Structure and Biological Activity of K(H,0)L

Bull. Korean Chem. Soc. 2006, Vol. 27, No.9 1289

Articles

Structure and Biological Activity of K(H,O)L
(L =5,7-Dihydroxy-6,4'-dimethoxyisoflavone-3'-sulfonate)

Ya-Ning Guo, Xue-Ling Zhang, and Zun-Ting Zhang"

School of Chemistry and Materials Science, Shaanxi Normal University, Xi'an 710062, P.R. China
*E-mail: zhangzt@snnu.edu.cn
Received June 5, 2006

Potassium(I) with 5,7-dihydroxy-6,4'-dimethoxyisoflavone-3'-sulfonate (L) assembles to K(H,O)L (L = 5,7-
dihydroxy-6,4'-dimethoxyisoflavone-3'-sulfonate). It was characterized by single-crystal X-ray diffraction,
element analysis, IR and 'H NMR spectroscopy. It crystallizes in the monoclinic space group P2,/ and reveals
a seven-coordinate complex. Polyhedra potassium chains, C-H-+-7z and C-H---O and O-H--O hydrogen bonds
lead K(H2O)L to a three-dimensional network structure. The biological activity of resistance to hypoxia was
tested, and the results showed that the biological activity of resistance to hypoxia of K(H>O)L is as good as that

of its precursor, irisolidone.
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Introduction

Flavonoids and their related compounds are known to
exhibit a wide range of interesting biological activities.'*
Besides the extensive biological activities of flavonoids, this
class of compounds exhibits antidiabetic™> and aldose
reductase inhibitory activity.® Irisolidone (5,7-dihydroxy-
6,4'-dimethoxyisoflavone), a kind of flavonoid, as one of the
effective components in the flowers of Pueraia lobata, had
the most potent inhibitory activity against Helicobacter
pylori (HP)” and reduced the ethanol-induced mortality as
well as serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities.*!’ Because the solubility
of flavonoid is poor, its biological utilization rate is low.
Thus, it is necessary to synthesize a water soluble derivative
of flavonoid in order to study its possible biological effects.
Isoflavonesulfonate occupies an important position in the
field of natural products chemistry since they provide a
structural link between organic and inorganic components in
nature.!! The pharmacological assay revealed that iso-
flavonesulfonates enhance antioxidant activity and aldose
reductase inhibitory activity as compared with the corre-
sponding parent flavonoids.'*!® In our previous works, we
have synthesized and studied the crystal structures of many
isoflavonesulfonates,'”?* especially studied the biological
activities of sodium 7,4'-dihydroxyisoflavone-3'-sulfonate
and sodium 4'-hydroxy-7-methoxyisoflavone-3'-sulfonate.?*
The results showed that the biological activities of iso-
flavonesulfonates are better as compared with those of the
parent flavonoids. As part of our works, we have synthe-
sized sodium 5,7-dihydroxy-6,4'-dimethoxy-isoflavone-3'-
sulfonate and reported its crystal structure.?® In this paper,
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K{) with 5,7-dihydroxy-6,4'-dimethoxyisoflavone-3'-sul-
fonate assembles to K(H,O)L(L = 5,7-dihydroxy-6,4'-
dimethoxyisoflavone-3'-sulfonate, Scheme 1). K(H,O)L was
characterized by single-crystal X-ray diffraction, element
analysis, IR and 'H NMR spectroscopy. The water-solubility
of K(H,O)L is better than that of irisolidone. Tests on mice
show that the biological activity of resistance to hypoxia of
K(H,O)L is as good as that of its precursor, irisolidone.

Experimental Section

General methods. Irisolidone (purity > 98.0%) was iso-
lated from the flowers of Pueraia lobata and identified by
IR and '"H NMR. The chemicals and solvents used in this
work were of analytical grade available commercially and
were used without further purification. The infrared spec-
trum was recorded on a Nicollet 170SX FT-IR spectrophoto-
meter with KBr pellets in the 4000-500 cm™ region. The
melting point was determined using X4 melting point
instrument (The thermometer had not been emended). The
'H NMR Spectrum was recorded on a Bruker AM-300
spectrometer with TMS as internal reference and DMSO-dj
as solvent. C and H contents were analyzed using a PE-2400
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elemental analytic instrument.

Preparation. Irisolidone (2.0 g) was slowly added to
concentrated sulfuric acid (10 mL) with stirring. The
mixture was heated at 40 °C for 30 min and cooled to room
temperature. It was poured into a saturated KCI solution (40
mL) and a yellow precipitate began to appear. After 3 h, the
precipitate was filtered and washed with saturated KCl
solution until the pH value of the filtrate was 7. The
precipitate was recrystallized from water to afford K(H>O)L
in good yield (2.5 g, 83%). Yellow plate single crystals
suitable for single crystal X-ray diffraction were grown in an
ethanol-water (¥ : ¥, 1 : 1) solution by slow evaporation.
m.p.: 299 °C (decomposed). IR (KBr pellet, cm™): 3578,
3377, 2945, 1658, 1496, 1461, 1199, 1152, 1091, 1028. 'H
NMR (DMSO): §8.41 (s, 1H), 7.89 (d, J=2.2 Hz, 1H), 7.50
(dd,J=2.2Hzand J= 8.6 Hz, 1H), 7.03 (d, /= 8.6 Hz, 1H),
6.55 (s, 1H), 3.81 (s, 3H), 3.62 (s, 3H), 13.05 (s, 1H) and
10.87 (s, 1H). Anal. Found: C, 45.4; H, 3.1%. Calcd. For
C|7H]5KO|()SZ C, 45.3; H, 3.3%.

