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The title mononuclear zinc(II) complex, [Zn(C;oH;5N3),]-
(ClO,),, was obtained by the reaction of 2-acetylpyridine, N-
methylethane-1,2-diamine and zinc perchlorate in methanol.
The asymmetric unit of the complex contains two independent
[Zn(C,oH,sN3),]** cations and four perchlorate anions. The
Zn" atom in each complex cation is six-coordinated by two
pyridine N, two imine N and two amine N atoms from two
N-methyl-N'-[1-(pyridin-2-yl)ethylidene]ethane-1,2-diamine
Schiff base ligands in a distorted octahedral geometry. The
pyridine rings in each of the complex cations are approxi-
mately perpendicular to each other, making dihedral angles of
88.4 (3) and 87.9 (3)°. The perchlorate anions are linked to the
complex cations through N—H- - -O hydrogen bonds

Related literature

For Schiff base complexes we have reported previously, see:
Wang (2009); Wang & Ye (2011). For other similar zinc
complexes, see: Cai et al. (2009); Yang et al. (2009); Bing et al.
(2010); Wang et al. (2010).
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Experimental

Crystal data

[Zn(C;oH;5N3),](ClO,),» V =2709.89 (11) A®
M, = 618.77 Z=4

Monoclinic, P2, Mo Ko radiation
a=127999 (3) A w=116 mm™
b=158414 (4) A T =298 K

¢ =13.6869 (3) A 0.32 x 0.30 x 0.27 mm
B =102.461 (1)°

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.708, Tyax = 0.745

12863 measured reflections
7055 independent reflections
5567 reflections with I > 20(I)
Rin = 0.034

Omax = 23.9°

Refinement

R[F? > 20(F%)] = 0.059
wR(F?) = 0.168

S =1.04

7055 reflections

675 parameters

7 restraints

H-atom parameters constrained

APmax = 073 ¢ A7

APmin = —0.63 e A7

Absolute structure: Flack (1983),
2683 Friedel pairs

Flack parameter: 0.01 (2)

Table 1

Selected bond lengths (A).

Zn1—N5 2.087 (6) Zn2—Ni11 2.090 (7)
Zn1—N2 2.105 (6) Zn2—N8 2.109 (7)
Znl—N3 2163 (6)  Zn2—N9 2.188 (7)
Znl—N4 2.210 (7) Zn2—N7 2.209 (6)
Znl—N6 2215 (7) Zn2—N12 2224 (7)
Znl—N1 2278(6)  Zn2—N10 2225 (7)
Table 2

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N12—HI24. .05’ 091 255 3.425 (13) 163
N12—HI12A---07' 0.91 2.38 3.175 (17) 146
N9—HOC. - »OSf 0.91 2.45 3.315 (14) 158
N9—H9C- - -O5' B 0.91 2.39 3.188 (13) 146
N6—H6A---010" 0.91 2.55 3.30 (3) 140
N3—H3A4---016" 0.91 2.28 3.092 (11) 148

Symmetry codes: (i) —x+ 1,y — %, —z + 1; (ii) x + 1, y, z — 1; (iii) x, y, 2 — 1.

Data collection: SMART (Bruker, 1998); cell refinement: SAINT
(Bruker, 1998); 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.

This work was supported financially by the Natural Science
Foundation of China (No. 31071856), the Natural Science
Foundation of Zhejiang Province (No. Y407318) and the
Applied Research Project on Nonprofit Technology of
Zhejiang Province (No. 2010 C32060).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SJ5175).

m1038 chen-vi Wang

doi:10.1107/51600536811026079

Acta Cryst. (2011). E67, m1038-m1039


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB10
https://crossmark.crossref.org/dialog/?doi=10.1107/S1600536811026079&domain=pdf&date_stamp=2011-07-06

metal-organic compounds

References Sheldrick, G. M. (1996). SADABS. University of Gottingen, Germany.
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.
Bing, Y., Li, X., Zha, M. & Lu, Y. (2010) Acta Cryst. E66, m1524-m1525. Wang, C.-Y. (2009) J. Coord. Chem. 62, 2860-2868.
Bruker (1998). SMART and SAINT. Bruker AXS Inc., Madison, Wisconsin, Wang, C.-Y., Han, Z.-P, Wu, X., Yuan, C.-J. & Zhou, J.-B. (2010). Acta Cryst.
USA. E66, m120.
Cai, Y.-J., Huang, P, LiJ & Wang, Q. (2009) Acta Cryst. E65, m1115. Wang, CY &YelY. (2011) Russ. J. Coord. Chem. 37, 235-241.
Flack, H. D. (1983). Acta Cryst. A39, 876-831. Yang, J., Li, J., Zhang, X. & Wang, Q. (2009). Acta Cryst. E65, m1062.

Acta Cryst. (2011). E67, m1038-m1039 Chen-Yi Wang + [Zn(C;oH;sN3),1Cl0y), mMT1039


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sj5175&bbid=BB10

supporting information
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Bis{N-methyl-N'-[1-(pyridin-2-yl)ethylidene]ethane-1,2-diamine}zinc bis-
(perchlorate)

Chen-Yi Wang

S1. Comment

As part of our investigations into Schiff base complexes (Wang & Ye, 2011; Wang, 2009), we have synthesized the title
compound, a new mononuclear zinc(Il) complex, Fig. 1. The asymmetric unit of the complex contains two independent
[Zn(C1oH15N3),])** cations and four perchlorate anions. The Zn atom in the complex is six-coordinated by two pyridine N,
two imine N, and two amine N atoms from two Schiff base ligands N-methyl-N'-(1-pyridin-2-ylethylidene)ethane- 1,2-di-
amine, forming an octahedral geometry. The two pyridine rings in the complex cations are approximately perpendicular
to each other, with the dihedral angles of 88.4 (3) and 87.9 (3)°, respectively. The trans angles at Zn atoms are in the
range 151.3 (3)-175.1 (3)°; the other angles are in the range 72.8 (2)-113.7 (3)° (Table 1), indicating a distorted
octahedral coordination. The Zn—O and Zn—N bond lengths (Table 1) are comparable with those observed in other similar
zinc(Il) complexes (Cai ef al., 2009; Yang et al., 2009; Bing ef al., 2010; Wang et al., 2010). The perchlorate anions are
linked to the complex cations through N—H---O hydrogen bonds (Table 2).

