
Di-l-chlorido-bis{aqua[5-ethyl-2-(5-iso-
propyl-5-methyl-4-oxo-4,5-dihydro-1H-
imidazol-2-yl)nicotinato]copper(II)}

Yan Zhao,a Kun Qian,b Yong-Gang Tu,a Jian-Ke Lia* and

Wei Liuc

aKey Laboratory of Food Science of the Ministry of Education, Nanchang University,

Nanchang 330047, People’s Republic of China, bJiangXi University of Traditional

Chinese Medicine, Nanchang 330004, People’s Republic of China, and cChina

Tobacco Jiang Xi Industrial Company R&D Center, Nanchang 330047, People’s

Republic of China

Correspondence e-mail: tygzy1212@yahoo.com.cn

Received 13 June 2007; accepted 18 June 2007

Key indicators: single-crystal X-ray study; T = 291 K; mean �(C–C) = 0.006 Å;
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In the title centrosymmetric complex, [Cu2(C15H18N3O3)2-

(H2O)2Cl2], the bridging Cu2Cl2 ring, which is exactly planar

by virtue of a crystallographic inversion center, has two

different Cu—Cl distances. The dihedral angle between the

pyridine and imidazole ring planes is 2.49 (4)�. In the crystal

structure, intermolecular O—H� � �O hydrogen bonds link

dimer molecules into a one-dimensional chain in the c-axis

direction. The atoms of the isopropyl and ethyl groups are

disordered over two sites with approximate occupancies of

0.75:0.25 and 0.5:0.5, respectively.

Related literature

For background information, see: Solomon et al. (1996); Hay et

al. (1995); Johnson et al. (1984). For related structures, see:

Puschmann, Batsanov et al. (2001); Puschmann, Howard et al.

(2001).

Experimental

Crystal data

[Cu2(C15H18N3O3)2(H2O)2Cl2]
Mr = 810.68
Monoclinic, P21=c
a = 12.960 (2) Å
b = 13.2235 (19) Å
c = 10.4526 (16) Å
� = 97.012 (3)�

V = 1778.0 (5) Å3

Z = 2
Mo K� radiation
� = 1.40 mm�1

T = 291 (2) K
0.34 � 0.30 � 0.28 mm

Data collection

Bruker SMART CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.647, Tmax = 0.695

9418 measured reflections
3487 independent reflections
2260 reflections with I > 2�(I)
Rint = 0.047

Refinement

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.088
S = 1.01
3487 reflections
241 parameters

177 restraints
H-atom parameters constrained
��max = 0.60 e Å�3

��min = �0.28 e Å�3

Table 1
Selected geometric parameters (Å, �).

Cu1—N2 1.930 (3)
Cu1—O4 1.944 (2)
Cu1—N1 2.041 (3)

Cu1—Cl1 2.2301 (11)
Cu1—Cl1i 2.7249 (11)

N2—Cu1—O4 89.01 (11)
N2—Cu1—N1 79.86 (12)
O4—Cu1—N1 166.85 (11)
N2—Cu1—Cl1 172.96 (9)
O4—Cu1—Cl1 92.56 (9)
N1—Cu1—Cl1 97.67 (9)

N2—Cu1—Cl1i 93.48 (9)
O4—Cu1—Cl1i 99.06 (9)
N1—Cu1—Cl1i 88.66 (8)
Cl1—Cu1—Cl1i 93.06 (3)
Cu1—Cl1—Cu1i 86.94 (3)

Symmetry code: (i) �x þ 1;�yþ 1;�zþ 1.

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O4—H4B� � �O1ii 0.84 1.70 2.537 (4) 174
O4—H4A� � �O3 0.83 1.97 2.759 (4) 159
N3—H3A� � �O2 0.86 1.72 2.493 (4) 148

Symmetry code: (ii) x; y; zþ 1.

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

(Bruker, 1998); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

DIAMOND (Brandenburg & Berndt (2005); software used to

prepare material for publication: SHELXTL (Bruker, 1998).

The authors thank Dr Hai-Bin Song of Nankai University

and Dr Jian-Ge Wang of Luoyang Normal University for their

help.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: LH2432).
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Di- -chlorido-bis{aqua[5-ethyl-2-(5-isopropyl-5-methyl-4-oxo-4,5-dihydro-1H-imidazol-2-
yl)nicotinato]copper(II)}

Y. Zhao, K. Qian, Y.-G. Tu, J.-K. Li and W. Liu

Comment

The synthesis and characterization of binuclear copper(II) complexes has made an impact on bio-inorganic chemistry (So-
lomon et al., 1996). The exchange mechanism of bridged copper(II) complexes has been published (Johnson et al., 1984).
An excellent treatise on the orbital interaction in metal dimer complexes was also published (Hoffman et al., 1975).

