.8793 (3) 0.461 (1) 3.6(2)
C2 0.9476 (5) 0.8634 (3) 0.351(2) 3.8(2)
C3 1.0480 (5) 0.8088 (3) 0.436 (1) 35Q2)
Ca 1.0158 (5) 0.7735 (3) 0.627 (1) 3.2(2)
C5 1.0989 (5) 0.7164 (3) 0.721(1) 3.1(2)
C6 1.0674 (5) 0.6840 (3) 0.909 (1) 32Q2)
c7 0.9446 (5) 0.7077 (3) 1.007 (1) 33(2)
C8 0.8580 (5) 0.7613 (3) 0.917 (2) 3.7(2)
c9 0.8963 (5) 0.7939 (3) 0.734 (1) 342
C10 0.7242 (5) 0.9312 (3) 0.384 (1) 3.8(2)
Cl1 0.7285 (6) 0.9669 (4) 0.186 (2) 4.8(2)
c12 0.6238 (6) 1.0142 (3) 0.110 (2) 472
C13 0.5109 (5) 1.0254 (3) 0.235(2) 3.6(2)
Cl4 0.5045 (6) 0.9915 (4) 0.436 (2) 4.8 (2)
Cl15 0.6109 (6) 0.9445 (4) 0.510(2) 4.8(2)
Cl6 1.1555 (5) 0.6249 (3) 1.017 (1) 3.0(Q2)
C17 1.1677 (5) 0.5630 (3) 0.849 (1) 32
Cl18 1.2589 (5) 0.5050 (3) 0.966 (2) 352
C19 1.3864 (5) 0.5249 (3) 1.066 (1) 322
C20 1.3644 (5) 0.5923 (3) 1.210(1) 3.2(2)
C21 0.3080 (6) 1.0994 (3) 0.283 (2) 38(2)
c2 0.2313 (6) 1.1573 (3) 0.144 (2) 3.6(2)
C23 0.1028 (6) 1.1857 (3) 0.257(2) 3.5(2)
C24 0.0269 (5) 1.1292 (3) 0.309 (2) 35(@)
C25 0.1206 (6) 1.0760 (3) 0.449 (2) 3.7Q2)
C26 0.7896 (6) 0.6854 (4) 1.272(2) 5303)
c27 1.0004 (7) 0.5268 (4) 0.585 (2) 42(3)
C28 0.8646 (8) 0.5062 (6) 0.577(2) 7.8(4)
C29 1.2297 (6) 0.3986 (4) 0.772 (2) 5.0(2)
C30 1.244 (1) 0.3603 (4) 0.546 (2) 6.8 (4)
c3l 1.5685 (7) 0.4438 (3) 1.207 2) 5.1(2)
C32 1.6161 (8) 0.3995 (4) 1.404 (2) 6.6 (3)
C33 1.4944 (6) 0.6168 (3) 1.270 (2) 39(2)
C34 1.5189 (6) 0.6830 (4) 1.625 (2) 5.0(3)
C35 1.4830 (9) 0.7512 (5) 1.737 (3) 7.7(4)
C36 0.3656 (1) 12212(3)  —0.045(2) 44(3)
C37 0.4630 (8) 1.2691 (4) 0.004 (2) 593)
C38 —0.0455 (6) 1.2854 (3) 0.148 (2) 4.8 (3)
C39 —0.1090 (8) 1.3219 (5) —0.063 (2) 6.2 (3)
C40 —0.2032 (6) 1.1641 (4) 0.362 (2) 5.6 (3)
C41 —0.2980 (9) 1.1820 (6) 0.546 (3) 8.4 (4)
C42 0.0560 (7) 1.0181 (4) 0.507 (2) 5.6 (3)
C43 0.1234 (7) 0.9488 (3) 0.834 (2) 5.0(2)
C44 0.2374 (9) 0.9042 (4) 0.951 (2) 6.7 (3)
HO6 1.219(8) 0.717(5) 0.49 (2) 5.00
t Atom fixed.