S2. Experimental

2-Acetylpyridine (1.0 mmol, 0.121 g), N-methylethane-1,2-diamine (1.0 mmol, 0.074 g), and zinc perchlorate
hexahydrate (1.0 mmol, 0.372 g) were dissolved in MeOH (30 ml). The mixture was stirred at room temperature for 10
min to give a clear colorless solution. After keeping the solution in air for 5 d, colorless block-shaped crystals were

formed at the bottom of the vessel.

S3. Refinement

All H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms, with C—H
distances in the range 0.93-0.97 A, N—H distances of 0.91 A, and with Uy,(H) set at 1.2U.,(C,N) and 1.5U.(methyl C).

Acta Cryst. (2011). E67, m1038-m1039 sup-1
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Figure 1
The molecular structure of the molecule 1 Znl complex together with its associated of the perchlorate anions, showing

the atom numbering scheme. Displacement ellipsoids are drawn at the 30% probability level. H atoms are omitted for

clarity.
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Figure 2
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The molecular structure of the molecule 2 Zn2 complex together with its associated of the perchlorate anions, showing

the atom numbering scheme. Displacement ellipsoids are drawn at the 30% probability level. H atoms are omitted for

clarity.

Bis{N-methyl-N'-[1-(pyridin-2-yl)ethylidene]ethane- 1,2-diamine}zinc bis(perchlorate)

Crystal data

[ZH(C10H15N3)2](C104)2
M,=618.77
Monoclinic, P2,

Hall symbol: P 2yb
a=12.7999 (3) A
b=158414 (4 A
c=13.6869 (3) A
p=102.461 (1)°
V'=2709.89 (11) A?
Z=4

Data collection

Bruker SMART CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

w scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Twin = 0.708, Tiax = 0.745

F(000) = 1280

Dy=1517Mgm’

Mo Ko radiation, 2 = 0.71073 A

Cell parameters from 3298 reflections
0=2.5-24.6°

u=1.16mm"

T=298 K

Block, colorless

0.32 x 0.30 x 0.27 mm

12863 measured reflections
7055 independent reflections
5567 reflections with 7> 20([)
R =0.034

Omax = 23.9°, Opin = 1.5°
h=-10—14

k=-15—18

[=-14—15
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Refinement

Refinement on F? Hydrogen site location: inferred from

Least-squares matrix: full neighbouring sites

R[F?>20(F?)] = 0.059 H-atom parameters constrained

wR(F?) =0.168 w = 1/[c*(F,?) + (0.1062P)* + 0.2728P]

S=1.04 where P = (F,> + 2F2)/3

7055 reflections (A/6)max = 0.001

675 parameters Apmax =0.73 ¢ A3

7 restraints Apmin=—0.63 ¢ A3

Primary atom site location: structure-invariant Absolute structure: Flack (1983), 2683 Friedel
direct methods pairs

Secondary atom site location: difference Fourier Absolute structure parameter: 0.01 (2)
map

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'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 F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) 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?
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 (42)

X y z Usiso™ Ueq
Znl 0.88515 (6) 0.30560 (5) 0.10215 (6) 0.0425 (3)
Zn2 0.38341 (7) 0.19458 (6) 0.59030 (6) 0.0464 (3)
Cll1 0.7463 (2) 0.0560 (2) 0.4186 (2) 0.0880 (8)
Cl2 0.3370 (3) 0.5819 (3) 0.1430 (3) 0.1132 (11)
Cl13 0.2472 (2) 0.1721 (2) 0.9959 (2) 0.0807 (8)
Cl4 0.8419 (3) 0.4442 (2) 0.7056 (2) 0.0955 (9)
o1 0.7313 (12) 0.1354 (7) 0.3791 (9) 0.182 (6)
02 0.8398 (9) 0.0241 (11) 0.3914 (11) 0.196 (7)
03 0.7689 (10) 0.0569 (9) 0.5237 (7) 0.151 (4)
04 0.6598 (7) 0.0056 (6) 0.3797 (9) 0.138 (4)
05 0.3300 (8) 0.5784 (7) 0.2452 (6) 0.122 (3)
06 0.2474 (7) 0.5587 (9) 0.0807 (7) 0.171 (6)
o7 0.4172 (9) 0.5280 (11) 0.1406 (14) 0.234 (9)
08 0.3758 (13) 0.6601 (8) 0.1233 (8) 0.188 (7)
09 0.3458 (6) 0.1339 (7) 1.0385 (10) 0.149 (5)
010 0.1706 (10) 0.1324 (12) 1.018 (2) 0.297 (13)
011 0.229 (2) 0.1748 (15) 0.9013 (9) 0.295 (13)
012 0.2362 (12) 0.2480 (10) 1.0413 (11) 0.221 (8)
013 0.9530 (6) 0.4452 (10) 0.7187 (8) 0.151 (5)
014 0.816 (2) 0.3733 (13) 0.6554 (14) 0.339 (17)
015 0.8043 (11) 0.5059 (11) 0.6428 (9) 0.194 (8)
016 0.8055 (7) 0.4482 (7) 0.7922 (5) 0.122 (4)
N1 0.8801 (5) 0.3548 (4) 0.2575 (5) 0.0511 (16)
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N2
N3
H3A
N4
N5
N6
H6A
N7
N8
N9
HOC
NI10
NI11
N12
HI2A
Cl
C2
H2
C3
H3
C4
H4
C5
H5
C6
C7
H7A
H7B
H7C
C8
HSA
H8B
C9
HOA
HOB
C10
HIOA
H10B
H10C
Cl11
C12
HI2
C13
H13
Cl14
H14
C15
H15