The molecular structure is shown in Fig. 1. The bridging Cu2Cl2 unit is exactly planar. The Cu1—Cl1 and Cu1—Cl1i

[symmetry code: (i) 1 − x, 1 − y, 1 − z] distances are not equal [2.2301 (11) and 2.7249 (11) Å]. The distance between Cu and

Cu1i is less than the value in di-u-chloro- bis{chloro[1,2-diphenyl-2-(phenylamino)ethanoximato]copper(II)} (Puschmann,
Batsanov et al., 2001) [3.4275 (4) versus 3.5172 (4) Å] and is longer than that in di-[µ]-chloro-bis{chloro[1,2-diphenyl-2-
(4-chlorophenylamino) ethanoximato]copper(II)} [3.3514 (3) Å] [Puschmann, Howard et al., 2001]. In the asymmetric unit,
the dihedral angle between the plane of the pyridine ring and the imidazole group plane is 2.49 (4) °. In the crystal structure,

there is a O4—H4B···O1ii [symmetry code: (ii) x, y, z + 1] hydrogen bond (H4B···O1 = 1.70 Å), which links molecules
into chains in the c axis direction.

Experimental

A heavy-walled Pyrex tube containing a mixture of CuCl2·2H2O (0.02 g), 5-Ethyl-2-(5-isopropyl-5-methyl-4-oxo-4,5-di-

hydro-1H-imidazol-2-yl)- nicotinic acid (0.03 g), 0.65 mol/l NaOH solution (0.3 ml) and H2O (2 ml) was frozen in liquid

N2, sealed under vacuum and placed in an oven at 423 K. Blue single crystals suitable for X-ray analysis were then obtained

after heating for one month.

Refinement

The water H atoms were located in a difference Fourier map and included in the 'as found' positions with with Uiso(H)=

1.5Ueq(O); All other H atoms were included in calculated positions and refined as riding (C—H= 0.93–0.98 Å; N—H =

0.86 Å), with Uiso(H)= 1.5 Ueq(C) for methyl and 1.2 Ueq(C,N) for all other H atoms. Atoms C9 and C10 of the ethyl group

are disordered over two sites with refined occupancies of 0.503 (7) and 0.497 (7) for the major and minor components,
respectively. Atoms C13, C14 and C15 of the isopropyl group are disordered, with the ratio between the major and minor
components refining to 75 (3):25 (3).

http://dx.doi.org/10.1107/S1600536807029819
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Zhao,%20Y.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Qian,%20K.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Tu,%20Y.-G.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Li,%20J.-K.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Liu,%20W.
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Figures

Fig. 1. : The molecular structure, showing 30% probability displacement ellipsoids. Hydrogen
atoms and the minor components of disorder have been omitted [Symmetry code: (A) 1 − x, 1
− y, 1 − z].

Fig. 2. : The crystal packing, viewed approximately along the a axis, showing the hydrogen
bonded chain formed along the c axis. Hydrogen bonds are shown as dashed lines.

Di-µ-chloro-bis{aqua[5-ethyl-2-(5-isopropyl-5-methyl-4-oxo-4,5-dihydro- 1H-imidazol-2-
yl)nicotinato]copper(II)}

Crystal data

[Cu2(C15H18N3O3)2(H2O)2Cl2] F000 = 836

Mr = 810.68 Dx = 1.514 Mg m−3

Monoclinic, P21/c Mo Kα radiation
λ = 0.71073 Å

Hall symbol: -P 2ybc Cell parameters from 2342 reflections
a = 12.960 (2) Å θ = 2.3–22.5º
b = 13.2235 (19) Å µ = 1.40 mm−1

c = 10.4526 (16) Å T = 291 (2) K
β = 97.012 (3)º Block, blue

V = 1778.0 (5) Å3 0.34 × 0.30 × 0.28 mm
Z = 2

Data collection

Bruker SMART CCD
diffractometer 3487 independent reflections

Radiation source: fine-focus sealed tube 2260 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.047

