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The molecular structure of the title compound, [Ni(CjoHy;-
N,P),]I,-2CH;CN, shows two six-membered N-heterocyclic
carbene/phosphane chelate rings that form a nearly square-
planar coordination geometry around the Ni'' atom, which lies
0.190 (1) A above the C,P, plane. The sum of the bond angles
at the Ni'" atom is 358.68 (6)°, with C—Ni—P bite angles of
82.89 (5) and 84.08 (6)°. The two carbene rings make a
dihedral angle of 52.65 (8)°.

Related literature

For related structures, see: Lee et al. (2007); Matsubara et al.
(2006).
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Experimental

Crystal data

[Ni(CyoH21N,P), |1, 2C,H3N
M, =1011.31

Monoclinic, P2, /n
a=11.4453 (4) A

b =18.7680 (7) A

¢ =205765 (7) A

B =95.900 (1)°

Data collection

Bruker SMART APEX
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2004)
Tmin = 0.524, Tax = 0.696

Refinement

R[F? > 20(F%)] = 0.025
wR(F?) = 0.063
§=1.02

10467 reflections

V =4396.5 (3) A3
Z=4

Mo Ko radiation

w =195 mm™*
T=153K

0.38 x 0.25 x 0.20 mm

43185 measured reflections
10467 independent reflections
9245 reflections with I > 20(I)
Rine = 0.028

482 parameters

H-atom parameters constrained
Apiax =090 e A3

APmin = —0.46 ¢ A7

Data collection: SMART (Bruker, 2002); cell refinement: SAINT
(Bruker, 2002); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and local programs.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT5955).
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Bis{1-[2-(diphenylphosphanyl)ethyl]-3-ethylimidazol-2-ylidene}nickel(ll)
diiodide acetonitrile disolvate

Aziza Ahmida, Domenica Withake, Ulrich Florke, Hans Egold and Gerald Henkel

Experimental

KN(SiMe;), (100 mg, 460 u-mol) was added to a solution of 3-[2-(diphenylphosphanyl)ethyl]-1-ethylimidazolium-iodide
(200 mg, 460 u-mol) in THF (20 ml). The suspension was stirred at room temperature for 1 h. After removal of KI by
filtration [Ni,S(S‘Bu)s][BzEt;:N] (166 mg, 153 u-mol) was added to the filtrate. The color of the resulting suspension
changed from pale yellow to black. After the reaction mixture was stirred at room temperature for another 1 h, it was
concentrated giving a pale yellow precipitate which was collected by filtration and crystallized by slow evaporation of a

concentrated acetonitrile solution to give yellow crystals of Nickel complex.

Refinement
All Hydrogen atom positions were clearly derived from difference maps, then refined at calculated positions riding on the
parent atoms with C—H 0.95 - 0.99 A and isotropic displacement parameters Uso(H) = 1.2U(C) or 1.5U(-CHs). All

methyl groups were allowed to rotate but not to tip.

Computing details

Data collection: SMART (Bruker, 2002); cell refinement: SAINT (Bruker, 2002); data reduction: SA/NT (Bruker, 2002);
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication:
SHELXTL (Sheldrick, 2008) and local programs.
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Molecular structure of the title compound. Displacement ellipsoids are drawn at the 50% probability level.

Bis{1-[2-(diphenylphosphanyl)ethyl]-3-ethylimidazol-2-ylidene}nickel(ll) diiodide acetonitrile disolvate

Crystal data

[Ni(C19H21N2P)2]12'2C2H3N
M,.=1011.31

Monoclinic, P2i/n

Hall symbol: -P 2yn
a=11.4453 (4) A
b=18.7680 (7) A
c=20.5765(7) A
£=95.900 (1)°
V'=4396.5(3) A3

Z=4

Data collection

Bruker SMART APEX
diffractometer

Radiation source: sealed tube

Graphite monochromator

¢ and w scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2004)

Tin = 0.524, Tpux = 0.696

Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F*)] = 0.025
wR(F?) = 0.063

S=1.02

10467 reflections

F(000) =2024

D,=1528 Mgm™

Mo Ko radiation, 2 =0.71073 A
Cell parameters from 948 reflections

0=2.2-27.6°
4 =195mm™!
T=153K

Block, yellow
0.38 x 0.25 x 0.20 mm

43185 measured reflections
10467 independent reflections
9245 reflections with 7> 2a(/)
R =0.028

Omax = 27.9°, Opin = 1.5°
h=-15—-15

k=-24—-24

[=-27-24

482 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map
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Hydrogen site location: difference Fourier map
H-atom parameters constrained
w=1/[c*(F,?) + (0.0312P)* + 1.6774P]

where P = (F 2+ 2F2)/3

(A/G)max = 0.001
Apmax =0.90 ¢ A3
Apin=—0.46 ¢ A

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) is used
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F?
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz)

