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A novel complex [Zn(phen)(o-AB)] [phen: 1,10-phenanthroline 0-AB: o-aminobenzoic acid] was synthesized
and characterized by elemental analysis and X-ray diffraction single-crystal analysis. The crystal crystallizes
in monoclinic, space group P2(1)/c with a =7.6397(6) A, b=16.8761(18) A, c=17.7713(19) A, a=90°, B=
98.9570(10)°, y=90°, ¥ =2.2633(4) nm>, Z = 4, F(000) = 1064, S = 1.058, Dc = 1.520 g-=cm™, Ry = 0.0412,
WR>=0.0948, 2= 1.128 mm™". The Zn(II) is six coordinated by two nitrogen and four oxygen atoms from the
1,10-phenanthroline and o-aminobenzoic acid to furnish a distorted octahedron geometry. The complex
exhibits intense fluorescence at room temperature. Theoretical studies of the title complex were carried out by
density functional theory (DFT) B3LYP method. CCDC: 898291.
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Introduction

Zinc is an essential micronutrient and plays a diverse role
in many biological processes by serving as a structural
component of proteins, an essential cofactor in enzymes, and
a modulator of signal transductioncascades within the cell.'
Zinc was successfully used in the treatment of acodermatitis
enteropathica, Wilson’s disease, gastrointestinal disorders,
infertility and other diseases.® Zinc complexes with drugs
have also been used for treatment of Alzheimer disease or as
antibacterial, anticonvulsant, antidiabetic, antimicrobial or
antiproliferative — antitumor agents.*” Our study stems from
the value of the Zn(II) complexes containing carboxylate
ligands. By far many Zn(Il) carboxylate complexes have
been reported.®'? but rare is related about the aminobenzoic
acid. In the viewpoint of constructing functional compounds,
the title complex was synthesized in anhydrous solvent and
its crystal structure was determined. Based on crystal data,
density functional theory (DFT) studies of the title complex
were performed using the Gaussian 03 program suite. The
natural atomic charges distribution, molecular total energy
and frontier molecular orbital energies of the complex were
discussed.

Experimental

Materials and Physical Measurement. All reagents used
in this work were of analytical grade. Elemental analyses
were carried out with a model 2400 Perkin-Elmer analyzer.
The fluorescence spectra were recorded on an F-4500 fluori-
meter. The X-ray diffraction data were collected on a Bruker
Smart CCD X-raysingle-crystal diffractometer. Optimizations
of geometrical structures and Natural Bond Orbital (NBO)
analyses of the title complexes were carried out by DFT

B3LYP method. The 6-31+G* basis set was used for C, N
and O atoms, while the Effective Core Potential (ECP) and
valence double-{ LANL2DZ basis set was used for Zn atom.
Atom coordinates used in the calculations were from crystallo-
graphic data, and a molecule in the unit cells was selected as
the initial model. All calculations were conducted on a
Pentium IV computer using Gaussian 03 program.'-?

Preparation of the Single Crystals of Complexes. o-
Aminobenzoic acid (0.274 g, 2.0 mmol) was dissolved in 50
mL of anhydrous methanol. Zn(OAc),-2H,O (0.219 g, 1.0
mmol) dissolved in 30 mL of anhydrous methanol was
added dropwise to the above o-aminobenzoic acid solution
and stirred for 4 h at 55 °C. Then 1,10-phenanthroline (0.198
g, 1.0 mmol) was dissolved in 10 mL of anhydrous methanol
was added dropwise to the above solution and stirred for 4 h
at 55 °C cooled and filtered. The filtrate was left for slow
evaporation at room temperature. The wine prismatic crystals
were formed 15 days later. Anal.Calcd. (%) for Cas Hap Ny
04 Zn: C, 60.30; H, 3.89; N, 10.81. Found (%): C, 60.41; H,
3.78; N, 10.89.

Crystallographic Data Collection and Structure Deter-
mination. The wine single crystal with dimensions of 0.42 x
0.40 x 0.1 mm was mounted on a Bruker Smart CCD X-
raysingle-crystal diffractometer. All data were collected at
298(2) K with a graphite- monochromated MoKa radiation
(1 =0.71073 A) by using an ®-26 scan mode. A total of
11053 reflections were collected in the range of 2.62 < <
25.02(-8<h<9,-11 <k<20,-20</<21), in which 3968
were independent with Rin = 0.0454, of which 2856 with />
20(l) were considered to be observed and used in the sub-
sequent refinements. The structure was solved by direct
methods using SHELXS-97.'* The non-hydrogen atoms
were defined with Fourier synthesis method.

