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Structural Studies of Curcuminoids. I1. Crystal Structure of
1,7-Bis(4-hydroxyphenyl)-1,6-heptadiene-3,5-dione-Methanol

Complex

HANNE HJORTH TONNESEN,? JAN KARLSEN,* ARVID MOSTAD," U. PEDERSEN,°P. B.

RASMUSSEN ¢ and SVEN-OLOV LAWESSON ¢

2 Department of Galenical Pharmacy,® Department of Chemistry, University of Oslo, Oslo 3,
Norway, and ¢ Department of Chemistry, University of Aarhus, DK-8000 Aarhus C, Denmark

The crystal and molecular structure of the curcu-
min derivative 1,7-bis(4-hydroxyphenyl)-1,6-hep-
tadiene-3,5-dione-methanol complex
(B4HPHDD) has been détermined at 121 K by
X-ray crystallographic methods using 2090 reflec-
tions observed by counter methods. The crystals
are monoclinic, space group P2;/n with unit cell
dimensions 4=6.781(2) A, b=7.606(1) A,
c=33.024(5) A, p=93.73(2)°. The structure was
refined to a conventional R-factor of 0.033.
Estimated standard deviations are 0.003 A and
0.2° in interatomic distances and angles when
hydrogen atoms are not involved. The enol-ring
is found to be asymmetric.

Three diarylheptanoides have been isolated from
the plant Curcuma longa L. (Fig. 1). These three
compounds constitute the main coloured subst-
ances isolated from the plant material. Whereas
the chromatographic analysis (HPLC) of the
natural occurring diarylheptanoides will be pub-

Fig. 1.Diaryl heptanoides isolated from Curcuma
longa L. I, R;=R,=0OCHj: curcumin. II,
R;=0CH;, R,=H: demethoxycurcumin. III,
R;=R,=H: bisdemethoxycurcumin.

0302-4369/83 $2.50
© 1983 Acta Chemica Scandinavica

lished elsewhere,! we report here the X-ray
crystallographic study of a synthetic compound
found by HPLC/TLC to be equivalent to one of
the compounds found in plant material, namely
the one marked as III in Fig. 1. The crystal
structure of the compound indicated as I has been
reported previously.? These structure investiga-
tions are carried out in order to study the effect of
the conjugation in curcuminoid molecules on the
structure and stability of the 3,5-dione group as
well as on the conformation of such molecules.
By studying similar molecules in different crystal-
line environments it may also be possible to
estimate the influence of molecular packing on
the structure and conformation.

EXPERIMENTAL

The title compound is a natural product® and
was prepared from 24-pentanedione and 4-
hydroxybenzaldehyde.* The compound was re-
crystallized from a mixture of ethyl-acetate and
methanol and deep orange coloured plate-
formed crystals separated. A crystal of dimen-
sions 0.6x0.5x0.1 mm was used for the collec-
tion of X-ray data through the procedure de-
scribed under Experimental Conditions. Cell
parameters were determined by a least squares fit
to the diffractometer settings for 15 general
reflections. The standard deviations in the mea-
sured intensities were  calculated as
8(I)=[Cr+(0.02 Cn)?]'?, where Cy is the total
number of counts and Cy is the scan count minus
the background count. The intensity data were
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X

Atom
HO4)
HX

2(8)

8(8)

8(4)

5(4)
1.9(4)
1.7(4)
1.8(4)
2.1(4)
1.8(4)
4.2(6)

0.629(1)
0.917(1)
0.654(1)
0.771(1)
0.803(1)
0.817(1)
0.940(1)
1.013(1)
875(1)

0.951(1)

0.515(4)
0.194(4)
0.569(3)
0.271(3)
0.299(3)
0.573(3)
0.497(3)
0.689(3)
0.741(3)
0.010(4)

-0.419(4)
0.789(4)
~0.091(3)
—0.266(3)
0.049(3)
0.625(3)
0.897(3)
1.447(3)

Table 2. Fractional atomic coordinates and isotropic thermal parameters for the hydrogen atoms. Estimated standard deviations in
1.225(3)
1.110(4)

parentheses.