X y z Uiso™/Ueq

1 0.224280 (12) 0.296807 (7) 0.139267 (7) 0.03087 (4)
12 0.248359 (12) 0.303646 (7) 0.664127 (7) 0.03133 (4)
Nil 0.23708 (2) 0.536267 (11) 0.253121 (11) 0.01664 (5)
Pl 0.38866 (4) 0.51971 (2) 0.32586 (2) 0.01820 (9)
P2 0.08308 (4) 0.58080 (2) 0.19511 (2) 0.01859 (9)
N1 0.43284 (14) 0.61730 (8) 0.21671 (8) 0.0212 (3)
N2 0.37969 (15) 0.54375 (8) 0.13943 (8) 0.0241 (3)
N3 0.05986 (14) 0.56417 (8) 0.33776 (7) 0.0201 (3)
N4 0.09418 (14) 0.45189 (8) 0.33980 (7) 0.0210 (3)
Cl 0.35249 (16) 0.56602 (9) 0.19843 (9) 0.0200 (4)
C2 0.43387 (17) 0.65623 (9) 0.27829 (9) 0.0234 (4)
H2A 0.3570 0.6800 0.2800 0.028*
H2B 0.4951 0.6936 0.2801 0.028*

C3 0.45771 (18) 0.60733 (10) 0.33738 (9) 0.0258 (4)
H3A 0.4286 0.6306 0.3758 0.031*
H3B 0.5436 0.6009 0.3469 0.031%*

C4 0.50978 (18) 0.62661 (10) 0.17018 (10) 0.0271 (4)
H4A 0.5737 0.6591 0.1720 0.032*

Cs5 0.47650 (19) 0.58065 (11) 0.12179 (10) 0.0296 (4)
H5A 0.5127 0.5745 0.0826 0.035%*

C6 0.3200 (2) 0.48505 (11) 0.10203 (10) 0.0344 (5)
H6A 0.2419 0.4776 0.1176 0.041%*
H6B 0.3660 0.4408 0.1109 0.041%*

C7 0.3043 (3) 0.49747 (16) 0.03015 (12) 0.0534 (7)
H7A 0.2594 0.5414 0.0208 0.080*
H7B 0.2618 0.4572 0.0085 0.080%*
H7C 0.3814 0.5020 0.0138 0.080*

C8 0.12495 (16) 0.51368 (9) 0.31233 (8) 0.0184 (3)
C9 0.06607 (17) 0.63961 (9) 0.31986 (9) 0.0226 (4)
H9A 0.1471 0.6572 03314 0.027*
H9B 0.0130 0.6675 0.3452 0.027*
C10 0.03152 (19) 0.65150 (9) 0.24695 (9) 0.0253 (4)
H10A 0.0642 0.6976 0.2341 0.030*
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H10B
Cl1
HIIA
Cl12
HI2A
C13
HI3A
H13B
Cl14
HI4A
H14B
H14C
C21
C22
H22A
C23
H23A
C24
H24A
C25
H25A
C26
H26A
C31
C32
H32A
C33
H33A
C34
H34A
C35
H35A
C36
H36A
C41
C42
H42A
C43
H43A
C44
H44A
C45
H45A
C46
H46A
C51
C52
H52A
C53

~0.0551
~0.01031 (18)
~0.0635
0.01178 (18)
~0.0227
0.14367 (18)
0.2040
0.1828
0.0519 (2)
0.0167
0.0886
~0.0093
0.49744 (17)
0.6142 (2)
0.6410
0.6925 (2)
0.7724
0.6552 (2)
0.7089
0.5404 (2)
0.5150
0.46067 (18)
0.3811
0.36241 (17)
0.40165 (19)
0.4522
0.3670 (2)
0.3944
0.2930 (2)
0.2669
0.2566 (2)
0.2079
0.29119 (18)
0.2663
~0.03503 (16)
~0.15305 (19)
—0.1751
~0.2386 (2)
-0.3193
~0.2074 (2)
~0.2665
~0.09055 (19)
~0.0691
~0.00461 (17)
0.0759
0.09739 (17)
0.18174 (19)
0.2287
0.1970 (2)

0.6546
0.53514 (10)
0.5600
0.46453 (10)
0.4300
0.38162 (10)
0.3693
0.3840
0.32365 (11)
0.3186
0.2785
0.3362
0.45793 (10)
0.46212 (15)
0.5014
0.40908 (17)
0.4120
0.35258 (13)
0.3161
0.34869 (11)
0.3101
0.40106 (10)
0.3980
0.49181 (10)
0.42627 (10)
0.3977
0.40258 (12)
0.3580
0.44365 (13)
0.4265
0.50980 (13)
0.5386
0.53406 (11)
0.5796
0.51692 (9)
0.53628 (11)
0.5845
0.48414 (13)
0.4971
0.41393 (12)
0.3788
0.39452 (11)
0.3462
0.44588 (10)
0.4325
0.62542 (9)
0.67909 (10)
0.6924
0.71293 (11)