Positional and thermal parameters were refined by full-
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Table 1. Crystallographic data and structure refinement for complex
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Empirical formula C26H20N404Zn Absorption coefficient (mm™") 1.128
Formula weight 517.83 F(000) 1064
Temperature (K) 298 (2) Crystal size (mm) 0.42 x 0.40 x 0.31
Wavelength (A) 0.71073 @range for data collection ( °) 2.62 t0 25.02
Crystal system Monoclinic Limiting indices -8<h<9
Space group P2(1)/c -11<k<20
a(A) 7.6397(6) -20</<21
b(A) 16.8761(18) Reflections collected / unique 11053/ 3968 [Rini = 0.0454]
cA) 17.7713(19) Completeness to 6 =25.01 99.8
a(’) 90 Max. and min. transmission 0.7213and 0.6488
BCO) 98.9570(10) Data / restraints / parameters 3968/0/316
() 90 Goodness of fit on F~ 1.058
Volume, A3 2263.3(4) Final R indices [/ > 2sigma(/)] R;=0.0412, wR, = 0.0948
VA 4 R indices (all data) R1=0.0670, wR> =0.1067
Calculated density (g/cm®) 1.520 Largest diff. peak and hole (e. A%) 0.256 and —0.513

matrix least-squares method to convergence. The final cycle
of refinement gave R =0.0412, wR=0.0948 [/ > 2(/)] and R,
=0.0670, wR, = 0.1067 (total reflections) (w = 1/[*(F,*) +
(0.0443P)* + 0.8358P], where P = (F,> + 2F.%)/3). S=1.058,
(AP)max = 0.256, (AP)min = -0.513 e/A* and (A/ G)max = 0.000.
A summary of the key crystallographic information is given
in Table 1.

Results and Discussion

Description of Crystal Structure. Non-hydrogen frac-
tional atomic coordinates and equivalent isotropic displace-
ment parameters, selected bond lengths and bond angles,
hydrogen bond distances of the complex are listed in Tables
2, 3, and 4, respectively. Crystal structure and packing
drawing of the title complex are depicted in Figures 1 and 2,
respectively.

As shown in Figure 1, the complex is a neutral complex.
In complex, Zn(Il) is located in a very distorted octahedron
coordination with six bonds to two N atoms from 1,10-
phenanthroline and four carboxylate O atoms from two o-
aminobenzoic acid molecules. There are two four-membered
chelate rings (Ring 1: Zn(1)-O(1)-C(1)-O(2) Ring 2:
Zn(1)-0O(3)—-C(8)—0O(4)) and one five-membered chelate
ring (Ring 3: Zn(1)-N(3)-C(19)-C(20)-N(4)). As shown in
Table 1, the N(4)-Zn(1)-0(2), N(3)-Zn(1)-O(4) and O(1)-
Zn(1)-0(3) bond angels deviate from 180°, indicating that
Zn(II) is not coplanar with any of four coordinated atoms.
Thus they can not form the plane quadrilateral in perfect
octahedron.

As shown in Figure 2 and Table 4, complex forms an
intermolecular hydrogen bonds N(1)-H(1A)--O(4) between
the exocyclic amine group and the oxygen atom of the
acetate group. The molecules are linked into extended chains
parallel to the a axis and the ¢ axis through the intermole-
cular hydrogen bond. A three-dimensional network is
assembled through van der Waals' forces and intermolecular
n—m interactions.'>!°

As shown in Table 2, the cationic unit and anionic unit are

Table 2. Selected bond lengths (A) of the complex obtained from
experiment and calculations

