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R factor = 0.034; wR factor = 0.084; data-to-parameter ratio = 18.5.

The  title  complex,  {[Cuy(N3)4(CsHi6N3),][Cu(N3),-
(CsH16N3)]},., consists of an end-on azide-bridged dinuclear
copper(Il) complex and an end-to-end azide-bridged poly-
nuclear copper(II) complex. Each Cu atom is five-coordinated
by two N atoms of N,N-diethylethane-1,2-diamine and by
three N atoms from three azide ligands, forming a slightly
distorted square-pyramidal coordination environment.

Related literature

For related literature, see: Colacio et al. (2005); Meyer et al.
(2005); Sarkar et al. (2004).
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Experimental

Crystal data

[Cuy(N3)4(CHi6N2)2|[Cu(N3),-
(CeHi6N2)]

M, =791.42

Monoclinic, PZL /c

a=2272(2) A

b =13.2010 (12) A

¢ =11.6488 (10) A

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.768, Tax = 0.836

B=92478 (2)°

V =3490.8 (5) A®
Z=4

Mo Ko radiation

u =186 mm™"
T=298 (2) K

0.15 x 0.12 x 0.10 mm

28917 measured reflections
7614 independent reflections
6149 reflections with I > 20(I)
Rin = 0.031

Refinement

R[F?>20(F%)] =
WwR(F?) = 0.084
S =1.02

7614 reflections

0.034

412 parameters

H-atom parameters constrained

ApPmax = 0.44 € A’
Apmin = —031 e A3

Table 1 .

Selected geometric parameters (A, °).

Cul —N6 1.9663 (19) Cu2—N11! 2.006 (2)
Cul —N2 1.9792 (18) Cu2—N13 2.0779 (19)
Cul—N3 1.983 (2) Cu3—N17 1.975 (2)
Cul—N1 2.0827 (19) Cu3—N24 1.9950 (18)
Cul —N9 2.562 (2) Cu3—N20" 2.0269 (19)
Cu2—N5 2.654 (2) Cu3—N23 2.0773 (19)
Cu2—N14 1.936 (2) Cu3—N20 2.4458 (19)
Cu2—N12 1.9673 (18)

N6—Cul—N2 169.89 (9) N11'—Cu2—N13 158.19 (9)
N6—Cul—N3 91.52 (9) N17—Cu3—N24 175.07 (9)
N2—Cul —N3 93.96 (8) N17—Cu3—N20" 91.67 (9)
N6—Cul—N1 92.82 (9) N24—Cu3—N20" 92.09 (8)
N2—Cul—N1 85.59 (8) N17—Cu3—N23 9222 (8)
N3—Cul—N1 156.09 (8) N24—Cu3—N23 85.03 (8)
N14—Cu2—N12 171.30 (12) N20"—Cu3—N23 163.83 (8)
N14—Cu2—N11' 93.02 (10) N17—Cu3—N20 90.89 (8)
N12—Cu2—N11’ 92.72 (8) N24—Cu3—N20 85.94 (7)
N14—Cu2—N13 91.96 (10) N20%—Cu3—N20 89.64 (7)
N12—Cu2—N13 85.10 (7) N23—Cu3—N20 105.99 (7)
Symmetry codes: (i) x, =y + 3,z — % (ii) —x+1, =y, —z + 1.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H.--A
N2—H2C. - -N11 0.89 2.41 3.095 (3) 134
N2—H2D- - -N6' 0.89 2.35 3.186 (3) 156
N12—H12D- - N8 0.89 2.28 3.087 (3) 151
N12—HI2E- - N3 0.89 2.51 3.067 (3) 121
N24—H24A. - N17" 0.89 237 3.189 (3) 153
N24—H24A. - -N18" 0.89 2.67 3.531 (3) 163
N24—H24B- - N19™ 0.90 2.18 3.031 (3) 157
Symmetry codes: (i) x,—y+3z—% (i) —x+1,—y,—z+1; (i) x,y,z—1; (iv)

—x+1Ly+5-z+3

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:
SHELXTL (Bruker, 1998); software used to prepare material for
publication: SHELXTL.
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catena-Poly[{di-#-azido-bis[azido(/V,N-diethylethane-1,2-diamine)copper(1I)]} [[azido(V,N-di-
ethylethane-1,2-diamine)copper(Il)]-#-azido]]

C.-L. Yuan

Comment

The azide anion is a versatile ligand that is able to link metal ions with different coordination modes, generating interesting
polynuclear complexes (Colacio et al., 2005; Meyer et al., 2005; Sarkar et al., 2004). In this paper, a new azido-bridged

copper(Il) complex is reported.

