metal-organic compounds

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

Dibenzoato-xO;x*0,0’-(6,6’-dimethyl-
2,2'-bipyridine-«*N,N")zinc(Il)-benzoic
acid (1/1)

Li Yao™ and Wen-Juan Li°

*School of Computer and Information Engineering, Henan University, Kaifeng
475001, Henan, People’s Republic of China, and ®*Department of Civil and
Environmental Engineering, East China Institute of Technology, 56 Xuefu Road,
Fuzhou 344000, Jiangxi, People’s Republic of China

Correspondence e-mail: yaolihenu@163.com

Received 3 October 2009; accepted 14 October 2009

Key indicators: single-crystal X-ray study; T = 296 K; mean o(C—~C) = 0.009 A;
R factor = 0.065; wR factor = 0.136; data-to-parameter ratio = 14.3.

In the crystal structure of the title compound,
[Zn(CsHsCOO),(C,H,N,)]-C¢sHsCOOH, the Zn atom is
pentacoordinated in distorted square-pyramidal geometry by
two O atoms of a benzoate anion and two N atoms of a 6,6'-
dimethyl-2,2"-bipyridine ligand occupying the basal plane and
an O atom of another benzoate anion located at the apical site.
In the crystal structure, intermolecular O—H:--O and C—
H.--O hydrogen bonds and C—H..-m interactions are
present.

Related literature

For related structures, see: Alizadeh et al. (2009); Cui et al.
(2005); Hokelek et al. (2009a,b); Klausmeyer et al. (2007);
Phatchimkun er al. (2009); Zhang et al. (2009).

OH

Experimental

Crystal data

[Zn(C7H50,),(C1,H12N,)]-CHO,
M, = 613.96

Triclinic, PT

a=9974 (6) A

b =12.546 (7) A

c=12798 (8) A

y = 105.060 (12)°
V =1516.7 (16) A®
Z=2

Mo Ko radiation
=086 mm™"

T =29 K

o =96.631 (11)° 0.16 x 0.14 x 0.12 mm

B =97.016 (12)°

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tinin = 0.875, Tpax = 0.904

8123 measured reflections
5295 independent reflections
2785 reflections with 7 > 20(1)
Rin = 0.046

Refinement

R[F? > 20(F?)] = 0.065
wR(F?) = 0.136

S =1.04

5295 reflections

370 parameters

14 restraints

H-atom parameters constrained
APmax = 0.64 ¢ A3

ApPmin = —0.64 ¢ A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
C24—H24---05' 0.93 244 3.340 (8) 162
C33—H33C---01 0.96 2.52 3.199 (8) 128
C22—-H22A---02 0.96 2.57 3.289 (7) 132
06—H6---04" 0.82 1.85 2.655 (5) 166
C31—H31---Cg1™ 0.93 2.79 3.708 (7) 170

Symmetry codes: (i) —x, —y, —z + 15 (ii) x, y, z + 15 (ili)) —x + 1, =y + 1, —z. Cgl is the
centroid of the C9—C14 ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: RK2173).
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Dibenzoato-lcO;lcz0,0'-(6,6'-dimethyl-2,2'-bipyridine-KzN,N')zinc(II)-benzoic acid (1/1)

L. Yao and W. J. Li

Comment

As a contribution to structural characterization of 6,6'-dimethyl-2,2'-bipyridine complexes [Alizadeh ef al., (2009); Cui et
al., (2005); Hokelek et al., (2009a,b); Klausmeyer et al., (2007); Phatchimkun ez al. (2009); Zhang et al., (2009)], we present

here the molecular structure of the title complex, ZnL(CcH5COO), C¢HsCOOH, where L is 6,6'-dimethyl-2,2'-bipyridine.

The title compound, contains two benzoate anions, one 6,6'-dimethyl-2,2'-bipyridine ligand and one benzoic acid mo-
lecules. One of the benzoate anions acts as a bidentate ligand, while the other is monodentate.