T = 291(2) K θmax = 26.0º

φ and ω scans θmin = 2.2º
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996) h = −11→15

Tmin = 0.647, Tmax = 0.695 k = −13→16
9418 measured reflections l = −12→12

Refinement

Refinement on F2 Secondary atom site location: difference Fourier map
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Least-squares matrix: full Hydrogen site location: inferred from neighbouring
sites

R[F2 > 2σ(F2)] = 0.049 H-atom parameters constrained

wR(F2) = 0.088
  w = 1/[σ2(Fo

2) + (0.0218P)2]
where P = (Fo

2 + 2Fc
2)/3

S = 1.01 (Δ/σ)max = 0.001

3487 reflections Δρmax = 0.60 e Å−3

241 parameters Δρmin = −0.28 e Å−3

177 restraints Extinction correction: none
Primary atom site location: structure-invariant direct
methods

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 mat-
rix. 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 F2 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 > σ(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 F2 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 (Å2)

x y z Uiso*/Ueq Occ. (<1)
C9 0.2667 (15) 0.6115 (10) 0.0561 (13) 0.070 (2) 0.503 (7)
H9A 0.2619 0.6002 −0.0361 0.084* 0.503 (7)
H9B 0.2342 0.5553 0.0954 0.084* 0.503 (7)
C10 0.2156 (7) 0.7105 (7) 0.0849 (12) 0.093 (2) 0.503 (7)
H10A 0.2163 0.7178 0.1764 0.139* 0.503 (7)
H10B 0.1450 0.7108 0.0442 0.139* 0.503 (7)
H10C 0.2529 0.7656 0.0522 0.139* 0.503 (7)
C9' 0.2633 (15) 0.6291 (11) 0.0901 (12) 0.070 (2) 0.497 (7)
H9'1 0.2357 0.5614 0.0754 0.084* 0.497 (7)
H9'2 0.2370 0.6557 0.1664 0.084* 0.497 (7)
C10' 0.2247 (8) 0.6943 (8) −0.0233 (12) 0.093 (2) 0.497 (7)
H10D 0.2377 0.7640 −0.0016 0.139* 0.497 (7)
H10E 0.1514 0.6840 −0.0453 0.139* 0.497 (7)
H10F 0.2603 0.6765 −0.0954 0.139* 0.497 (7)
C13 0.9367 (14) 0.5454 (8) 0.3180 (14) 0.0696 (14) 0.75 (3)
H13 0.9938 0.5488 0.3886 0.084* 0.75 (3)
C14 0.8774 (9) 0.4486 (4) 0.3335 (11) 0.0709 (19) 0.75 (3)
H14A 0.8248 0.4404 0.2612 0.106* 0.75 (3)
H14B 0.8453 0.4517 0.4114 0.106* 0.75 (3)
H14C 0.9244 0.3923 0.3376 0.106* 0.75 (3)
C15 0.9844 (10) 0.5461 (10) 0.1909 (8) 0.091 (3) 0.75 (3)
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H15A 1.0368 0.4946 0.1931 0.136* 0.75 (3)
H15B 1.0152 0.6110 0.1792 0.136* 0.75 (3)
H15C 0.9311 0.5332 0.1206 0.136* 0.75 (3)
C13' 0.944 (4) 0.564 (2) 0.316 (4) 0.0696 (14) 0.25 (3)
H13' 0.9881 0.5655 0.3984 0.084* 0.25 (3)
C14' 0.905 (3) 0.4542 (8) 0.305 (3) 0.0709 (19) 0.25 (3)
H14D 0.8854 0.4326 0.3862 0.106* 0.25 (3)
H14E 0.9587 0.4113 0.2805 0.106* 0.25 (3)
H14F 0.8451 0.4502 0.2403 0.106* 0.25 (3)
C15' 1.019 (2) 0.585 (3) 0.216 (3) 0.091 (3) 0.25 (3)
H15D 0.9803 0.5870 0.1312 0.136* 0.25 (3)
H15E 1.0699 0.5325 0.2195 0.136* 0.25 (3)
H15F 1.0522 0.6490 0.2345 0.136* 0.25 (3)
Cu1 0.57594 (3) 0.60289 (3) 0.47672 (4) 0.04189 (16)
Cl1 0.42446 (7) 0.60139 (7) 0.55756 (9) 0.0512 (3)
N1 0.5182 (2) 0.6183 (2) 0.2872 (3) 0.0371 (7)
N2 0.7035 (2) 0.6214 (2) 0.4018 (3) 0.0390 (7)
N3 0.7798 (2) 0.6384 (2) 0.2244 (3) 0.0524 (9)
H3A 0.7853 0.6439 0.1435 0.063*
O1 0.5822 (2) 0.6509 (2) −0.1448 (3) 0.0809 (10)
O2 0.7255 (2) 0.6343 (2) −0.0127 (2) 0.0674 (9)
O3 0.8461 (2) 0.6231 (2) 0.5567 (2) 0.0669 (9)
O4 0.6551 (2) 0.6095 (2) 0.6469 (2) 0.0786 (9)
H4A 0.7179 0.6116 0.6397 0.118*
H4B 0.6323 0.6276 0.7148 0.118*
C1 0.4177 (3) 0.6166 (3) 0.2445 (4) 0.0473 (10)
H1 0.3702 0.6106 0.3039 0.057*
C2 0.3808 (3) 0.6234 (3) 0.1149 (4) 0.0527 (11)
C3 0.4533 (3) 0.6309 (3) 0.0314 (4) 0.0501 (11)
H3 0.4303 0.6356 −0.0562 0.060*
C4 0.5595 (3) 0.6318 (2) 0.0701 (3) 0.0386 (9)
C5 0.5886 (3) 0.6261 (2) 0.2032 (3) 0.0325 (9)
C6 0.6938 (3) 0.6284 (2) 0.2732 (3) 0.0366 (9)
C7 0.8071 (3) 0.6269 (3) 0.4445 (4) 0.0492 (10)
C8 0.8673 (3) 0.6389 (3) 0.3283 (4) 0.0537 (11)
C11 0.6306 (4) 0.6391 (3) −0.0363 (4) 0.0498 (11)
C12 0.9234 (3) 0.7421 (3) 0.3368 (4) 0.0748 (14)
H12A 0.9545 0.7535 0.2593 0.112*
H12B 0.9764 0.7422 0.4095 0.112*
H12C 0.8741 0.7948 0.3470 0.112*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

