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Crystal Structure of B-Cyclodextrin-Felbinac Inclusion
Complex
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The crysta structure of the inclusion complex of p-cyclodextrin (8-CD) synthesized with felbinac
(4-biphenylacetic acid) was determined by single crystal X-ray diffraction at 150 K. The complex contains two
S-CDs, two felbinac molecules, twenty-two water molecules in the asymmetric unit, and could be formulated as
(C42H70035)2*(C14H1,0,),222(H,0). In the crystal lattice, the two S-CD moieties form a head-to-head dimer jointed
through hydrogen bonds, and the felbinacs that interact by face-to-face n-n stacking are included in the 8-CD dimer
cavity with their carboxyl groups protruding out from cavity opening. In crystals the dimer units of g-CD are
stacked in an intermediate type (IM) that consists of closely packed 5-CD dimer layers.
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Introduction

Felbinac (4-biphenylylacetic acid), an active me-
tabolite derived from fenbufen, is a potent non-steroidal
anti-inflammatory agent, which is used to treat muscle
inflammation and arthritis. It could induce severe gas-
trointestinal side effects such as gastric erosions and
ulcer when given oraly, which limits its widespread use
in clinic.' The optimum choice for felbinac is to become
amedicament for topical treatment in order to overcome
its undesirable secondary effect, for instance, it is
applied to the skin surface for the relief of local pain and
inflammation induced by sprains, strains, rheumatism,
and mild arthritis.”

[-Cyclodextrin (8-CD) is a macrocyclic oligosaccha-

ride consisting of seven a-(1—4)-linked D-glucose units.

It has a hydrophilic exterior and a hydrophobic central
cavity, which results in its ability to form inclusion
complexes with a variety of hydrophobic molecules in
agueous solution.>® The physicochemical properties of
the included molecules are different from the uncom-
plexed ones. This beneficial E!Jroperty has been applied
to the pharmaceutical field,”® and several studies have
been performed on felbinac. After oral administration of
[-CD-felbinac complex to rats, quicker and higher drug
plasma concentrations can be achieved, and parallel
studies demonstrate a greater anti-inflammatory activity
and a better gastric tolerability.®'° Colon-specific deliv-
ery systems of felbinac have been constructed through
an ester or amide linkage with CD.™ Furthermore, 4-CD
and its derivatives can enhance the cutaneous permea
tion of felbinac.*** The single crystal X-ray structure of
the inclusion complex between felbinac and heptakis-
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(2,3,6-tri-O-methyl)-p-cyclodextrin -~ (TM-$-CD)  has
been reported.’* In this work, we wish to report the
crystal structure of felbinac complexed with 5-CD. The
inclusion geometry and the crystal packing structure are
discussed in details.

Results and discussion

The p-CD-felbinac inclusion complex crystallizes as
aface-to-face f-CD dimer (8-CD-A and s-CD-B, Figure
1) containing two included felbinac molecules in the
extended cavity and twenty-two water molecules in in-
terstices between the dimers. Each glucose residue of
B-CD dimer adopts the usual “C, chair conformation,
and the overall f-CD molecule has an approximate
7-fold-axis symmetry. The geometric parameters for the
S-CD molecules are listed in Table 1. The O(4n) atoms
of glucose residues are amost co-planar, with the largest
displacement from the average plane observed for
S-CD-A being the O(6) and O(11) atoms (—0.0370 and
0.0420 A, respectively), for 5-CD-B being the O(46)
and O(51) atoms (0.0331 and —0.0250 A, respectively).
The O(4n)---O[4(n+1)] distances vary between 4.230(3)
and 4.555(0) A. The distances from the center of seven
O(4) atoms to each individua O(4) atom are in the
range of 4.867(6)—5.299(6) A for 5-CD-A and in the
range of 4.959(5)—5.119(8) A for p-CD-B. The
O[4(n— 1)]---O(4n)---O[4(n+1)] angles, varying from
122.2(2)° to 132.4(3)° for f-CD-A and from 126.4(6)°
to 130.2(0)° for p-CD-B, are within 6.35° from the
regular heptagon of 128.57°. The annular shape of 5-CD
is stabilized by interglucose O[2(n+ 1)]—H---O(3n)
hydrogen bonds.
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Tablel Geometrical parameters for the f-CD molecule [distancein A and anglesin (°)]