The molecular structure of the title complex is shown on Fig. 1. In the crystal structure, the face-to-face separation of
3.783 (4)A suggests no m--7 stacking between parallel bipyridine ring systems, intermolecular O—H--O and C—H---O

hydrogen bonds (Table 1) link the molecules into a one dimensional structure, in which they may be effective in the stabil-

ization of the structure. One weak C—H:-'x interactions (Table 1) are also found. Cgl is the centroid of the colii_cai
ring. Symmetry code: (iii) 1-x, 1-y, -z.

Experimental

The title complound was synthesized hydrothermally in a teflon-lined autoclave (25 ml) by heating a mixture of 6,6'-di-

methyl-2,2"-bipyridine (0.2 mmol), benzoic acid (0.4 mmol) and ZnSO4'H,0 (0.2 mmol) in water (10 ml) at 393 K for 3

d. Crystals suitable for X-ray analysis were obtained.

Refinement

The carboxy H atom was located in a difference Fourier map and refined with a O—H distance of 0.82A [Ujso(H) =
1.5U¢q(O)]. H atoms bonded to C atoms were positioned geometrically and refined using a riding model with C—H =
0.93A and 0.96A for aromatic and methyl H atoms, respectively, and Ujso(H) values were calculated at 1.5 Ueq(C) for methyl
groups and 1.2Ueq(C) for aromatic.

Figures

Fig. 1. The molecular structure of the title compound with the atom-labelling scheme. Dis-
placement ellipsoids are drawn at the 30% probability level. H atoms are presented as small
spheres of arbitrary radius.
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Dibenzoato-KO;KzO,O'-(6,6'-dimethyl-2,2'-bipyridine- KZN,N')zinc(ll)—benzoic acid (1/1)

Crystal data
[Zn(C7H502)2(C12H12N2)]-C7HgO2
M, =613.96
Triclinic, PT

Hall symbol: -P 1
a=9.974(6) A
b=12.546 (7) A
c=12.798 (8) A
a=96.631 (11)°
B=97.016 (12)°

v =105.060 (12)°
V=1516.7 (16) A3

Data collection

Bruker APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=296K

¢— and o—scans

Absorption correction: multi-scan
(SADABS; Bruker, 2005)

Tmin = 0.875, Tmax = 0.904

8123 measured reflections

Refinement
Refinement on 7~

Least-squares matrix: full
R[F* > 26(F?)] = 0.065
WR(F?) =0.136

S=1.04

5295 reflections

370 parameters

14 restraints

Primary atom site location: structure-invariant direct
methods

zZ=2

Foop = 636

Dy=1344Mgm>

Mo Ka radiation, A =0.71073 A

Cell parameters from 1683 reflections
0=2.5-27.8°

w=0.86 mm '

T=296K

Block, colourless

0.16 x 0.14 x 0.12 mm

5295 independent reflections

2785 reflections with /> 26([)
Rine=0.046

Omax = 25.0°

Omin = 1.6°

h=-10—11

k=-14—13
[=-15—15

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[c2(Fy2) + (0.0455P)*]

where P = (F,> + 2F2)/3

(A/6)max < 0.001

Apmax = 0.64 ¢ A3

Apmin=—0.64 ¢ A7

Extinction correction: none
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Special details

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The

cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between

s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is

used for estimating s.u.'s involving l.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2> 2G(F2) is used only for calculating R-

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large

as those based on F, and R-factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

