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u-1,4-Diazabicyclo[2.2.2]octane-x*N:N'-

bis[bis(O,0’-dicyclohexyl dithiophosphato-

x%8,8")cadmium(ll)]

The dinuclear title molecule, [Cd,(C;,H,0,PS,)4(CsHoN»)],
is disordered and located on a centre of inversion, and features
a coordination geometry intermediate between square-
pyramidal and trigonal-bipyramidal.

Comment

Structures closely related to the title complex, (I), viz. {M,[(i-
C3H,0),PS,]4(CsHoN,)} for M = Zn (Ellis et al., 2007) and Cd
(Ellis & Tiekink, 2006), have been reported recently in
connection with ongoing studies aimed at determining the
principles of supramolecular aggregation for the zinc-triad
dithiophosphates (S,P(OR),), and their adducts (Lai, Liu &
Tiekink, 2004; Lai & Tiekink, 2004, 2006; Tiekink, 2003).

The structure of (I) (Fig. 1) is similar to that of the afore-
mentioned structures, {M,[(i-C5H;0),PS;]4(CsH5N5)}, in
particular the Cd analogue. The complex is located on a centre
of inversion and features two Cd[S,P(OCy),], units bridged by
a disordered 1,4-diazabicyclo[2.2.2]octane (dabco) ligand. A
heavily distorted coordination geometry is found for Cd as
both dithiophosphate ligands form asymmetric Cd—S bonds
(Table 1). The CdNS, coordination geometry is intermediate
between square-pyramidal (SP) and trigonal-pyramidal (TP),
as seen in the value of T = 0.51; 7= 0.0 and 1.0 for ideal SP and
TP, respectively (Addison et al., 1984).

Experimental

Compound (I) was prepared by refluxing the parent Cd[S,P(OCy),],
compound with 1,4-diazabicyclo[2.2.2]octane (Aldrich) according to
a literature procedure (Lai & Tiekink, 2004). Colourless crystals were
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isolated by the slow evaporation of a CHCls/ethanol (3:1) solution of
the compound (m.p. 468-470 K). IR (KBr disc): v(C—O0) 1152 (w),
V(P—0) 958 (5), V(P —S)usym 657 (5), V(P—S)ym 577 (s) cm ™.

Crystal data

[Cdy(C12H20,PS,)4(CsHizN,) |
M, = 1510.52

Monoclinic, C2/c°

a=231399 (12) A

b =20.5858 (12) A

¢ =16.0730 (6) A

B =116.951 (3)°

Data collection

Bruker-Nonius KappaCCD
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)
Trmin = 0.730, Tipax = 1
(expected range = 0.680-0.932)

Refinement

R[F? > 20(F?%)] = 0.065
wR(F?) = 0.244

S =1.08

V = 68249 (6) A’
Z=4

Mo Ko radiation
u=101 mm™!
T=123(2)K

0.50 x 0.10 x 0.07 mm

30800 measured reflections
6023 independent reflections
3618 reflections with 7 > 20(1)
Rin = 0.095

416 parameters
H-atom parameters constrained
ApPmax = 121 ¢ A™3

6023 reflections Appmin = —125 e A3

Table 1 .

Selected geometric parameters (A, °).

Cd1—N1 2318 (7) Cd1—S3 2521 (2)
Cdl—s1 2530 (3) Cd1—S4 2.818 (3)
Ccdl—s2 2760 (3)

N1—Cdl1—S1 110.83 (16) S1—Cd1—S3 136.60 (10)
N1-Cd1—-S2 94.81 (19) S1—-Cd1—S4 99.91 (9)
N1—Cd1—S83 11254 (16)  S2—Cd1—S3 96.87 (9)
N1—Cdl1—S4 97.53 (19)  S2—Cd1—S4 167.41 (9)
S1—Cd1—S2 77.89 (9) S3—-Cd1—S4 76.08 (8)

For the cyclohexyl rings, the 1,2 C—C distances were restrained to
1.54 (1)1& and the 1,3-related distances to 2.51 (1)1&. One of them was
refined as disordered over two positions with an occupancy factor for
the major component of 0.62 (1). The C atoms of the dabco ligand,
which lies about an inversion centre, are disordered; the occupancy
was constrained by symmetry to be 0.5. The N—C distances were
restrained to 1.45 (1)10% and the C—C distances to 1.50 (I)A. The C-
bound H atoms were included in the riding-model approximation,
with C—H = 0.99-1.00 A and U;,,(H) = 1.2U.q(C). The final differ-
ence Fourier map had a large residual electron-density peak near C5
atom and a deep hole near Cdl. The largest peak in the final
difference map was 0.4 A from C5 and the deepest hole was 1.0 A
from Cd1.

Data collection: COLLECT (Hooft, 1998); cell refinement:
DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduc-
tion: DENZO and COLLECT; program(s) used to solve structure:
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Figure 1

The molecular structure of (I), showing the crystallographic numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
The minor disorder componenent of the cyclohexyl ring is not shown, and
neither is one disorder component of dabco. Unlabelled atoms are
generated by the symmetry operator (1 — x,1 —y, 1 — 2).

PATTY in DIRDIF92 (Beurskens et al., 1992); program(s) used to
refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
X-SEED (Barbour, 2001); software used to prepare material for
publication: SHELXL97.

The authors thank the University of Texas and the
University of Malaya for supporting this study, and also thank
Cheminova for the gift of the dithiophosphate ligand.
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u-1,4-Diazabicyclo[2.2.2]octane-x*N:N'-bis[bis(O,0O’-dicyclohexyl dithio-

phosphato-«*S,S’)cadmium(ll)]

Carol A. Ellis, Seik Weng Ng, Edward R. T. Tiekink and James L. Wardell

p-1,4-Diazabicyclo[2.2.2]octane-x*N:N'-bis[bis(O,O’-dicyclohexyl dithiophosphato-#*S,S")cadmium(ll)]

Crystal data

[Cdz(c 12H2,05PS5)4(CsH12N»)]
M,=1510.52

Monoclinic, C2/c

Hall symbol: -C 2yc
a=23.1399 (12) A
b=20.5858 (12) A
c=16.0730 (6) A
£=116951 (3)°

V=6824.9 (6) A}

Z=4

Data collection

Bruker—Nonius 95mm CCD camera on k-
goniostat
diffractometer

Radiation source: Bruker-Nonius FR591
rotating-anode

Graphite monochromator

Detector resolution: 9.091 pixels mm'!