Bond length  Exp. Caled. Bondlength Exp. Calcd.
Zn(1)-0(3) 1.981(2) 2.138  C(5)-C(6) 1.381(5) 1.403
Zn(1)-O(1) 2.051(2) 2.139  C(6)-C(7) 1.378(5) 1.389
Zn(1)-N#) 2.107(3) 2.255 C(8)-C(9) 1.492(5) 1485
Zn(1)-N(3) 2.112(3) 2256 C(9)-C(14) 1.397(5) 1.407
Zn(1)-0(2) 2.277(2) 2.181 C(9)-C(10) 1.404(5) 1.424
Zn(1)-0(4) 2.560(3) 2.181 C(10)-C(11) 1.407(6) 1.414
N(1)-C(3) 1.379(4) 1.380 C(11)-C(12) 1.360(7) 1.388
N(@2)-C(10) 1.357(6) 1.380 C(12)-C(13) 1.377(7) 1.403
N@3)-C(15) 1.328(4) 1326 C(13)-C(14) 1.365(6) 1.389
NG3)-C(19) 1.362(4) 1354 C(15-C(16) 1.389(5) 1.410
N@#)-C(24) 1.3194) 1326 C(16)-C(17) 1.358(5) 1.382
N@#)-C(20) 1.360(4) 1354 C(17)-C(18) 1.399(5) 1.414
O()-C(1) 1.265(4) 1274 C(18)-C(19) 1.406(5) 1.417
0(2)-C(1) 1.253(4) 1286 C(18)-C(25) 1.432(5) 1.437
O0(B)-C(8) 1.263(4) 1275 C(19)-C(20) 1.428(4) 1.447
04)-C(8) 1.260(4) 1286 C(20)-C(21) 1.407(4) 1.417
C(1)-C(2) 1.481(4) 1485 C(21)-C(22) 1.406(5) 1.414
C(2)-C(7) 1.401(4) 1407 CQ21)-C(26) 1.437(5) 1.437
C(2)-C(3) 1.413(4) 1424 C(22)-C(23) 1.351(6) 1.382
C(3)-C(4) 1.400(5) 1414 C(23)-C(24) 1.404(5) 1410
C#)-C(5) 1.374(5) 1.388 C(25)-C(26) 1.333(5) 1.364

linked via weak Zn(1)-O(4) bond, and Zn(1)-O(4) di-
stance of 2.560 A is longer than those of other Zn—O bonds
(1.981-2.277 A), but shorter than the sum of the van der
Waals radii (2.91 A).""'° The relative space positions of two
o-aminobenzoic acid liands are different. This can be
attributed to the effect of steric hindrance. And due to the
steric hindrance of amino of o-aminobenzoic acid, the mole-
cule of o-aminobenzoic acid molecule rotated to a certain
angle in the molecular plane. The distances of Zn(1)-O(1)
bond and Zn(1)-O(2) bond are different, and also the
distances of Zn(1)-O(3) bond and Zn(1)-O(4) bond are
different. Zn(1)-~O(3) distance of 1.981(2) A is shorter than
Zn(1)-O(1) bonds (2.051 A), and the distance between C(8)
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Table 3. Selected bond angles ( ©) of the complex obtained from experiment and calculations

