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The title compound, [Cd(C,HgN,),(H,0),]SO46H,0, was
obtained unexpectedly during an attempt to synthesize a
cadmium complex with bidentate bridging sulfate ligands via
hydrothermal synthesis. The Cd" metal ion is six-coordinated
by two chelating 1,10-phenanthroline ligands and two water
molecules, resulting in a distorted octahedral geometry for the
metal ion. The two chelating N,C, groups are almost
perpendicular to each other [dihedral angle = 86.75 (2)°]. In
the crystal, the [Cd(C;,HgN,),(H,0),]** complex cations join
with the sulfate anions through two Oyuer—H: - Ogutate
hydrogen bonds. These ion pairs are further interlinked into
a two-dimensional supermolecular structure via additional
O—H- - -O hydrogen bonds.

Related literature

For background to phenanthroline complexes, see: Zhong et
al. (2006, 2009); Zhu et al. (2006); Ni et al. (2010); Zhong
(2010); Cui et al. (2010). For related structures of six-coordi-
nate cadmium complexes and background references, see:
Yang et al. (2003); Lu et al. (2006); Zhong & Cui (2010). For
standard bond lengths, see: Allen et al. (1987).

- 2+

SO%" +6H,0

Experimental

Crystal data

[Cd(Cy2H;sN,),(H,0),]S0,-6H,0 y =69.37 (3)° .
M, = 713.02 V =1473.0 (7) A®
Triclinic, PT Z=2

a=10344 (2) A Mo Ko radiation
b =12.086 (2) A =088 mm™
c=13331(3) A T=23K

o =71.54 3)°
B = 88.37 (3)°

0.30 x 0.25 x 0.12 mm

Data collection

Rigaku Mercury CCD
diffractometer

Absorption correction: multi-scan
(REQAB: Jacobson, 1998)
Tinin = 0.741, Tppax = 1.000

14255 measured reflections
6631 independent reflections
5729 reflections with 7 > 20(1)
Rin = 0.038

Refinement

R[F? > 20(F?)] = 0.040
wR(F?) = 0.082

S =1.04

6631 reflections

427 parameters

63 restraints

H atoms treated by a mixture of
independent and constrained
refinement

ApPmax = 0.56 € A_3

APmin = =054 ¢ A3

Table 1 .

Selected geometric parameters (A, °).

Cd1—02wW 2252 (2) Cd1—N1 2342 (2)
Cd1—-01W 2.286 (2) Cd1—N3 2.350 (2)
Cd1—N4 2.327 (2) Cd1—N2 2377 (2)
02W—Cd1—O1W 82.11 (8) N1—Cd1—N2 71.32 (8)
N4—Cd1—N3 71.63 (8)

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1W—HIWA- --0O1 0.84 (2) 1.84 (2) 2.657 (3) 163 (3)
O2W—H2WB- - -03 0.81 (3) 1.92 (3) 2.718 (3) 169 (4)
O1W—HIWB. - -06W 0.85 (2) 1.91 (2) 2.739 (3) 163 (3)
O5SW—H5WA---02 0.77 (3) 2.08 (3) 2.816 (3) 161 (5)
O8W—H8WA- - -0l 0.85 (3) 1.88 (3) 2.729 (4) 175 (5)
O4W—H4WA- --02 0.87 (2) 1.99 (3) 2.805 (3) 157 (4)
O6W—H6WB- - -O5W 0.84 (2) 2.04 (3) 2.830 (4) 158 (4)
O7TW—HTWA. - -04 0.83 (3) 1.96 (3) 2.791 (4) 172 (6)
O7W—HTWB. - -O8W 0.82 (3) 2.16 (4) 2.901 (5) 151 (6)
O2W—H2WA. - -03' 0.83 (4) 1.86 (4) 2,671 (3) 164 (3)
O3W—H3WB- - -O8W 0.77 (3) 229 (5) 2.907 (5) 137 (6)
OSW—HSWB- - -O4W'i 0.77 (3) 2.07 (3) 2.829 (4) 174 (5)
O6W—H6WA- - -O3W™ 0.78 (3) 2.03 (3) 2.773 (5) 160 (4)
O4W—H4WB. - -OTW" 0.79 (3) 2.03 (3) 2.806 (4) 168 (5)
OSW—HSWB. - -O3W" 0.83 (3) 2.09 (3) 2.851 (5) 154 (5)

Symmetry codes: (i) —x, —y+2,—z; (ii)) x+1,y,z; (iii)) —x+1,—y+1,—z; (iv)
—x+1,—-y+1,—z+1 (V) —x,—y+1, -z

Data collection: CrystalClear (Rigaku, 2007); cell refinement:
CrystalClear; data reduction: CrystalClear; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.
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Diaquabis(1,10-phenanthroline-x*N,N’)cadmium sulfate hexahydrate
Kai-Long Zhong