Znl
N1
N2
01
02
03
04
05
06
H6
C1
C2
C3
H3
C4
H4
C5
HS5
C6
H6A
C7
H7
C8
Cc9
C10
H10
Cl11
HI11
C12
HI12
C13
H13
Cl4

X

0.41555 (6)
0.2722 (4)
0.4792 (4)
0.6236 (4)
0.4751 (4)
0.3506 (4)
0.2026 (4)
0.1962 (4)
0.2806 (4)
0.2520
0.5999 (8)
0.7122 (5)
0.8523 (6)
0.8755
0.9579 (4)
1.0517
0.9232 (6)
0.9938
0.7831 (7)
0.7599
0.6775 (5)
0.5837
0.2506 (6)
0.1893 (5)
0.2524 (7)
0.3346
0.1952 (9)
0.2383
0.0740 (9)
0.0324
0.0151 (7)
~0.0654
0.0726 (6)

y
0.22239 (5)
0.0734 (3)
0.2028 (3)
0.2621 (4)
0.1472 (3)
0.3454 (3)
0.3185 (3)
0.1688 (3)
0.3497 (3)
0.3287
0.1987 (7)
0.1859 (4)
0.2392 (4)
0.2882
0.2192 (5)
0.2549
0.1460 (5)
0.1326
0.0926 (4)
0.0436
0.1126 (4)
0.0769
0.3676 (4)
0.4536 (4)
0.5206 (5)
0.5114
0.6015 (6)
0.6463
0.6148 (6)
0.6668
0.5522 (6)
0.5631
0.4730 (4)

z

0.15235 (4)
0.0835 (3)
0.0057 (3)
0.2360 (3)
0.2994 (3)
0.2070 (3)
0.0566 (2)
0.8042 (3)
0.8688 (3)
0.9225
0.3044 (5)
0.3773 (3)
0.3750 (4)
0.3265
0.4450 (5)
0.4434
0.5174 (4)
0.5642
0.5197 (4)
0.5681
0.4497 (4)
0.4513
0.1480 (4)
0.1966 (4)
0.2920 (4)
0.3277
0.3357 (5)
0.4003
0.2822 (7)
03120
0.1864 (7)
0.1496
0.1430 (5)

Uiso*/Ueq
0.0561 (2)
0.0509 (10)
0.0461 (10)
0.1060 (12)
0.0945 (13)
0.0708 (10)
0.0672 (10)
0.0760 (11)
0.0717 (10)
0.108*
0.1025 (12)
0.0997 (13)
0.128 (3)
0.153*
0.164 (4)
0.196*
0.172 (5)
0.206*
0.153 (4)
0.183*
0.111 (3)
0.134*
0.0535 (13)
0.0537 (13)
0.0894 (19)
0.107*
0.116 (2)
0.139*
0.125 (3)
0.150*
0.117 (3)
0.140*
0.0780 (17)
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H14
Cl15
Cl6
C17
H17
CI18
H18
C19
H19
C20
H20
C21
H21
C22
H22A
H22B
H22C
C23
C24
H24
C25
H25
C26
H26
C27
C28
C29
H29
C30
H30
C31
H31
C32
C33
H33A
H33B
H33C

0.0320
0.2525 (5)
0.2973 (5)
0.3171 (6)
0.3070
0.3528 (7)
0.3660
0.3684 (7)
0.3910
0.3510 (6)
0.3653
0.3122 (5)
0.2955
0.1317 (6)
0.2067
0.0452
0.1232
0.1631 (6)
0.0820 (6)
0.0049
0.1145 (7)
0.0622
0.2243 (6)
0.2461
0.3021 (5)
0.4195 (5)
0.4627 (6)
0.4218
0.5682 (7)
0.5997
0.6250 (6)
0.6951
0.5798 (6)
0.6386 (6)
0.5630
0.6962
0.6944

0.4318
0.2627 (5)
0.2925 (5)
0.3999 (5)
0.4564
0.4224 (6)
0.4941
0.3383 (7)
0.3533
0.2331 (6)
0.1771
0.2107 (5)
0.1380
0.0689 (5)
0.0747
0.0241
0.1421
0.0156 (5)
~0.0880 (5)
~0.1267
~0.1335 (5)
-0.2045
~0.0747 (4)
~0.1040
0.0296 (4)
0.1021 (4)
0.0693 (5)
~0.0020
0.1441 (6)
0.1236
0.2471 (5)
0.2982
0.2774 (4)
0.3902 (4)
0.4200
0.4388
0.3846

Atomic displacement parameters (142 )