0.9733 (5)
0.9174 (5)
0.8635
0.7167 (5)
0.7953 (5)
1.0141 (5)
1.0598
0.2080 (5)
0.3555 (6)
0.5465 (6)
0.5754
0.3591 (5)
0.4071 (5)
0.3979 (6)
0.4670
0.9455 (6)
0.9688 (8)
1.0160
0.9234 (9)
0.9407
0.8510 (8)
0.8159
0.8314 (7)
0.7825
0.9871 (6)
1.0410 (10)
1.0743
1.0944
0.9889
1.0080 (8)
1.0772
0.9572
1.0154 (7)
1.0246
1.0769
0.9219 (10)
0.9431
0.8527
0.9731
0.6467 (6)
0.5389 (7)
0.4913
0.5041 (9)
0.4312
0.5738 (8)
0.5502
0.6795 (7)
0.7286

0.4188 (4)
0.3229 (5)
0.3558
0.3456 (5)
0.1979 (4)
0.2130 (5)
0.2203
0.1975 (5)
0.2852 (4)
0.2398 (5)
0.2065
0.2709 (4)
0.1126 (4)
0.0720 (5)
0.0675
0.4204 (5)
0.4491 (6)
0.4939
0.4127 (7)
0.4307
0.3481 (6)
0.3234
0.3210 (6)
0.2774
0.4594 (5)
0.5439 (6)
0.5553
0.5438
0.5869
0.4481 (7)
0.4754
0.4889
0.3738 (7)
0.3935
0.3395
0.2486 (8)
0.2654
0.2225
0.2092
0.2861 (6)
0.3028 (9)
0.2615
0.3804 (9)
0.3920
0.4436 (8)
0.4975
0.4216 (7)
0.4628

0.1230 (5)
~0.0453 (5)
~0.0797
0.0521 (5)
0.1151 (5)
0.1570 (6)
0.1152
0.5748 (5)
0.6947 (5)
0.6485 (6)
0.7016
0.4508 (5)
0.4775 (5)
0.6714 (5)
0.7054
0.2849 (5)
0.3818 (7)
0.3991
0.4535 (8)
0.5197
0.4235 (7)
0.4691
0.3274 (7)
0.3084
0.2052 (7)
0.2197 (9)
0.1645
0.2809
0.2229
0.0341 (7)
0.0534
~0.0015
~0.0327 (7)
~0.0974
~0.0032
~0.1077 (9)
~0.1680
—0.1242
~0.0718
0.0666 (6)
0.0520 (7)
0.0634
0.0210 (9)
0.0092
0.0061 (8)
~0.0147
0.0239 (7)
0.0156

0.0466 (15)
0.0529 (17)
0.064*
0.0531 (17)
0.0484 (15)
0.0611 (19)
0.073*
0.0553 (17)
0.0580 (19)
0.066 (2)
0.080*
0.0506 (16)
0.0523 (17)
0.063 (2)
0.076*
0.0441 (17)
0.071 (3)
0.085*
0.078 (3)
0.094*
0.065 (2)
0.079*
0.063 (2)
0.075*
0.054 (2)
0.084 (3)
0.127*
0.127*
0.127*
0.065 (2)
0.078*
0.078*
0.064 (2)
0.077*
0.077*
0.092 (3)
0.138*
0.138*
0.138*
0.051 (2)
0.072 (3)
0.087*
0.086 (3)
0.103*
0.082 (3)
0.099*
0.067 (2)
0.081*
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Cle
C17
HI7A
H17B
H17C
C18
HI8A
H18B
C19
HI9A
HI19B
C20
H20A
H20B
H20C
C21
C22
H22
C23
H23
C24
H24
C25
H25
C26
C27
H27A
H27B
H27C
C28
H28A
H28B
C29
H29A
H29B
C30
H30A
H30B
H30C
C31
C32
H32
C33
H33
C34
H34
C35
H35

0.6942 (6)
0.6187 (9)
0.6394
0.5470
0.6218
0.8564 (8)
0.8204
0.8630
0.9640 (10)
1.0101
0.9575
1.0787 (10)
1.0374
1.1048
1.1381
0.1783 (7)
0.0704 (9)
0.0490
~0.0012 (10)
~0.0720
0.0281 (8)
~0.0225
0.1365 (7)
0.1580
0.2624 (8)
0.2331 (11)
0.2969
0.1980
0.1860
0.4522 (9)
0.4786
0.4360
0.5343 (9)
0.5138
0.6025
0.6200 (8)
0.5877
0.6356
0.6851
0.3733 (6)
0.3646 (8)
0.3777
0.3352 (10)
0.3252
0.3228 (9)
0.3076
0.3321 (8)
0.3191

0.2031 (6)
0.1327 (9)
0.0814
0.1474
0.1248
0.1219 (6)
0.0726
0.1152
0.1310 (8)
0.0865
0.1240
0.2266 (10)
0.2173
0.2836
0.1882
0.2513 (6)
0.2577 (9)
0.2954
0.2079 (12)
0.2080
0.1574 (9)
0.1263
0.1538 (7)
0.1195
0.2988 (6)
0.3632 (8)
0.3904
0.3355
0.4046
0.3275 (7)
0.2987
0.3855
0.3251 (7)
0.3642
0.3435
0.2383 (9)
0.2663
0.1808
0.2667
0.2261 (6)
0.2638 (8)
0.2329
0.3511 (8)
0.3781
0.3926 (6)
0.4501
0.3517 (7)
0.3814