X-ray crystallography of complex. Intensities were
collected on a Bruker SMART-1000 CCD diffractometer
with graphite-monochromated Mo K¢ radiation (4= 0.71073
A). Crystal data for the title compound has formula of
Ci7H15K010S, monoclinic, space group P2:/n with a = 8.348
(40) A, b=7.283(30) A, ¢ =30.000(14) A, = =90°, y =
96.09 (7)°, Z = 4, V = 1814 (15) A%, F(000) = 928, 4850
reflections were collected, 3148 of which were used in the
refinement to give the final R1 = 0.0777, wR2 = 0.1609. The
structure was solved by direct methods and refined by full-
matrix least-squares techniques. All non-hydrogen atoms
were assigned anisotropic displacement parameters in the
refinement. All hydrogen atoms were added at calculated
positions and refined using a riding model. The structure
was refined on F? using the SHELXTL-97.%° The crystal
used for the diffraction study showed no decomposition
during data collection. CCDC-233175 contains the supple-
mentary crystallographic data for this paper. These data can
be obtained free of charge at www.ccdc.cam.ac.uk/conts/
retrieving.html [or from the Cambridge Crystallographic
Data Centre (CCDC), 12 Union Road, Cambridge CB2 1EZ,
UK; fax: +44(0) 1223-336033; email: deposit@ccdc.cam.
ac.uk].

Anti-hypoxia activity test. Male and female mice (ICR)
weighing from 20 to 22 g (42-49 days old) were, before
experiment, housed for 1 week under conditions customary
for animals (20-22 °C, 55% humidity, light/darkness cycle
12/12, commercial feed and water as desired). 48 mice were
randomly separated into four groups. Group I received an
intraperitoneal injection of sodium carboxymethylcellulose
(0.5%) only and served as the control; group II received a
nimodipine in sodium carboxymethylcellulose (0.5%), 120
mg-kg™'-d”" and nimodipine was used as the reference drug;
and group III received an injection of irisolidone in sodium
carboxymethylcellulose (0.5%), 150 mgkg™"-d™'; group IV
received an injection of K(H,O)L in sodium carboxymethyl-
cellulose (0.5%), 150 mg-kg™'-d”". Continue to administer 7
days, behavioral tests of resistance to hypoxia were started
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Figure 1. ORTEP drawing (40% probability level) of K(H,O)L.
Thin dashed line indicates the O-H--O intramolecular hydrogen
bond. Some H atoms have been omitted for clarity. Selected
distances (A) and bond angles (deg): K(1)-O(10), 2.690(13); K(1)-
0(7), 2.706(12); K(1)-0(6), 3.147(10); O(7)-S(1), 1.438(6); O(8)-
S(1), 1.452(6); O(9)-S(1), 1.442(7); O(10)-K(1)-O(7), 90.5(3);
0(10)-K(1)-0(6), 130.4(2); O(7)-K(1)-0(6), 58.9(2); O(7)-S(1)-
0(9), 112.0(3); O(7)-S(1)-0(8), 112.6(3); O(9)-S(1)-O(8), 112.3(4).

60 min after the mice received a dose of the compounds to
be tested by the intraperitoneal injection last time. Survival
time was measured when mice were killed by cervical
dislocation immediately.

Results and Discussion

Crystal structure description. The molecular structure of
the title complex is given in Figure 1. 5,7-dihydroxy-6,4'-
dimethoxyisoflavone-3'-sulfonate anion is the ligand of
K(H>O)L. The anion composed of a benzopyranone moiety
A [C(1)-C(6)] C [O(1)/C(1)/C(6)-C(9)], a phenyl moiety B
[C(10)-C(15)] and a sulfonate monoanion. In the ligand, the
bond lengths and bond angles of isoflavone skeleton are
agreement with those of Na(H,O)L-2H,0.* The benzo-
pyranone moiety is nearly planar and the mean deviation of
the atoms from the least-squares plane is 0.0246 A. To avoid
steric conflicts, the two rigid ring systems, phenyl ring and
benzopyranone moiety are rotated by 39.9°, with respect to
each other. The similar S-O bond distances and O-S-O bond
angles involving O(7), O(8) and O(9), indicated that the
negative charge is delocalized over all three oxygen atoms.
In the ligand, the O2--H3 distance of 1.846 A clearly shows
a strong intramolecular hydrogen bonding. Atoms O2, O3,
C3, C4, C5 and H3 are almost planar with a mean deviation
to the least square plane of 0.0088 A, which generate a
characteristic intramolecular synthon, S(6) motif.