The title complex consists of an end-on azido-bridged dinuclear copper(Il) molecule (unit 1, Fig. 1) and an end-to-end
azido-bridged polynuclear copper(Il) molecule (unit 2, Fig. 2). Each Cu atom in unit 1 is in a square pyramidal coordination
environment and is five-coordinated by two N atoms of N,N-diethylethane-1,2-diamine, one N atom of a terminal azido
ligand, and one N atom of an end-on azido bridge, defining the basal plane, and by one N atom of another end-on azido
bridge occupying the apical position. Each Cu atom in unit 2 is in a square pyramidal coordination environment and is
five-coordinated by two N atoms of N,N-diethylethane-1,2-diamine, one N atom of a terminal azido ligand, and one N atom
of an end-to-end azido bridge, defining the basal plane, and by one N atom of another end-to-end azido bridge occupying
the apical position. The significant distortion of the square pyramids is revealed by the apical bond lengths (Cul—N9 =
2.562 (2) A, Cu2—N5 =2.654 (2) A, Cu3—N20 = 2.446 (2) A), as well as the bond angles between the apical and basal
donor atoms (Table 1).

Experimental

N,N-Diethylethane-1,2-diamine (0.1 mmol, 11.6 mg), NaN3 (0.2 mmol, 13.0 mg), and Cu(CH3COO),-H,0 (0.1 mmol, 20.0

mg) were dissolved in a methanol solution (10 ml). The mixture was stirred at room temperature for 20 min to give a blue
solution. The solution was kept in air for about a week, blue block-shaped crystals were formed at the bottom of the vessel

on slow evaporation of the solvent.

Refinement

H atoms were placed in idealized positions and constrained to ride on their parent atoms, with C-H distances in the range
0.96-0.97 A, N-H distances of 0.90 A, and with Uiso(H) set to 1.2Ueq(C,N) and 1.5Ueq(methyl C).

Figures
|
o \x Ie" "_1: Fig. 1. The structure of the dinuclear copper(Il) molecule at the 30% probability level. H
% = P =~ ™ | atoms have been omitted for clarity. Atoms labeled with the suffix A are at the symmetry pos-
L | | ' lition 1 —x, -y, 1 —z
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. ‘ Fig. 2. The structure of the polynuclear copper(II) molecule at the 30% probability level. H
atoms have been omitted for clarity. Atoms labeled with the suffix B and C are at the sym-
LY metry positions x, 1/2 —y, 1/2 +z and x, 1/2 — y, —1/2 + z, respectively.

catena-Poly[{di-p-azido-bis[azido(N,N-diethylethane-1,2-diamine)copper(Il)]} [[azido(N,N-diethylethane-1,2-

diamine)copper(i1)]-p-azido]]

Crystal data

[Cua(N3)4(CeH16N2)21[Cu(N3)2(CsH16N2)]

M,=791.42
Monoclinic, P2i/c
Hall symbol: -P 2ybc
a=2272212)A
b=13.2010 (12) A
c=11.6488 (10) A
B=92.478 (2)°
V'=3490.8 (5) A’
Z=4

Data collection

Bruker SMART CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=298(2)K

® scans

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

Tmin = 0.768, Tax = 0.836

28917 measured reflections

Refinement
Refinement on 7~

Least-squares matrix: full
R[F? > 20(F?)] = 0.034
WR(F?) = 0.084

S=1.02
7614 reflections

Fooo = 1644
Dy=1.506 Mg m™>

Mo Ka radiation
A=0.71073 A

Cell parameters from 8536 reflections
0=2.3-25.7°

p=1.86mm '

T=298(2)K
Block, blue
0.15x0.12 x 0.10 mm

7614 independent reflections

6149 reflections with 7> 2o(/)
Riny=0.031

Omax = 27.0°

Omin = 1.8°

h=-28-29

k=-16—16
[=—-14—14

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[c2(Fy?) + (0.0428P)% + 0.7266P]