Znl
N1
N2
(0]
02
03
04

Ull

0.0556 (4)
0.040 (2)
0.038 (2)
0.0884 (18)
0.093 (3)
0.081 (3)
0.078 (3)

U22
0.0578 (4)
0.057 (3)
0.046 (3)
0.162 (3)
0.124 (3)
0.074 (2)
0.075 (2)

U3 3

0.0763
0.7920 (4)
0.6902 (4)
0.6671 (4)
0.7167
0.5677 (5)
0.5508
0.4953 (5)
0.4291
0.5199 (5)
0.4720
0.6159 (4)
0.6308
0.2271 (4)
0.2840
0.2431
0.2192
0.1256 (4)
0.0732 (6)
0.1009
~0.0189 (6)
~0.0524
~0.0621 (4)
~0.1259
~0.0087 (4)
~0.0519 (4)
~0.1451 (4)
~0.1832
~0.1813 (4)
~0.2440
~0.1248 (5)
~0.1492
~0.0311 (4)
0.0338 (5)
0.0507
~0.0060
0.0985

U12

0.0511 (4) 0.0185 (3)

0.053 (3)
0.054 (2)
0.069 (2)
0.066 (2)
0.056 (2)
0.044 (2)

0.013 (2)
0.016 (2)
0.063 (2)
0.061 (3)
0.037 (2)
0.0216 (19)

0.094*
0.0529 (13)
0.0538 (13)
0.0758 (16)
0.091*
0.097 (2)
0.116*
0.098 (2)
0.118*
0.0866 (19)
0.104*
0.0689 (15)
0.083*
0.0847 (18)
0.127*
0.127*
0.127*
0.0633 (15)
0.0798 (18)
0.096*
0.087 (2)
0.105*
0.0719 (16)
0.086*
0.0482 (12)
0.0471 (12)
0.0648 (15)
0.078*
0.0785 (17)
0.094*
0.0753 (16)
0.090*
0.0601 (14)
0.095 (2)
0.142*
0.142*
0.142*

U13

~0.0002 (3)
~0.002 (2)
0.005 (2)
~0.0244 (18)
~0.034 (2)
~0.008 (2)
0.0045 (19)