S1. Comment

Recently we have synthesized and reported many four-membered ring structural characteristics metal-Phen (1,10-
phenanthroline) complexes with bidentate-chelating sulfate auxiliary ligand via a hydrothermal (solvothermal) reaction,
such as cobalt complexes (Zhong ef al., 2006; Zhong, 2010), nickel complexes (Zhong et al., 2009; Ni et al., 2010), zinc
complex (Cui et al., 2010), and manganese complex (Zhu et al., 2006). The title compound
[Cd(C12HsN»)2(H20),]S04.6H,0, (I) was obtained during an attempt to synthesize a four-membered ring structural
characteristics Cd-complex with bidentate-chelating sulfate ligand by the similar route. Here we report the crystal
structure of (I).

In the cation of (I), all bond lengths and angles are normal (Allen et al., 1987). The Cd*" metal ion has a distorted
octahedral coordination environment composed of four N atoms from two chelating Phen ligands and two O atoms from
two water molecules. The dihedral angle between the two chelating N,C, groups is 86.75 (2) A. The Cd—O bond
distances [2.256 - 2.288 A], the Cd—N bond distances [2.327 (2) - 2.377 (2) A] and the N—Cd—N bite angles
[71.32 (8)-71.63 (8)°] (Table 1.) are in good accord with those observed in many six-coordinate Cd-phen complexes
[Cd(phen)»(H>0),](C4H,04).4H,O (Yang et al., 2003), [CdSO4(C2HsN,),].CoHeO; (Lu ef al., 2006) and
[CdSO4(C,HsN,),].C3HgO, (Zhong & Cui, 2010). The [Cd(C12HsN,)2(H,0),]*" complex cations and uncoordinated sulfate
anion are connected by intermolecular O—H---O hydrogen bonds with the coordinated water molecules as donors (Fig. 1.
and Table 2.). These units are further held together by typical O—H---O hydrogen bonding with uncoordinated water

forming a two-dimensional hydrogen bond network (Fig. 2. and Table 2.).

S2. Experimental

0.2 mmol phen, 0.1 mmol 3CdS0,.8H,0 and 2.0 ml water were mixed and placed in a thick Pyrex tube, which was
sealed and heated to 413 K for 72 h, whereupon colorless block-shaped crystals of (I) were obtained.

S3. Refinement

The H atoms of phen were positioned geometrically and allowed to ride on their parent atoms, with C—H = 0.93 A and
Uio(H) = 1.2U.4(C). The H atoms of waters were located in difference map and then allowed to ride on their parent atoms,
with O—H = 0.77 (3) - 0.87 (2)A and Ui(H) = 1.5Uc(O).

Acta Cryst. (2011). E67, m1609-m1610 sup-1
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Figure 1
The asymmetric unit of (I), showing the atom-numbering scheme and with displacement ellipsoids drawn at the 30%

probability level. The dashed lines represent O—H:--O interactions.
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Figure 2

The packing viewed down the b axis. Dashed lines indicate hydrogen bonds. All H atoms and C atoms of phen have been

omitted for clarity.

Diaquabis(1,10-phenanthroline-«*N,N’)cadmium sulfate hexahydrate

Crystal data

[Cd(C2HsN,)2(H20),]SO46H,0
M,=1713.02

Triclinic, P1

Hall symbol: -p 1

a=10.344 (2) A

b=12.086 (2) A
c=13331(13)A

a=71.54(3)°

p=88.37(3)°

y=69.37 (3)°

V=1473.0 (7) A°

Z=2

F(000) =728

D,=1.608 Mg m™

Mo Ko radiation, 2 = 0.71073 A

Cell parameters from 7054 reflections
0=13.0-27.5°

4 =0.88 mm™
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T=223K
Block, colorless

Data collection

Rigaku Mercury CCD

diffractometer

Radiation source: fine-focus sealed tube
Graphite Monochromator monochromator
Detector resolution: 28.5714 pixels mm™!

w scans

Absorption correction: multi-scan

(REQAB: Jacobson, 1998)

Tmin = 07419 Tmax

Refinement

=1.000

Refinement on F?
Least-squares matrix: full

R[F>>20(F?)] =
wR(F?) =0.082
S=1.04

6631 reflections
427 parameters
63 restraints

0.040

Primary atom site location: structure-invariant

direct methods

Special details

0.30 x 0.25 x 0.12 mm

14255 measured reflections
6631 independent reflections
5729 reflections with 7> 2a([)

Rine=0.038

Omax = 27.5°, Omin = 3.0°

h=-11-13
k=-12—15
[=-17—-17

Secondary atom site location: difference Fourier

map

Hydrogen site location: inferred from

neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[*(F,?) + (0.0339P)%]
where P = (F,2 + 2F2)/3