C9 0.053 (3) 0.089 (4) 0.066 (5) −0.001 (3) 0.000 (4) 0.000 (4)
C10 0.073 (4) 0.099 (4) 0.103 (5) 0.001 (3) −0.006 (4) 0.008 (4)
C9' 0.053 (3) 0.089 (4) 0.066 (5) −0.001 (3) 0.000 (4) 0.000 (4)
C10' 0.073 (4) 0.099 (4) 0.103 (5) 0.001 (3) −0.006 (4) 0.008 (4)
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C13 0.057 (3) 0.089 (4) 0.063 (3) 0.012 (3) 0.010 (2) 0.008 (3)
C14 0.063 (5) 0.077 (3) 0.075 (4) 0.017 (3) 0.018 (3) 0.000 (3)
C15 0.072 (4) 0.114 (5) 0.091 (4) 0.004 (4) 0.033 (3) −0.009 (4)
C13' 0.057 (3) 0.089 (4) 0.063 (3) 0.012 (3) 0.010 (2) 0.008 (3)
C14' 0.063 (5) 0.077 (3) 0.075 (4) 0.017 (3) 0.018 (3) 0.000 (3)
C15' 0.072 (4) 0.114 (5) 0.091 (4) 0.004 (4) 0.033 (3) −0.009 (4)
Cu1 0.0406 (3) 0.0545 (3) 0.0317 (3) −0.0056 (3) 0.0091 (2) −0.0009 (2)
Cl1 0.0510 (6) 0.0529 (6) 0.0537 (7) 0.0025 (5) 0.0230 (5) 0.0001 (5)
N1 0.0360 (18) 0.0410 (19) 0.0342 (18) −0.0005 (15) 0.0035 (14) 0.0028 (13)
N2 0.0292 (17) 0.058 (2) 0.0291 (17) −0.0044 (15) 0.0026 (13) 0.0047 (14)
N3 0.0369 (19) 0.091 (3) 0.0300 (19) −0.0031 (18) 0.0070 (15) 0.0113 (16)
O1 0.076 (2) 0.137 (3) 0.0288 (17) 0.016 (2) 0.0030 (15) 0.0025 (17)
O2 0.0510 (18) 0.116 (3) 0.0367 (17) 0.0012 (18) 0.0123 (14) 0.0056 (15)
O3 0.0456 (18) 0.118 (2) 0.0346 (17) −0.0046 (17) −0.0075 (14) 0.0030 (15)
O4 0.0585 (19) 0.148 (3) 0.0307 (16) −0.0201 (19) 0.0088 (13) −0.0151 (17)
C1 0.035 (2) 0.059 (3) 0.048 (3) 0.002 (2) 0.0064 (19) 0.007 (2)
C2 0.035 (2) 0.062 (3) 0.059 (3) 0.001 (2) −0.006 (2) 0.010 (2)
C3 0.053 (3) 0.055 (3) 0.038 (2) −0.001 (2) −0.012 (2) 0.0102 (19)
C4 0.042 (2) 0.038 (2) 0.034 (2) 0.0002 (18) −0.0023 (18) −0.0021 (16)
C5 0.034 (2) 0.031 (2) 0.031 (2) −0.0009 (16) 0.0002 (16) 0.0023 (15)
C6 0.033 (2) 0.045 (2) 0.032 (2) −0.0050 (18) 0.0061 (17) 0.0036 (16)
C7 0.045 (3) 0.065 (3) 0.037 (2) −0.003 (2) 0.0028 (19) 0.000 (2)
C8 0.036 (2) 0.084 (3) 0.041 (3) −0.003 (2) 0.0043 (19) 0.006 (2)
C11 0.067 (3) 0.049 (3) 0.033 (2) −0.001 (2) 0.005 (2) 0.0013 (18)
C12 0.054 (3) 0.097 (4) 0.072 (3) −0.035 (3) 0.002 (2) 0.015 (3)