0.2391
0.38181 (9)
0.4062
0.38319 (10)
0.4091
0.32701 (10)
0.3632
0.2863
0.32022 (12)
0.3614
0.3096
0.2852
0.30145 (9)
0.32602 (12)
0.3526
0.31204 (14)
0.3296
0.27305 (12)
0.2642
0.24691 (11)
0.2191
0.26090 (10)
0.2428
0.40768 (9)
0.43330 (10)
0.4103
0.49236 (10)
0.5098
0.52567 (10)
0.5651
0.50185 (10)
0.5258
0.44316 (9)
0.4270
0.17878 (9)
0.17275 (12)
0.1783
0.15855 (14)
0.1541
0.15091 (11)
0.1415
0.15685 (10)
0.1514
0.17074 (9)
0.1748
0.11791 (9)
0.11592 (10)
0.1548
0.05741 (11)

0.030*
0.0257 (4)
0.031*
0.0264 (4)
0.032*
0.0276 (4)
0.033*
0.033*
0.0356 (5)
0.053*
0.053*
0.053*
0.0236 (4)
0.0483 (7)
0.058*
0.0600 (9)
0.072*
0.0426 (6)
0.051*
0.0324 (5)
0.039*
0.0260 (4)
0.031*
0.0212 (4)
0.0289 (4)
0.035%
0.0361 (5)
0.043*
0.0377 (5)
0.045%
0.0343 (5)
0.041*
0.0265 (4)
0.032*
0.0208 (4)
0.0355 (5)
0.043*
0.0458 (6)
0.055%
0.0369 (5)
0.044*
0.0285 (4)
0.034*
0.0240 (4)
0.029%
0.0221 (4)
0.0279 (4)
0.034*
0.0333 (5)
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H53A 0.2544 0.7494 0.0564 0.040%*
C54 0.1291 (2) 0.69380 (11) 0.00050 (11) 0.0357 (5)
H54A 0.1404 0.7168 —0.0395 0.043*
CS55 0.0449 (2) 0.64114 (12) 0.00208 (10) 0.0370 (5)
H55A —0.0025 0.6285 —0.0368 0.044*
C56 0.02917 (19) 0.60646 (11) 0.06056 (10) 0.0286 (4)
H56A —0.0281 0.5699 0.0612 0.034*
N100 0.7173 (2) 0.67617 (17) 0.08385 (15) 0.0795 (9)
C101 0.7765 (2) 0.72052 (16) 0.06886 (14) 0.0500 (7)
C102 0.8519 (3) 0.77672 (15) 0.04768 (16) 0.0550 (7)
H10C 0.8576 0.7722 0.0007 0.082%*
H10D 0.9304 0.7725 0.0713 0.082%*
HI10E 0.8185 0.8233 0.0568 0.082*
N200 —0.0568 (3) 0.33739 (14) 0.49174 (12) 0.0646 (7)
C201 —0.0278 (2) 0.28314 (14) 0.51184 (12) 0.0428 (6)
C202 0.0079 (2) 0.21328 (13) 0.53768 (14) 0.0477 (6)
H20A —0.0554 0.1929 0.5605 0.072*
H20B 0.0789 0.2181 0.5683 0.072*
H20C 0.0241 0.1818 0.5017 0.072%*
Atomic displacement parameters (4?)