(A6 )max = 0.002

Aprax =0.56 ¢ A7
Apmin =—0.54¢ A_3

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 F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2,
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 ¥ z Uiso™/Uqq

cdl 0.23865 (2) 0.943079 (18) 0.256252 (15) 0.02386 (8)
NI 0.0916 (2) 1.0674 (2) 0.34727 (17) 0.0264 (5)
N2 0.3565 (2) 0.9003 (2) 0.42255 (17) 0.0284 (5)
N3 0.3139 (2) 1.1059 (2) 0.16124 (17) 0.0257 (5)
N4 0.4515 (2) 0.8559 (2) 0.19554 (17) 0.0261 (5)
ci ~0.0357 (3) 1.1479 (3) 03114 (2) 0.0340 (7)
HIA -0.0729 1.1533 0.2466 0.041%*

2 ~0.1168 (3) 12248 (3) 0.3657 (2) 0.0396 (8)
H2A —0.2062 1.2797 0.3378 0.047*

C3 ~0.0628 (3) 12183 (3) 0.4607 (3) 0.0410 (8)
H3A -0.1147 1.2700 0.4976 0.049*

C4 0.0713 3) 1.1334 (3) 0.5022 (2) 0.0346 (7)
cs 0.1330 (4) 1.1184 (3) 0.6030 (2) 0.0461 (9)

Acta Cryst. (2011). E
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HSA
C6
H6A
C7

C8
HSA
C9
HO9A
C10
HIOA
Cl11
Cl12
C13
HI3A
Cl4
HI14A
C15
HI5A
Cl6
C17
HI7A
C18
HI8A
C19
C20
H20A
C21
H21A
C22
H22A
C23
C24
o2w
H2WA
H2WB
Oo1w
HIWA
HIWB
0Ol

02

03

04
O6W
H6WB
H6WA
Oo5wW
H5WA
H5WB

0.0839
0.2605 (4)
0.2973
0.3410 (3)
0.4746 (4)
0.5143
0.5462 (3)
0.6354
0.4836 (3)
0.5331
0.2847 (3)
0.1462 (3)
0.2470 (3)
0.1570
0.3050 (4)
0.2545
0.4364 (3)
0.4767
0.5120 (3)
0.6509 (3)
0.6948
0.7190 (3)
0.8093
0.6555 (3)
0.7228 (3)
0.8137
0.6545 (3)
0.6986
0.5191 (3)
0.4732
0.5182 (3)
0.4456 (3)
0.0576 (2)
0.019 (4)
0.062 (4)
0.2142 (2)
0.178 (3)
0.274 (3)
0.0996 (2)
0.2611 (2)
0.0709 (2)
0.0277 (2)
0.3939 (3)
0.417 (4)
0.343 (4)
0.4613 (3)
0.395 (3)
0.523 (4)

1.1679
1.0339 (4)
1.0251
0.9572 (3)
0.8676 (3)
0.8551
0.7992 (3)
0.7409
0.8180 (3)
0.7705
0.9702 (3)
1.0590 (3)
1.2273 (3)
1.2536
1.3174 (3)
1.4017
1.2801 (3)
1.3390
1.1517 (3)
1.1059 (3)
1.1620
0.9824 (3)
0.9547
0.8938 (3)
0.7645 (3)
0.7329
0.6858 (3)
0.6001
0.7339 (3)
0.6789
0.9356 (2)
1.0676 (3)
0.9861 (2)
1.053 (3)
0.932 (3)
0.75290 (19)
0.737 3)
0.687 (3)
0.6642 (2)
0.63092 (19)
0.82585 (18)
0.6410 (2)
0.5180 (2)
0.482 (4)
0.494 (4)
0.4635 (3)
0.508 (4)
0.448 (4)

0.6426
0.6410 (3)
0.7071
0.5826 (2)
0.6194 (2)
0.6858
0.5591 (2)
0.5827
0.4607 (2)
0.4198
0.4822 (2)
0.4422 (2)
0.1431 (2)
0.1626
0.0961 (2)
0.0846
0.0676 (2)
0.0367
0.0849 (2)
0.0573 (2)
0.0261
0.0760 (2)
0.0575
0.1235 (2)
0.1448 (2)
0.1286
0.1891 (3)
0.2036
0.2126 (2)
0.2416
0.1510 (2)
0.1316 (2)
0.14208 (17)
0.094 (3)
0.118 (3)
0.31802 (16)
0.271 (2)
0.361 (2)
0.20075 (15)
0.06966 (17)
0.03451 (16)
0.04110 (17)
0.43016 (19)
0.385 (3)
0.468 (3)
0.2396 (2)
0.204 (3)
0.207 (3)