Residue
1 2 3 4 5 6 7
’ A 12222 1324(3)  13L4(5)  1247(3)  127.100)  1321(8)  129.7(7)
B 126.9(8) 1302000  1290(4)  1264(6)  1301(2)  1281(4)  129.0(4)
5 A 4379@8) 4230(3)  4555(0)  4301(7)  4384(5)  4431(6)  4.476(3)
1 B 4350(9) 4326(3)  A4TI(6)  4243(5)  4462(6)  4338(2)  4.404(5)
it anle A 92 7.8 139 116 95 5.1 7.3
9 B 94 7.1 120 7.0 129 6.2 28
4 A —0.0370 0.0420 —00295 00231 -0.0268 0.0187 0.0095
B 00082 —00177  —00043  0.0300 -0.0250 -0.0029 0.0106
B A 287) 2.8(3) 2.8(5) 2.8(5) 2.8(2) 2.7(0) 2.7(9)
OEM—0RM+1)] g 2.7(2) 2.7(4) 2.8(3) 2.7(9) 2.8(8) 2.7(7) 2.8(0)
tosonage | A 611,456 —64.3 —66.4 —616 63.9 —69.0 —559
9 B -620 —66.7 —61.7 —65.2 —65.0 —62.2 —67.0
5 A 5299(6) 4914(2)  4884(6)  5220(3)  5.134(5  4867(7)  5.001(0)
2 B 50395 5004(2)  4959(5)  5039(2)  5119(8)  4999(2)  5.042(0)

¢ =angle between atoms O[4(n—1)]-O(4n)-O[4(n+1)]; D;=distance between atoms O[4(n—1)]---O(4n); Tilt angle is the angle be-
tween the O(4) plane and the planes defined by O[4(n—1)], C(1n), C(4n), and O(4n); d=deviation of O(4n) atom from the least-squares
optimum plane formed by the seven O(4n) atoms; Torsion angle: O(5n)-C(5n)-C(6n)-O(6n); D,=distance between atoms O(4n) and the

center of seven O(4).

Conclusively, the geometrical parameters indicate
that upon complex formation, the guest molecule has
dlightly distorted the macrocyclic conformation of the
S-CD. The orientation of the C(6n)—O(6n) bond is
generally described by the torsion angles of
O(5n)-C(5n)-C(6n)-O(6Nn). For p-CD-A, five of the
seven primary hydroxyl groups exhibit the (—)-gauche
orientation pointing outwards from the S-CD cavity.
One [O(25)—H] of them has (+)-gauche orientation
pointing inwards and forming hydrogen bond O(71)—
H---O(25) contributing to the interlinkage between 5-CD
and felbinac. The last one is disordered at two sites, in
which one points outwards from the 5-CD cavity, the
other points inwards with the occupation of 0.53 [O(5A)]
and 0.47 [O(5B)], respectively. For -CD-B, al seven
primary hydroxyl groups point away from the S-CD
cavity.

Ja

Figure 1 View of p-CD-felbinac inclusion complex. There is a
face-to-face n-n stacking interaction between two phenyl ringsin
S-CD dimer center. Hydrogen bond between the $-CD and guest
is shown as dashed line.