0.1007 (5)
0.1147 (10)
0.0867
0.0816
0.1848
0.1499 (8)
0.1165
0.2214
0.1265 (11)
0.1601
0.0550
0.2525 (10)
0.3023
0.2572
0.2633
0.6400 (7)
0.6456 (10)
0.6896
0.5858 (13)
0.5923
0.5157 (11)
04712
0.5127 (8)
0.4655
0.7070 (6)
0.7780 (9)
0.8140
0.8243
0.7406
0.7513 (7)
0.8143
0.7655
0.6884 (9)
0.6331
0.7283
0.5806 (11)
0.5193
0.5666
0.6112
0.3699 (6)
0.2782 (7)
0.2243
0.2661 (8)
0.2044
0.3509 (9)
0.3475
0.4399 (8)
0.4947

0.0490 (18)
0.101 (4)
0.151*
0.151%
0.151%
0.066 (2)
0.080*
0.080*
0.101 (4)
0.121%
0.121%
0.124 (6)
0.186*
0.186*
0.186*
0.059 (2)
0.087 (4)
0.104*
0.115 (6)
0.138*
0.092 (4)
0.111*
0.074 (3)
0.089*
0.063 (2)
0.097 (4)
0.146*
0.146*
0.146*
0.080 (3)
0.096*
0.096*
0.086 (3)
0.103*
0.103*
0.103 (4)
0.155*
0.155*
0.155*
0.057 (2)
0.075 (3)
0.089*
0.087 (3)
0.105*
0.086 (3)
0.103*
0.073 (3)
0.088*
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C36 0.4025 (6) 0.1378 (5) 0.3889 (6) 0.0485 (19)
C37 0.4197 (9) 0.0830 (7) 0.3018 (7) 0.075 (3)
H37A 0.4947 0.0803 0.3021 0.112*
H37B 0.3820 0.1072 0.2398 0.112*
H37C 0.3931 0.0272 0.3087 0.112*
C38 0.4362 (9) 0.0261 (6) 0.5132 (8) 0.071 (3)
H38A 0.4148 —0.0139 0.4589 0.085%*
H38B 0.5130 0.0218 0.5376 0.085%*
C39 0.3813 (8) 0.0074 (6) 0.5937 (8) 0.071 (3)
H39A 0.3052 0.0021 0.5657 0.085%*
H39B 0.4065 —0.0463 0.6237 0.085%*
C40 0.3310 (9) 0.0598 (9) 0.7436 (8) 0.090 (3)
H40A 0.2574 0.0566 0.7093 0.135%
H40B 0.3405 0.1064 0.7895 0.135%
H40C 0.3511 0.0084 0.7799 0.135%
Atomic displacement parameters (42)