0.055*
0.0476 (9)
0.057*
0.0353 (7)
0.0450 (9)
0.054*
0.0425 (8)
0.051%
0.0357 (7)
0.043*
0.0277 (6)
0.0268 (6)
0.0327 (7)
0.039*
0.0408 (8)
0.049%
0.0388 (8)
0.047*
0.0300 (7)
0.0377 (8)
0.045*
0.0364 (8)
0.044*
0.0286 (6)
0.0392 (8)
0.047*
0.0412 (8)
0.049%
0.0331 (7)
0.040%
0.0235 (6)
0.0234 (6)
0.0336 (5)
0.050*
0.050*
0.0311 (5)
0.047*
0.047*
0.0408 (5)
0.0378 (5)
0.0366 (5)
0.0399 (5)
0.0463 (6)
0.069*
0.069*
0.0555 (7)
0.083*
0.083*

Acta Cryst. (2011). E67, m1609-m1610

sup-5



supporting information

04w 0.2984 (3) 0.6079 (3) —-0.1330 (2) 0.0674 (8)
H4WA 0.312 (5) 0.606 (4) —0.069 (2) 0.101*
H4WB 0.238 (4) 0.583 (5) —0.135 (3) 0.101*
O3W 0.8044 (3) 0.5798 (4) 0.4807 (3) 0.0749 (9)
H3WA 0.854 (5) 0.515 (3) 0.481 (5) 0.112*
H3WB 0.853 (5) 0.596 (6) 0.438 (4) 0.112*
O8W 0.0051 (4) 0.4950 (3) 0.3388 (2) 0.0779 (9)
H8WA 0.031 (5) 0.551 (4) 0.297 (3) 0.117*
H8WB 0.071 (4) 0.453 (5) 0.385 (3) 0.117*
O7TW —0.0580 (3) 0.4443 (3) 0.1510 (3) 0.0870 (11)
H7WA —0.038 (6) 0.504 (4) 0.113 (4) 0.130*
H7WB —0.038 (7) 0.431 (6) 0.214 (3) 0.130*
S1 0.11520 (7) 0.68913 (6) 0.08592 (5) 0.02492 (16)
Atomic displacement parameters (42)