U]l U22 U33 UI2 U13 U23
I 0.03160 (8) 0.02166 (7) 0.04030 (9) 0.00370 (5) 0.00828 (6) 0.00471 (5)
12 0.02307 (8) 0.02738 (7) 0.04424 (9) —0.00132 (5) 0.00681 (6) 0.00706 (5)
Nil 0.01732 (12) 0.01732 (11) 0.01559 (11) —0.00023 (8) 0.00317 (8) 0.00100 (8)
P1 0.0191 (2) 0.0190 (2) 0.0167 (2) —0.00021 (17) 0.00253 (17) 0.00000 (16)
P2 0.0201 (2) 0.0173 (2) 0.0185 (2) 0.00086 (17) 0.00260 (18) 0.00147 (16)
N1 0.0199 (8) 0.0211 (7) 0.0233 (8) 0.0010 (6) 0.0052 (6) 0.0040 (6)
N2 0.0294 (9) 0.0227 (8) 0.0213 (8) 0.0025 (6) 0.0076 (7) 0.0016 (6)
N3 0.0210 (8) 0.0212 (7) 0.0187 (7) —0.0034 (6) 0.0052 (6) —0.0015 (6)
N4 0.0216 (8) 0.0200 (7) 0.0218 (8) —0.0029 (6) 0.0038 (6) 0.0016 (6)
Cl 0.0216 (9) 0.0200 (8) 0.0190 (9) 0.0034 (7) 0.0043 (7) 0.0030 (7)
C2 0.0253 (10) 0.0185 (8) 0.0263 (10) —0.0012 (7) 0.0019 (8) —0.0001 (7)
C3 0.0295 (11) 0.0238 (9) 0.0236 (10) —0.0072 (8) 0.0006 (8) 0.0001 (7)
C4 0.0248 (10) 0.0262 (9) 0.0322 (11) 0.0012 (8) 0.0125 (8) 0.0081 (8)
C5 0.0323 (11) 0.0295 (10) 0.0295 (11) 0.0046 (8) 0.0159 (9) 0.0065 (8)
C6 0.0480 (14) 0.0288 (10) 0.0271 (11) —0.0033 (9) 0.0081 (9) —0.0074 (8)
C7 0.068 (2) 0.0629 (17) 0.0301 (13) —0.0091 (14) 0.0081 (12) —0.0096 (12)
C8 0.0175 (9) 0.0201 (8) 0.0172 (8) —0.0022 (6) —0.0008 (7) 0.0002 (6)
C9 0.0262 (10) 0.0166 (8) 0.0260 (10) —0.0012 (7) 0.0072 (8) —0.0037 (7)
C10 0.0329 (11) 0.0180 (8) 0.0258 (10) 0.0051 (7) 0.0068 (8) 0.0001 (7)
Cl11 0.0255 (10) 0.0295 (10) 0.0237 (10) —0.0042 (8) 0.0097 (8) —0.0011 (7)
Cl2 0.0261 (10) 0.0288 (10) 0.0256 (10) —0.0060 (8) 0.0087 (8) 0.0029 (8)
C13 0.0284 (11) 0.0195 (9) 0.0347 (11) 0.0003 (7) 0.0030 (8) 0.0019 (8)
Cl4 0.0455 (14) 0.0226 (10) 0.0395 (12) —0.0084 (9) 0.0083 (10) —0.0037 (9)
C21 0.0229 (10) 0.0287 (9) 0.0196 (9) 0.0045 (7) 0.0047 (7) —0.0012 (7)
C22 0.0282 (12) 0.0676 (17) 0.0467 (14) 0.0130 (11) —0.0070 (11) —0.0356 (13)
C23 0.0275 (13) 0.091 (2) 0.0582 (17) 0.0243 (13) —0.0094 (12) —0.0367 (16)
C24 0.0423 (14) 0.0488 (14) 0.0379 (13) 0.0208 (11) 0.0095 (11) —0.0073 (10)
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C25 0.0420 (13) 0.0249 (10) 0.0324 (11) 0.0018 (9) 0.0136 (10) —0.0016 (8)
C26 0.0272 (10) 0.0224 (9) 0.0290 (10) —0.0017 (7) 0.0056 (8) —0.0005 (7)
C31 0.0225 (9) 0.0246 (9) 0.0162 (8) —0.0034 (7) 0.0002 (7) 0.0005 (7)
C32 0.0370 (12) 0.0253 (9) 0.0236 (10) 0.0006 (8) —0.0009 (8) 0.0002 (8)
C33 0.0533 (15) 0.0294 (10) 0.0238 (10) —-0.0079 (10) —-0.0051 (10) 0.0068 (8)
C34 0.0416 (13) 0.0530 (14) 0.0183 (10) —0.0182 (11) 0.0013 (9) 0.0040 (9)
C35 0.0290 (11) 0.0533 (14) 0.0209 (10) —0.0009 (10) 0.0043 (8) —0.0036 (9)
C36 0.0263 (10) 0.0327 (10) 0.0202 (9) 0.0029 (8) 0.0012 (8) —0.0007 (7)
C41 0.0207 (9) 0.0218 (8) 0.0199 (9) —0.0007 (7) 0.0023 (7) 0.0019 (7)
C42 0.0236 (11) 0.0288 (10) 0.0540 (14) 0.0027 (8) 0.0032 (10) 0.0035 (10)
C43 0.0217 (11) 0.0438 (13) 0.0713 (18) —0.0018 (10) 0.0017 (11) 0.0017 (12)
C44 0.0327 (12) 0.0378 (12) 0.0395 (12) —-0.0126 (9) 0.0008 (10) —0.0007 (10)
C45 0.0350 (12) 0.0264 (10) 0.0240 (10) —0.0058 (8) 0.0024 (8) —-0.0020 (8)
C46 0.0230 (10) 0.0264 (9) 0.0225 (9) 0.0007 (7) 0.0022 (7) —0.0015 (7)
C51 0.0244 (10) 0.0212 (8) 0.0211 (9) 0.0047 (7) 0.0044 (7) 0.0049 (7)
C52 0.0314 (11) 0.0245 (9) 0.0273 (10) —-0.0012 (8) 0.0002 (8) 0.0042 (8)
C53 0.0383 (13) 0.0266 (10) 0.0364 (12) —0.0016 (9) 0.0097 (10) 0.0079 (8)
C54 0.0490 (15) 0.0339 (11) 0.0261 (11) 0.0047 (10) 0.0124 (10) 0.0102 (8)
C55 0.0475 (14) 0.0428 (12) 0.0204 (10) 0.0018 (10) 0.0024 (9) 0.0031 (9)
C56 0.0319 (11) 0.0309 (10) 0.0233 (10) —0.0016 (8) 0.0038 (8) 0.0013 (8)
N100 0.0528 (17) 0.100 (2) 0.090 (2) 0.0178 (16) 0.0270 (15) 0.0565 (18)
C101 0.0398 (15) 0.0664 (18) 0.0453 (15) 0.0161 (13) 0.0115 (12) 0.0168 (13)
C102 0.0548 (18) 0.0464 (15) 0.0640 (18) —0.0037 (13) 0.0079 (14) —0.0065 (13)
N200 0.088 (2) 0.0563 (15) 0.0491 (14) —-0.0249 (14) 0.0045 (13) 0.0085 (12)
C201 0.0525 (16) 0.0455 (14) 0.0316 (12) —0.0189 (12) 0.0098 (11) —0.0023 (10)
C202 0.0454 (16) 0.0466 (14) 0.0512 (16) —0.0059 (11) 0.0052 (12) —0.0060 (12)
Geometric parameters (A, ©)