Atom
(0]
()

H2
5
7

H10

H13

H16

H19

H202
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corrected for Lorentz and polarization effects.
The variation in the intensities of the test
reflections were less than 1.5 % and no correc-
tions were made on this basis. Scattering factors
used were those of Doyle and Turner® for O and
C, and of Stewart, Davidson and Simpson ¢ for
H.

CRYSTAL DATA

1,7-Bis(4-hydroxyphenyl)-1,6-heptadien-3,5-
dione-methanol. C;yO4H,;s*CH3;OH, monoclinic,
a=6.781(2) A, b=7.606(1) A, c=33.024(5) A,
B=93.73(2)°, V=1699.7 A3, FW=340.2, Z=4,
Foe=720, space group P2;/n.

EXPERIMENTAL CONDITIONS

Instrument SYNTEX Pi

Radiation Graphite crystal
monochromated MoKa
4=0.71069 A

Crystal dimensions/mm 0.6x0.5x0.1

Scanning mode @

Scan speed/° min™ 2

Scan range/® 1.5

Background counts For 0.35 of scan
time at scan limits

Temperature/K 121

260 range/® 2.545.0

Number of reflec-

tions meas. 2634

Number of reflec-

tions 1>2.50(1) 2090

Number of standard

reflections 3

Number of reflections
between standard
reflections 57

STRUCTURE DETERMINATION

The structure was solved by direct methods
using the program assembly MULTAN.” Succes-
sive Fourier syntheses yielded the positions of all
the non-hydrogen atoms, and revealed the exist-
ence of one molecule of methanol per asymmet-
ric unit. After a least squares refinement with
isotropic temperature factors, all the hydrogen
atomic positions were found from difference
syntheses. All positional parameters, anisotropic
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Fig. 2. Numbering of the atoms and the molecular packing in crystals of BHPHDD-M as seen along

the b-axis.

temperature factors for the non-hydrogen atoms
and isotropic temperature factors for the hyd-
rogen atoms were refined in the final least
squares calculations giving an R-factor of 0.033
and a goodness of fit S=[EwA%(m-n)]"?=2.9.
The final parameters are given i Tables 1 and 2.
Tables of observed and calculated structure
factors are available from the authors.

DESCRIPTION AND DISCUSSION

The labelling of the atoms is given in Fig. 2,
which also illustrates the molecular packing and
the hydrogen bond system. Bond lengths and
angles are given in Table 3 and some of the
torsion angles in Table 4. The packing of the
molecules in the present structure is different
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Table 3. Bond lengths and angles. Estimated standard deviations are (2-3)x10~® A in bond lengths

and 2x107! in angles.

Bond lengths (A) Bond angles (°)

C1-01 1.359
C1-C2 1.394
C2-C3 1.382
C3-C4 1.401
C4-C5 1.404
C5-Cé 1.377
C6—C1 1.388
C4-C7 1.459
C7-C8 1.336
C8-C9 1.448
C9-02 1.337
C9-C10 1.372
C10-C11 1.421
C11-03 1.283
C11-C12 1.457
C12-C13 1.337
C13-C14 1.455
C14-C15 1.395
C15-C16 1.380
C16-C17 1.386
C17-04 1.357
C17-C18 1.394
C18-C19 1.377
C19-C14 1.400
C20-05 1.447

Mean value of the X-H distances
C-H 0.98(2)
O-H 0.91(4)

01-C1-C2 123.2
01-C1-Cé6 117.1
C1-C2-C3 120.1
C2-C3-C4 121.3
C3-C4-C5 117.3
C4-C5-Cé6 121.8
C5-C6-C1 119.9
C3-C4-C7 124.6
C5-C4-C7 118.0
C4-C7-C8 127.9
C7-C8-C9 122.4
C8-C9-C10 123.1
C8-C9-C2 116.0
02-C9-C10 120.9
C9-C10-C11 121.8
C10-C11-C12 119.3
C10-C11-03 120.4
C3-C11-C12 120.2
C11-C12-C13 121.6
C12-C13-C14 128.8
C13-C14-C15 119.1
C14-C15-C16 121.9
C15-C16-C17 119.5
C16-C17-C18 119.8
C16-C17-C4 118.0
04-C17-C18 122.2
C17-C18-C19 120.1
C18-C19-C14 121.1
C19-C14-C15 117.6
C19-C14-C13 123.3

Table 4. Torsion angles in B4HPHDD.