Ull l]ZZ 1]33 UIZ U13 l]23
Cdl1 0.02405 (12) 0.02632 (12) 0.02400 (12) —0.01063 (9) 0.00255 (8) —-0.01025 (9)
N1 0.0290 (13) 0.0283 (13) 0.0224 (11) —-0.0109 (11) 0.0028 (10) —0.0084 (10)
N2 0.0339 (14) 0.0262 (13) 0.0259 (12) —0.0116 (11) —0.0020 (11) —0.0082 (10)
N3 0.0268 (13) 0.0248 (12) 0.0275 (12) —0.0105 (10) —0.0007 (10) —0.0099 (10)
N4 0.0286 (13) 0.0247 (12) 0.0264 (12) —0.0095 (10) 0.0031 (10) —0.0106 (10)
C1 0.0363 (17) 0.0362 (18) 0.0266 (15) —0.0101 (14) 0.0056 (13) —=0.0101 (13)
C2 0.0340 (18) 0.0354 (18) 0.0404 (18) —0.0056 (15) 0.0110 (15) —0.0092 (15)
C3 0.047 (2) 0.0376 (19) 0.0409 (18) —0.0159 (16) 0.0215 (16) —0.0173 (15)
C4 0.0455 (19) 0.0401 (18) 0.0292 (15) —-0.0238 (15) 0.0157 (14) —0.0176 (14)
C5 0.061 (2) 0.059 (2) 0.0351 (18) —0.030 (2) 0.0143 (17) —-0.0291 (17)
C6 0.059 (2) 0.071 (3) 0.0306 (17) —0.035 (2) 0.0067 (16) —0.0266 (18)
C7 0.0461 (19) 0.0445 (19) 0.0247 (15) —0.0268 (16) 0.0035 (14) —0.0118 (14)
C8 0.055 (2) 0.055 (2) 0.0286 (16) —0.0282 (18) —0.0095 (16) —0.0072 (16)
C9 0.0394 (19) 0.042 (2) 0.0403 (18) —0.0124 (16) -0.0122 (15) —0.0067 (16)
C10 0.0401 (18) 0.0315 (17) 0.0334 (16) —0.0098 (14) —0.0055 (14) —0.0104 (14)
Cl1 0.0377 (17) 0.0311 (16) 0.0211 (13) —0.0217 (13) 0.0040 (12) —0.0073 (12)
C12 0.0371 (16) 0.0261 (15) 0.0241 (14) —-0.0185 (13) 0.0082 (12) —0.0097 (12)
C13 0.0348 (17) 0.0237 (15) 0.0368 (16) —0.0074 (13) 0.0018 (14) —0.0096 (13)
Cl4 0.050 (2) 0.0241 (16) 0.0453 (19) —0.0130 (15) —0.0041 (16) —0.0079 (14)
Cl15 0.052 (2) 0.0333 (17) 0.0367 (17) —0.0277 (16) —0.0009 (16) —0.0040 (14)
Cl6 0.0375 (17) 0.0350 (17) 0.0222 (14) —-0.0219 (14) —-0.0013 (13) —0.0053 (12)
C17 0.0354 (18) 0.057 (2) 0.0319 (16) —0.0303 (16) 0.0060 (14) —-0.0135 (15)
C18 0.0282 (16) 0.064 (2) 0.0262 (15) —0.0234 (16) 0.0092 (13) —0.0192 (15)
C19 0.0232 (15) 0.0425 (18) 0.0228 (14) —0.0117 (13) 0.0027 (12) —0.0145 (13)
C20 0.0288 (16) 0.047 (2) 0.0394 (13) —0.0061 (15) 0.0071 (14) —0.0199 (16)
C21 0.0430 (19) 0.0298 (17) 0.0460 (19) —0.0039 (15) 0.0056 (16) —0.0169 (15)
C22 0.0375 (17) 0.0284 (16) 0.0360 (16) —0.0132 (14) 0.0096 (14) —0.0131 (13)
C23 0.0262 (15) 0.0275 (15) 0.0181 (13) —0.0108 (12) —0.0011 (11) —0.0076 (11)
C24 0.0262 (15) 0.0289 (15) 0.0181 (13) —0.0146 (12) 0.0005 (11) —0.0063 (11)
o2wW 0.0377 (12) 0.0284 (12) 0.0332 (12) —0.0104 (10) —0.0083 (10) —0.0089 (9)
O1wW 0.0390 (12) 0.0269 (11) 0.0285 (11) —0.0146 (9) —0.0019 (9) —0.0072 (9)
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01 0.0566 (15) 0.0506 (14) 0.0293 (11) —-0.0352 (12) 0.0067 (10) —0.0138 (10)
02 0.0272 (11) 0.0372 (12) 0.0456 (12) —0.0072 (9) 0.0030 (10) —0.0140 (10)
03 0.0444 (13) 0.0238 (11) 0.0379 (12) —0.0094 (10) —0.0021 (10) —0.0078 (9)
04 0.0438 (13) 0.0506 (14) 0.0438 (12) —=0.0291 (11) 0.0066 (10) —0.0264 (11)
O6W 0.0453 (15) 0.0450 (15) 0.0432 (15) —-0.0153 (12) —0.0018 (11) —-0.0079 (12)
O5W 0.0495 (17) 0.0530 (17) 0.0506 (16) —0.0061 (14) —0.0082 (12) —0.0123 (13)
04w 0.069 (2) 0.094 (2) 0.0545 (16) —0.0371 (16) 0.0106 (15) —0.0366 (17)
O3W 0.0580 (19) 0.074 (2) 0.084 (2) —0.0234 (16) 0.0179 (16) —0.0151 (19)
o8W 0.078 (2) 0.080 (2) 0.067 (2) —0.0471 (19) 0.0083 (16) 0.0079 (16)
O7TW 0.0522 (18) 0.0461 (18) 0.166 (3) —0.0217 (15) 0.038 (2) —0.037 (2)
S1 0.0263 (4) 0.0244 (4) 0.0272 (3) —0.0119 (3) 0.0018 (3) —0.0094 (3)
Geometric parameters (A, ©)

Cd1—O2wW 2.252 (2) Cl4—HI14A 0.9300
Cd1—O1W 2.286 (2) C15—Cl16 1.415 (4)
Cd1—N4 2.327(2) CI5—HI15A 0.9300

Cd1—N1 2.342 (2) Cl6—C24 1.400 (4)
Cd1—N3 2.350 (2) Cl6—C17 1.430 (4)
Cd1—N2 2.377 (2) C17—C18 1.349 (4)

N1—ClI 1.321 (4) C17—HI17A 0.9300

N1—C12 1.361 (3) C18—C19 1.423 (4)
N2—C10 1.331 (4) C18—HI8A 0.9300

N2—C11 1.359 (4) C19—C20 1.404 (4)
N3—C13 1.327 (3) C19—C23 1.410 (4)
N3—C24 1.366 (4) Cc20—C21 1.358 (5)
N4—C22 1.336 (3) C20—H20A 0.9300

N4—C23 1.356 (4) C21—C22 1.384 (4)

Ccl—C2 1.390 (4) C21—H21A 0.9300

ClI—HIA 0.9300 C22—H22A 0.9300

C2—C3 1.367 (4) C23—C24 1.444 (4)
C2—H2A 0.9300 O2W—H2WA 0.83 (4)