Nil—Cl1 1.9049 (18) C22—C23 1.389 (3)
Nil—C8 1.9059 (18) C22—H22A 0.9500

Nil—P2 2.1904 (5) C23—C24 1.371 (4)
Nil—P1 2.1938 (5) C23—H23A 0.9500

P1—C21 1.8098 (19) C24—C25 1.370 (3)
P1—C31 1.8174 (18) C24—H24A 0.9500

P1—C3 1.8292 (19) C25—C26 1.391 (3)
P2—C41 1.8124 (19) C25—H25A 0.9500

P2—C51 1.8178 (18) C26—H26A 0.9500

P2—Cl10 1.8374 (19) C31—C32 1.394 (3)
NI1—Cl1 1.357 (2) C31—C36 1.396 (3)
N1—C4 1.377 (2) C32—C33 1.389 (3)
NI1—C2 1.462 (2) C32—H32A 0.9500

N2—Cl1 1.350 (2) C33—C34 1.379 (3)
N2—C5 1.386 (3) C33—H33A 0.9500

N2—C6 1.471 (3) C34—C35 1.383 (3)
N3—C8 1.344 (2) C34—H34A 0.9500

N3—Cl11 1.383 (2) C35—C36 1.386 (3)
N3—C9 1.466 (2) C35—H35A 0.9500

N4—C8 1.352 (2) C36—H36A 0.9500

N4—C12 1.384 (2) C41—C42 1.392 (3)
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N4—Cl13
C2—C3
C2—H2A
C2—H2B
C3—H3A
C3—H3B
C4—C5
C4—H4A
C5—HS5A
C6—C7
C6—Ho6A
C6—HoB
C7T—HT7A
C7—H7B
C7—H7C
C9—C10
C9—HO9A
C9—H9B
C10—HI10A
C10—H10B
Cl11—C12
Cl11—HI11A
Cl12—HI2A
C13—Cl14
C13—HI3A
CI13—HI13B
Cl14—HI14A
Cl14—H14B
C14—H14C
C21—C22
C21—C26

C1—Nil—C8
C1—Nil—P2
C8—Nil—P2
Cl1—Nil—P1
C8—Nil—P1
P2—Nil—P1
C21—P1—C31
C21—P1—C3
C31—P1—C3
C21—P1—Nil
C31—P1—Nil
C3—P1—Nil
C41—P2—C51
C41—P2—CI10
C51—P2—C10
C41—P2—Nil
C51—P2—Nil

1.470 (2)
1.526 (3)
0.9900
0.9900
0.9900
0.9900
1.343 (3)
0.9500
0.9500
1.490 (3)
0.9900
0.9900
0.9800
0.9800
0.9800
1.528 (3)
0.9900
0.9900
0.9900
0.9900
1.349 (3)
0.9500
0.9500
1.509 (3)
0.9900
0.9900
0.9800
0.9800
0.9800
1.381 (3)
1.393 (3)