U23

~0.0035 (3)
0.013 (2)
0.002 (2)
~0.003 (2)
~0.0054 (18)
~0.0079 (18)
~0.0047 (18)
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05 0.092 (3) 0.073 (3) 0.065 (2) 0.021 (2) 0.019 (2) 0.014 (2)
06 0.100 (3) 0.068 (2) 0.051 (2) 0.030 (2) 0.016 (2) 0.0073 (19)
Cl 0.086 (2) 0.158 (3) 0.066 (2) 0.065 (2) ~0.0219 (19) ~0.006 (2)
2 0.084 (2) 0.155 (4) 0.064 (2) 0.066 (2) —0.021 (2) -0.007 (2)
c3 0.075 (5) 0.201 (8) 0.097 (5) 0.050 (5) 0.003 (4) ~0.027 (5)
C4 0.096 (6) 0.256 (12) 0.121 (7) 0.078 (7) ~0.032 (6) ~0.055 (7)
cs 0.135 (9) 0.205 (11) 0.155 (9) 0.101 (8) ~0.086 (7) ~0.069 (8)
C6 0.211 (10) 0.094 (6) 0.134 (7) 0.068 (6) ~0.083 (7) ~0.003 (5)
C7 0.117 (6) 0.095 (5) 0.100 (5) 0.043 (4) ~0.057 (5) -0.030 (4)
C8 0.068 (4) 0.049 (3) 0.042 (3) 0.014 (3) 0.014 (3) 0.003 (3)
C9 0.059 (3) 0.053 (3) 0.047 (3) 0.019 (3) 0.006 (3) -0.002 (3)
C10 0.120 (5) 0.095 (5) 0.063 (4) 0.058 (4) 0.004 (4) ~0.005 (3)
Cll 0.160 (8) 0.120 (6) 0.075 (5) 0.071 (6) 0.012 (5) ~0.024 (4)
c12 0.114 (7) 0.120 (6) 0.147 (7) 0.064 (5) 0.025 (6) ~0.030 (6)
C13 0.071 (5) 0.101 (6) 0.166 (8) 0.039 (4) ~0.012 (5) ~0.033 (5)
Cl4 0.060 (4) 0.068 (4) 0.096 (4) 0.021 (3) ~0.003 (4) -0.016 (3)
C1s 0.048 (3) 0.059 (4) 0.055 (3) 0.022 (3) 0.005 (3) 0.011 (3)
C16 0.049 (3) 0.066 (4) 0.045 (3) 0.016 (3) 0.002 (3) 0.009 (3)
C17 0.075 (4) 0.082 (5) 0.065 (4) 0.012 (3) 0.011 3) 0.013 (3)
C18 0.103 (5) 0.101 (5) 0.074 (4) ~0.001 (4) 0.018 (4) 0.028 (4)
C19 0.090 (5) 0.141 (7) 0.055 (4) 0.014 (5) 0.017 (4) 0.018 (5)
€20 0.084 (5) 0.117 (6) 0.060 (4) 0.031 (4) 0.015 (3) 0.002 (4)
C21 0.072 (4) 0.082 (4) 0.054 (3) 0.026 (3) 0.009 (3) 0.006 (3)
22 0.063 (4) 0.116 (5) 0.078 (4) 0.021 (4) 0.014 (3) 0.026 (4)
23 0.052 (4) 0.069 (4) 0.069 (4) 0.018 (3) ~0.006 (3) 0.025 (3)
24 0.058 (4) 0.065 (5) 0.110 (5) 0.003 (3) 0.001 (4) 0.034 (4)
25 0.075 (5) 0.056 (4) 0.114 (6) 0.004 (4) ~0.017 (4) 0.008 (4)
26 0.069 (4) 0.054 (4) 0.079 (4) 0.011 (3) ~0.012 (3) -0.004 (3)
27 0.046 (3) 0.043 (3) 0.051 (3) 0.015 (3) ~0.012 (3) 0.002 (3)
C28 0.047 (3) 0.046 (3) 0.051 (3) 0.025 (3) ~0.003 (3) 0.000 (3)
29 0.076 (4) 0.061 (4) 0.060 (4) 0.032 (3) 0.005 (3) ~0.008 (3)
C30 0.096 (5) 0.104 (5) 0.055 (4) 0.053 (4) 0.030 (4) 0.016 (4)
C31 0.073 (4) 0.086 (5) 0.074 (4) 0.030 (4) 0.019 (3) 0.017 (4)
32 0.060 (4) 0.056 (4) 0.064 (4) 0.019 (3) 0.005 (3) 0.009 (3)
C33 0.099 (5) 0.066 (4) 0.099 (4) -0.012 3) 0.023 (4) 0.005 (4)

Geometric parameters (4, °)

Znl—O03 1.917 (3) C13—H13 0.9300
Znl—N1 2.059 (4) Cl4—H14 0.9300
Znl—N2 2.062 (4) C15—Cl16 1.484 (7)
Znl—Ol 2.120 (4) C16—C21 1.368 (6)
Znl—02 2.283 (4) C16—C17 1.381 (7)
N1—C27 1.344 (6) C17—CI18 1.402 (7)
N1—C23 1.350 (6) C17—H17 0.9300
N2—C28 1.335 (5) C18—C19 1.375 (8)
N2—C32 1.353 (6) C18—HI8 0.9300
01—Cl 1.252 (8) C19—C20 1.365 (8)
02—Cl 1.235 (8) C19—H19 0.9300
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03—C8
04—C8
05—Cl15
06—C15
06—H6
cl—C2
c2—C3
c2—C7
C3—C4
C3—H3
C4—Cs
C4—H4
C5—C6
C5—HS
Cc6—C7
C6—HG6A
C7—H7
Cc8—C9
C9—Cl4
C9—C10
cl0—Cl1
C10—H10
Cl1—C12
Cl1—HI1
Cl12—Cl13
Cl12—HI2
C13—Cl4
03—Znl—N1
03—Zn1—N2
N1—Znl—N2
03—Zn1—O01
N1—Znl—O01
N2—Zn1—O01
03—Zn1—02
N1—Znl—02
N2—Znl—02
01—Zn1—02
C27—N1—C23
C27—NI1—Znl
C23—NI1—Znl
C28—N2—C32
C28—N2—7Znl
C32—N2—Znl
C1—01—Znl
C1—02—7Znl
C8—03—Znl
C15—06—H6
02—C1—01
02—C1—C2