C3—C4 1.401 (4) O2W—H2WB 0.81 (3)
C3—H3A 0.9300 O1W—HIWA 0.84 (2)

C4—C12 1.406 (4) O1W—HI1WB 0.85(2)

C4—C5 1.435 (4) 01—Sl1 1.479 (2)

C5—C6 1.342 (5) 02—Sl1 1.466 (2)
C5—HS5A 0.9300 03—S1 1.476 (2)

Cc6—C7 1.427 (4) 04—S1 1.462 (2)
C6—HO6A 0.9300 O6W—H6WB 0.84 (2)

C7—C8 1.404 (4) O6W—H6WA 0.78 (3)

C7—Cl11 1.415 (4) O5W—H5WA 0.77 (3)

Cc8—C9 1.354 (5) O5W—H5WB 0.77 (3)
C8—HSA 0.9300 O4W—H4WA 0.87 (2)

C9—C10 1.396 (4) 0O4W—H4WB 0.79 (3)
C9—H9A 0.9300 O3W—H3WA 0.76 (3)
C10—HI10A 0.9300 O3W—H3WB 0.77 (3)
Cl1—C12 1.444 (4) O8W—H8WA 0.85(3)
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C13—Cl14
C13—HI3A
C14—C15

02W—Cd1—O1W
02W—Cd1—N4
O1W—Cd1—N4
02W—Cd1—NI1
O1W—Cd1—NI1
N4—Cd1—N1
02W—Cd1—N3
O1W—Cd1—N3
N4—Cd1—N3
N1—Cd1—N3
02W—Cd1—N2
O1W—Cd1—N2
N4—Cd1—N2
NI1—Cd1—N2
N3—Cd1—N2
C1—NI1—CI12
C1—N1—Cd1
CI12—N1—Cd1
C10—N2—C11
C10—N2—Cdl1
CIl1—N2—Cdl
CI13—N3—C24
C13—N3—Cd1
C24—N3—Cdl1
C22—N4—C23
C22—N4—Cdl1
C23—N4—Cdl1
NI—Cl1—C2
N1—Cl1—HIA
C2—Cl1—HI1A
C3—C2—C1
C3—C2—H2A
C1—C2—H2A
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C3—C4—C12
C3—C4—C5
C12—C4—Cs
C6—C5—C4
C6—C5—HS5A
C4—C5—H5A
C5—C6—C7
C5—C6—H6A

1.395 (4)
0.9300
1.357 (5)

82.11 (8)
112.65 (8)
91.28 (8)
90.11 (8)
106.36 (8)
153.17 (8)
98.54 (9)
161.85 (8)
71.63 (8)
91.79 (8)
156.76 (9)
89.69 (8)
89.12 (8)
71.32 (8)
95.96 (8)
118.5 (2)
125.28 (18)
116.18 (18)
1182 (2)
126.83 (19)
114.91 (17)
118.2 (3)
126.6 (2)
114.87 (17)
118.1 (2)
125.5(2)
115.83 (17)
123.4 (3)
118.3

118.3

118.8 (3)
120.6
120.6
119.7 (3)
120.1

120.1

117.8 (3)
122.8 (3)
119.4 (3)
121.0 (3)
119.5

119.5
121.7 3)
119.2

O8W—H8WB
O7TW—H7WA
O7W—H7WB

C7—C11—C12
N1—C12—C4
N1—C12—Cl11
C4—C12—Cl11
N3—C13—C14
N3—CI13—HI3A
Cl14—C13—HI13A
CI15—C14—C13
C15—C14—HI14A
C13—Cl14—HI14A
Cl14—C15—Cl16
C14—CI15—HI15A
Cl16—C15—HI5A
C24—C16—C15
C24—C16—C17
C15—C16—C17
C18—C17—Cl16
C18—C17—HI17A
Cl6—C17—HI17A
C17—C18—C19
C17—C18—HI8A
C19—C18—HI18A
C20—C19—C23
C20—C19—CI18
C23—C19—CI18
C21—C20—C19
C21—C20—H20A
C19—C20—H20A
C20—C21—C22
C20—C21—H21A
C22—C21—H21A
N4—C22—C21
N4—C22—H22A
C21—C22—H22A
N4—C23—C19
N4—C23—C24
C19—C23—C24
N3—C24—C16
N3—C24—C23
C16—C24—C23
Cd1—O2W—H2WA
Cd1—O2W—H2WB

H2WA—O2W—H2WB

Cd1—O1W—HIWA

0.83 (3)
0.83 (3)
0.82 (3)