¢ and w scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F*)] = 0.065

wR(F?) =0.244

§=1.08

6023 reflections

416 parameters

273 restraints

Primary atom site location: structure-invariant
direct methods

F(000) =3144

D,=1470 Mg m3

Mo Ko radiation, 2 = 0.71069 A

Cell parameters from 7655 reflections
0=1.0-27.5°

1=1.01 mm™

T=123K

Needle, colourless

0.50 x 0.10 x 0.07 mm

Tin = 0.730, Thax =1

30800 measured reflections
6023 independent reflections
3618 reflections with 7> 2a([)
R =0.095

Omax = 25.0°, Opin = 1.4°
h=-27-27

k=-24-23

[=-19—19

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w = 1/[c*(F,?) + (0.1455P)* + 7.331P]
where P = (F,2 +2F2)/3

(A/0)max = 0.001

Apmax = 1.21 € A7

Apmin=—1.25¢ A7
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

x y z Uso®/Usg Occ. (<1)
cdl 0.40925 (4) 0.62514 (3) 0.54530 (5) 0.0449 (3)

S1 0.36134 (14) 0.70473 (14) 0.41105 (18) 0.0585 (7)

S2 0.50553 (12) 0.71778 (13) 0.59674 (19) 0.0540 (7)

S3 0.41221 (12) 0.61255 (13) 0.70318 (16) 0.0501 (7)

sS4 0.29845 (13) 0.55013 (13) 0.50894 (16) 0.0517 (7)

Pl 0.43363 (13) 0.76372 (13) 0.49274 (19) 0.0508 (7)

P2 0.34330 (11) 0.54571 (12) 0.64647 (16) 0.0402 (6)

ol 0.4079 (3) 0.8226 (3) 0.5296 (5) 0.0550 (18)

02 0.4545 (4) 0.7992 (4) 0.4223 (5) 0.065 (2)

03 0.2951 (3) 0.5494 (3) 0.6929 (4) 0.0508 (17)

04 0.3760 (3) 0.4776 (3) 0.6854 (4) 0.0499 (17)

N1 0.4680 (4) 0.5451 (3) 0.5156 (4) 0.0421 (19)

Cl 0.3999 (4) 0.8193 (4) 0.6133 (6) 0.050 (2)

HI 0.4343 0.7908 0.6601 0.060*

2 0.4054 (5) 0.8865 (4) 0.6535 (7) 0.065 (3)

H2A 0.4476 0.9053 0.6642 0.078*

H2B 0.3709 0.9141 0.6066 0.078*

c3 0.4002 (5) 0.8900 (6) 0.7426 (7) 0.077 (4)

H3A 0.4059 0.9354 0.7652 0.093*

H3B 0.4344 0.8631 0.7909 0.093*

C4 0.3328 (5) 0.8649 (5) 0.7242 (8) 0.072 (3)

H4A 0.3288 0.8629 0.7829 0.087*

H4B 0.2982 0.8935 0.6794 0.087*

cs 0.3284 (5) 0.7993 (5) 0.6846 (7) 0.070 (3)

HSA 0.2869 0.7798 0.6757 0.084*

H5B 0.3637 0.7726 0.7317 0.084*

C6 0.3323 (4) 0.7930 (4) 0.5939 (6) 0.053 (3)

H6A 0.2976 0.8188 0.5444 0.064*

H6B 0.3276 0.7470 0.5739 0.064*

C7 0.5046 (5) 0.8451 (5) 0.4505 (9) 0.092 (4)

H7A 0.5224 0.8431 0.5199 0.110% 0.623 (14)
H7B 0.4877 0.8829 0.4719 0.110* 0.377 (14)
cs 0.4890 (6) 0.9157 (6) 0.4329 (15) 0.087 (7) 0.623 (14)
HSA 0.4613 0.9285 0.4625 0.104* 0.623 (14)
HSB 0.4636 0.9227 0.3649 0.104* 0.623 (14)
C9 0.5485 (8) 0.9597 (6) 0.4699 (14) 0.096 (8) 0.623 (14)
HOA 0.5702 0.9588 0.5390 0.115* 0.623 (14)
HOB 0.5351 1.0049 0.4495 0.115% 0.623 (14)
cs’ 0.4968 (10) 0.8667 (11) 0.3531 (9) 0.079 (10) 0.377 (14)
H8'l 0.5204 0.8364 0.3314 0.095* 0.377 (14)
HS8"2 0.4504 0.8663 0.3070 0.095% 0.377 (14)
cY’ 0.5245 (9) 0.9359 (10) 0.3620 (13) 0.101 (13) 0.377 (14)
HY'l 0.5201 0.9505 0.3007 0.121% 0.377 (14)
H9"2 0.4999 0.9663 0.3818 0.121* 0.377 (14)
C10 0.5958 (6) 0.9365 (5) 0.4335 (9) 0.095 (4)
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HIO0A
H10B
H10C
HI10D
Cl1
HITA
HIIB
C12
HI2A
HI12B
C11’
HIIC
HIID
C12’
HI12C
HI12D
C13
HI13
Cl14
HI4A
H14B
C15
HI5A
H15B
Cl6
HI6A
H16B
C17
HI7A
H17B
C18
HI8A
HI18B
C19
HI19
C20
H20A
H20B
C21
H21A
H21B
C22
H22A
H22B
C23
H23A
H23B
C24