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

(AG)max < 0.001

Apmax = 0.44 ¢ A3
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412 parameters APmin=-0.30e A

Primary atom site location: structure-invariant direct

Extinction correction: none
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 /> 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 F?. The threshold expression of > G(Fz) 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 (ffz )

X y z Uiso*/Ueq
Cul 0.126741 (11) 0.15809 (2) 0.22935 (2) 0.03596 (8)
Cu2 0.213868 (13) 0.00077 (2) ~0.15330 (3) 0.04405 (9)
Cu3 0.463891 (12) 0.02522 (2) 0.38321 (2) 0.03575 (8)
N1 0.04653 (8) 0.09273 (15) 0.26784 (16) 0.0420 (5)
N2 0.09839 (8) 0.14681 (16) 0.06679 (16) 0.0421 (5)
H2C 0.1142 0.0932 0.0344 0.051*
H2D 0.1062 0.2048 0.0313 0.051*
N3 0.21109 (8) 0.15964 (17) 0.19209 (18) 0.0470 (5)
N4 0.23046 (9) 0.14004 (16) 0.10224 (19) 0.0454 (5)
N5 0.25194 (11) 0.1210 (2) 0.0168 (2) 0.0762 (8)
N6 0.14633 (9) 0.19101 (18) 0.39114 (17) 0.0517 (5)
N7 0.18555 (10) 0.15046 (17) 0.44386 (17) 0.0480 (5)
N8 0.22317 (13) 0.1135 (3) 0.4975 (2) 0.0846 (9)
N9 0.09411 (10) 0.34205 (18) 0.1973 (2) 0.0583 (6)
N10 0.11200 (8) 0.39817 (15) 0.26618 (18) 0.0409 (5)
N11 0.12909 (9) 0.45634 (16) 0.33842 (18) 0.0459 (5)
N12 0.23902 (8) 0.12097 (14) —0.23815 (16) 0.0395 (4)
H12D 0.2213 0.1257 —0.3074 0.047*
HI12E 0.2327 0.1785 —0.2012 0.047*
NI13 0.29158 (8) ~0.06397 (15) ~0.20589 (17) 0.0411 (4)
N14 0.19881 (12) —0.1125 (2) —0.0533 (3) 0.0941 (11)
N15 0.15157 (11) ~0.12740 (18) -0.0216 (2) 0.0630 (7)
N16 0.10672 (14) -0.1438 (3) 0.0117 (3) 0.1171 (14)
N17 0.47984 (10) —0.11053 (16) 0.32045 (19) 0.0525 (5)
NI18 0.51569 (9) ~0.12911 (15) 0.25446 (18) 0.0446 (5)
N19 0.55073 (13) ~0.1515 (2) 0.1903 (3) 0.0886 (10)
N20 0.44968 (8) ~0.04691 (15) 0.57341 (16) 0.0394 (4)
N21 0.43106 (9) ~0.12899 (19) 0.57895 (18) 0.0492 (5)
N22 0.41048 (13) —0.2094 (2) 0.5856 (2) 0.0776 (8)
N23 0.38086 (8) 0.03056 (14) 0.30150 (17) 0.0396 (4)
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N24
H24A
H24B
Cl1
H1A
H1B
C2
H2A
H2B
C3
H3A
H3B
C4
H4A
H4B
H4C
C5
H5A
H5B
C6
Ho6A
Hé6B
He6C
C7
H7A
H7B
C8
H8A
H&B
C9
H9A
H9B
C10
H10A
H10B
H10C
Cl11
H11A
H11B
Cl12
HI12A
H12B
H12C
Cl13
HI13A
H13B
Cl14
H14A
H14B

0.44157 (8)
0.4567
0.4547
0.03390 (10)
0.0195
0.0153
0.02024 (11)
~0.0221
0.0362
0.00902 (11)
0.0064
0.0292
~0.05267 (14)
~0.0515
~0.0760
~0.0698
0.05591 (14)
0.0636
0.0198
0.10497 (17)
0.1414
0.0981
0.1072
0.31562 (11)
0.2977
0.3578
0.30298 (10)
0.3242
0.3149
0.27930 (13)
0.2714
0.3141
0.22794 (16)
0.1927
0.2233
0.2349
0.33289 (11)
0.3146
0.3372
0.39392 (12)
0.3906
0.4145
0.4153
0.37677 (11)
0.3637
0.3615
0.35535 (10)
0.3127
0.3670