119.2 (3)
121.8 (3)
118.6 (2)
119.6 (2)
1232 (3)
118.4
118.4
118.9 (3)
120.5
120.5
120.1 (3)
120.0
120.0
117.3 (3)
119.8 (3)
123.0 (3)
120.7 (3)
119.6
119.6
121.3 3)
119.3
119.3
117.3 (3)
1232 (3)
119.5 (3)
119.7 (3)
120.1
120.1
119.7 (3)
120.2
120.2
122.8 (3)
118.6
118.6
122.4 (3)
118.5 (2)
119.2 (3)
122.3 (3)
118.3 (2)
119.5 (3)
126 (3)
116 (2)
106 (3)
112 (2)
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C7—C6—HO6A
C8—C7—Cl11
C8—C7—C6
C11—C7—C6
C9—C8—C7
C9—C8—HS8A
C7—C8—HS8A
C8—C9—C10
C8—C9—HO9A
C10—C9—HOA
N2—C10—C9
N2—C10—HI10A
C9—C10—H10A
N2—C11—C7
N2—CI11—C12

02W—Cd1—N1—Cl1
O01W—Cdl—N1—Cl1
N4—Cd1—N1—C1
N3—Cd1—N1—C1
N2—Cd1—N1—C1
02W—Cd1—N1—C12
O1W—Cd1—N1—C12
N4—Cd1—N1—C12
N3—Cd1—N1—C12
N2—Cd1—N1—C12
02W—Cd1—N2—C10
O1W—Cd1—N2—C10
N4—Cd1—N2—C10
N1—Cd1—N2—C10
N3—Cd1—N2—C10
02W—Cd1—N2—Cl11
O01W—Cd1—N2—Cl11
N4—Cd1—N2—C11
N1—Cd1—N2—C11
N3—Cd1—N2—C11
02W—Cd1—N3—C13
O1W—Cd1—N3—C13
N4—Cd1—N3—C13
NI—Cd1—N3—C13
N2—Cd1—N3—C13
02W—Cd1—N3—C24
O1W—Cd1—N3—C24
N4—Cd1—N3—C24
NI—Cd1—N3—C24
N2—Cd1—N3—C24
02W—Cd1—N4—C22
O1W—Cd1—N4—C22

119.2
117.3 (3)
123.5 (3)
119.2 (3)
120.5 (3)
119.8
119.8
118.7 (3)
120.6
120.6
1233 (3)
1183
1183
121.9 (3)
118.9 (2)

~14.3 (2)
~96.1 (2)
134.7 (2)
84.3 (2)
180.0 (3)
169.1 (2)
87.3 (2)
~41.9 (3)
~92.36 (19)
333 (18)
140.1 (3)
712 (3)
~20.1 (3)
178.6 (3)
—91.5 (3)
—41.1 (3)
~110.0 (2)
158.7 (2)
~2.57 (19)
87.3 (2)
67.9 (2)
158.6 (2)
179.0 (2)
~22.5(2)
~93.9(2)
~118.70 (17)
-28.0 (3)
~7.57 (16)
150.92 (17)
79.52 (18)
~88.6 (2)
—6.6(2)

Cd1—O1W—HI1WB
HIWA—OIW—H1WB
H6WB—O6W—H6WA
H5WA—O5W—H5WB
H4WA—O4W—H4WB
H3WA—O3W—H3WB
H8WA—O8W—H8WB
H7WA—O7W—H7WB
04—S1—02
04—S1—03
02—S1—03
04—S1—O0l
02—S1—01
03—S1—01

C10—N2—C11—C7
Cd1—N2—C11—C7
C10—N2—C11—C12
Cd1—N2—C11—C12
C8—C7—CI1—N2
C6—C7—CI1—N2
C8—C7—C11—C12
C6—C7—C11—C12
C1—N1—C12—C4
Cdl—N1—C12—C4
Cl—N1—CI12—C11
Cd1—N1—CI12—C11
C3—C4—C12—N1
C5—C4—CI12—N1
C3—C4—C12—Cl11
C5—C4—C12—C11
N2—C11—C12—N1
C7—C11—C12—N1
N2—C11—C12—C4
C7—C11—C12—C4
C24—N3—C13—C14
Cd1—N3—C13—Cl14
N3—C13—C14—C15
C13—C14—C15—C16
C14—C15—C16—C24
Cl14—C15—C16—C17
C24—C16—C17—C18
C15—C16—C17—C18
C16—C17—C18—C19
C17—C18—C19—C20
C17—C18—C19—C23
C23—C19—C20—C21

124 (2)
112 (3)

112 (4)

111 (5)

108 (3)

77 (5)

104 (5)

110 (6)
110.75 (13)
109.80 (13)
108.90 (13)
109.62 (13)
109.88 (13)
107.83 (13)