Ull l]22 U33 U12 Ul3 U23
Znl 0.0435 (5) 0.0404 (5) 0.0437 (5) —0.0030 (4) 0.0099 (4) 0.0000 (4)
Zn2 0.0491 (5) 0.0463 (6) 0.0440 (5) —0.0020 (4) 0.0104 (4) —0.0043 (4)
Cl1 0.0811 (18) 0.098 (2) 0.0861 (19) —0.0145 (16) 0.0205 (14) 0.0061 (16)
CI2 0.100 (2) 0.137 (3) 0.097 (2) —0.004 (2) 0.0113 (18) 0.013 (2)
CI3 0.0684 (15) 0.100 (2) 0.0752 (17) 0.0028 (14) 0.0183 (12) —0.0022 (15)
Cl4 0.107 (2) 0.103 (2) 0.0740 (18) —0.0102 (18) 0.0128 (16) —0.0008 (18)
01 0.305 (17) 0.086 (7) 0.129 (9) —0.083 (9) —0.008 (9) 0.042 (7)
02 0.108 (8) 0.296 (19) 0.198 (13) —0.032 (10) 0.061 (8) —0.131 (14)
03 0.207 (11) 0.179 (11) 0.075 (6) 0.020 (9) 0.050 (7) 0.011 (7)
04 0.073 (5) 0.100 (7) 0.212 (11) —0.038 (5) —0.035 (6) 0.047 (7)
05 0.178 (9) 0.122 (8) 0.065 (5) —0.049 (7) 0.029 (5) 0.020 (5)
06 0.096 (6) 0.285 (16) 0.101 (7) —0.091 (9) —0.045 (5) 0.016 (8)
o7 0.103 (8) 0.273 (18) 0.305 (19) 0.106 (10) —0.001 (10) —0.122 (16)
08 0.310 (16) 0.148 (10) 0.090 (6) —0.150 (11) 0.008 (8) 0.032 (7)
09 0.069 (5) 0.127 (8) 0.233 (13) 0.028 (5) —0.007 (6) —0.040 (8)
010 0.098 (9) 0.222 (18) 0.57 (4) —0.043 (11) 0.063 (14) 0.11 (2)
011 0.51 (3) 0.31(2) 0.077 (8) 0.18 (2) 0.096 (13) 0.017 (11)
012 0.223 (13) 0.208 (15) 0.182 (12) 0.129 (12) —0.070 (10) —0.111 (11)
013 0.068 (5) 0.262 (14) 0.124 (8) 0.036 (7) 0.027 (5) —0.017 (9)
014 0.51 (3) 0.34 (2) 0.261 (19) —0.34 (3) 0.27 (2) -0.23 (2)
015 0.213 (12) 0.261 (16) 0.130 (9) 0.138 (12) 0.085 (9) 0.144 (11)
016 0.133 (7) 0.193 (10) 0.055 (4) 0.084 (7) 0.050 (4) 0.030 (5)
N1 0.057 (4) 0.052 (4) 0.047 (4) —0.006 (3) 0.016 (3) —0.002 (3)
N2 0.051 (4) 0.044 (4) 0.045 (4) —0.007 (3) 0.009 (3) —0.001 (3)
N3 0.058 (4) 0.058 (5) 0.044 (4) 0.000 (3) 0.013 (3) —0.004 (3)
N4 0.056 (4) 0.052 (4) 0.051 (4) 0.007 (4) 0.010 (3) 0.001 (3)
N5 0.058 (4) 0.039 (4) 0.047 (4) —0.002 (3) 0.010 (3) 0.006 (3)
N6 0.052 (4) 0.057 (5) 0.073 (5) 0.009 (3) 0.009 (3) 0.008 (4)
N7 0.052 (4) 0.059 (4) 0.056 (4) 0.000 (4) 0.014 (3) 0.008 (4)
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N8 0.074 (5) 0.052 (5) 0.046 (4) 0.007 (4) 0.008 (3) ~0.005 (3)
N9 0.055 (4) 0.057 (5) 0.083 (6) ~0.007 (4) 0.005 (4) ~0.010 (4)
N10 0.058 (4) 0.048 (4) 0.049 (4) 0.000 (3) 0.017 (3) -0.002 (3)
N11 0.057 (4) 0.042 (4) 0.057 (5) 0.000 (3) 0.010 (3) ~0.009 (3)
N12 0.066 (4) 0.068 (5) 0.055 (4) -0.010 (4) 0.011 (3) 0.014 (4)
Cl 0.052 (4) 0.041 (4) 0.038 (4) 0.003 (4) 0.008 (3) ~0.003 (3)
2 0.095 (7) 0.055 (6) 0.065 (6) 0.002 (5) 0.021 (5) ~0.010 (5)
C3 0.112 (8) 0.071 (7) 0.052 (6) 0.016 (6) 0.020 (6) ~0.007 (5)
C4 0.081 (6) 0.066 (6) 0.058 (6) 0.004 (5) 0.033 (5) 0.003 (5)
cs 0.073 (6) 0.063 (6) 0.056 (5) 0.002 (5) 0.021 (4) 0.020 (5)
C6 0.044 (4) 0.047 (5) 0.065 (5) 0.000 (4) 0.001 (4) ~0.004 (4)
C7 0.124 (9) 0.053 (6) 0.084 (7) ~0.027 (6) 0.038 (7) ~0.008 (5)
C8 0.070 (6) 0.071 (6) 0.060 (5) ~0.011 (5) 0.028 (5) 0.007 (5)
C9 0.053 (5) 0.088 (7) 0.057 (5) 0.000 (5) 0.023 (4) ~0.001 (5)
Cl10 0.120 (9) 0.089 (8) 0.068 (7) ~0.007 (7) 0.021 (6) ~0.015 (6)
Cll 0.049 (5) 0.062 (6) 0.042 (4) ~0.001 (4) 0.011 (3) ~0.006 (4)
c12 0.045 (5) 0.113 (9) 0.059 (5) ~0.010 (6) 0.011 (4) ~0.009 (6)
C13 0.051 (6) 0.110 (10) 0.094 (8) 0.013 (7) 0.012 (5) ~0.026 (7)
Cl4 0.059 (6) 0.087 (8) 0.094 (8) 0.018 (6) 0.000 (5) ~0.024 (7)
Cl1s 0.064 (6) 0.058 (6) 0.078 (6) 0.006 (5) 0.011 (5) ~0.005 (5)
Cl6 0.053 (5) 0.055 (5) 0.037 (4) ~0.007 (4) 0.007 (3) ~0.002 (4)
C17 0.082 (7) 0.117 (10) 0.104 (9) ~0.042 (7) 0.022 (6) 0.018 (8)
C18 0.077 (6) 0.048 (5) 0.067 (6) 0.002 (4) 0.001 (5) 0.006 (4)
Cl19 0.102 (7) 0.077 (6) 0.117 (8) 0.010 (6) 0.008 (6) 0.011 (6)
C20 0.103 (9) 0.144 (13) 0.097 (9) 0.064 (9) ~0.041 (7) ~0.014 (9)
c21 0.064 (5) 0.062 (6) 0.059 (6) 0.018 (5) 0.028 (5) 0.024 (5)
22 0.057 (6) 0.107 (9) 0.105 (9) 0.027 (6) 0.036 (6) 0.047 (8)
23 0.062 (8) 0.146 (14) 0.149 (13) 0.044 (9) 0.046 (9) 0.086 (12)
24 0.047 (6) 0.107 (10) 0.111 (9) 0.002 (6) ~0.008 (6) 0.060 (9)
C25 0.051 (5) 0.100 (8) 0.065 (6) ~0.009 (5) ~0.001 (4) 0.009 (6)
C26 0.090 (7) 0.057 (6) 0.048 (5) 0.024 (5) 0.027 (5) 0.007 (5)
C27 0.149 (11) 0.084 (8) 0.072 (7) 0.035 (7) 0.054 (7) ~0.004 (6)
C28 0.101 (8) 0.070 (7) 0.062 (6) ~0.012 (6) 0.001 (5) ~0.030 (5)
€29 0.076 (7) 0.074 (8) 0.097 (8) ~0.021 (6) ~0.002 (6) ~0.016 (6)
C30 0.061 (6) 0.118 (10) 0.140 (11) ~0.039 (7) 0.043 (7) ~0.031 (9)
C31 0.050 (5) 0.072 (6) 0.052 (5) ~0.010 (4) 0.015 (4) ~0.002 (4)
C32 0.093 (7) 0.083 (7) 0.049 (5) 0.002 (6) 0.015 (5) 0.000 (5)
C33 0.130 (10) 0.076 (8) 0.059 (6) ~0.003 (7) 0.027 (6) 0.015 (6)
C34 0.120 (9) 0.041 (6) 0.089 (8) ~0.002 (5) 0.009 (7) 0.016 (6)
C35 0.092 (7) 0.058 (7) 0.068 (6) 0.007 (5) 0.015 (5) -0.002 (5)
C36 0.045 (4) 0.052 (5) 0.048 (5) ~0.002 (4) 0.008 (3) ~0.006 (4)
C37 0.098 (7) 0.074 (7) 0.059 (6) 0.005 (6) 0.030 (5) ~0.015 (5)
C38 0.092 (7) 0.048 (5) 0.074 (6) 0.015 (5) 0.020 (5) 0.002 (5)
C39 0.081 (7) 0.048 (6) 0.080 (7) ~0.006 (5) 0.008 (5) ~0.006 (5)
C40 0.094 (7) 0.104 (9) 0.077 (7) ~0.008 (7) 0.028 (6) 0.030 (7)
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Geometric parameters (A, ©)