0.6331
0.5738
0.6134
0.6206
0.6191 (6)
0.6517
0.6396
0.5613 (7)
0.5469
0.5756
0.6033 (10)
0.5788
0.6496
0.5770 (9)
0.6004
0.5834
0.3492 (5)
0.3305
0.2985 (6)
0.2613
0.3175
0.2749 (6)
0.2436
0.2525
0.3309 (8)
0.3150
0.3483
0.3854 (7)
0.3701
0.4222
0.4085 (5)
0.4428
0.4263
0.2541 (5)
0.2528
0.2806 (5)
0.3264
0.2561
0.2767 (7)
0.2891
0.3074
0.2082 (6)
0.2065
0.1780
0.1868 (6)
0.1422
0.2158
0.1889 (5)

0.9665
0.9350
0.9810
0.9074
0.8676 (7)
0.8517
0.8692
0.8215 (5)
0.8137
0.7794
0.9138 (12)
0.9429
0.9150
0.8435 (11)
0.8145
0.8269
0.4155 (4)
0.4197
0.3892 (5)
0.4196
0.3850
0.3221 (6)
0.3038
0.3272
0.2761 (5)
0.2353
0.2653
0.3031 (6)
0.3080
0.2722
0.3693 (6)
0.3870
0.3646
0.6112 (6)
0.6389
0.6495 (5)
0.6606
0.6906
0.6133 (7)
0.6426
0.5764
0.5882 (7)
0.5639
0.6254
0.5439 (6)
0.5283
0.5057
0.5806 (7)

0.4539
0.3644
0.4390
0.4125
0.4741 (14)
0.4550
0.5431
0.4380 (15)
0.3708
0.4706
0.5291 (9)
0.5506
0.5756
0.5191 (15)
0.4953
0.5805
0.6406 (7)
0.5713
0.6677 (10)
0.6468
0.7364
0.6215 (13)
0.6414
0.5528
0.6481 (11)
0.6122
0.7151
0.6304 (12)
0.5624
0.6544
0.6783 (11)
0.6642
0.7468
0.6816 (6)
0.6297
0.7721 (7)
0.7909
0.7613
0.8507 (7)
0.9050
0.8700
0.8201 (8)
0.8722
0.8046
0.7356 (9)
0.7170
0.7516
0.6545 (7)

0.114*
0.114*
0.114*
0.114*
0.093 (7)
0.111*
0.111*
0.089 (7)
0.107*
0.107*
0.087 (11)
0.105*
0.105*
0.133 (18)
0.159*
0.159*
0.065 (3)
0.078*
0.097 (5)
0.117*
0.117*
0.146 (7)
0.175*
0.175*
0.125 (6)
0.150*
0.150*
0.151 (7)
0.181*
0.181*
0.110 (5)
0.132*
0.132*
0.074 (4)
0.089*
0.074 (3)
0.088*
0.088*
0.123 (6)
0.148*
0.148*
0.108 (5)
0.130*
0.130*
0.103 (5)
0.123*
0.123*
0.101 (5)

0.623 (14)
0.623 (14)
0.377 (14)
0.377 (14)
0.623 (14)
0.623 (14)
0.623 (14)
0.623 (14)
0.623 (14)
0.623 (14)
0.377 (14)
0.377 (14)
0.377 (14)
0.377 (14)
0.377 (14)
0.377 (14)
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H24A 0.1788 0.5502 0.6020 0.121*

H24B 0.1552 0.6149 0.6328 0.121%

C25 0.4381 (9) 0.5250 (10) 0.4200 (8) 0.051 (5) 0.50
H25A 0.4342 0.5629 0.3799 0.061* 0.50
H25B 0.3938 0.5089 0.4030 0.061* 0.50
C26 0.4757 (9) 0.4725 (11) 0.4014 (10) 0.065 (6) 0.50
H26A 0.4478 0.4338 0.3759 0.078* 0.50
H26B 0.4889 0.4878 0.3540 0.078* 0.50
C25' 0.4839 (9) 0.4923 (7) 0.5832 (10) 0.039 (4) 0.50
H25C 0.4435 0.4748 0.5812 0.046* 0.50
H25D 0.5109 0.5094 0.6467 0.046* 0.50
C26' 0.5200 (12) 0.4381 (9) 0.5633 (13) 0.062 (6) 0.50
H26C 0.5618 0.4303 0.6192 0.075* 0.50
H26D 0.4941 0.3977 0.5493 0.075* 0.50
C25" 0.5354 (6) 0.5683 (8) 0.5416 (14) 0.054 (5) 0.50
H25E 0.5563 0.5836 0.6071 0.065* 0.50
H25F 0.5341 0.6049 0.5008 0.065* 0.50
C26" 0.5736 (8) 0.5120 (8) 0.5299 (19) 0.081 (7) 0.50
H26E 0.5949 0.5265 0.4918 0.098* 0.50
H26F 0.6079 0.4991 0.5920 0.098* 0.50

Atomic displacement parameters (4°)