-0.3 (4)
~179.2 (2)
~179.4 (3)
1.6 3)
—0.7 (4)
179.7 (3)
178.5 (3)
-12(4)
~0.1 (4)
176.7 (2)
179.3 (3)
-3.8(3)
~0.5 (4)
178.5 (3)
~180.0 (3)
~0.9 (4)
1.4 (4)
~177.7 (3)
~179.1 (3)
1.7 (4)
~0.6 (4)
172.6 (2)
—0.2 (5)
0.4 (4)
0.1(4)
~179.7 (3)
0.2 (4)
179.6 (3)
0.1 (4)
~179.7 (3)
0.4 (4)

0.7 (4)
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NI—Cd1—N4—C22 1254 (2) C18—C19—C20—C21 -179.2 (3)
N3—Cd1—N4—C22 179.7 (2) C19—C20—C21—C22 0.1(%5)
N2—Cd1—N4—C22 83.1(2) C23—N4—C22—C21 1.54)
02W—Cd1—N4—C23 100.12 (18) Cd1—N4—C22—C21 —169.6 (2)
O1W—Cd1—N4—C23 —177.90 (18) C20—C21—C22—N4 -1.3(5)
N1—Cd1—N4—C23 —46.0 (3) C22—N4—C23—C19 —0.6 (4)
N3—Cd1—N4—C23 8.35(17) Cd1—N4—C23—C19 171.41 (18)
N2—Cd1—N4—C23 —88.23 (18) C22—N4—C23—C24 179.6 (2)
Cl12—N1—C1—C2 0.2 4) Cd1—N4—C23—C24 -8.4 (3)
Cd1—N1—C1—C2 —176.4 (2) C20—C19—C23—N4 -0.54)
N1—C1—C2—C3 0.5(5) C18—C19—C23—N4 179.4 (2)
Cl—C2—C3—C4 -1.1(5) C20—C19—C23—C24 179.3 (2)
C2—C3—C4—C12 1.1 (5) C18—C19—C23—C24 —0.8 (4)
C2—C3—C4—C5 -177.9 (3) C13—N3—C24—Cl16 1.1 (4)
C3—C4—C5—C6 178.5 (3) Cd1—N3—C24—C16 —172.87 (19)
C12—C4—C5—C6 =0.5(5) CI13—N3—C24—C23 -179.8 (2)
C4—C5—Co6—C7 1.1 (5) Cd1—N3—C24—C23 6.3(3)
C5—C6—C7—CS8 —179.9 (4) C15—C16—C24—N3 -0.94)
C5—C6—C7—Cl11 -0.3 () C17—C16—C24—N3 178.9 (2)
C11—C7—C8—C9 1.4 (5) C15—C16—C24—C23 180.0 (2)
C6—C7T—C8—C9 —179.0 (3) C17—C16—C24—C23 -0.2 (4)
C7—C8—C9—Cl10 -1.2(5) N4—C23—C24—N3 1.4 (3)
CI11—N2—C10—C9 0.5(5) C19—C23—C24—N3 —178.4 (2)
Cd1—N2—C10—C9 179.3 (2) N4—C23—C24—C16 —179.5 (2)
C8—C9—C10—N2 0.2 (5) C19—C23—C24—C16 0.7 (4)
Hydrogen-bond geometry (4, °)

D—H-A4 D—H H-4 DA D—H-A4
O1W—HI1WA--O1 0.84 (2) 1.84 (2) 2.657 (3) 163 (3)
O2W—H2WB--03 0.81 (3) 1.92 (3) 2.718 (3) 169 (4)
O1W—HI1WB--06W 0.85(2) 1.91 (2) 2.739 (3) 163 (3)
O5SW—H5WA--02 0.77 (3) 2.08 (3) 2.816 (3) 161 (5)
O8W—H8WA---0O1 0.85(3) 1.88 (3) 2.729 (4) 175 (5)
O4W—H4WA--02 0.87 (2) 1.99 (3) 2.805 (3) 157 (4)
O6W—HO6WB:-O5W 0.84 (2) 2.04 (3) 2.830 (4) 158 (4)
OTW—HTWA---04 0.83 (3) 1.96 (3) 2.791 (4) 172 (6)
O7TW—HTWB--O8W 0.82 (3) 2.16 (4) 2.901 (5) 151 (6)
O2W—H2WA---03! 0.83 (4) 1.86 (4) 2.671(3) 164 (3)
O3W—H3WB--08 W' 0.77 (3) 2.29 (5) 2.907 (5) 137 (6)
OSW—H5WB--O4 Wi 0.77 (3) 2.07 (3) 2.829 (4) 174 (5)
O6W—HG6WA--O3 W™ 0.78 (3) 2.03(3) 2.773 (5) 160 (4)
O4W—H4WB---OTW" 0.79 (3) 2.03(3) 2.806 (4) 168 (5)
O8W—H8WB:-O3 W 0.83 (3) 2.09 (3) 2.851 (5) 154 (5)

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