Table 2. Selected geometric parameters (A, °)

01—Cl 1.357 (8) C5—C6 1.37(1)
01—C9 1.376 (5) C6—C7 1.427 (8)
02—C13 1.382(7) Cc6—Cl6 1.514 (8)
02—C21 1.426 (9) C7—C8 1.386 (8)
05—C3 1.257 (8) Cc8—C9 1.38 (1)
06—C5 1.352(8) C10—Cl1 1.38(1)
Cl—C2 1.347(9) C10—Cl5 1.40 (1)
C1—C10 1.480 (8) Cl11—CI12 1.385 (9)
Cc2-—C3 1.466 (8) c12—C13 1.39 (1)
C3—C4 1.42 (1) C13—Cl4 1.38 (1)
C4—C9 1.410 (8) Cl4—Cl5s 1.388 (9)
C4—C5 1.427 (8)

C1—01—C9 119.9 (4) 07—C7—C8 122.8 (6)
C13—02—C21 117.5(7) 07—-C7—C6 1152 (5)
C2—C1—01 123.2(5) C8—C7—C6 122.0 (7)
C2—C1—C10 124.6 (7) C9—C8—C7 118.0 (6)
01—C1—C10 1122 (5) 01—C9—C8 116.2 (4)
Cl1—C2—C3 119.9 (7) 01—C9—C4 120.5 (6)
05—C3—C4 123.1(5) C8—C9—C4 123.2(5)
05—C3—C2 120.6 (7) C11—C10—Cl15 118.1 (6)
C4—C3—C2 116.3 (6) C11—C10—Cl 121.3 (6)
C9—C4—C3 120.2 (5) C15—C10—Cl 120.6 (7)
C9—C4—C5 116.4 (6) C10—C11—CI2 1215 (7)
C3—C4—C5 123.4(5) Cl11—C12—CI13 119.4 (8)
06—C5—C6 120.0(5) C14—C13—02 125.2 (6)
06--C5—C4 117.6 (7) C14—C13—CI12 120.6 (6)
C6—C5—C4 122.4 (5) 02—C13—CI2 1142 (7)

C5—C6—C7 117.8 (5) C13—C14—Cl15 119.1(7)
C5—C6—C16 123.6 (5) C14—C15—C10 1214 9)
C7—C6—C16 118.6 (6)

Table 3. Dihedral angles (°) between rings A and C,
and rings B and C, and the shift (S, A) of the center of
ring B from the plane of ring C for flavone molecules

Compound ANC B"C S References

Flavocommelin octaacetate 1.6 (2) 6.2(3) 0.25(2) This work

6-Hydroxyflavone 23(2) 9.8(2) 0.01(2) Seetharaman & Rajan (1992)

Artemetin 20(3) 1.2(3) 0.03(2) Estrada, Conde, Ma'rquez &
Jime'nez-Garay (1987)

4’-Methoxyflavone L1 (1) 22(1) 0.03 (1) Wallet, Gaydou, Tinant,

Declercqg & Baldy (1991)

4’-Fluorobenzo[f]flavone 20(1) 2.2(1) 0.05(1) Neuman et al. (1989)

Calycopterin 3.1(5) 18.6(6) 0.06 (1) Vijayalakshmi, Rajan, Srini-
vasan & Ramachandran
Nair (1986)

Gardenin A 1.1 (4) 24.8 (4) 0.06 (1) Vijayalakshmi, Rajan &

Srinivasan (1987)
4’-Mcthoxybenzo(f]flavone 26(1) 2.5(1) 0.13(1) Neuman et al. (1989)
6,2',3',4'-Tetramethoxyflavone 1.8 (1) 45.0 (1) 0.13 (1) Wallet er al. (1990)

Prudomestin 18(2) 3.8(2) 0.14 (1) Parmar, Vardhan, Sharma,
Alcock & Errington (1992)
03(1) 9.4(1) 0.15(1) Neuman e al. (1989)
44 (4) 44(1) 0.17 (1) Watson, Kashyap, Gao &
Mabry (1991)
3’,4’-Dimethoxyflavone 1.5(1) 6.2(1) 0.18 (1) Wallet, Gaydou, Tinant,
Declercg & Baldy (1991)

25(1) 243 (1) 0.26 (1) Wallet, Gaydou, Feneau-
Dupont, Tinant, Declercq
& Baldy (1991)

S-Hydroxybenzo[fflavone

Flavone hymenoxin

2',7-Dimethoxyflavone

Aciculatin (molecule A) 1.2 (3) 13.8(4) 0.09 (3) Krause & Eggleston (1991)
(molecule B) 3.3(3) 17.8(3) 0.09(2)
6-(4-n-Propoxybenzoyloxy)-
flavone (molecule A) 1.3 (1) 9.8(1) 0.17 (1) Kawai, Yoshimura, Shimaoka,

Nakamura & Yano (1991)
{molecule B)
(molecule C)

22(1) 53() 015()
0.5(1) 14.6(1) 0.08 (1)