1.285 (5)
1.233 (5)
1.204 (5)
1.327 (5)
0.8200
1.423 (7)
1.3900
1.3900
1.3900
0.9300
1.3900
0.9300
1.3900
0.9300
1.3900
0.9300
0.9300
1.485 (7)
1.369 (6)
1.377 (6)
1.384 (8)
0.9300
1.374 (9)
0.9300
1.352 (8)
0.9300
1.369 (8)

119.74 (16)
124.65 (15)
80.07 (17)
102.78 (16)
132.61 (16)
93.04 (16)
104.33 (15)
91.25 (15)
127.89 (14)
56.64 (17)
119.8 (4)
113.4 (3)
126.6 (4)
119.6 (4)
113.8 (3)
126.4 (3)
98.0 (4)
90.6 (4)
117.4 (3)
109.5

114.7 (6)
124.5 (7)

C20—C21
C20—H20
C21—H21
C22—C23
C22—H22A
C22—H22B
C22—H22C
C23—C24
C24—C25
C24—H24
C25—C26
C25—H25
C26—C27
C26—H26
C27—C28
C28—C29
C29—C30
C29—H29
C30—C31
C30—H30
C31—C32
C31—H31
C32—C33
C33—H33A
C33—H33B
C33—H33C

05—C15—C16
06—C15—C16
C21—C16—C17
C21—C16—C15
C17—C16—C15
C16—C17—C18
Cl16—C17—H17
C18—C17—H17
C19—C18—C17
C19—C18—H18
C17—C18—H18
C20—C19—C18
C20—C19—H19
C18—C19—H19
C19—C20—C21
C19—C20—H20
C21—C20—H20
C20—C21—C16
C20—C21—H21
Cl16—C21—H21
C23—C22—H22A
C23—C22—H22B

1.369 (7)
0.9300
0.9300
1.496 (7)
0.9600
0.9600
0.9600
1.384 (7)
1.362 (8)
0.9300
1.368 (8)
0.9300
1.384 (6)
0.9300
1.492 (6)
1.372 (6)
1.382 (7)
0.9300
1.349 (7)
0.9300
1.379 (7)
0.9300
1.488 (7)
0.9600
0.9600
0.9600

123.5 (5)
113.6 (5)
119.5 (5)
119.1 (5)
121.3 (5)
119.0 (6)
120.5
120.5
120.0 (6)
120.0
120.0
120.4 (6)
119.8
119.8
119.4 (6)
120.3
120.3
121.6 (6)
119.2
119.2
109.5
109.5
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supplementary materials

0l—Cl1—C2
C3—C2—C7
C3—C2—Cl
C7—C2—Cl
C4—C3—C2
C4—C3—H3
C2—C3—H3
C3—C4—C5
C3—C4—H4
C5—C4—H4
C4—C5—C6
C4—C5—HS5
C6—C5—HS5
C7—C6—C5
C7—C6—H6A
C5—C6—HG6A
C6—C7—C2
C6—C7—H7
C2—C7—H7
04—C8—03
04—C8—C9
03—C8—C9
C14—C9—C10
C14—C9—C8
C10—C9—C8
C9—C10—Cl1
C9—C10—H10
C11—C10—HI0
C12—C11—C10
Cl2—Cl1—HI1
C10—C11—HI1
C13—Cl2—Cl1
C13—Cl12—H12
Cl1—CI2—HI12
Cl12—C13—Cl4
C12—C13—HI3
Cl4—C13—HI3
C9—Cl4—C13
C9—Cl4—H14
C13—Cl4—H14
05—C15—06
03—Znl—N1—C27
N2—Znl—N1—C27
01—Znl—N1—C27
02—Zn1—N1—C27
03—Znl—N1—C23
N2—Znl—N1—C23
O1—Znl—N1—C23
02—Znl—N1—C23