0.15731 (14)
0.1632
0.2103
0.1352 (2)
0.1116
0.1995
0.0589 (2)
0.0521
~0.0066
0.1712 (2)
0.2292
0.1935
0.1405 (3)
0.0775
0.1324
0.1919
0.0050 (2)
0.0307
~0.0343
~0.0633 (3)
~0.0263
-0.0888
—0.1188
0.00834 (17)
~0.0038
-0.0013
0.11470 (18)
0.1300
0.1626
~0.16364 (19)
-0.2124
~0.1862
~0.1616 (3)
~0.1444
-0.2272
~0.1120
~0.0760 (2)
-0.1212
-0.0106
~0.1163 (3)
~0.1780
~0.1295
~0.0671
0.16183 (18)
0.2300
0.1163
0.13047 (18)
0.1262
0.1808

0.45227 (16)
0.5238
0.4124
0.0643 (2)
-0.0106
0.0801
0.1552 (2)
0.1601
0.1354
0.3218 (2)
0.2707
0.3925
0.3494 (3)
0.3907
0.2793
0.3957
0.3475 (3)
0.4247
0.3478
0.3182 (3)
0.3225
0.2416
0.3714
~0.2892 (2)
~0.3650
~0.2930
~0.2523 (2)
~0.1803
~0.3100
~0.2597 (3)
~0.2001
-0.2979
~0.3455 (4)
~0.3071
~0.3804
~0.4036
~0.1028 (2)
~0.0492
~0.0656
~0.1242 (3)
~0.1677
~0.0520
~0.1664
0.4497 (2)
0.4662
0.5066
0.3304 (2)
0.3268
0.2751

0.0389 (4)
0.047*
0.047*
0.0472 (6)
0.057*
0.057*
0.0493 (6)
0.059*
0.059*
0.0560 (7)
0.067*
0.067*
0.0835 (11)
0.125%
0.125%
0.125%
0.0676 (8)
0.081*
0.081*
0.0897 (11)
0.135%
0.135%
0.135%
0.0409 (5)
0.049*
0.049*
0.0411 (5)
0.049*
0.049*
0.0646 (8)
0.077*
0.077*
0.0951 (13)
0.143*
0.143*
0.143*
0.0538 (7)
0.065*
0.065*
0.0697 (9)
0.105*
0.105*
0.105*
0.0450 (6)
0.054*
0.054*
0.0448 (6)
0.054*
0.054*
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Cl15

HI15A
H15B
Cl6

H16A
H16B
H16C
C17

H17A
H17B
CI18

HI18A
H18B
H18C

0.38632 (13)
0.3492
0.3938
0.43467 (15)
0.4720
0.4280
0.4348
0.34449 (11)
0.3410
0.3656
0.28313 (13)
0.2858
0.2631
0.2615

Atomic displacement parameters (142 )

Cul
Cu2
Cu3
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
Ni1
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
C1
C2
C3

Ull
0.03348 (15)
0.03608 (16)
0.03740 (16)
0.0427 (11)
0.0395 (11)
0.0366 (11)
0.0348 (11)
0.0594 (16)
0.0507 (13)
0.0514 (13)
0.086 (2)
0.0524 (14)
0.0314 (10)
0.0385 (11)
0.0408 (11)
0.0401 (11)
0.0556 (16)
0.0566 (15)
0.066 (2)
0.0585 (14)
0.0475 (12)
0.0780 (19)
0.0355 (10)
0.0480 (13)
0.091 (2)
0.0401 (11)
0.0454 (11)
0.0398 (13)
0.0459 (14)
0.0474 (15)

0.0202 (2) 0.1756 (2) 0.0585 (7)

0.0390 0.1373 0.070*

~0.0503 0.1578 0.070*

0.0842 (3) 0.1286 (2) 0.0776 (10)

0.0630 0.1623 0.116*

0.1540 0.1469 0.116*

0.0762 0.0467 0.116*

~0.05372 (19) 0.3482 (2) 0.0518 (6)

~0.0426 0.4300 0.062*

—0.1168 0.3392 0.062*

~0.0659 (2) 0.2937 (3) 0.0734 (9)