Geometric parameters (Å, °)

C9—C10 1.513 (9) C15'—H15F 0.9600
C9—C2 1.538 (19) Cu1—N2 1.930 (3)
C9—H9A 0.9700 Cu1—O4 1.944 (2)
C9—H9B 0.9700 Cu1—N1 2.041 (3)
C10—H10A 0.9600 Cu1—Cl1 2.2301 (11)
C10—H10B 0.9600 Cu1—Cl1i 2.7249 (11)

C10—H10C 0.9600 Cl1—Cu1i 2.7249 (11)
C9'—C10' 1.501 (9) N1—C1 1.325 (4)
C9'—C2 1.51 (2) N1—C5 1.345 (4)
C9'—H9'1 0.9700 N2—C6 1.338 (4)
C9'—H9'2 0.9700 N2—C7 1.364 (4)
C10'—H10D 0.9600 N3—C6 1.287 (4)
C10'—H10E 0.9600 N3—C8 1.472 (4)
C10'—H10F 0.9600 N3—H3A 0.8600
C13—C14 1.511 (6) O1—C11 1.237 (4)
C13—C15 1.532 (7) O2—C11 1.227 (5)
C13—C8 1.540 (15) O3—C7 1.220 (4)
C13—H13 0.9800 O4—H4A 0.8257
C14—H14A 0.9600 O4—H4B 0.8371
C14—H14B 0.9600 C1—C2 1.384 (5)
C14—H14C 0.9600 C1—H1 0.9300
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C15—H15A 0.9600 C2—C3 1.362 (5)
C15—H15B 0.9600 C3—C4 1.387 (5)
C15—H15C 0.9600 C3—H3 0.9300
C13'—C8 1.42 (4) C4—C5 1.398 (4)
C13'—C14' 1.533 (10) C4—C11 1.531 (5)
C13'—C15' 1.536 (10) C5—C6 1.467 (4)
C13'—H13' 0.9800 C7—C8 1.530 (5)
C14'—H14D 0.9600 C8—C12 1.544 (5)
C14'—H14E 0.9600 C12—H12A 0.9600
C14'—H14F 0.9600 C12—H12B 0.9600
C15'—H15D 0.9600 C12—H12C 0.9600
C15'—H15E 0.9600