120.8 (7)
120.0
122.6 (5)
117.3 (5)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
123.0 (5)
120.3 (5)
116.7 (4)
118.3 (5)
120.0 (5)
121.6 (5)
121.0 (6)
119.5
119.5
119.1 (6)
120.5
120.5
120.0 (7)
120.0
120.0
120.8 (7)
119.6
119.6
120.8 (6)
119.6
119.6
122.9 (5)

134.4 (3)
10.0 (3)
~74.9 (4)
~1183 (3)
-50.8 (4)
~175.2 (4)
99.9 (4)
56.5 (4)

H22A—C22—H22B
C23—C22—H22C
H22A—C22—H22C
H22B—C22—H?22C
N1—C23—C24
N1—C23—C22
C24—C23—C22
C25—C24—C23
C25—C24—H24
C23—C24—H24
C24—C25—C26
C24—C25—H25
C26—C25—H25
C25—C26—C27
C25—C26—H26
C27—C26—H26
N1—C27—C26
N1—C27—C28
C26—C27—C28
N2—C28—C29
N2—C28—C27
C29—C28—C27
C28—C29—C30
C28—C29—H29
C30—C29—H29
C31—C30—C29
C31—C30—H30
C29—C30—H30
C30—C31—C32
C30—C31—H31
C32—C31—H31
N2—C32—C31
N2—C32—C33
C31—C32—C33
C32—C33—H33A
C32—C33—H33B
H33A—C33—H33B
C32—C33—H33C
H33A—C33—H33C
H33B—C33—H33C

C8—C9—C10—Cl11
C9—C10—C11—CI12
C10—C11—C12—C13
C11—C12—C13—C14
C10—C9—C14—C13
C8—C9—C14—C13
C12—C13—C14—C9
05—C15—C16—C21

109.5
109.5
109.5
109.5
119.8 (5)
117.9 (5)
122.2 (6)
120.2 (6)
119.9
119.9
120.0 (6)
120.0
120.0
118.4 (6)
120.8
120.8
121.7 (5)
115.9 (4)
122.4 (5)
121.7 (5)
115.4 (4)
122.9 (5)
118.8 (5)
120.6
120.6
119.3 (5)
120.4
120.4
120.5 (6)
119.7
119.7
120.0 (5)
117.5 (5)
122.5 (5)
109.5
109.5
109.5
109.5
109.5
109.5

179.1 (6)
—0.2(11)
—2.5(13)
1.9 (13)
~4.0 (9)
~179.8 (6)
1.4 (11)
~18.5(7)
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supplementary materials

03—Znl—N2—C28
N1—Znl—N2—C28
01—Zn1—N2—C28
02—Znl1—N2—C28
03—Znl—N2—C32
N1—Znl—N2—C32
01—Zn1—N2—C32
02—Znl—N2—C32
03—Zn1—01—C1
N1—Zn1—0O1—Cl1
N2—Zn1—0O1—Cl1
02—Zn1—01—C1
03—Zn1—02—C1
N1—Zn1—02—C1
N2—Zn1—02—C1
01—Zn1—02—C1
N1—Zn1—03—C8
N2—Zn1—03—C8
01—Zn1—03—C8
02—Zn1—03—C8
Zn1—02—C1—O01
Zn1—02—C1—C2
Zn1—01—C1—02
Zn1—01—C1—C2
02—C1—C2—C3
01—C1—C2—C3
02—C1—C2—C7
01—C1—C2—C7
C7—C2—C3—C4
Cl—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—C7
C5—C6—C7—C2
C3—C2—C7—C6
C1—C2—C7—C6
Zn1—03—C8—04
Zn1—03—C8—C9
04—C8—C9—C14
03—C8—C9—C14
04—C8—C9—C10
03—C8—C9—C10