~0.0895 0.2161 0.110*

-0.0019 0.2936 0.110*

—0.1142 0.3369 0.110*
U22 U33 U12 U13
0.04709 (17) 0.02709 (14) ~0.00311(12)  —0.00114 (10)
0.04575 (17) 0.05113 (19) 0.00447 (12) 0.01128 (13)
0.03712 (15) 0.03270 (15) 0.01020 (11) 0.00123 (11)
0.0484 (12) 0.0350 (10) ~0.0087 (9) 0.0044 (8)
0.0551 (12) 0.0316 (10) ~0.0058 (9) ~0.0002 (8)
0.0612 (14) 0.0431 (12) 0.0001 (9) 0.0018 (9)
0.0548 (13) 0.0459 (13) 0.0093 (9) ~0.0040 (9)
0.119 (2) 0.0513 (15) 0.0249 (16) 0.0086 (12)
0.0723 (15) 0.0314 (11) 0.0111 (11) ~0.0075 (9)
0.0641 (14) 0.0282 (10) 0.0056 (11) ~0.0014 (9)
0.116 (2) 0.0500 (15) 0.0403 (18) ~0.0208 (14)
0.0558 (14) 0.0659 (15) ~0.0081 (11) ~0.0072 (12)
0.0387 (11) 0.0528 (13) 0.0008 (8) 0.0044 (9)
0.0464 (12) 0.0532 (13) ~0.0030 (9) 0.0073 (9)
0.0354 (10) 0.0427 (11) 0.0016 (8) 0.0080 (9)
0.0372 (10) 0.0463 (12) 0.0032 (8) 0.0064 (9)
0.101 (2) 0.128 (3) 0.0149 (15) 0.0306 (17)
0.0602 (15) 0.0734 (17) 0.0057 (12) 0.0169 (13)
0.146 (3) 0.141 (3) 0.004 (2) 0.035 (2)
0.0463 (12) 0.0534 (13) 0.0087 (10) 0.0094 (11)
0.0403 (11) 0.0456 (12) 0.0081 (9) ~0.0030 (10)
0.079 (2) 0.112 (2) ~0.0036 (15) 0.0389 (18)
0.0427 (12) 0.0402 (11) 0.0075 (9) 0.0029 (8)
0.0602 (15) 0.0398 (12) 0.0101 (11) 0.0072 (9)
0.0576 (16) 0.085 (2) ~0.0149 (15) 0.0117 (16)
0.0404 (11) 0.0379 (11) 0.0067 (8) ~0.0033 (8)
0.0373 (10) 0.0340 (10) 0.0082 (8) 0.0005 (8)
0.0652 (16) 0.0359 (13) ~0.0071 (12) ~0.0069 (10)
0.0552 (16) 0.0468 (14) ~0.0145 (12) 0.0025 (11)
0.0690 (18) 0.0526 (16) ~0.0075 (13) 0.0125 (12)

U23
~0.00492 (11)
0.01752 (14)
~0.00185 (11)
~0.0034 (9)
~0.0039 (9)
~0.0087 (10)
0.0002 (10)
~0.0064 (15)
~0.0107 (10)
~0.0085 (9)
~0.0046 (15)
~0.0100 (12)
0.0040 (10)
~0.0085 (10)
0.0030 (8)
0.0057 (9)
0.080 (2)
0.0356 (13)
0.085 (3)
~0.0127 (10)
~0.0131 (9)
~0.0457 (17)
0.0026 (9)
~0.0040 (11)
~0.0052 (14)
0.0010 (8)
0.0016 (8)
~0.0055 (12)
~0.0129 (12)
~0.0159 (14)
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C4
C5
C6
C7
C8
C9
C10
Cl11
Cl12
Cl13
Cl14
Cl15
Cl6
C17
CI18

0.061 (2)
0.072 (2)

0.100 (3)

0.0424 (13)
0.0419 (13)
0.0601 (18)
0.085 (3)

0.0515 (15)
0.0558 (18)
0.0462 (14)
0.0394 (13)
0.0596 (17)
0.086 (2)

0.0493 (15)
0.0550 (18)

Geometric parameters (4, °)