Znl—N5 2.087 (6) C8—HSA 0.9700
Znl—N2 2.105 (6) C8—HSB 0.9700
Znl—N3 2.163 (6) C9—H9A 0.9700
Znl—N4 2.210 (7) C9—HI9B 0.9700
Zn1—N6 2.215 (7) C10—H10A 0.9600
Znl—N1 2.278 (6) C10—HI10B 0.9600
Zn2—Nl11 2.090 (7) C10—H10C 0.9600
Zn2—N8 2.109 (7) Cl1—C12 1.378 (12)
Zn2—N9 2.188 (7) Cl1—Cl16 1.481 (12)
Zn2—N7 2.209 (6) Cl12—C13 1.344 (18)
Zn2—N12 2.224 (7) Cl2—HI2 0.9300
Zn2—N10 2.225(7) C13—Cl4 1.385 (17)
Cl1—Ol 1.366 (10) C13—HI3 0.9300
Cl1—04 1.375 (8) Cl4—Cl15 1.368 (13)
Cl1—O03 1.406 (10) Cl4—H14 0.9300
Cll—02 1.421 (11) C15—H15 0.9300
Cl2—06 1.324 (8) Ccl16—C17 1.514 (13)
Cl2—07 1.342 (10) C17—HI17A 0.9600
Cl2—08 1.384 (10) C17—H17B 0.9600
Cl2—05 1.421 (8) C17—H17C 0.9600
CI13—010 1.256 (14) C18—C19 1.487 (16)
CI3—011 1.267 (12) C18—HI8A 0.9700
CI3—012 1.374 (12) C18—HI18B 0.9700
CI3—09 1.408 (9) C19—HI19A 0.9700
Cl4—014 1.321 (13) C19—HI19B 0.9700
Cl4—015 1.322 (10) C20—H20A 0.9600
Cl4—016 1.365 (7) C20—H20B 0.9600
Cl4—013 1.394 (8) C20—H20C 0.9600
N1—Cl 1.338 (10) C21—C22 1.404 (13)
N1—C5 1.359 (10) C21—C26 1.463 (14)
N2—C6 1.275 (10) C22—C23 1.35(2)
N2—C8 1.458 (10) C22—H22 0.9300
N3—C10 1.462 (13) C23—C24 1.36 (2)
N3—C9 1.470 (11) C23—H23 0.9300
N3—H3A 0.9100 C24—C25 1.398 (14)
N4—Cl5 1.321(12) C24—H24 0.9300
N4—Cl1 1.344 (10) C25—H25 0.9300
N5—C16 1.269 (9) C26—C27 1.509 (13)
N5—C18 1.457 (11) C27—H27A 0.9600
N6—C20 1.405 (13) C27—H27B 0.9600
N6—C19 1.468 (15) C27—H27C 0.9600
N6—H6A 0.9100 C28—C29 1.496 (15)
N7—C25 1.306 (12) C28—H28A 0.9700
N7—C21 1.346 (12) C28—H28B 0.9700
N8—C26 1.258 (11) C29—H29A 0.9700
N8—(28 1.472 (12) C29—H29B 0.9700
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N9—C30
N9—C29
N9—HOC
N10—C35
N10—C31
N11—C36
NI11—C38
N12—C40
N12—C39
N12—HI2A
Cl—C2
C1—C6
C2—C3
C2—H2
C3—C4
C3—H3
C4—C5
C4—H4
C5—H5
C6—C7
C7T—HT7A
C7—H7B
C7—H7C
C8—C9
N5—Zn1—N2
N5—Znl—N3
N2—Znl—N3
N5—Zn1—N4
N2—Zn1—N4
N3—Znl—N4
N5—Znl—N6
N2—Znl1—N6
N3—Zn1—N6
N4—Zn1—N6
N5—Znl—N1
N2—Zn1—NI1
N3—Znl—NI1
N4—Znl1—NI1
N6—Znl—N1
N11—Zn2—N8
N11—Zn2—N9
N8—Zn2—N9
NI11—Zn2—N7
N8—Zn2—N7
N9—Zn2—N7

N11—Zn2—N12

N8—Zn2—N12

1.459 (12)
1.478 (13)
0.9100
1.326 (12)
1.359 (11)
1.265 (11)
1.476 (12)
1.454 (11)
1.457 (12)
0.9100
1.372 (12)
1.451 (11)
1.371 (14)
0.9300
1.382 (14)
0.9300
1.355 (13)
0.9300
0.9300
1.500 (13)
0.9600
0.9600
0.9600
1.506 (14)

