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A new crystal form of the title compound, [Cu(CHO3)-
(CyH47N-)|PFy, is closely similar in cation geometry to the
previously reported acetone solvate [Petrovic, Bannenberg,
Randoll, Jones & Tamm (2007). Dalton Trans. pp. 2812-2822].
The coordination at the Cu atom is square planar, although
the O atom lies 0.224 (5) A out of the Nj ligand plane. The
cations are associated to form inversion-symmetric dimers via
hydrogen bonding between bicarbonate units.

Related literature

For related literature, see: Darensbourg et al. (1996); Hossain
et al. (1981); Tto et al. (1994); Jazzar et al. (2003); Kim et al.
(2004); Petrovic et al. (2007); Steiner (2002).
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Crystal data

[Cu(CHO;3)(CyH47N7)[PFs
M, =763.26

« =109.619 (3)°
B =101.729 (4)°
Triclinic, P1 y =94.164 (3)°
a=90309 (12) A V =17812 (4) A®
b=13.824 (2) A Z=2
c=15654(2) A Mo Ko radiation

w=073mm™"

T=133 (2 K

Data collection

Bruker SMART 1000 CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 1998)
T'omin = 0.868, Tyax = 0.944

Refinement

R[F? > 20(F%)] = 0.042
wR(F?) = 0.098

S =1.01

0.20 x 0.11 x 0.08 mm

33075 measured reflections
8789 independent reflections
6166 reflections with 7 > 20(1)
Rine = 0.053

H atoms treated by a mixture of
independent and constrained
refinement

8789 reflections
449 parameters

Appax = 046 ¢ A~
Apmin = —0.41 ¢ A7

Table 1

Selected geometric parameters (A, °).

Cu—01 1.9205 (16) Cu—N2 1.9449 (17)
Cu—NI1 19318 (17)  Cu—N3 1.9689 (18)
O1—Cu—N1 170.38 (8) O1—Cu—N3 98.51 (7)
O1—Cu—N2 97.30 (7) N1—Cu—N3 81.77 (8)
N1—Cu—N2 81.77 (7) N2—Cu—N3 163.36 (7)
Table 2 .

Hydrogen-bond geometry (A, °).

D—H--A D—H H--A DA D—H--A
03—H1.--02' 0.88 (4) 1.73 (4) 2.599 (3) 173 (4)

Symmetry code: (i) —x+1, —y+1, —z+ 1.

Data collection: SMART (Bruker, 1998); cell refinement: SAINT
(Bruker, 1998); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP
(Siemens, 1994); software used to prepare material for publication:
SHELXL97.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT2543).

References

Bruker (1998). SMART (Version 5.0), SAINT (Version 4.0), SADABS
(Version 2.0). Bruker AXS Inc., Madison, Wisconsin, USA.

Darensbourg, D. J., Jones, M. L. M. & Reibenspies, J. H. (1996). Inorg. Chem.
35, 4406-4413.

Hossain, S. F., Nicholas, K. M., Teas, C. L. & Davis, R. E. (1981). J. Chem. Soc.
Chem. Commun. pp. 268-269.

Ito, M., Ebihara, M. & Kawamura, T. (1994). Inorg. Chim. Acta, 218, 199-202.

Jazzar, R. F. R., Bhatia, P. H., Mahon, M. F. & Whittlesey, M. K. (2003).
Organometallics, 22, 670-683.

Kim, J. C., Cho, J., Kim, H. & Lough, A. J. (2004). Chem. Commun. pp. 1796~
1797.

Petrovic, D., Bannenberg, T., Randoll, S., Jones, P. G. & Tamm, M. (2007).
Dalton Trans. pp. 2812-2822.

Sheldrick, G. M. (1997). SHELXS97 and SHELXLY97. University of
Gottingen, Germany.

Siemens (1994). XP. Version 5.03. Siemens Analytical X-ray Instruments Inc.,
Madison, USA.