Determination of lattice parameters and preliminary X-ray in-
tensity measurement were carried out on an automated AFC-5
four-circle diffractometer with graphite-monochromated Mo K«
radiation. The X-ray diffraction data were measured using a
Weissenberg camera for macromolecular crystallography (Sak-
abe, 1991) with imaging plates at BL-64,, Photon Factory, KEK.
A camera of radius 143.0 mm was used with an imaging plate of
200 x 400 mm. The observable 26 range was from —70 to 90°
in the radial direction and +35° in the axial direction of the cas-
sette. The needle axis (c) was the rotation axis. Polychromatic
synchrotron radiation was monochromated by an Si(111) single
monochromator. Reflections with sinf/) < 0.668 A~! were pro-
cessed, scaled and then merged. The overall merging R(F?) fac-
tor was 0.075. The strong low-order reflections were overloaded
during read-out of imaging plates because of the dynamic range
of the scanner system (BA 100, Fuji Photo Film Co. Ltd) and 209
reflections were replaced with those measured with Mo Ko radi-
ation after scaling. The agreement factor on F between the syn-
chrotron and Mo Ka data [|F,| > 200(|F,|)] was 0.015 for 152
independent reflections. The absolute structure was assigned
based on the absolute configuration of D-(+)-glucose. Calcula-
tions were carried out using CRYSTAN-GM software (MAC Sci-
ence, 1992) on a SUN SPARC?2 workstation at Keio university.

This work was supported by a Grant-in-Aid for Scien-
tific Research from the Japanese Ministry of Education,
Science and Culture.



648

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the British
Library Document Supply Centre as Supplementary Publication No.
SUP 71626 (16 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England. [CIF reference: OH1047]
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1-Benzyl-3-pyrazolidone Hydrochloride
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Abstract

The crystal of the title compound, C,,H,3N,O".Cl",
consists of  1-benzyl-3-oxo-1H™ -pyrazolidinium
cations and chloride anions. The five-membered ring

©1994 International Union of Crystallography
Printed in Great Britain — all rights reserved

C44Hyg023

of the cation has an approximate half-chair confor-
mation. Atom N(1) is sp* hybridized while atom N(2)
is sp? hybridized. The C(3—N(2) bond distance of
1.373 (4) A is a partial double bond. Both H atoms
connected to N atoms are involved in hydrogen
bonding of the N—H:--Cl type.

Comment

y-Aminobutyrate (GABA) is known to be a depres-
sant neurotransmitter. Therefore, an increase in the
GABA content of the brain might be correlated with
anticonvulsant activity. Since 3-pyrazolidones were
reported to be a potent inhibitor of GABA-trans-
aminase (White er al., 1982), these kinds of com-
pounds have been expected to be effective in
elevating GABA levels in the brain and correspond-
ingly to have anticonvulsant activity. Pharma-
cological tests have proved that expectation (Ling,
Li, Liu & Pei, 1986; Du, Ling, Liu, Ku & Liu, 1989;
Lei, Luan, Ling, Li & Pei, 1990; Lei, Zhang, Ling &
Ku, 1990). The X-ray analysis of the title compound
was undertaken as part of a search for common
conformational features of 3-pyrazolidones, which
may help in understanding the mechanism of action
of such compounds at the molecular level, as well as
providing a reliable molecular model for 3D-QSAR
comparative molecular-field analysis.

According to the results of structural analysis, the
crystal structure of the title compound (I) consists of
cations of protonated 1-benzyl-3-pyrazolidone and
chloride anions. This indicates that the lone pair of
electrons on atom N(1) is clearly protophilic. Fig. 1
provides a view of the structural features of the
cation.

Cl-
|

The conformation of the five-membered ring is
approximately a half-chair; atoms N(1) and C(5) are
displaced on opposite sides of the plane through
atoms N(2), C3), C@4) and O (planar within
0.006 A) with displacements of 0.264 and 0.220 A,
respectively. Examination of the intramolecular bond
angles associated with atoms N(1) and N(2) suggests
that N(1) is sp* hybridized, displaying bond angles
NQ—N1)—C(5) 103.2(2), N@2)—N(1)—C(6)
111.4 (2), C(5)—N(1)—C(6) 116.0 (2) and N(2)—
N(1)—H(N1) 106 (2)°, while N(2) is approximately
sp® hybridized. The sum of the bond angles about
atom N(2) is 351.0°. The C(3)—N(2) bond distance
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