175.02 (8)
97.71 (6)

82.89 (5)

84.08 (6)

94.00 (5)

164.05 (2)
104.85 (9)
108.16 (9)
104.44 (9)
114.82 (6)
118.58 (6)
105.18 (7)
105.97 (9)
107.90 (9)
103.76 (8)
113.06 (6)
120.82 (6)

C41—C46
C42—C43
C42—H42A
C43—C44
C43—H43A
C44—C45
C44—H44A
C45—C46
C45—H45A
C46—H46A
C51—C56
C51—C52
C52—C53
C52—HS52A
C53—C54
C53—HS3A
C54—C55
C54—H54A
C55—C56
C55—HS55A
C56—HS6A
N100—C101
C101—C102
C102—H10C
C102—H10D
C102—HI10E
N200—C201
C201—C202
C202—H20A
C202—H20B
C202—H20C

C13—C14—H14B
HI14A—C14—H14B
C13—C14—H14C
HI14A—C14—H14C
H14B—C14—H14C
C22—C21—C26
C22—C21—P1
C26—C21—P1
C21—C22—C23
C21—C22—H22A
C23—C22—H22A
C24—C23—C22
C24—C23—H23A
C22—C23—H23A
C25—C24—C23
C25—C24—H24A
C23—C24—H24A

1.392 (3)
1.394 (3)
0.9500
1.379 (3)
0.9500
1.379 (3)
0.9500
1.386 (3)
0.9500
0.9500
1.393 (3)
1.399 (3)
1.388 (3)
0.9500
1.385 (3)
0.9500
1.383 (3)
0.9500
1.396 (3)
0.9500
0.9500
1.135 (4)
1.458 (4)
0.9800
0.9800
0.9800
1.136 (4)
1.457 (4)
0.9800
0.9800
0.9800

109.5
109.5

109.5

109.5

109.5
118.96 (18)
121.94 (15)
118.89 (15)
120.2 (2)
119.9

119.9
120.4 (2)
119.8

119.8
120.0 (2)
120.0
120.0
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C10—P2—Nil
C1—N1—C4
Cl—NI—C2
C4—NI—C2
C1—N2—C5
C1—N2—C6
C5—N2—C6
C8—N3—Cl1
C8—N3—C9
CI11—N3—C9
C8—N4—C12
C8—N4—C13
C12—N4—C13
N2—C1—NI1
N2—C1—Nil
NI—CIl—Nil
N1—C2—C3
N1—C2—H2A
C3—C2—H2A
N1—C2—H2B
C3—C2—H2B
H2A—C2—H2B
C2—C3—P1
C2—C3—H3A
P1—C3—H3A
C2—C3—H3B
P1—C3—H3B
H3A—C3—H3B
C5—C4—N1
C5—C4—H4A
N1—C4—H4A
C4—C5—N2
C4—C5—HS5A
N2—C5—H5A
N2—C6—C7
N2—C6—H6A
C7—C6—H6A
N2—C6—H6B
C7—C6—H6B
H6A—C6—H6B
Co—CT7—HT7A
C6—C7—H7B
H7A—C7—H7B
C6—C7—H7C
H7A—C7—H7C
H7B—C7—H7C
N3—C8—N4
N3—C8—Nil
N4—C8—Nil

104.34 (7)
111.15 (16)
122.66 (15)
126.20 (16)
110.19 (16)
124.37 (17)
125.29 (17)
111.09 (15)
122.66 (15)
126.25 (15)
110.28 (15)
124.95 (16)
124.75 (16)
104.85 (15)
132.73 (14)
122.36 (13)
112.02 (15)
109.2
109.2
109.2
109.2
107.9
113.46 (13)
108.9
108.9
108.9
108.9
107.7
106.33 (17)
126.8
126.8
107.47 (17)
126.3
126.3
113.84 (19)
108.8
108.8
108.8
108.8
107.7
109.5
109.5
109.5
109.5
109.5
109.5
105.26 (15)
121.91 (13)
132.78 (14)

C24—C25—C26
C24—C25—H25A
C26—C25—H25A
C25—C26—C21
C25—C26—H26A
C21—C26—H26A
C32—C31—C36
C32—C31—P1
C36—C31—P1
C33—C32—C31
C33—C32—H32A
C31—C32—H32A
C34—C33—C32
C34—C33—H33A
C32—C33—H33A
C33—C34—C35
C33—C34—H34A
C35—C34—H34A
C34—C35—C36
C34—C35—H35A
C36—C35—H35A
C35—C36—C31
C35—C36—H36A
C31—C36—H36A
C42—C41—C46
C42—C41—P2
C46—C41—P2
C41—C42—C43
C41—C42—H42A
C43—C42—H42A
C44—C43—C42
C44—C43—H43A
C42—C43—H43A
C43—C44—C45
C43—C44—H44A
C45—C44—H44A
C44—C45—C46
C44—C45—HA45A
C46—C45—H45A
C45—C46—C41
C45—C46—H46A
C41—C46—H46A
C56—C51—C52
C56—C51—P2
C52—C51—P2
C53—C52—C51
C53—C52—H52A
C51—C52—H52A
C54—C53—C52