Two guest molecules reside within the dimer cavity
in a similar manner with their carboxyl groups protrud-
ing from the cavity of -CD dimer. The two-fold axis of
biphenyl unit is inclined about 19° with respect to the
norma of the O(4) plane. In the -CD dimer, two
felbinac molecules also form a dimer by face-to-face n-n
stacking interaction. For two phenyl rings involving in
stacking, the distance is about 0.36 A and the angle is
13.9°. One carboxy! group of two 4-biphenylacetic acids
in each -CD dimer is linked to a primary hydroxyl
group of g-CD, which includes it via an O(71)—
H---O(25) hydrogen bond, being crucial for the felbinac
to avoid disorder. The other carboxyl group of two
guests is linked to adjacent 5-CD by a direct hydrogen
bond [O(10)—H---O(73)] and an indirect hydrogen bond
through a water molecule as a bridge [O(74)—H---
0O(85)—H---0O(15)].

The two S-CD molecules form a head-to-head dim-
mer, which is assembled through O(3)—H:--O(3) inter-
molecular hydrogen bonds.™® The dimers crystallize in
an intermediate mode (IM) in which they stack along
a-axis with a significant lateral translation of 6.0 A inc
direction (Figure 2)."° The offset is close to the inner
diameter of -CD (about 6.0—6.5 A), which means that
the cavity opening of 5-CD dimersis blocked by the rim
of adjacent dimers. The result is a nearly cage-like en-
vironment for the guest molecules. There is no interac-
tion between guests in adjacent dimer cavities, but an
interaction between S-CD and the felbinac included in
adjacent dimers exists, that is O(73)---H—O0O(10), in
which O(73) is from the carboxyl group of guest and
O(10)—H is an primary hydroxyl of -CD. The hydro-
gen bond contributes to fixed location of guest. Beside
interaction between the guest and adjacent 5-CD dimers,
the intermediate packing type favors solvation
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Figure 2 Crysta packing in an intermediate mode (IM) in
which they stack along a-axis with a significant lateral translation
in c direction.

Figure 3 S-CD dimer layer in bc-plane linked by direct hydro-
gen bonds between adjacent f-CD dimers.

of guests, which is aso an important factor to keep or-
der.

There are seven direct hydrogen bond interactions
between $-CD dimers. Three of them contribute to the
interaction in c direction, and other three of them bond
adjacent $-CD dimersin b direction, but there is no di-
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rect hydrogen bond between -CD dimersin a direction.
All the above six hydrogen bonds link the 5-CD dimers
into layers in bc-plane, which stack along a-axis to form
three-dimensional structure (Figure 3). There are a hy-
drogen bond between 4-CD dimers and a hydrogen bond
between p-CD dimer and felbinac contributing to the
interaction between layers. A summary of intermolecu-
lar hydrogen bonds that are crucial for packing is given
in Table 2, excluding the hydrogen bonds in which wa-
ter molecules are involved in.

Crystal water plays the most important role in crystal
packing by forming extended hydrogen-bond networks
with hydroxyl groups of $-CD and carboxyl groups of
guests. In the networks, the hydrogen-bonds have coop-
erative effect which contributes additional energy to the
individual hydrogen bond."” The fact that the crystals
would decompose due to escaping of crystal water when
exposed in air at room temperate further shows the sig-
nificance of crystal water. But these hydrogen bonds
could not be assigned, because hydrogen atoms of water
mol ecules were not located.

In a previous paper, the crystal structures of deriva-
tives of biphenyl in £-CD have been summarized.’® Be-
cause these guests are too big to be included in 5-CD,
two S#-CD molecules form a face-to-face dimmer, which
has larger cavity than twice of one p-CD cavity.
4-Biphenylacetic acid and flurbiprofen (2-fluoro-a-
methy!-4-biphenylacetic acid) have similar molecular
framework, so the inclusion complexes of them crystal-
lize in the same mode.