C10—C9—C2 104.8 (10) C1—N1—C5 119.9 (3)
C10—C9—H9A 110.8 C1—N1—Cu1 123.7 (3)
C2—C9—H9A 110.8 C5—N1—Cu1 116.4 (2)
C10—C9—H9B 110.8 C6—N2—C7 107.1 (3)
C2—C9—H9B 110.8 C6—N2—Cu1 115.9 (2)
H9A—C9—H9B 108.9 C7—N2—Cu1 137.0 (3)
C10'—C9'—C2 113.3 (13) C6—N3—C8 109.5 (3)
C10'—C9'—H9'1 108.9 C6—N3—H3A 125.2
C2—C9'—H9'1 108.9 C8—N3—H3A 125.2
C10'—C9'—H9'2 108.9 Cu1—O4—H4A 109.5
C2—C9'—H9'2 108.9 Cu1—O4—H4B 126.0
H9'1—C9'—H9'2 107.7 H4A—O4—H4B 121.4
C9'—C10'—H10D 109.5 N1—C1—C2 122.5 (4)
C9'—C10'—H10E 109.5 N1—C1—H1 118.8
H10D—C10'—H10E 109.5 C2—C1—H1 118.8
C9'—C10'—H10F 109.5 C3—C2—C1 116.7 (4)
H10D—C10'—H10F 109.5 C3—C2—C9' 130.1 (6)
H10E—C10'—H10F 109.5 C1—C2—C9' 113.0 (6)
C14—C13—C15 111.2 (6) C3—C2—C9 117.1 (7)
C14—C13—C8 111.3 (9) C1—C2—C9 125.8 (7)
C15—C13—C8 110.9 (10) C2—C3—C4 123.5 (4)
C14—C13—H13 107.8 C2—C3—H3 118.3
C15—C13—H13 107.8 C4—C3—H3 118.3
C8—C13—H13 107.8 C3—C4—C5 115.3 (4)
C8—C13'—C14' 116 (3) C3—C4—C11 116.9 (3)
C8—C13'—C15' 116 (3) C5—C4—C11 127.8 (3)
C14'—C13'—C15' 110.7 (10) N1—C5—C4 122.1 (3)
C8—C13'—H13' 104.0 N1—C5—C6 109.8 (3)
C14'—C13'—H13' 104.0 C4—C5—C6 128.0 (3)
C15'—C13'—H13' 104.0 N3—C6—N2 115.2 (3)
C13'—C14'—H14D 109.5 N3—C6—C5 127.0 (3)
C13'—C14'—H14E 109.5 N2—C6—C5 117.8 (3)
H14D—C14'—H14E 109.5 O3—C7—N2 126.0 (4)
C13'—C14'—H14F 109.5 O3—C7—C8 125.2 (4)
H14D—C14'—H14F 109.5 N2—C7—C8 108.8 (3)
H14E—C14'—H14F 109.5 C13'—C8—N3 114 (2)
C13'—C15'—H15D 109.5 C13'—C8—C7 115.5 (13)
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C13'—C15'—H15E 109.5 N3—C8—C7 99.4 (3)
H15D—C15'—H15E 109.5 N3—C8—C13 110.4 (7)
C13'—C15'—H15F 109.5 C7—C8—C13 109.4 (5)
H15D—C15'—H15F 109.5 C13'—C8—C12 107.2 (11)
H15E—C15'—H15F 109.5 N3—C8—C12 111.2 (3)
N2—Cu1—O4 89.01 (11) C7—C8—C12 109.1 (3)
N2—Cu1—N1 79.86 (12) C13—C8—C12 116.0 (6)
O4—Cu1—N1 166.85 (11) O2—C11—O1 125.1 (4)
N2—Cu1—Cl1 172.96 (9) O2—C11—C4 121.9 (3)
O4—Cu1—Cl1 92.56 (9) O1—C11—C4 113.0 (4)
N1—Cu1—Cl1 97.67 (9) C8—C12—H12A 109.5

N2—Cu1—Cl1i 93.48 (9) C8—C12—H12B 109.5

O4—Cu1—Cl1i 99.06 (9) H12A—C12—H12B 109.5

N1—Cu1—Cl1i 88.66 (8) C8—C12—H12C 109.5

Cl1—Cu1—Cl1i 93.06 (3) H12A—C12—H12C 109.5

Cu1—Cl1—Cu1i 86.94 (3) H12B—C12—H12C 109.5

O4—Cu1—Cl1—Cu1i −99.22 (9) Cu1—N2—C6—N3 −178.5 (2)

N1—Cu1—Cl1—Cu1i 89.06 (8) C7—N2—C6—C5 −179.0 (3)

Cl1i—Cu1—Cl1—Cu1i 0.0 Cu1—N2—C6—C5 2.8 (4)
N2—Cu1—N1—C1 −178.6 (3) N1—C5—C6—N3 −177.8 (3)
O4—Cu1—N1—C1 −146.0 (5) C4—C5—C6—N3 1.7 (6)
Cl1—Cu1—N1—C1 −5.2 (3) N1—C5—C6—N2 0.8 (4)