120.3 (2)
119.9

119.9

120.1 (2)
120.0

120.0
119.09 (18)
121.80 (15)
118.80 (14)
120.2 (2)
119.9

119.9

120.1 (2)
120.0

120.0

120.2 (2)
119.9

119.9

120.1 (2)
120.0

120.0
120.23 (19)
119.9

119.9
119.45 (18)
122.84 (15)
117.69 (14)
119.3 (2)
120.3

120.3

120.6 (2)
119.7

119.7
120.2 (2)
119.9

119.9
119.72 (19)
120.1

120.1
120.64 (19)
119.7

119.7
119.18 (18)
121.99 (15)
118.80 (15)
120.26 (19)
119.9

119.9

120.3 (2)
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N3—C9—C10
N3—C9—H9A
C10—C9—HO9A
N3—C9—H9B
C10—C9—H9B
H9A—C9—H9B
C9—C10—P2
C9—C10—HI10A
P2—C10—HI10A
C9—C10—H10B
P2—C10—HI10B
H10A—C10—H10B
C12—C11—N3
C12—Cl11—HI11A
N3—CII—HI1A
C11—C12—N4
C11—CI12—HI12A
N4—CI12—HI12A
N4—C13—C14
N4—C13—HI13A
C14—C13—HI3A
N4—CI13—H13B
C14—C13—HI13B
H13A—CI13—HI13B
C13—Cl14—HI14A

Cl—Nil—P1—C21
C8—Nil—P1—C21
P2—Nil—P1—C21
Cl1—Nil—P1—C31
C8—Nil—P1—C31
P2—Nil—P1—C31
Cl1—Nil—P1—C3
C8—Nil—P1—C3
P2—Nil—P1—C3
C1—Nil—P2—C41
C8—Nil—P2—C41
P1—Nil—P2—C41
Cl1—Nil—P2—C51
C8—Nil—P2—C51
P1—Nil—P2—C51
Cl1—Nil—P2—C10
C8—Nil—P2—C10
PI—Nil—P2—C10
C5—N2—C1—N1
C6—N2—CI1—N1
C5—N2—CI1—Nil
C6—N2—CI1—Nil
C4—N1—C1—N2

111.92 (14)
109.2
109.2
109.2
109.2
107.9
113.48 (13)
108.9
108.9
108.9
108.9
107.7
106.30 (17)
126.9
126.8
107.06 (16)
126.5
126.5
112.71 (17)
109.0
109.0
109.0
109.0
107.8
109.5

~58.52 (9)
126.08 (9)
~155.87 (9)
176.48 (9)
1.08 (9)
79.13 (10)
60.24 (9)
~115.15 (9)
~37.10 (11)
129.59 (9)
~55.39 (8)
~134.97 (9)
2.57 (9)
177.59 (9)
98.01 (10)
~113.43 (9)
61.59 (8)
~17.99 (11)
0.4 (2)
176.23 (18)
~176.74 (15)
-0.9 (3)
~0.5(2)

C54—C53—HS3A
C52—C53—H53A
C55—C54—C53
C55—C54—H54A
C53—C54—H54A
C54—C55—C56
C54—C55—H55A
C56—C55—H55A
C51—C56—C55
C51—C56—H56A
C55—C56—H56A
N100—C101—C102
C101—C102—H10C
C101—C102—H10D
H10C—C102—H10D
C101—C102—HI10E
H10C—C102—HI10E
H10D—C102—HIO0E
N200—C201—C202
C201—C202—H20A
C201—C202—H20B
H20A—C202—H20B
C201—C202—H20C
H20A—C202—H20C
H20B—C202—H20C

C9—N3—CI11—Cl12
N3—C11—C12—N4
C8—N4—C12—C11
C13—N4—C12—Cl11
C8—N4—C13—C14
C12—N4—C13—Cl14
C31—P1—C21—C22
C3—P1—C21—C22
Nil—P1—C21—C22
C31—P1—C21—C26
C3—P1—C21—C26
Nil—P1—C21—C26
C26—C21—C22—C23
P1—C21—C22—C23
C21—C22—C23—C24
C22—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C21
C22—C21—C26—C25
P1—C21—C26—C25
C21—P1—C31—C32
C3—P1—C31—C32
Nil—P1—C31—C32