167.0 (2)
113.7 (3)
79.3 (3)
75.0 (3)
104.9 (3)
92.5 (3)
79.2 (3)
100.4 (3)
97.0 (3)
154.3 (3)
94.2 (2)
72.8 (2)
151.3 (3)
88.2(2)
94.6 (3)
175.1 3)
101.1 (3)
79.5 (3)
104.4 (3)
74.6 (3)
153.9 (3)
79.4 (3)
105.3 (3)

C30—H30A
C30—H30B
C30—H30C
C31—C32
C31—C36
C32—C33
C32—H32
C33—C34
C33—H33
C34—C35
C34—H34
C35—H35
C36—C37
C37—H37A
C37—H37B
C37—H37C
C38—C39
C38—H38A
C38—H38B
C39—H39A
C39—H39B
C40—H40A
C40—H40B
C40—H40C

N3—C9—H9B
C8—C9—H9B

H9A—C9—H9B
N3—C10—H10A
N3—C10—H10B
H10A—C10—H10B
N3—C10—H10C
HI10A—C10—H10C
H10B—C10—H10C

N4—CI11—C12
N4—C11—C16

C12—C11—C16
C13—C12—Cl11
C13—C12—HI12
Cl11—CI12—HI12
C12—C13—C14
C12—C13—HI13
C14—C13—HI13
C15—C14—C13
C15—C14—H14
C13—C14—H14

N4—C15—C14
N4—C15—H15

0.9600
0.9600
0.9600
1.373 (13)
1.456 (13)
1.434 (15)
0.9300
1.373 (15)
0.9300
1.362 (14)
0.9300
0.9300
1.529 (12)
0.9600
0.9600
0.9600
1.460 (13)
0.9700
0.9700
0.9700
0.9700
0.9600
0.9600
0.9600

109.7
109.7
108.2
109.5
109.5
109.5
109.5
109.5
109.5
121.5 (9)
115.4 (7)
123.1 (9)
118.4 (11)
120.8
120.8
121.8 (10)
119.1
119.1
115.7 (11)
122.2
122.2
124.4 (10)
117.8
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N9—Zn2—N12
N7—Zn2—N12
N11—Zn2—N10
N8—Zn2—N10
N9—Zn2—N10
N7—Zn2—N10
N12—Zn2—N10
01—Cl11—04
01—C11—03
04—CI1—03
01—CI1—02
04—Cl11—02
03—Cl11—02
06—CI2—07
06—CI2—O08
O07—CI12—O08
06—CI12—O05
07—CI2—O05
08—CI2—O05
010—CI3—O011
010—CI3—O012
011—CI3—012
010—CI3—09
011—CI13—09
012—CI3—09
014—Cl4—O015
014—Cl4—O016
015—CI4—O016
014—CI4—O013
015—CI4—O013
016—Cl4—O013
C1—NI1—C5
C1—N1—Znl
C5—N1—Znl
C6—N2—C8
C6—N2—Znl
C8—N2—Znl
C10—N3—C9
C10—N3—Znl
C9—N3—Znl
C10—N3—H3A
C9—N3—H3A
Znl—N3—H3A
C15—N4—C11
C15—N4—Znl
C11—N4—Znl
C16—N5—C18
C16—N5—Znl

97.7 3)
92.3 (3)
73.7(3)
101.5 (3)
94.6 (3)
87.4 (2)
152.1 (3)
110.5 (7)
112.0 (8)
111.9 (7)
106.1 (11)
110.2 (8)
105.8 (8)
111.6 (10)
114.9 (9)
104.8 (11)
113.2 (7)
102.2 (10)
109.2 (7)
106.6 (17)
99.6 (13)
114.8 (12)
111.2 (10)
112.7 (10)
111.0 (7)
106.0 (14)
113.5 (8)
112.7 (7)
101.9 (12)
107.1 (9)
114.7 (6)
117.6 (7)
112.7 (5)
129.2 (6)
124.5 (7)
121.2 (5)
114.1 (5)
111.7 (7)
118.8 (6)
106.8 (5)
106.2
106.2
106.2
118.2 (7)
128.1 (6)
113.0 (5)
124.1 (7)
119.8 (6)

C14—C15—HI15
N5—Cl16—Cl11
N5—C16—C17
Cl11—Cl16—C17
Cl6—C17—HI7A
Cl16—C17—H17B
H17A—C17—HI17B
Cl16—C17—H17C
H17A—C17—H17C
H17B—C17—H17C
N5—C18—C19
N5—C18—HI18A
C19—C18—HIBA
N5—C18—H18B
C19—C18—HI18B
H18A—C18—HI18B
N6—C19—C18
N6—CI19—HI9%A
C18—C19—HI19A
N6—C19—H19B
C18—C19—HI19B
HI9A—C19—HI19B
N6—C20—H20A
N6—C20—H20B
H20A—C20—H20B
N6—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
N7—C21—C22
N7—C21—C26
C22—C21—C26
C23—C22—C21
C23—C22—H22
C21—C22—H22
C22—C23—C24
C22—C23—H23
C24—C23—H23
C23—C24—C25
C23—C24—H24
C25—C24—H24
N7—C25—C24
N7—C25—H25
C24—C25—H25
N8§—C26—C21
N8—C26—C27
C21—C26—C27
C26—C27—H27A
C26—C27—H27B