Angle

C3-C4-C7-C8 9.9
C4-C7-C8-C9 178.9
C7-C8-C9-C10 178.5
C7-C8-C9-02 -1.1
C8-C9-C10-C11 -178.9
02-C9-C10-C11 0.7
C9-C10-C11-03 1.5
C9-C10-C11-C12 -178.7
C10-C11-C12-C13 165.8
03-C11-C12-C13 ’ -14.4
C11-C12-C13-C14 -179.6
C12-C13-C14-C15 -179.7

from that found for curcumin molecules.? The
presence of the methanol molecules results in a
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hydrogen bond system where there is no direct
hydrogen bond between B4HPHDD molecules.
The alcoholic oxygen atom is involved in three
hydrogen bonds to three different BAHPHDD
molecules, as donor to the O3 oxygen and to O1
and O4 as acceptor. In this way molecules related
by screw axes are bonded together in layers
parallel to, and separated by, (002) planes.
Between these layers there appears to be only
weak van der Waals forces, the closest contact
being C16-C16’ related by a center of symmetry
(3.414 A). (H16-C16':3.12 A). Within the hy-
drogen bonded layers there also appears to be
interactions between the aromatic parts of the
molecules in a way often encountered in crystal
structures of such molecules.® These contacts are
illustrated in Fig. 3.

Only one of the oxygen atoms of the enol-ring
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Fig. 3.Molecular packing of BAHPHDD-M units as seen along the a-axis, showing the distances

between the aromatic moieties.

is engaged in an intermolecular hydrogen bond
and in comparison with curcumin this introduces
an element of asymmetry, which may explain the
asymmetry of the entire enol-ring geometry in
the present structure. Thus the two C-O bonds

HOS5

are significantly different as are the two bonds
C9-C10 and C10-C11 signaling a localization of
double bonding between C9-C10 and C11-03.
The intramolecular hydrogen bond between O2
and O3 is found to be established and the

Fig. 4. The geometry of the enol ring and relevant hydrogen bonds.

Acta Chem. Scand. B 37 (1983) No. 3



geometry of the enol-ring and the relevant
hydrogen atoms is shown in Fig. 4. The five
atoms of the enol-ring are within 0.015 A from a
least squares plane through these atoms, whereas
HO2 is not significantly (0.036 A) out of that
plane.

The 02-03 distance of 2.514 A is significantly
longer than the corresponding distance found in
the crystal structure of curcumin.

The overall conformation of the B4HPHDD
molecules in the crystal of the methanol complex
is also different from that found in the curcumin
crystals. The torsion-angles about the C11-C12
and C13-C14 bonds are in the present study
found to be -14.4 and -179.7°, respectively, as
compared to —163.3 and 25.2° in curcumin. Thus
the devition from coplanarity between the three
groups connected through the C7-C8 and the
C12-C13 bonds is less pronounced in the present
crystals than in those of curcumin. The angles
between the terminal phenyl groups are found to
be 16.2° as compared to 47° in the curcumin
crystals. The shortening of the C13-C14 bond
which might be expected with a decrease of 25° in
the torsion angle about C13—C14 appears also to
be present, the C13-C14 bond being 1.455 A as
compared to 1.471 in curcumin and the C4-C7
and C13-C14 bonds are of equal lengths in the
present study in contrast to the findings in the
curcumin crystals. The C14-C19 ring is planar
within the accuracy of the study, however, the
C1-C6 ring appears to display a slight deviation
from strict planarity as C1 and C4 is situated
0.015 A above a least squares plane through the
six ring atoms, whereas the other ring atoms lie
about 0.008 A beneath that plane. The angle
between the planes C1-C2-C3-C4 and C4-C5-
C6-C1 is found to be 2.2°.
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