Conclusion

The inclusion complex of felbinac in f-CD has been
synthesized and characterized by single crystal X-ray
diffraction. In the crystal lattice, two S-CD moieties
form a head-to-head dimer that enclose two felbinacs.
The two guests aso form a dimer by face-to-face n-n
stacking and oritent themselves with the hydroxyl
groups residing at the open ends of f-CD dimer. The

Table2 Intermolecular hydrogen bonds [distancein A and anglesin (°)]

D—H d(H--A) ZDHA d(D--A) A

In c-axis direction
O(30)—H(30) 1.907 172.29 2722 0(10) [x, y, z+1]
O(45)—H(45A) 2.017 162.91 2.811 0(65) [x, y, z—1]
0(42)—H(42) 2.068 152.19 2.819 0@ [xy, z—1]

In b-axis direction
O(20)—H(20A) 2.133 169.69 2.944 0(35) [x, y+1, 7
O(67)—H(67A) 1.952 164.99 2.752 O(17) [x, y—1, 1]
O(70)—H(70A) 1.941 162.88 2.735 O(55) [x, y—1, 7]

Between -CD dimer layers
0O(10)—H(10C) 1.916 165.22 2.717 o(73) [x—1,y, z—1]
O(60)—H(60) 2.479 120.77 2.983 0(4) [x+1, y+1, z+1]
Between 4-CD and guest

O(71)—H(71A) 2.221 111.05 2.629 0O(25)
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complex are arranged in a brickwork pattern in ac-plane
and forms layer in bc-plane by hydrogen-bonds.

Experimental

Preparation and crystallization of the inclusion
compound

[-CD+12H,0 was re-crystallized prior to use
4-Biphenylacetic acid was purchased from Merck and
used as received. 4-Biphenylacetic acid (0.2 mmol) was
suspended in 8 mL of aqueous solution of 5-CD (0.2
mmol) and heated until the solid dissolved. Cooling of
the solution produced a saturated aqueous solution of
the title inclusion complex. Slow evaporation of the fil-
tered solution at room temperature afforded colorless
flake-like crystals in one week.

X-ray crystallography

The crystallographic data are summarized in Table 3.
X-ray diffraction data were collected on an Oxford Dif-
fraction Xcalibur Nova instrument with Cu Ko radiation
(A=1.54178 A) at 150 K. The data were processed us-
ing CrysAlis.*® The structure was solved by isostructural
replacement of the -CD coordinates from an isomor-

Table3 Crystalographic data
(Cy2H79035)22(C14H1205)222(H,0)

Chemical formula

Formula weight 3090.78

Temperature/K 150

Wavelength/A 1.54178

Crystal system Triclinic

Space group P1

alA 17.842(4)

b/A 15.394(2)

c/A 15.463(4)

al(®) 103.108(16)

BIC) 113.33(2)

() 99.201(15)

VIA® 3647.1(12)

Z 1

Deacd/(Mgem 3) 1.407

F(000) 1648

Crystal size/mm? 0.25X0.2X0.1

6 rangel(°) 2.81—70.40

Index ranges —20<h<21; —18<k=18;
—18<I1<16

Reflections collected/unique 30237/16967 [R(int)=0.0271]

Data completeness 0.917

Data/ restraints/parameters  16967/3/1928

Goodness-of-fit on F? 1.047

Final Rindices [l >2o(1)]
Rindices (al data)

Largest diff. peak and
hole/(esA3)

R;=0.0743, wR,=0.2052
R,;=0.0803, wR,=0.2227

1.137 and —0.479
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phous structure, f-CD complex with 7-hydroxyl-4-
methylcoumarin.®’ In solving the structure, except that
the relatively rigid backbone of 4-CD was used for the
calculations, all atoms of S-CD O(6), guests and water
were omitted, which could be located from the differ-
ence Fourier maps. One of the O(6) atoms of f-CD-A is
disordered over two positions and all the other atoms in
an asymmetric unit are fully occupied. Except for those
hydrogen atoms attached to the water molecules, al the
other hydrogen atoms were added in ideal positions and
refined as riding models. The structure was refined us-
ing full-matrix least-squares based on F? with program
SHELXL.*

Supplementary data

Crystallographic data, excluding structure factors,
have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication with
CCDC No. 711404. Copies of the data can be obtained
free of charge on application to The Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (Fax:
0044-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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