In the crystal structure of K(H,O)L, the K(I) is coordi-
nated by seven oxygen atoms, i.e. O(10) from water mole-
cule, O(6) and O(6)"' (Symmetry code: “'—x+1/2, y—1/2,
—7z+1/2) from methoxyl group at C(13), and the other
four oxygen atoms from the sulfate monoanion [O(7),
0(7)", O(8)*" and O(8)*] (Symmetry code: “*x, y-1, z).
Na(H,0)L-2H,O and K(H,O)L differ in the coordination
number (6 versus 7). The K-O bond lengths fall in the range
of 2.690(13)-3.147(10) A, the K-O average distance (2.877
A) is agreement with that of [K(HTNR)(H,0)], (2.864 A)*’
and dibenzo-30-crown-10-KI (2.881 A).*® Two adjacent
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Figure 2. Representation of the sheet looking down a-axis in K(H.O)L by combination of C-H:--7 (arene) hydrogen bonds and the ionic
chains. Some H atoms have been omitted for clarity [Symmetry code: #4, 1-x, —y, 1-z].

potassium nuclei (K1 and K1%*) (Symmetry code: “—x+1/2,
y+1/2, —z+1/2) are separated by 4.251 A and are bridged by
0(6), O(7) and O(8)"! to form a polyhedra potassium chain
running in b-axis. As shown in Figure 2, the isoflavone
skeletons are outstretched from the polyhedra potassium
chain and arranged in an antiparallel fashion. Pairs of
isoflavone skeleton exist four C-H-'7z (arene) hydrogen
bonds, which make the isoflavone skeletons form a column
along the b-axis. Atoms C(14), C(15) in the molecule at (x,
y, z) act as hydrogen-bond donors, via the atoms H(14),
H(15) to the CgA™, CgC* (Symmetry code: “1—x, —y, 1-z),
to form C-H--7z (arene) hydrogen bonds, where CgA and
CgC are the centers of ring A and ring C in the molecule at
(1=x, -y, 1-z), respectively. The distances of H(14)--CgA**
(2.955 A). and H(15)--CgC* (2.668 A) lie in the normal
range (<3.05 A) of C-H-z hydrogen bonds.**" The
polyhedral potassium chains and the columns link the
molecules into a [101] sheet. In the crystal structures of
Na(H>O)L-2H»0 and K(H,O)L, sheets are all linked through
5,7-dihydroxy-6,4'-dimethoxyisoflavone-3'-sulfonate (organic
moieties) and ploy ion chains which formed by the
coordination of metals and oxygen atoms.

It is intriguing that the water molecule in K(H>O)L is not
only coordinated to the potassium atom, but also donates
protons to form intermolecular bonds, O(10)-H(10A)--
0(9)* and O(10)-H(10B)-+0(9)* (Symmetry code: ** 1.5—x,
y—0.5, 0.5—z). The combination of them as well as O(5)-
H(5)0(9)" (Symmetry code: “2-x, 1-y, 1-z), C(11)-
H(11)+O(4)" and C(1)-H(1)-+O(3)"” (Symmetry code: “"x—1,
y, z) link the sheets to assemble a three-dimensional network
structure.

Testing of biological activity against hypoxia in ICR
mice. After killed by cervical dislocation, blood supply of
mice brain terminated immediately. At short notice, intrinsic
blood and nutrient matter of mice brain can maintain brain
function, mice dehisce to gasp regularly. Ordinary medicines
reduce oxygen consumption of brain all can prolong gasp
time of mice. As shown in Table 1, biological tests reported
that both irisolidone and the title compound can delay the
death of mice effectively. The biological activity of

Table 1. The biological activity of resistance to hypoxia for
K(H>O)L in ICR mice (X +s,n = 12)

Group Dosage (mgkg™'-d™")  Survival Time (s)
Blank control - 20.28 £ 1.96
Nimodipine 120 23.45+1.89"
Irisolidone 150 2237+ 1.68
K(H0)L 150 23.67 £2.50"

As compared to model group: "P < 0.05, P < 0.01.

resistance to hypoxia of title compound is as good as that of
irisolidone and nimodipine.

In conclusion, 5,7-dihydroxy-6,4'-dimethoxyisoflavone-
3'-sulfonate reacts with the potassium(l) ion to give the
complex K(H>O)L, which shows interesting structural aspects.
There are ionic chains, C-H:-~-O, O-H--O intermolecular
hydrogen bonds existing in Na(H,O)L-2H,O or K(H,O)L. In
addition, C-H---7z (arene) hydrogen bonds exist in the title
compound. The coordination modes oxygen atoms around
the potassium atom, the hydrogen bonds and the electrostatic
interaction between the cation and the anion sulfonate L~
assemble K(H>O)L into supramolecule of a three-dimen-
sional network structure. The water-solubility of K(H,O)L is
better than that of irisolidone. Tests on mice show that the
biological activity of resistance to hypoxia of K(H,O)L is as
good as that of its precursor, irisolidone.
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