Ull l]22 l]33 U12 U13 1]23
cdl 0.0605 (5) 0.0340 (4) 0.0584 (5) 0.0081 (3) 0.0430 (4) 0.0054 (3)
S1 0.0575 (18) 0.0574 (18) 0.0528 (15) 0.0076 (14) 0.0183 (13) 0.0105 (13)
S2 0.0385 (15) 0.0495 (17) 0.0689 (16) 0.0023 (12) 0.0198 (13) 0.0152 (13)
S3 0.0448 (15) 0.0660 (18) 0.0421 (13) ~0.0084 (13) 0.0219 (11) ~0.0092 (12)
sS4 0.0511 (16) 0.0559 (17) 0.0382 (12) ~0.0092 (13) 0.0117 (11) 0.0003 (11)
Pl 0.0487 (17) 0.0437 (16) 0.0618 (16) 0.0046 (13) 0.0267 (14) 0.0185 (13)
P2 0.0378 (14) 0.0440 (15) 0.0447 (13) 0.0046 (11) 0.0238 (11) 0.0055 (11)
o1 0.067 (5) 0.038 (4) 0.068 (4) 0.003 (3) 0.037 (4) 0.017 (3)
02 0.078 (5) 0.057 (5) 0.068 (5) 0.001 (4) 0.041 (4) 0.019 (4)
03 0.049 (4) 0.055 (4) 0.061 (4) 0.017 (3) 0.036 (3) 0.021 (3)
04 0.052 (4) 0.049 (4) 0.055 (4) 0.009 (3) 0.029 (3) 0.007 (3)
N1 0.063 (5) 0.034 (4) 0.050 (4) 0.008 (4) 0.043 (4) 0.006 (3)
Cl 0.046 (5) 0.034 (5) 0.066 (6) 0.000 (4) 0.022 (4) 0.006 (4)
2 0.055 (6) 0.055 (6) 0.074 (6) ~0.002 (5) 0.020 (5) ~0.001 (5)
C3 0.073 (7) 0.075 (7) 0.082 (7) 0.005 (6) 0.034 (6) ~0.012 (6)
C4 0.068 (7) 0.076 (7) 0.078 (6) 0.013 (6) 0.038 (5) 0.000 (5)
cs 0.052 (6) 0.076 (7) 0.090 (7) 0.005 (5) 0.039 (5) 0.014 (6)
C6 0.049 (6) 0.045 (6) 0.071 (6) 0.005 (4) 0.031 (5) 0.006 (5)
C7 0.078 (7) 0.109 (9) 0.103 (8) ~0.015 (7) 0.055 (6) 0.028 (7)
C8 0.077 (10) 0.087 (11) 0.102 (11) 0.000 (8) 0.047 (8) 0.003 (8)
C9 0.082 (11) 0.106 (12) 0.104 (11) ~0.018 (9) 0.046 (8) ~0.005 (9)
cs’ 0.078 (13) 0.091 (14) 0.077 (13) ~0.018 (9) 0.042 (10) 0.019 (9)
cY’ 0.111 (16) 0.102 (16) 0.094 (15) 0.013 (10) 0.049 (11) 0.002 (10)
Cl10 0.103 (9) 0.087 (8) 0.110 (8) ~0.011 (7) 0.061 (7) 0.002 (7)
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Cll 0.093 (11) 0.101 (12) 0.096 (11) ~0.006 (8) 0.053 (8) 0.004 (8)
c12 0.083 (10) 0.088 (11) 0.100 (11) 0.002 (8) 0.046 (8) 0.000 (8)
clr 0.094 (15) 0.083 (15) 0.091 (14) ~0.012 (10) 0.047 (10) ~0.001 (10)
c1 0.13 (2) 0.13 (2) 0.13 (2) -0.014 (11) 0.061 (12) 0.011 (11)
C13 0.096 (8) 0.055 (6) 0.051 (5) ~0.005 (6) 0.039 (5) 0.001 (5)
Cl4 0.106 (9) 0.089 (8) 0.115 (8) ~0.027 (7) 0.065 (7) ~0.017 (7)
C15 0.141 (11) 0.133 (11) 0.159 (11) ~0.027 (9) 0.064 (8) ~0.020 (9)
C16 0.167 (11) 0.098 (9) 0.111 (9) ~0.001 (8) 0.063 (8) ~0.009 (7)
c17 0.187 (12) 0.124 (11) 0.142 (10) 0.017 (9) 0.077 (9) ~0.018 (8)
C18 0.124 (10) 0.096 (9) 0.113 (9) 0.019 (7) 0.057 (7) ~0.006 (7)
C19 0.060 (6) 0.113 (8) 0.070 (6) 0.019 (6) 0.049 (5) 0.040 (6)
C20 0.070 (7) 0.058 (6) 0.095 (7) 0.005 (5) 0.040 (6) ~0.006 (6)
c21 0.143 (10) 0.125 (10) 0.114 (9) 0.031 (8) 0.069 (8) ~0.011 (7)
c22 0.111 (9) 0.133 (10) 0.107 (8) 0.028 (8) 0.071 (7) 0.025 (7)
C23 0.082 (8) 0.088 (8) 0.159 (10) ~0.008 (6) 0.073 (7) 0.024 (7)
C24 0.084 (8) 0.119 (9) 0.088 (7) 0.011 (7) 0.029 (6) ~0.015 (7)
C25 0.056 (9) 0.050 (9) 0.035 (7) 0.014 (8) 0.011 (7) ~0.008 (7)
C26 0.075 (10) 0.063 (10) 0.043 (8) 0.008 (9) 0.015 (7) ~0.004 (8)
C25' 0.039 (8) 0.041 (8) 0.039 (7) 0.022 (7) 0.020 (6) ~0.001 (6)
C26' 0.072 (10) 0.070 (10) 0.060 (9) 0.018 (8) 0.043 (8) 0.006 (8)
C25" 0.052 (9) 0.054 (9) 0.059 (9) 0.010 (7) 0.028 (7) ~0.014 (7)
C26" 0.071 (11) 0.085 (12) 0.097 (11) 0.003 (9) 0.047 (9) ~0.020 (9)

Geometric parameters (A, ©)