Cul—N6
Cul—N2
Cul—N3
Cul—NI1
Cul—N9
Cu2—N5
Cu2—N14
Cu2—NI2
Cu2—NI11!
Cu2—NI13
Cu3—N17
Cu3—N24
Cu3—N20'
Cu3—N23
Cu3—N20
N1—C2
N1—C5
N1—C3
N2—Cl
N2—H2C
N2—H2D
N3—N4
N4—NS5
N6—N7
N7—N8
N9—N10
N10—NI11
N11—Cu2'
NI12—C8
NI2—HI12D

0.093 (3)
0.069 (2)
0.069 (2)
0.0462 (13)
0.0407 (13)
0.0366 (14)
0.070 (2)
0.0625 (17)
0.086 (2)
0.0385 (13)
0.0401 (13)
0.075 (2)
0.107 (3)
0.0390 (13)
0.0513 (17)

1.9663 (19)
1.9792 (18)
1.983 (2)
2.0827 (19)
2.562 (2)
2.654 (2)
1.936 (2)
1.9673 (18)
2.006 (2)
2.0779 (19)
1.975 (2)
1.9950 (18)
2.0269 (19)
2.0773 (19)
2.4458 (19)
1.486 (3)
1.494 (3)
1.497 (3)
1.472 (3)
0.9000
0.9000
1.181 (3)
1.155 (3)
1.188 (3)
1.146 (3)
1.153 (3)
1.192 (3)
2.006 (2)
1.472 (3)
0.9000

0.099 (3) ~0.0067 (18)
0.063 (2) ~0.0116 (16)
0.099 (3) 0.009 (2)
0.0346 (13) 0.0005 (10)
0.0413 (13) ~0.0080 (10)
0.097 (2) ~0.0001 (13)
0.129 (3) ~0.0171 (19)
0.0477 (15) 0.0146 (13)
0.067 (2) 0.0210 (16)
0.0512 (15) 0.0104 (10)
0.0544 (15) 0.0080 (10)
0.0400 (15) 0.0117 (15)
0.0405 (16) 0.004 (2)
0.0669 (18) 0.0053 (11)
0.113 3) ~0.0033 (14)

Cl1—HIB
C2—H2A
C2—H2B
C3—C4
C3—H3A
C3—H3B
C4—H4A
C4—H4B
C4—H4C
C5—Co6
C5—HSA
C5—HS5B
C6—HO6A
C6—H6B
C6—H6C
C7—C8
C7—H7A
C7—H7B
C8—HSA
C8—HS8B
C9—C10
C9—HOA
C9—H9B
C10—H10A
C10—H10B
C10—H10C
Cl11—C12
CI1—HI11A
Cl1—HI1B
CI2—HI12A

0.0331 (19)
0.0071 (16)
~0.004 (2)

0.0074 (10)
0.0075 (10)
0.0090 (17)
~0.015 (2)

0.0056 (12)
0.0010 (15)
0.0118 (11)

~0.0037 (11)
~0.0098 (13)

0.0072 (15)
0.0023 (13)

~0.0038 (18)

0.9700
0.9700
0.9700

-0.019 (2)
0.0169 (15)
0.027 (2)
0.0012 (10)
0.0002 (10)
~0.0085 (14)
~0.037 (2)
0.0122 (13)
0.0128 (17)
~0.0005 (11)
0.0058 (11)
~0.0014 (13)
0.0144 (17)
0.0013 (12)
~0.0035 (17)

1.507 (4)

0.9700
0.9700
0.9600
0.9600

0.9600

1.485 (5)

0.9700
0.9700

0.9600

0.9600
0.9600

1.500 (3)

0.9700
0.9700
0.9700
0.9700

1.503 (4)

0.9700
0.9700
0.9600
0.9600
0.9600

1.516 (4)

0.9700
0.9700
0.9600
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N12—HI2E
N13—C9
N13—C7
N13—Cl1
N14—NI5
N15—N16
N17—N18
N18—N19
N20—N21
N20—Cu3'
N21—N22
N23—C15
N23—Cl4
N23—Cl17
N24—C13
N24—H24A
N24—H24B
Ccl1—C2
Cl—HIA
N6—Cul—N2
N6—Cul—N3
N2—Cul—N3
N6—Cul—N1
N2—Cul—N1
N3—Cul—N1
N14—Cu2—N12
N14—Cu2—N11!
N12—Cu2—NI11!
N14—Cu2—NI13
N12—Cu2—NI13
N11'—Cu2—NI13
N17—Cu3—N24
N17—Cu3—N20'
N24—Cu3—N20'
N17—Cu3—N23
N24—Cu3—N23
N20'—Cu3—N23
N17—Cu3—N20
N24—Cu3—N20
N20""—Cu3—N20
N23—Cu3—N20
C2—NI1—C5
C2—NI1—C3
C5—NI1—C3
C2—NI—Cul
C5—NI—Cul
C3—NI—Cul