119.8
119.8
119.8 (2)
120.1
120.1
120.4 (2)
119.8
119.8
120.0 (2)
120.0
120.0
178.3 (4)
109.5
109.5
109.5
109.5
109.5
109.5
179.2 (3)
109.5
109.5
109.5
109.5
109.5
109.5

179.95 (18)
—0.4(2)

1.0 2)
179.26 (18)
~138.59 (19)
43.4 (3)
~75.0 (2)
36.0 (2)
153.10 (19)
99.64 (16)
~149.36 (15)
-32.27(17)
2.0 (4)
172.6 (2)

0.9 (5)

0.9 (5)

—1.4 (4)

0.2 (3)
1.5(3)
~173.29 (15)
~13.28 (19)
~126.93 (17)
116.44 (16)
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C2—N1—C1—N2
C4—NI1—CI—Nil
C2—N1—CI1—Nil
P2—Nil—C1—N2
PI—Nil—C1—N2
P2—Nil—C1—N1
P1—Nil—C1—N1
Cl—NI1—C2—C3
C4—NI—C2—C3
NI—C2—C3—P1
C21—P1—C3—C2
C31—P1—C3—C2
Nil—P1—C3—C2
C1—N1—C4—C5
C2—N1—C4—C5
NI—C4—C5—N2
Cl—N2—C5—C4
C6—N2—C5—C4
Cl—N2—C6—C7
C5—N2—C6—C7
C11—N3—C8—N4
C9—N3—C8—N4
CI11—N3—C8—Nil
C9—N3—C8—Nil
C12—N4—C8—N3
C13—N4—C8—N3
C12—N4—C8—N:il
C13—N4—C8—Nil
P2—Nil—C8—N3
P1—Nil—C8—N3
P2—Nil—C8—N4
PI—Nil—C8—N4
C8—N3—C9—C10
C11—N3—C9—C10
N3—C9—C10—P2
C41—P2—C10—C9
C51—P2—C10—C9
Nil—P2—C10—C9
C8—N3—CI11—C12

179.40 (15)
177.04 (13)
-3.1(2)
~72.74 (18)
123.22 (18)
110.48 (14)
~53.55 (14)
63.6 (2)
~116.5 (2)
~37.4(2)
97.39 (16)
~151.33 (14)
~25.75 (16)
0.4 (2)
~179.53 (17)
—0.1(2)
—0.2 (2)
~175.97 (19)
142.7 (2)
—42.2 (3)
1.0 (2)
~179.35 (16)
~176.86 (13)
2.8(2)
~12(2)
~179.47 (17)
176.30 (15)
-2.0(3)
~58.63 (14)
105.65 (14)
124.22 (18)
~71.50 (17)
60.6 (2)
~119.7 (2)
-37.7(2)
94.98 (15)
~152.88 (14)
~25.51 (15)
0.4 (2)

C21—P1—C31—C36
C3—P1—C31—C36
Nil—P1—C31—C36
C36—C31—C32—C33
P1—C31—C32—C33
C31—C32—C33—C34
C32—C33—C34—C35
C33—C34—C35—C36
C34—C35—C36—C31
C32—C31—C36—C35
P1—C31—C36—C35
C51—P2—C41—C42
C10—P2—C41—C42
Nil—P2—C41—C42
C51—P2—C41—C46
C10—P2—C41—C46
Nil—P2—C41—C46
C46—C41—C42—C43
P2—C41—C42—C43
C41—C42—C43—C44
C42—C43—C44—C45
C43—C44—C45—C46
C44—C45—C46—C41
C42—C41—C46—C45
P2—C41—C46—C45
C41—P2—C51—C56
C10—P2—C51—C56
Nil—P2—C51—C56
C41—P2—C51—C52
C10—P2—C51—C52
Nil—P2—C51—C52
C56—C51—C52—C53
P2—C51—C52—C53
C51—C52—C53—C54
C52—C53—C54—C55
C53—C54—C55—C56
C52—C51—C56—C55
P2—C51—C56—C55
C54—C55—C56—C5s1

173.14 (15)
59.49 (17)
~57.14 (17)
2.0 (3)
~171.53 (16)
0.4 (3)

2.6 (3)
2.2(3)

0.3 (3)

2.4 (3)
171.38 (16)
~77.59 (19)
33.0 (2)
147.91 (16)
101.06 (15)
~148.30 (15)
~33.44 (16)
0.2 (3)
178.42 (19)
0.4 (4)

~0.4 (4)

0.2 (3)

0.0 (3)

0.0 (3)
~178.70 (15)
~2.76 (19)
~116.29 (17)
127.42 (15)
178.98 (15)
65.45 (17)
~50.85 (17)
0.0 (3)
178.31 (16)
0.1 (3)

0.6 (3)
-1.03)
~0.4 (3)
~178.62 (16)
0.8 (3)
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