Cd1—N1 2.318 (7) C10—H10D 0.9900
Cd1—S1 2.530 (3) Cl1—C12 1.524 (10)
Ccdl1—S2 2.760 (3) Cl1—HI1A 0.9900
Cd1—S3 2.521(2) Cl11—HI11B 0.9900
Cdl—s4 2.818 (3) Cl12—HI2A 0.9900
S1—P1 2.002 (4) Cl12—HI2B 0.9900
S2—P1 1.984 (4) Cl1I'—Cl12' 1.549 (11)
S3—P2 1.987 (4) Cl1I'—HI11C 0.9900
S4—P2 1.973 (3) Cl1'—HI11D 0.9900
P1—Ol 1.580 (8) C12'—HI2C 0.9900
P1—02 1.594 (7) C12'—HI2D 0.9900
P2—04 1.581 (7) C13—Cl4 1.525 (9)
P2—03 1.601 (6) C13—CI18 1.549 (9)
01—Cl 1.441 (10) C13—HI3 1.0000
02—C7 1.404 (12) Cl4—Cl5 1.547 (9)
03—Cl19 1.548 (13) Cl4—HI14A 0.9900
04—Cl13 1.460 (11) Cl4—H14B 0.9900
N1—C26 1.426 (10) C15—C16 1.502 (9)
N1—C25 1.431 (10) C15—HISA 0.9900
N1—C26" 1.459 (10) C15—HI5B 0.9900
N1—C25' 1.462 (10) Cl16—C17 1.518 (10)
N1—C26" 1.485 (10) Cl16—HI16A 0.9900
N1—C25" 1.499 (10) Cl16—H16B 0.9900
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supporting information

Cl—C2
C1—Co6
Cl—H1
C2—C3
C2—H2A
C2—H2B
C3—C4
C3—H3A
C3—H3B
C4—C5
C4—HA4A
C4—H4B
C5—Co
C5—HS5A
C5—H5B
C6—HO6A
C6—H6B
C7—C8
C7—Cl12
C7—C12'
C71—Cg8’
C7T—HT7A
C7—H7B
C8—C9
C8—HRBA
C8—HgB
C9—C10
C9—HO9A
C9—H9B
C8'—C9’
C8'—H&'1
C8'—HS8"2
C9'—C10
C9'—H9'1
C9'—H9"2
C10—C11’
C10—C11
C10—HI10A
C10—H10B
C10—H10C

NI—Cd1—S1
NI—Cd1—S2
NI1—Cd1—S3
N1—Cd1—S4
S1—Cd1—S2
S1—Cd1—S3
S1—Cd1—S4

1.508 (8)
1.548 (8)
1.0000
1.492 (8)
0.9900
0.9900
1.539 (9)
0.9900
0.9900
1.478 (9)
0.9900
0.9900
1.504 (8)
0.9900
0.9900
0.9900
0.9900
1.493 (9)
1.493 (9)
1.533 (11)
1.556 (10)
1.0000
1.0000
1.526 (10)
0.9900
0.9900
1.532 (10)
0.9900
0.9900
1.543 (10)
0.9900
0.9900
1.523 (10)
0.9900
0.9900
1.539 (10)
1.553 (10)
0.9900
0.9900
0.9900

110.83 (16)
94.81 (19)
112.54 (16)
97.53 (19)
77.89 (9)
136.60 (10)
99.91 (9)

C17—C18
C17—H17A
C17—H17B
C18—HI8A
C18—HI18B
C19—C24
C19—C20
C19—HI19
C20—C21
C20—H20A
C20—H20B
C21—C22
C21—H21A
C21—H21B
C22—C23
C22—H22A
C22—H22B
C23—C24
C23—H23A
C23—H23B
C24—H24A
C24—H24B
C25—C26
C25—H25A
C25—H25B
C26—N1!
C26—H26A
C26—H26B
C25'—C26’
C25'—H25C
C25'—H25D
C26'—N1!
C26'—H26C
C26'—H26D
C25"—C26"
C25"—H25E
C25"—H25F
C26"—N1!
C26"—H26E
C26"—H26F

HI10A—C10—H10B
C9'—C10—HI10C
C9—C10—H10C
C11'—C10—H10C
C11—C10—H10C
H10B—C10—H10C
C9'—C10—HI10D

1.538 (9)
0.9900
0.9900
0.9900
0.9900
1.506 (9)
1.518 (9)
1.0000
1.502 (9)
0.9900
0.9900
1.522 (9)
0.9900
0.9900
1.520 (9)
0.9900
0.9900
1.526 (9)
0.9900
0.9900
0.9900
0.9900
1.500 (10)
0.9900
0.9900
1.426 (10)
0.9900
0.9900
1.511 (10)
0.9900
0.9900
1.459 (10)
0.9900
0.9900
1.519 (10)
0.9900
0.9900
1.485 (10)
0.9900
0.9900

108.5
109.6
90.8

109.6
139.2
96.4

109.6
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supporting information

S2—Cd1—S3
S2—Cd1—S4
S3—Cd1—S4
P1—S1—Cd1
P1—S2—Cd1
P2—S3—Cdl1
P2—S4—Cdl1
O1—P1—02
O1—P1—S2
02—P1—S2
O1—P1—S1
02—P1—S1
S2—P1—S1
04—P2—03
04—P2—S4
03—P2—S4
04—P2—S3
03—P2—S3
S4—P2—S3
C1—O1—P1
C7—02—P1
C19—03—P2
C13—04—P2
C26—N1—C25
C26—N1—C26"
C25—N1—C26"
C26—N1—C25’
C25—N1—C25’
C26'"—N1—C25'
C26—N1—C26"
C25—N1—C26"
C26"—N1—C26"
C25'—N1—C26"
C26—N1—C25"
C25—N1—C25"
C26"—N1—C25"
C25'—N1—C25"
C26"—N1—C25"
C26—N1—Cdl
C25—N1—Cdl1
C26'"—N1—Cdl
C25'—N1—Cdl
C26"—N1—Cdl
C25"—N1—Cdl
01—C1—C2
01—C1—C6
C2—C1—C6
O1—C1—H1