0.9000
1.479 (3)
1.482 (3)
1.500 (3)
1.167 (3)
1.127 3)
1.170 3)
1.154 (3)
1.166 (3)
2.0269 (19)
1.164 (3)
1.483 (3)
1.485 (3)
1.502 (3)
1.473 (3)
0.9000
0.9000
1.503 (4)
0.9700

169.89 (9)
91.52 (9)
93.96 (8)
92.82 (9)
85.59 (8)
156.09 (8)
171.30 (12)
93.02 (10)
92.72 (8)
91.96 (10)
85.10 (7)
158.19 (9)
175.07 (9)
91.67 (9)
92.09 (8)
92.22 (8)
85.03 (8)
163.83 (8)
90.89 (8)
85.94 (7)
89.64 (7)
105.99 (7)
110.9 (2)
111.3 (2)
110.1 (2)
104.86 (14)
110.64 (17)
108.84 (15)

C12—HI2B
C12—HI12C
C13—Cl4
C13—HI3A
C13—HI3B
Cl4—H14A
C14—H14B
C15—C16
C15—HI5A
C15—HI5B
C16—HI6A
C16—H16B
C16—H16C
C17—C18
C17—HI7A
C17—HI17B
C18—HISA
C18—HI8B
C18—HI8C
C3—C4—H4A
C3—C4—H4B
H4A—C4—H4B
C3—C4—H4C
H4A—C4—HAC
H4B—C4—H4C
C6—C5—NI1
C6—C5—HS5A
N1—C5—HS5A
C6—C5—H5B
N1—C5—H5B
H5A—C5—H5B
C5—C6—H6A
C5—C6—H6B
H6A—C6—H6B
C5—C6—H6C
H6A—C6—H6C
H6B—C6—H6C
N13—C7—C8
N13—C7—H7A
C8—C7—H7A
N13—C7—H7B
C8—C7—H7B
H7A—C7—H7B
N12—C8—C7
N12—C8—HS8A
C7—C8—HS8A
N12—C8—HS$B

0.9600
0.9600
1.511 (3)
0.9700
0.9700
0.9700
0.9700
1.507 (4)
0.9700
0.9700
0.9600
0.9600
0.9600
1.516 (4)
0.9700
0.9700
0.9600
0.9600
0.9600

109.5
109.5
109.5
109.5
109.5
109.5
114.6 (3)
108.6
108.6
108.6
108.6
107.6
109.5
109.5

109.5
109.5
109.5
109.5
109.56 (18)
109.8
109.8
109.8
109.8
108.2
106.67 (18)
110.4
110.4
110.4
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Cl—N2—Cul
Cl—N2—H2C
Cul—N2—H2C
Cl1—N2—H2D
Cul—N2—H2D
H2C—N2—H2D
N4—N3—Cul
N5—N4—N3
N7—N6—Cul

N8 N7—N6
N9—N10—NI1
N10—N11—Cu2'
C8—NI2—Cu2
C8—NI2—HI2D
Cu2—NI12—H12D
C8—NI2—HI2E
Cu2—NI2—HI2E

H12D—N12—HI12E

C9—NI13—C7
C9—NI13—Cl1
C7—NI13—CI1
C9—N13—Cu2
C7—NI13—Cu2
Cl11—N13—Cu2
N15—NI14—Cu2
N16—N15—N14
N18—N17—Cu3
N19—NI18—N17
N21—N20—Cu3!
N21—N20—Cu3
Cu3-N20—Cu3
N22—N21—N20
C15—N23—C14
C15—N23—C17
C14—N23—C17
C15—N23—Cu3
C14—N23—Cu3
C17—N23—Cu3
C13—N24—Cu3
C13—N24—H24A
Cu3—N24—H24A
C13—N24—H24B
Cu3—N24—H24B