Bond angle Exp. Calcd. Bond angle Exp. Calcd.
0(3)-Zn(1)-0(1) 140.61(10) 158.8 C(7)~(C6)-C(5) 118.5(3) 118.7
0(3)-Zn(1)-N(4) 110.17(10) 99.1 C(6)-C(7)-C(2) 122.4(3) 121.9
0(1)-Zn(1)-N(4) 99.82(10) 977 0(4)-C(8)-0(3) 120.4(3) 118.9
0(3)-Zn(1)-N(3) 103.09(10) 98.1 0(4)-C(8)-C(9) 121.73) 120.8
0(1)-Zn(1)-N(3) 107.36(10) 98.6 0(3)-C(8)-C(9) 118.03) 120.2
N(@)-Zn(1)-N(3) 78.91(11) 74.0 C(14)-C(9)-C(10) 119.7(4) 1192
0(3)-Zn(1)-0(2) 92.28(9) 105.7 C(14)-C(9)-C(8) 117.8(3) 118.1
0(1)-Zn(1)-0(2) 59.88(9) 61.4 C(10)-C(9)-C(8) 122.5(4) 122.6
N(@)-Zn(1)-0(2) 157.54(10) 152.5 N(Q2)-C(10)-C(9) 122.7(4) 122.2
N(3)-Zn(1)-0(2) 97.22(10) 90.7 N(2)-C(10)-C(11) 119.4(4) 119.4
0(3)-Zn(1)-0(4) 55.90(9) 61.4 C(9)-C(10)-C(11) 117.9(5) 118.1
0(1)-Zn(1)-0(4) 99.59(10) 105.7 C(12)-C(11)-C(10) 120.4(5) 121.3
N(@4)-Zn(1)-0(4) 91.59(10) 90.8 C(11)-C(12)-C(13) 122.1(5) 120.6
N(3)-Zn(1)-0(4) 152.54(10) 152.8 C(14)-C(13)-C(12) 118.6(5) 118.7
0(2)~Zn(1)-0(4) 100.82(10) 111.1 C(13)-C(14)-C(9) 121.4(4) 121.9
C(15)-N(3)-C(19) 118.03) 119.3 N(3)-C(15)-C(16) 122.8(4) 122.4
C(15)-N(3)-Zn(1) 129.0(2) 125.6 C(17)-C(16)-C(15) 119.7(4) 118.9
C(19)-N(3)-Zn(1) 113.12) 115.0 C(16)-C(17)-C(18) 119.6(4) 119.6
C(24)-N(4)-C(20) 118.1(3) 119.3 C(17)-C(18)-C(19) 117.5(3) 117.1
C(24)-N(4)-Zn(1) 128.7(3) 125.6 C(17)-C(18)-C(25) 124.5(4) 123.4
C(20)-N(4)-Zn(1) 113.2(2) 115.0 C(19)-C(18)-C(25) 118.1(3) 1193
C(1)-0(1)-Zn(1) 95.6(2) 90.8 N(3)-C(19)-C(18) 122.4(3) 122.4
C(1)-0(2)-Zn(1) 85.6(2) 88.7 N(3)-C(19)-C(20) 117.2(3) 117.9
C(8)-0(3)-Zn(1) 105.3(2) 90.9 C(18)-C(19)-C(20) 120.4(3) 119.5
C(8)-0(4)-Zn(1) 78.4(2) 88.7 N(4)-C(20)-C(21) 122.5(3) 122.4
0(2)-C(1)-0(1) 118.9(3) 118.9 N(4)-C(20)-C(19) 117.6(3) 117.9
0(2)-C(1)-C(2) 121.2(3) 120.8 C(21)-C(20) —C(19) 119.93) 119.5
0(1)-C(1)-C(2) 119.8(3) 1202 C(22)-C(21)-C(20) 117.4(3) 117.1

C(7)-CQ)-C(3) 118.13) 1192 C(22)-C(21)-C(26) 124.4(3) 123.4
C(7)-CQ2)-C(1) 119.2(3) 118.1 C(20)-C(21)-C(26) 1183(3) 1193
C(3)-C(2)-C(1) 122.7(3) 122.6 C(23)-C(22)-C(21) 119.6(4) 119.6
N(1)-C(3)-C(4) 119.2(3) 119.4 C(22)-C(23)-C(24) 119.5(4) 118.9
N(1)-C(3)-C(2) 122.03) 1222 N(4)-C(24)-C(23) 122.8(4) 122.4
C(4)-C(3)-C(2) 118.8(3) 118.1 C(26)-C(25)-C(18) 121.9(4) 121.0
C(5)-C(4)-C(3) 121.03) 1213 C(25)-C(26)-C(21) 121.5(4) 121.0
C(4)-C(5)-C(6) 121.13) 120.6
Table 4. Hydrogen-bond geometry of complex (1) (A, ©) length.
D-H-A4 D-H H-4 D+A  D-H+A4 Fluorescence Properties. The fluorescence spectra of the
N(2)-H(2A)--0(4) 0.86 2.06 2.699 (5) 130.9 complex in methanol solution are shown in Figure 3. The
N()-H(1A)-O@)”  0.86 243 3249(4)  160.4 fluorescence spectra for the title complex, o-aminobenzoic
N(1)-H(1B)--0(2) 0.86 205 2682(4) 1300 acid and 1,10-phenanthroline were measured upon the ex-
C(24)-HQ24)--C(4)Y 093 266  3.544(5)  158.1 citation at 334 nm. The intense fluorescence peaks of com-
C(6)-H(6)-0(2) 0.93 2.43 3.328(5) 161.2 plex appear at near 400 nm and may be attributed to o-
C(7)-H(7)-0@3) 0.93 2.69 3.430(4) 136.7 aminobenzoic acid. The fluorescence intensity of the com-
C(ll)—H(ll)"'N(l)” 0.93 2.73 3.630(5) 163.0 plex is highly increased as compared with free 1,10—phen—