96.87 (9)
167.41 (9)
76.08 (8)
85.45 (12)
79.76 (12)
87.67 (11)
79.96 (11)
101.7 (4)
111.4 (3)
114.1 3)
111.5 3)
104.1 (3)
113.32 (17)
99.6 (3)
113.5 (3)
113.3 3)
107.0 (3)
109.7 (3)
112.79 (15)
123.0 (6)
123.5 (7)
120.3 (5)
124.1 (6)
136.3 (7)
114.9 (14)
47.5 (13)
45.5 (12)
114.7 (12)
137.7 (7)
111.8 (15)
49.6 (13)
95.5 (15)
70.4 (14)
55.0 (13)
109.0 (13)
65.2 (13)
98.6 (12)
138.5 (8)
111.1 (8)
112.6 (8)
111.8 (7)
110.5 (6)
110.8 (8)
110.5 (7)
109.6 (7)
112.0 (7)
106.8 (6)
109.5

C9—C10—H10D
C11'—C10—H10D
C11—C10—H10D
HI10A—C10—H10D
H10B—C10—HI10D
H10C—C10—H10D
C12—C11—C10
C12—C11—HI11A
C10—C11—H11A
C12—C11—H11B
C10—C11—H11B
HI11A—C11—HI11B
C7—C12—Cl11
C7—CI12—HI12A
Cl11—CI12—HI12A
C7—C12—HI12B
C11—C12—H12B
H12A—C12—H12B
Cc10—C11'—C12’
C10—C11'—HI11C
C12'—C11'—H11C
C10—C11'—H11D
C12’—C11'—H11D
H11C—C11'—H11D
C7—C12'—C11’
C7—CI12'—H12C
C11'—C12'—H12C
C7—CI12'—HI12D
C11'—C12'—H12D
H12C—C12'—H12D
04—C13—C14
04—C13—C18
C14—C13—C18
04—C13—HI13
C14—C13—HI13
C18—C13—HI13
C13—C14—C15
C13—C14—HI14A
C15—C14—HI14A
C13—C14—H14B
C15—C14—H14B
H14A—C14—H14B
Cl6—C15—Cl14
Cl16—C15—HI5A
C14—C15—HI5A
Cl6—C15—HI15B
C14—C15—HI15B
HI5A—C15—HI15B

160.8
109.6
56.3

86.3
71.4
108.1
109.3 (8)
109.8
109.8
109.8
109.8
108.3
114.8 (8)
108.6
108.6
108.6
108.6
107.5
108.6 (9)
110.0
110.0
110.0
110.0
108.3
107.7 (10)
110.2
110.2
110.2
110.2
108.5
112.3 (8)
104.0 (8)
109.3 (7)
110.4
110.4
110.4
109.2 (7)
109.8
109.8
109.8
109.8
108.3
110.9 (8)
109.5
109.5
109.5
109.5
108.1
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supporting information

C2—Cl1—H1
C6—Cl—Hl1
C3—C2—C1
C3—C2—H2A
C1—C2—H2A
C3—C2—H2B
C1—C2—H2B
H2A—C2—H2B
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C2—C3—H3B
C4—C3—H3B
H3A—C3—H3B
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C5—C4—H4B
C3—C4—H4B
H4A—C4—H4B
C4—C5—C6
C4—C5—HS5A
C6—C5—HSA
C4—C5—HSB
C6—C5—HSB
H5A—C5—HS5B
C5—C6—Cl1
C5—C6—HO6A
C1—C6—HO6A
C5—C6—H6B
C1—C6—H6B
H6A—C6—H6B
02—C7—C8
02—C7—C12
C8—C7—C12
02—C7—C12’
c3—C7—C12'
C12—C7—C12’
02—C7—C¥'
C8—C7—C¢8'
C12—C7—C¥'
C12'—C7—C¥8’
02—C7—HTA
C8—C7—HT7A
Cl12—C7—H7A
C12'—C7—H7A
C8'—CT7—H7A
02—C7—H7B

109.5
109.5
115.3 (7)
108.4
108.4
108.4
108.4
107.5
108.3 (7)
110.0
110.0
110.0
110.0
108.4
104.8 (7)
110.8
110.8
110.8
110.8
108.9
118.2 (7)
107.8
107.8
107.8
107.8
107.1
105.8 (6)
110.6
110.6
110.6
110.6
108.7
120.1 (10)
112.6 (10)
116.3 (7)
133.7 (10)
104.4 (10)
49.5 (13)
99.5 (9)
68.0 (13)
70.6 (13)
108.7 (9)
101.1
101.1
101.1
55.5

159.3
103.9

C15—Cl16—C17
C15—Cl16—HI6A
C17—C16—HI16A
C15—Cl16—H16B
C17—C16—H16B
H16A—C16—H16B
C16—C17—C18
Cl6—C17—HI17A
C18—C17—HI17A
Cl16—C17—H17B
C18—C17—H17B
H17A—C17—H17B
C17—C18—C13
C17—C18—HI8A
C13—C18—HIBA
C17—C18—HI18B
C13—C18—HI18B
H18A—C18—H18B
C24—C19—C20
C24—C19—03
C20—C19—03
C24—C19—HI19
C20—C19—HI19
03—C19—H19
C21—C20—C19
C21—C20—H20A
C19—C20—H20A
C21—C20—H20B
C19—C20—H20B
H20A—C20—H20B
C20—C21—C22
C20—C21—H21A
C22—C21—H21A
C20—C21—H21B
C22—C21—H21B
H21A—C21—H21B
C23—C22—C21
C23—C22—H22A
C21—C22—H22A
C23—C22—H22B
C21—C22—H22B
H22A—C22—H22B
C22—C23—C24
C22—C23—H23A
C24—C23—H23A
C22—C23—H23B
C24—C23—H23B
H23A—C23—H23B

113.5 (8)
108.9
108.9
108.9
108.9
107.7
111.2 (8)
109.4
109.4
109.4
109.4
108.0
107.7 (8)
110.2
110.2
110.2
110.2
108.5
114.2 (7)
99.8 (9)
110.7 (8)
110.5
110.5
110.5
113.4 (7)
108.9
108.9
108.9
108.9
107.7
110.3 (8)
109.6
109.6
109.6
109.6
108.1
111.2 (8)
109.4
109.4
109.4
109.4
108.0
110.1 (7)
109.6
109.6
109.6
109.6
108.2
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supporting information