H24A—N24—H24B

N2—C1—C2

N2—C1—HI1A
C2—C1—HI1A
N2—C1—HI1B

107.99 (14)
109.3

110.3

107.4

108.4

113.3
126.31 (17)
176.9 (3)
121.99 (17)
177.8 3)
178.3 (2)
119.92 (16)
108.69 (14)
108.3

112.5

106.4

113.0

107.7

111.3 (2)
110.2 (2)
110.90 (19)
110.11 (16)
105.66 (14)
108.55 (14)
120.6 (2)
177.8 3)
125.29 (19)
177.3 3)
117.87 (17)
118.31 (16)
90.36 (7)
177.5 3)
110.84 (19)
111.2 (2)
110.46 (19)
109.68 (16)
106.38 (14)
108.16 (14)
107.38 (14)
111.2

111.0
108.2

112.1

107.0
107.0 (2)
110.3

110.3

110.3

C7—C8—H&B
H8A—C8—HSB
N13—C9—C10
N13—C9—HO9A
C10—C9—HO9A
N13—C9—H9B
C10—C9—H9B
H9A—C9—H9B
C9—C10—HI10A
C9—C10—H10B
H10A—C10—H10B
C9—C10—H10C
H10A—C10—H10C
H10B—C10—H10C
N13—C11—C12
N13—C11—HI11A
C12—C11—H11A
N13—C11—H11B
C12—C11—HI11B
H11A—C11—HI11B
Cl11—C12—HI2A
C11—C12—HI12B
H12A—C12—H12B
Cl11—C12—HI12C
H12A—C12—H12C
H12B—C12—H12C
N24—C13—C14
N24—C13—HI3A
Cl14—C13—HI3A
N24—C13—HI13B
C14—C13—H13B
H13A—C13—H13B
N23—C14—C13
N23—C14—HI14A
C13—C14—H14A
N23—C14—H14B
C13—C14—H14B
H14A—C14—H14B
N23—C15—Cl16
N23—C15—H15A
C16—C15—HI15A
N23—C15—H15B
C16—C15—H15B
H15A—C15—H15B
C15—Cl16—HI16A
C15—Cl16—H16B
H16A—C16—H16B
C15—Cl16—H16C

110.4
108.6
113.1 (2)
109.0
109.0
109.0
109.0
107.8
109.5
109.5
109.5
109.5
109.5
109.5
116.8 (2)
108.1
108.1
108.1
108.1
107.3
109.5
109.5
109.5
109.5
109.5
109.5
106.84 (19)
110.4
110.4
110.4
110.4
108.6
109.77 (18)
109.7
109.7
109.7
109.7
108.2
113.7 (2)
108.8
108.8
108.8
108.8
107.7
109.5
109.5
109.5
109.5
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C2—C1—HIB
H1A—C1—HIB
N1—C2—Cl1
N1—C2—H2A
C1—C2—H2A
N1—C2—H2B
C1—C2—H2B
H2A—C2—H2B
N1—C3—C4
N1—C3—H3A
C4—C3—H3A
N1—C3—H3B
C4—C3—H3B
H3A—C3—H3B

110.3
108.6
109.48 (19)
109.8

109.8

109.8

109.8

108.2

117.1 (2)
108.0
108.0
108.0
108.0

107.3

H16A—C16—H16C
H16B—C16—H16C
N23—C17—C18
N23—C17—H17A
C18—C17—H17A
N23—C17—H17B
C18—C17—H17B
H17A—C17—H17B
C17—C18—H18A
C17—C18—H18B
H18A—C18—H18B
C17—C18—H18C
H18A—C18—HI18C
H18B—C18—H18C

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

Hydrogen-bond geometry (4, ©)

DM
N2—H2C-N11!
N2—H2D-N6'
N12—HI12D-N8"
N12—H12E-N3!
N24—H24A--N17"
N24—H24A--N18'l
N24—H24B-N19"

D—H
0.89
0.89
0.89
0.89
0.89
0.89
0.90

HA
241
2.35
2.28
2.51
2.37
2.67
2.18

Dot
3.095 (3)
3.186 (3)
3.087 (3)
3.067 (3)
3.189 (3)
3.531(3)
3.031 (3)

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

109.5
109.5

115.9 (2)

108.3
108.3
108.3
108.3
107.4
109.5
109.5
109.5
109.5
109.5
109.5

D—H-A4
134
156
151
121
153
163
157
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Fig. 1
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Fig. 2
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