Steiner, T. (2002). Angew. Chem. Int. Ed. 41, 48-76.

m2768

© 2007 International Union of Crystallography

doi:10.1107/51600536807051203

Acta Cryst. (2007). E63, m2768



supplementary materials



supplementary materials

Acta Cryst. (2007). E63, m2768 [ doi:10.1107/S1600536807051203 ]

A solvent-free modification of {2,6-bis|(1,3-di-tert-butylimidazolin-2-
ylideneamino)methyl|pyridine}(hydrogen carbonato)copper(Il) hexafluoridophosphate

P. G. Jones, C. G. Hrib, D. Petrovic and M. Tamm

Comment

As we have recently demonstrated (Petrovic et al., 2007), copper(I) complexes of the highly basic pincer ligand 2,6-bis[(1,3-
di-tert-butylimidazolin-2-imino)methyl]pyridine, TLtBu, are extremely reactive and exhibit a pronounced tendency to form

stable, square-planar copper(Il) complexes. Exposure of an acetone solution of [(TLtBu)Cu]PF6 to the air readily leads to

oxidation and trapping of atmospheric CO; to form the square-planar complex [(TLtBu)Cu(HCO3—KO)]PF6 with the bicar-
bonate ligand adopting a rarely observed monodentate coordination mode. The compound was previously crystallized as an

acetone solvate (Petrovic et al., 2007). Here we report the structure of the solvent-free material. All structural features of

the cation [(TLtBu)Cu(HCOyKO)]+ are very similar to those of the acetone solvate. The copper center displays a slightly
distorted square-planar environment; the sum of the four cis angles is 359.38°. The copper atom lies 0.049 (2) A out of
the plane defined by the donor atoms N1, N2 and N3. The displacement of the metal-bound oxygen atom O1 of the bicar-
bonate ligand, 0.224 (5) A in the opposite direction, is considerably greater, which is presumably a consequence of minim-
izing the steric interaction with the bulky di-fert-butylimidazolin-2-ylidene moieties. As a result, the NI—Cu—O1 angle
of 170.38 (8)° deviates significantly from linearity. The Cu—O1 distance of 1.9205 (16) A is very short in comparison to
the other structurally characterized copper(Il) bicarbonate complexes. The angles in the bicarbonate unit are close to 120°,
and the C—O distances (Table 1), with a much longer C30—O3 bond, clearly indicate that the hydrogen atom of the HCO3
unit is bound to O3. This was in any case confirmed by free refinement of this hydrogen position. The packing involves
inversion-symmetric cation dimers bridged via hydrogen bonding of the bicarbonate groups (analogous to the well known
"carboxylic acid dimer" type; Table 2), as observed for the acetone solvate (with two crystallographically independent for-
mula units, each associating over an inversion centre to a dimer) and in some other transition metal bicarbonate complexes
(Hossain ef al., 1981; Ito et al., 1994; Darensbourg et al., 1996; Jazzar et al., 2003; Kim et al., 2004).

Experimental

The title compound was prepared according to the literature procedure (Petrovic et al., 2007). Crystals could be obtained
selectively as clear yellow prisms by cooling the acetone solution. The compound exhibits dichroism (the previously reported
acetone solvate, obtained by evaporation of an acetone solution, is deep green or red depending on the view direction), but
we have not investigated this phenomenon further.

Refinement

The bicarbonate hydrogen H1 was freely refined. Methyl H atoms were included on the basis of idealized rigid groups
(C—H 0.98 A, H—C—H 109.5°) allowed to rotate but not tip. Other hydrogen atoms were included using a riding model
with C—H 0.95 (aromatic) or 0.99 (methylene) A. U(H) values were fixed at 1.2Ujgo(C) of the parent C atom.
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supplementary materials

Figures

i ) Fig. 1. The formula unit of the title compound in the crystal. Ellipsoids represent 30% probab-

{2,6-bis[(1,3-di-tert-butylimidazolin-2-ylideneamino)methyl]pyridine} (hydrogen carbonato)copper(ll) hexafluor-

idophosphate

Crystal data
[Cu(CHO3)(Ca9H47N7)]PFg
M, =763.26
Triclinic, PT
a=9.0309 (12) A
h=13.824 2) A
c=15.654 (2) A
a=109.619 (3)°
B=101.729 (4)°
v=94.164 (3)°
V=17812 (4) A®

Data collection

Bruker SMART 1000 CCD
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

Detector resolution: 8.192 pixels mm’!

T=133(2) K
 and ¢ scans

Absorption correction: multi-scan
(SADABS; Bruker, 1998)

Tmin = 0.868, Tmax = 0.944

33075 measured reflections

Refinement

Refinement on 7>

Least-squares matrix: full

R[F? > 20(F%)] = 0.042

= | ility levels. Hydrogen atoms and butyl atom labels have been omitted for clarity.