C12—C7—H7B
C12'—C7—H7B
C8'—C7—H7B
H7A—C7—H7B
C7—C8—C9
C7—C8—H8A
C9—C8—HRA
C7—C8—H8B
C9—C8—HEB
H8A—C8—HEB
C8—C9—C10
C8—C9—HO9A
C10—C9—H9A
C8—C9—H9B
C10—C9—H9B
H9A—C9—H9B
Co—C8&'—C7
C9'—C8'—HS8'1
C7—C8'—H&'1
C9'—C8'—H8"2
C7—C8'—HR&"2
H8'1—C8'—H8"2
C10—C9'—C¥'
C10—C9'—H9'1
C8'—C9'—H9'1
C10—C9'—H9"2
C8'—C9'—H92
H9'1—C9'—H9"2
C9'—C10—C9
C9'—C10—C11’
Cc9—C10—C11’
C9'—C10—C11
C9—C10—Cl11
C11'—C10—C11
C9'—C10—HI0A
C9—C10—H10A
C11'—C10—HI0A
C11—C10—H10A
C9'—C10—H10B
C9—C10—HI10B
C11'—C10—H10B
C11—C10—H10B

NI—Cd1—S1—P1
S3—Cd1—S1—P1
S2—Cd1—S1—P1
S4—Cdl1—S1—P1
N1—Cd1—S2—P1

143.5
103.9
103.9
71.0
113.9 (8)
108.8
108.8
108.8
108.8
107.7
110.0 (8)
109.7
109.7
109.7
109.7
108.2
108.4 (9)
110.0
110.0
110.0
110.0
108.4
109.9 (10)
109.7
109.7
109.7
109.7
108.2
64.8 (13)
110.2 (9)
59.4 (13)
111.1 9)
107.2 (8)
56.0 (13)
137.6
110.3
99.9
110.3
475
110.3
151.5
110.3

~102.5 (2)
75.32 (17)
~11.87 (12)
155.50 (12)
122.44 (19)

C19—C24—C23
C19—C24—H24A
C23—C24—H24A
C19—C24—H24B
C23—C24—H24B
H24A—C24—H24B
N1—C25—C26
N1—C25—H25A
C26—C25—H25A
N1—C25—H25B
C26—C25—H25B
H25A—C25—H25B
N1—C26—C25
N1—C26—H26A
C25—C26—H26A
N1—C26—H26B
C25—C26—H26B
H26A—C26—H26B
N1—C25'—C26’
N1—C25'—H25C
C26'—C25'—H25C
N1—C25'—H25D
C26'—C25'—H25D
H25C—C25'—H25D
N1—C26'—C25’
N1—C26—H26C
C25'—C26'—H26C
N1—C26'—H26D
C25'—C26'—H26D
H26C—C26'—H26D
N1—C25"—C26"
N1—C25"—H25E
C26"—C25"—H25E
N1—C25"—H25F
C26"—C25"—H25F
H25E—C25"—H25F
N1i—C26"—C25"
N1i—C26"—H26E
C25"—C26"—H26E
N1i—C26"—H26F
C25"—C26"—H26F
H26E—C26"—H26F

P1—02—C7—C12’
P1—02—C7—C¢g&'
02—C7—C8—C9
C12—C7—C8—C9
C12'—C7—C8—C9

112.0 (7)
109.2
109.2
109.2
109.2
107.9
112.4 (12)
109.1
109.1
109.1
109.1
107.8
111.3 (12)
109.4
109.4
109.4
109.4
108.0
111.7 (10)
109.3
109.3
109.3
109.3
107.9
110.5 (11)
109.5
109.5
109.5
109.5
108.1
108.2 (12)
110.0
110.0
110.0
110.0
108.4
112.5 (13)
109.1
109.1
109.1
109.1
107.8

58 (2)
~174.2 (12)
178.4 (12)
~40.1 (19)
11.5 (18)
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supporting information

S3—Cd1—S2—P1
S1—Cd1—S2—P1
S4—Cd1—S2—P1
N1—Cd1—S3—P2
S1—Cd1—S3—P2
S2—Cd1—S3—P2
S4—Cd1—S3—P2
N1—Cd1—S4—P2
S3—Cd1—S4—P2
S1—Cd1—S4—P2
S2—Cd1—S4—P2
Cd1—S2—P1—O01
Cd1—S2—P1—02
Cd1—S2—P1—S1
Cd1—S1—P1—Ol
Cd1—S1—P1—02
Cd1—S1—P1—S2
Cd1—S4—P2—04
Cd1—S4—P2—03
Cd1—S4—P2—S3
Cd1—S3—P2—04
Cd1—S3—P2—03
Cd1—S3—P2—S4
02—P1—01—C1
S2—P1—01—Cl1
S1—P1—0O1—Cl1
01—P1—02—C7
S2—P1—02—C7
S1—P1—02—C7
04—P2—03—C19
S4—P2—03—C19
S3—P2—03—C19
03—P2—04—C13
S4—P2—04—CI13
S3—P2—04—CI13
S3—Cd1—N1—C26'
S1—Cd1—N1—C26
S2—Cd1—N1—C26'
S4—Cd1—N1—C26'
S3—Cd1—N1—C25
S1—Cd1—N1—C25
S2—Cd1—N1—C25
S4—Cd1—N1—C25
S3—Cd1—N1—C26"
S1—Cd1—NI1—C26"
S2—Cd1—N1—C26"
S4—Cd1—N1—C26"
S3—Cd1—N1—C25’