Symmetry codes: (i) x, —=y+3/2, z—1/2; (ii) x, =y+3/2, z+1/2; (iii) x+1, , z;
(v) =x+1, y+1/2, —z+1/2.

and Zn(1) (2.615 A) is longer than the distance between C(1)
and Zn(1) (2.513 A). So the measured bond length of Zn(1)
—-0(4) (2.560 A) is much longer than other Zn—O bonds

anthroline.”” But it is lowly decreased as compared with free
o-aminobenzoic acid. The fluorescence change phenomenon
can be attributed to the classic photoinduced electron transfer
(PET) mechanism.”’ When the amine groups of the host
formed a complex with the metal, the excited electron state
of the o-aminobenzoic acid was then transferred to the
LUMO of Zn(Il), which induced the fluorescence quench-
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Figure 1. The structure of complex and the atom-numbering
scheme.

Figure 2. Packing diagram of the unit cell of complex viewed
along a axis, hydrogen bonds are shown as dashed lines.

ing.

In the following functional study of the complex, however,
the spectroscopic properties may be available as a suitable
indicator reflecting the interaction with biological or chemical
substances such as proteins, nucleic acids or other ligands in
solution.

Quantum Chemistry Calculation. Comparison of important
bond lengths of complex obtained from experiment and
calculation is made in Table 2. Comparison of important
bond angles of complex obtained from experiment and
calculation is made in Table 3. The results indicate that some
bond lengths and some angles data obtained from the calcu-
lations are agree with those gained from the determination.
As shown in Table 2, the correspondent calculated bond
lengths of the three ligands in complexes are nearly equal,
although limited by the accuracy of the method, their experi-
mental values are not equal.

The energies and components of molecular orbital are
important characteristics in theoretical studies, which can
predict the chemical properties. Some frontier molecular
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Figure 3. Fluorescence Spectra of Complexes, Free 1,10-phen-
anthroline and Free o-Aminobenzoic in theMethanol Solution.
The concentration of each ligand andcomplex is 8.0 x 107> M. The
excitation wavelength was 334 nm.

orbital energies and components of complexes are given in
Table 5. View of the frontier molecular orbital of complex is
shown in Figure 4. For the complex, the total energy is
—1588.5466 a.u. The energies of HOMO, HOMO-1 and
HOMO-2 orbital are —0.195, —0.196 and —0.242 a. u. respec-
tively, the energies of LUMO, LUMO+1 and LUMO+2
orbital are —0.095, —0.092 and —0.049 a. u., respectively. The
energy gap between HOMO and LUMO orbital is 0.100 a. u.
The dipole moment is 7.8738 D. The energies of the mole-
cular, HOMO, LUMO and their neighboring orbital are all
negative, indicating that the complex is stable.?®

The complex drug molecules or its conjugate ligands were
intercalated or partially intercalated into the double helix of
DNA, accompanied the 7-7t stacking interaction (weak inter-
action between the m tracks).?**" There are many factors
which influence the interaction between complexes and DNA,
including ligand planarity, plane area, the energies of LUMO
and the frontier molecular orbital energy gap (AsL—H).>!*?
Japanese scholar Kurita used DFT method to calculate the
DNA double helix model (CG/CG). Some frontier mole-
cular orbital energy and track stereo image of the model are
obtained. The energy of LUMO is 0.041 a. u., and the energies
of HOMO and the occupied orbital are in the range of
—0.076 ~—0.046 a. u.. In this paper, the LUMO energy of the
complex is —0.095 a. u.. The LUMO energy of complexes
are much lower than the HOMO energy. This indicates that
the complexes can accept electronics easily which are from
DNA base pairs.