C14—C9—C10—C11

Hydrogen-bond geometry (4, ©)

D—H-4
C24—H24--05!
C33—H33C--01

~130.2 3)
~10.8 (3)
122.0 (3)
73.0 (3)
55.2 (4)
174.6 (4)
~52.6 (4)
~101.6 (4)
100.7 (4)
~53.5(5)
~132.8 (4)
1.8 (4)
-97.8 (4)
141.0 (4)
62.6 (4)
~1.8(4)
—45.9 (4)
52.9 (4)
155.8 (3)
~145.8 3)
2.8 (6)
~174.3 (6)
-3.0(7)
174.2 (5)
175.0 (5)
~1.9(8)
-2.0(8)
~178.9 (5)
0.0
~176.9 (5)
0.0

0.0

0.0

0.0

0.0

177.1 (4)
-5.0 (6)
172.6 (3)
4.8 (7)
~172.9 (5)
~170.8 (5)
11.5 (7)
3.4 (9)

0.93
0.96

06—C15—C16—C21
05—C15—C16—C17
06—C15—C16—C17
C21—C16—C17—C18
C15—C16—C17—C18
C16—C17—C18—C19
C17—C18—C19—C20
C18—C19—C20—C21
C19—C20—C21—C16
C17—C16—C21—C20
C15—C16—C21—C20
C27—N1—C23—C24
Zn1—N1—C23—C24
C27—N1—C23—C22
Zn1—N1—C23—C22
N1—C23—C24—C25
C22—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C27
C23—N1—C27—C26
Zn1—N1—C27—C26
C23—N1—C27—C28
Zn1—N1—C27—C28
C25—C26—C27—N1
C25—C26—C27—C28
C32—N2—C28—C29
Zn1—N2—C28—C29
C32—N2—C28—C27
Zn1—N2—C28—C27
N1—C27—C28—N2
C26—C27—C28—N2
N1—C27—C28—C29
C26—C27—C28—C29
N2—C28—C29—C30
C27—C28—C29—C30
C28—C29—C30—C31
C29—C30—C31—C32
C28—N2—C32—C31
Zn1—N2—C32—C31
C28—N2—C32—C33
Zn1—N2—C32—C33
C30—C31—C32—N2
C30—C31—C32—C33

H-A
2.44
2.52

DA

3.340 (8)
3.199 (8)

161.4 (4)
158.1 (5)
~22.0 (6)
~0.3(8)
~176.9 (5)
~0.4(9)
—0.8 (10)
2.6 (10)
-3.4(9)
22(8)
178.9 (5)
—0.5(7)
~175.0 (4)
~178.6 (4)
6.9 (6)
2.1(8)
~179.9 (5)
-2.7(9)
1.6 (8)
—0.6 (6)
174.6 3)
176.8 (4)
~7.9(5)
0.1(7)
~177.2 (5)
3.7(6)
~171.4 3)
~175.3 (4)
9.7 (4)
-12(5)
176.3 (4)
179.9 (4)
-2.7(7)
~1.8(7)
177.1 (4)
—0.5(8)
0.8 (8)
-33(7)
171.1 3)
177.4 (4)
-8.2(6)
1.0 (8)
~179.7 (5)

D—H4
162
128
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supplementary materials

C22—H22A-+02 0.96 2.57 3.289 (7) 132
06—H6--04! 0.82 1.85 2.655 (5) 166
C31—H31-Cgl'l 0.93 2.79 3.708 (7) 170

Symmetry codes: (i) —x, —y, —z+1; (ii) x, y, z+1; (iii) —x+1, —p+1, —z.
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