~124.14 (13)
12.14 (12)
—69.0 (4)
-80.8 (2)
101.45 (16)
~178.93 (11)
11.68 (11)
99.50 (19)
~11.94 (11)
~147.72 (12)
—69.0 (4)
110.3 (3)
~135.4 (3)
~16.44 (16)
~108.9 (3)
142.3 (3)
17.74 (17)
~105.8 (3)
141.5 (3)
16.04 (15)
107.8 (3)
~145.1 3)
~17.73 (16)
~162.4 (7)
~40.5 (7)
87.2(7)
64.4 (9)
-55.6 (9)
~179.6 (8)
175.5 (6)
—63.6 (7)
63.4(7)
86.3 (7)
~34.4(7)
~159.5 (6)
~35.4 (13)
143.0 (13)
64.1 (13)
~113.4 (13)
143.3 (12)
-38.4 (12)
~117.2 (12)
65.3 (12)
~165.2 (12)
13.2 (12)
~65.7 (12)
116.8 (12)
13.5 (10)

C8'—C7T—C8—C9
C7—C8—C9—C10
02—C7—C8'—C9Y’
C8—C7—C8—CY’
C12—C7—C8'—C9’
C12'—C7—C8&"—CY’
C7—C8'—C9—C10
C8'—C9'—C10—C9
C8'—C9Y'—C10—C11’
C8'—C9'—C10—C11
C8—C9—C10—C9’
C8—Co9—C10—C11’
C8—C9—C10—C11
C9'—C10—C11—C12
C9—C10—C11—C12
C11'—C10—C11—C12
02—C7—CI12—Cl11
C8—C7—C12—Cl11
C12'—C7—CI12—C11
C8'—C7—C12—Cl11
C10—C11—C12—C7
C9—C10—CI11'—C12’
Cc9—C10—C11'—C12’
C11—C10—C11'—C12’
02—C7—C12'—C11’
c3—C7—C12'—C11’
Cc12—C7—C12'—C11’
C8'—C7—C12'—C11’
C10—C11'—C12'—C7
P2—04—C13—C14
P2—04—C13—C18
04—C13—C14—C15
C18—C13—C14—C15
C13—C14—C15—C16
C14—C15—C16—C17
C15—C16—C17—C18
Cl16—C17—C18—C13
04—C13—C18—C17
C14—C13—C18—C17
P2—03—C19—C24
P2—03—C19—C20
C24—C19—C20—C21
03—C19—C20—C21
C19—C20—C21—C22
C20—C21—C22—C23
C21—C22—C23—C24
C20—C19—C24—C23
03—C19—C24—C23

~93.2 (14)
52.5 (18)
155.1 (14)
36.4 (13)
~94.1 (13)
-62.0 (17)
59.2 (18)
~98.7 (14)
~59.3 (18)
1.0 (19)
42.1(12)
~94.0 (12)
~63.7 (14)
—6.4 (18)
62.6 (14)
94.2 (13)
~175.8 (13)
40 (2)
~46.8 (12)
91.8 (14)
~51.1 (18)
60.7 (17)
102.6 (13)
~41.8 (12)
~171.7 (14)
~7.5(18)
105.0 (14)
63.8(17)
—62.7 (18)
~84.2 (9)
157.7 (7)
~177.3 (10)
~62.4 (12)
56.4 (15)
~52.5(17)
54.1(17)
~57.7(15)
~177.0 (9)
62.9 (12)
132.8 (6)
~106.5 (7)
47.9 (14)
~63.8 (11)
~51.8 (14)
58.2 (14)
-59.3 (14)
~48.4 (14)
69.7 (11)
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supporting information

S1—Cd1—N1—C25’
S2—Cd1—N1—C25’
S4—Cd1—N1—C25’
S3—Cd1—N1—C26"
S1—Cd1—NI1—C26"
S2—Cd1—N1—C26"
S4—Cd1—N1—C26"i
S3—Cd1—N1—C25"
S1—Cdl1—N1—C25"
S2—Cd1—N1—C25"
S4—Cdl—N1—C25"
P1I—O1—C1—C2
P1—O1—C1—C6
01—C1—C2—C3
C6—C1—C2—C3
Cl1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—C1
01—C1—C6—C5
C2—C1—C6—C5
P1—02—C7—C8
P1—02—C7—C12

~168.1 (9)
113.0 (9)
~64.5 (9)
89.6 (13)
~92.1(13)
~170.9 (13)
11.6 (13)
~94.5 (10)
83.8 (10)
4.9 (10)
~172.5 (9)
153.9 (7)
~87.8(9)
~178.0 (8)
60.5 (11)
~61.8 (12)
55.6 (12)
—61.6 (12)
61.8 (11)
~174.0 (7)
~54.0 (9)
~104.2 (13)
112.9 (12)

C22—C23—C24—C19
C26—N1—C25—C26
C26"—N1—C25—C26
C25'—N1—C25—C26
C26"—N1—C25—C26
C25"—N1—C25—C26
Cd1—N1—C25—C26
N1—C25—C26—Nl!
C26—N1—C25'—C26'
C25—N1—C25'—C26'
C26"—N1—C25—C26’
C26"—N1—C25—C26’
C25"—N1—C25'—C26’
Cd1—N1—C25'—C26’
N1—C25—C26'—N1!
C26—N1—C25"—C26"
C25—N1—C25"—C26"
C26"—N1—C25"—C26"
C25'—N1—C25"—C26"
C26"—N1—C25"—C26"
Cd1—N1—C25"—C26"
N1—C25"—C26"—N1i

53.7 (14)
-1 (4)

81 (2)
~52(2)
~80 (2)
58 (2)
~179.1 (16)
13)
-82.3 (19)
49 (2)
—4(4)
72.1 (18)
~66.5 (18)
177.8 (14)
303

72.5 (19)
-61 (2)
-80.2 (18)
58.7 (19)
~11 (4)
174.4 (15)
8(3)

Symmetry code: (i) —x+1, —p+1, —z+1.
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