Geometrical structure of the complex is related to the
distribution of natural atomic charge. Table 6 indicates part
natural atomic charges of the complex. Natural atomic charge
data show that all O and N atoms carry negative charges, the
C atoms linking with O and N atoms carry positive charges,
and the C atoms linking with H atoms carry negative charges.
These negative charged O and N atoms are easy to coordi-
nate with the positive charged metal ion. The charge of
Zn(IT) decreases from +2 to +1.693, which indicates that part
of the electrons have transferred from N and O atoms to Zn
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Table 5. Some frontier molecular orbital energies (a.u.) and
components (%) of complexes

Atom HOMO-1 HOMO LUMO LUMO+1

Energy -0.196 -0.195 -0.095 0.092
Znl 0.20 0.17 11.61 0.34
N1 3.19 2.11 0.00 0.04
N2 3.04 2.21 0.00 0.04
N3 0.02 0.01 0.80 1.54
N4 0.02 0.01 0.79 1.55
01 0.15 0.10 0.05 0.01
02 0.06 0.06 0.14 0.02
03 0.14 0.10 0.06 0.01
04 0.06 0.06 0.14 0.02
Cl 5.50 8.69 6.13 1.78
C2 13.16 5.92 5.75 3.25
C3 20.43 11.43 0.84 12.05
C4 2.94 1.85 0.36 4.17
C5 1.76 0.61 0.24 0.46
Cé 1.76 1.33 3.17 1.58
C7 0.59 0.40 2.56 1.60
C8 5.00 9.15 6.27 1.75
9 12.80 6.25 5.94 3.34
C10 19.73 12.15 0.83 11.94
Cl1 2.79 1.92 0.32 3.87
Cl12 1.69 0.65 0.23 0.47
Cl13 1.67 1.39 3.06 1.64
Cl14 0.56 0.42 2.46 1.66
CI15 0.37 0.96 0.45 5.30
Cl6 0.64 2.32 3.48 0.41
C17 0.33 2.80 5.94 5.26
C18 0.01 1.16 1.50 3.16
C19 0.07 2.27 3.83 4.11
C20 0.05 2.38 4.12 4.11
C21 0.01 1.08 1.18 3.16
C22 0.29 2.75 5.47 522
C23 0.58 2.34 3.60 0.47
C24 0.31 0.95 0.49 5.34
C25 0.01 6.97 9.57 5.14
C26 0.00 6.95 8.61 5.19

(IT) ion and the stable Zn(IT)complex was formed.
Conclusion

The results presented here indicate a novel complex
[Zn(phen)(0-AB)2] [phen: 1,10-phenanthroline 0-AB: o-
aminobenzoic acid] was synthesized and characterized by
X-ray diffraction single-crystal analysis.

The Zn(II) is six coordinated by two nitrogen and four
oxygen atoms from the 1,10-phenanthroline and o-amino-
benzoic acid to furnish a distorted octahedron geometry.

The intense fluorescence peaks of complex appear at near
400 nm. But it is decreased as compared with free o-amino-
benzoic acid. The fluorescence change phenomenon can be
attributed to the classic photoinduced electron transfer (PET)
mechanism.
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Figure 4. View of the frontier molecular orbital of complex.

Table 6. Part natural atomic charges and Mulliken Charges of the
complex

Atom Mulliken  Nature Atom Mulliken  Nature
Charge Charge Charge Charge
Znl 0.487 1.693 C10 -1.106 0.208
N1 —0.815 —-0.850 Cl11 —0.172 —0.294
N2 —0.815 —0.850 C12 —0.558 —-0.206
N3 —0.551 —0.551 C13 —0.105 —0.296
N4 —0.551 —0.551 Cl4 —0.432 —-0.172
(0] —0.256 —-0.817 Cl15 0.082 0.071
02 —0.387 —0.840 Cle —0.530 —-0.267
03 —0.255 —-0.817 C17 —0.218 —0.166
04 —0.387 —0.840 C18 0.482 —0.100
Cl1 0.494 0.787 C19 -0.212 0.201
C2 1.290 —-0.223 C20 —0.225 0.216
C3 -1.113 0.208 C21 0.473 —0.100
C4 —0.174 —0.294 C22 -0.214 —0.160
C5 —0.557 —0.206 C23 —0.526 —-0.267
Co6 —0.105 —-0.296 C24 0.078 0.071
Cc7 —0.428 —-0.172 C25 —0.419 —0.201
C8 0.512 0.781 C26 —0.426 —-0.201
c9 1.181 —-0.223

Supplementary Material. Crystallographic information
of the studied compounds has been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication number CCDC ( 898291). The copies of the data
may be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EB, UK (Fax: +44-1223-
336-033; E-mail: deposit@ccdc.cam.ac.uk or http://www.
ccde.cam.ac.uk).
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