Cl1i—Cu1—N1—C1 87.7 (3) C4—C5—C6—N2 −179.7 (3)
N2—Cu1—N1—C5 4.3 (2) C6—N2—C7—O3 −179.8 (4)
O4—Cu1—N1—C5 36.9 (6) Cu1—N2—C7—O3 −2.2 (7)
Cl1—Cu1—N1—C5 177.6 (2) C6—N2—C7—C8 0.1 (4)

Cl1i—Cu1—N1—C5 −89.4 (2) Cu1—N2—C7—C8 177.8 (3)
O4—Cu1—N2—C6 −176.7 (3) C14'—C13'—C8—N3 −56 (3)
N1—Cu1—N2—C6 −3.7 (2) C15'—C13'—C8—N3 77 (3)

Cl1i—Cu1—N2—C6 84.3 (2) C14'—C13'—C8—C7 59 (4)
O4—Cu1—N2—C7 5.9 (4) C15'—C13'—C8—C7 −169 (3)
N1—Cu1—N2—C7 178.8 (4) C14'—C13'—C8—C13 10 (14)

Cl1i—Cu1—N2—C7 −93.2 (4) C15'—C13'—C8—C13 143 (19)
C5—N1—C1—C2 −0.5 (5) C14'—C13'—C8—C12 −180 (3)
Cu1—N1—C1—C2 −177.5 (3) C15'—C13'—C8—C12 −47 (4)
N1—C1—C2—C3 0.8 (6) C6—N3—C8—C13' 123.5 (10)
N1—C1—C2—C9' −175.0 (7) C6—N3—C8—C7 −0.1 (4)
N1—C1—C2—C9 173.5 (6) C6—N3—C8—C13 114.7 (4)
C10'—C9'—C2—C3 −29.3 (16) C6—N3—C8—C12 −115.0 (4)
C10'—C9'—C2—C1 145.7 (9) O3—C7—C8—C13' 57 (2)
C10'—C9'—C2—C9 −70 (3) N2—C7—C8—C13' −123 (2)
C10—C9—C2—C3 −110.5 (10) O3—C7—C8—N3 180.0 (4)
C10—C9—C2—C1 76.7 (12) N2—C7—C8—N3 0.0 (4)
C10—C9—C2—C9' 36 (3) O3—C7—C8—C13 64.3 (8)
C1—C2—C3—C4 0.0 (6) N2—C7—C8—C13 −115.7 (7)
C9'—C2—C3—C4 174.9 (8) O3—C7—C8—C12 −63.6 (5)
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C9—C2—C3—C4 −173.4 (6) N2—C7—C8—C12 116.4 (3)
C2—C3—C4—C5 −1.0 (5) C14—C13—C8—C13' −179 (17)
C2—C3—C4—C11 179.2 (3) C15—C13—C8—C13' −55 (16)
C1—N1—C5—C4 −0.6 (5) C14—C13—C8—N3 −62.2 (10)
Cu1—N1—C5—C4 176.6 (2) C15—C13—C8—N3 62.2 (10)
C1—N1—C5—C6 178.9 (3) C14—C13—C8—C7 46.3 (12)
Cu1—N1—C5—C6 −3.9 (3) C15—C13—C8—C7 170.6 (8)
C3—C4—C5—N1 1.3 (5) C14—C13—C8—C12 170.2 (8)
C11—C4—C5—N1 −178.9 (3) C15—C13—C8—C12 −65.5 (12)
C3—C4—C5—C6 −178.1 (3) C3—C4—C11—O2 −175.5 (4)
C11—C4—C5—C6 1.7 (6) C5—C4—C11—O2 4.7 (6)
C8—N3—C6—N2 0.3 (5) C3—C4—C11—O1 5.0 (5)
C8—N3—C6—C5 178.9 (3) C5—C4—C11—O1 −174.8 (3)
C7—N2—C6—N3 −0.2 (4)
Symmetry codes: (i) −x+1, −y+1, −z+1.

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A

O4—H4B···O1ii 0.84 1.70 2.537 (4) 174
O4—H4A···O3 0.83 1.97 2.759 (4) 159
N3—H3A···O2 0.86 1.72 2.493 (4) 148
Symmetry codes: (ii) x, y, z+1.
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Fig. 1
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Fig. 2