117.8
116.2 (7)
126.2 (9)
117.6 (8)
109.5
109.5
109.5
109.5
109.5
109.5
107.8 (8)
110.1
110.1
110.1
110.1
108.5
113.1 (10)
109.0
109.0
109.0
109.0
107.8
109.5
109.5
109.5
109.5
109.5
109.5
120.3 (10)
117.8 (7)
121.8 (10)
118.2 (13)
120.9
120.9
121.2 (12)
119.4
119.4
118.1 (13)
120.9
120.9
121.3 (12)
119.4
119.4
114.6 (8)
125.2 (10)
120.0 (9)
109.5
109.5
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C18—N5—Znl
C20—N6—C19
C20—N6—Znl
C19—N6—Znl
C20—N6—H6A
C19—N6—H6A
Znl—N6—HO6A
C25—N7—C21
C25—N7—Zn2
C21—N7—Zn2
C26—N8—C28
C26—N8—Zn2
C28—N8—Zn2
C30—N9—C29
C30—N9—Zn2
C29—N9—Zn2
C30—N9—H9C
C29—N9—HO9C
Zn2—N9—HOC
C35—N10—C31
C35—N10—Zn2
C31—N10—Zn2
C36—N11—C38
C36—N11—Zn2
C38—NI11—Zn2
C40—N12—C39
C40—N12—Zn2
C39—N12—Zn2
C40—NI12—H12A
C39—NI12—HI12A
Zn2—N12—HI2A
NI—Cl—C2
N1—C1—C6
C2—C1—C6
C3—C2—C1
C3—C2—H2
C1—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C5—C4—C3
C5—C4—H4
C3—C4—H4
C4—C5—NI1
C4—C5—H5
NI—C5—H5
N2—C6—Cl1
N2—C6—C7

115.9 (5)
122.3 (10)
117.4 (7)
104.0 (6)
103.6
103.6
103.6
120.6 (8)
127.3 (7)
112.1 (6)
124.3 (8)
120.8 (6)
114.9 (6)
112.7 (9)
117.3 (7)
105.4 (6)
107.0
107.0
107.0
119.4 (8)
127.3 (7)
113.3 (6)
124.6 (8)
121.8 (6)
113.5 (6)
112.9 (8)
117.2 (7)
105.4 (5)
106.9
106.9
106.9
121.4 (8)
115.4 (7)
123.2 (8)
121.1 (10)
119.5
119.5
117.4 (9)
121.3
121.3
119.7 (9)
120.2
120.2
122.8 (9)
118.6
118.6
116.5 (7)
122.6 (8)

H27A—C27—H27B
C26—C27—H27C
H27A—C27—H27C
H27B—C27—H27C
N8&—C28—C29
N8—C28—H28A
C29—C28—H28A
N8§—C28—H28B
C29—C28—H28B
H28A—C28—H28B
N9—C29—C28
N9—C29—H29A
C28—C29—H29A
N9—C29—H29B
C28—C29—H29B
H29A—C29—H29B
N9—C30—H30A
N9—C30—H30B
H30A—C30—H30B
N9—C30—H30C
H30A—C30—H30C
H30B—C30—H30C
N10—C31—C32
N10—C31—C36
C32—C31—C36
C31—C32—C33
C31—C32—H32
C33—C32—H32
C34—C33—C32
C34—C33—H33
C32—C33—H33
C35—C34—C33
C35—C34—H34
C33—C34—H34
N10—C35—C34
N10—C35—H35
C34—C35—H35
N11—C36—C31
N11—C36—C37
C31—C36—C37
C36—C37—H37A
C36—C37—H37B
H37A—C37—H37B
C36—C37—H37C
H37A—C37—H37C
H37B—C37—H37C
C39—C38—N11
C39—C38—H38A

109.5
109.5
109.5
109.5
107.5 (8)
110.2
110.2
110.2
110.2
108.5
112.3 (9)
109.1
109.1
109.1
109.1
107.9
109.5
109.5
109.5
109.5
109.5
109.5
121.2 (9)
115.5 (8)
123.2 (9)
119.5 (10)
120.3
120.3
116.1 (10)
122.0
122.0
121.7 (10)
119.2
119.2
122.0 (10)
119.0
119.0
115.5 (8)
125.6 (8)
118.7 (8)
109.5
109.5
109.5
109.5
109.5
109.5
108.1 (8)
110.1
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C1—C6—C7 120.9 (8) N11—C38—H38A 110.1
C6o—C7—HT7A 109.5 C39—C38—H38B 110.1
C6—C7—H7B 109.5 NI11—C38—H38B 110.1
H7A—C7—H7B 109.5 H38A—C38—H38B 108.4
Co—CT7—HTC 109.5 N12—C39—C38 113.0 (8)
H7A—C7—H7C 109.5 N12—C39—H39A 109.0
H7B—C7—H7C 109.5 C38—C39—H39A 109.0
N2—C8—C9 109.1 (8) N12—C39—H39B 109.0
N2—C8—HS8A 109.9 C38—C39—H39B 109.0
C9—C8—HS8A 109.9 H39A—C39—H39B 107.8
N2—C8—H&B 109.9 N12—C40—H40A 109.5
C9—C8—HS8B 109.9 N12—C40—H40B 109.5
H8A—C8—HSB 108.3 H40A—C40—H40B 109.5
N3—C9—C8 109.6 (6) N12—C40—H40C 109.5
N3—C9—H9A 109.7 H40A—C40—H40C 109.5
C8—C9—H9A 109.7 H40B—C40—H40C 109.5

Hydrogen-bond geometry (4, °)

D—H-4 D—H H-A DA D—H-4
N12—H124--05' 0.91 2.55 3.425 (13) 163
N12—H124--07 0.91 238 3.175 (17) 146
N9—H9C--08! 0.91 2.45 3.315 (14) 158
N9—H9C--05! 0.91 2.39 3.188 (13) 146
N6—H64--010i 0.91 2.55 3.30 (3) 140
N3—H34--016f 0.91 2.28 3.092 (11) 148

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