Z=2
Fopo = 798
Dy=1423 Mgm >

Mo Ko radiation
A=0.71073 A

Cell parameters from 8159 reflections
0=2-28°

p=0.73 mm !

T=133(2)K

Prism, yellow

0.20 x 0.11 x 0.08 mm

8789 independent reflections
6166 reflections with /> 20(/)
Rint =0.053

Omax = 28.3°

Omin = 1.4°
h=-11—12
k=-18—18

[=-20—20

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
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w=1/[c2(Fy?) + (0.0337P) + 1.4465P]

WR(F?) = 0.098 5 5
where P = (F," + 2F;°)3

§=1.02 (A/6)max < 0.001

8789 reflections Apmax =0.46 ¢ A3

449 parameters ApPmin=-041¢ 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.

Least-squares planes (x,y,z in crystal coordinates) and deviations from them (* indicates atom used to define plane)
—6.3861 (0.0088) x + 7.5326 (0.0093) y + 6.7527 (0.0131) z = 1.9001 (0.0040)

*0.0000 (0.0000) N1 * 0.0000 (0.0000) N2 * 0.0000 (0.0000) N3 0.0486 (0.0017) Cu —0.2240 (0.0045) O1

Rms deviation of fitted atoms = 0.0000

3.0050 (0.0115) x + 11.4156 (0.0098) y — 11.5236 (0.0125) z = 1.4495 (0.0078)

Angle to previous plane (with approximate e.s.d.) = 89.00 (0.08)

*0.0000 (0.0000) O1 * 0.0000 (0.0000) O2 * 0.0000 (0.0000) O3 0.0052 (0.0026) C30

Rms deviation of fitted atoms = 0.0000

Refinement. Refinement of F*2” against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F~2", conven-
tional R-factors R are based on F, with F set to zero for negative F*2”. The threshold expression of F/2* > 2sigma(F~2") is used only
for calculating R-factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F*2* 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 (14’2 )

X y z Uiso*/Ueq
Cu 0.23080 (3) 0.25694 (2) 0.220239 (18) 0.01536 (8)
P 0.18744 (8) 0.18997 (5) —0.23416 (4) 0.02368 (15)
ol 0.43029 (19) 0.31751 (13) 0.30096 (11) 0.0248 (4)
02 0.3586 (2) 0.44446 (16) 0.40803 (13) 0.0399 (5)
03 0.5977 (2) 0.40524 (17) 0.43152 (14) 0.0368 (5)
H1 0.607 (4) 0.458 (3) 0.484 (3) 0.066 (12)*
N1 0.0481 (2) 0.18007 (14) 0.12599 (12) 0.0153 (4)
N2 0.2354 (2) 0.33105 (14) 0.13469 (12) 0.0163 (4)
N3 0.1781 (2) 0.15538 (15) 0.27650 (13) 0.0203 (4)
N4 0.3319 (2) 0.51640 (14) 0.19051 (13) 0.0195 (4)
NS 0.4858 (2) 0.40802 (16) 0.13604 (14) 0.0221 (4)
N6 0.1977 (2) 0.23238 (15) 0.44538 (13) 0.0235 (5)
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N7
F1
F2

F3

F4

F5

F6

Cl1
C2
H2
C3
H3
C4
H4
C5
C6
Ho6A
Hé6B
C7
H7A
H7B
C8
C9
H9
C10
H10
Cl11
Cl12
H12
Cl13
H13
Cl14
Cl15
HI15A
H15B
H15C
Cl6
H16A
H16B
H16C
C17
H17A
H17B
H17C
CI18
C19
HI19A
H19B
H19C

0.3711 (2)
0.2607 (2)
0.1146 (2)
0.34247 (18)
0.2523 (2)
0.03368 (19)
0.1247 (2)
0.0126 (3)
~0.1082 (3)
~0.1332
~0.1921 (3)
-0.2762
~0.1544 (3)
-0.2121
~0.0304 (2)
0.1133 (3)
0.1575
0.0522
0.0292 (3)
~0.0440
0.0412
0.3419 (3)
0.4700 (3)
0.4936
0.5630 (3)
0.6656
0.2396 (3)
0.3025 (3)
0.2992
0.4083 (3)
0.4947
0.1976 (3)
0.0870 (3)
0.0386
0.0082
0.1432
0.1178 (4)
0.1886
0.0277
0.0858
0.2579 (4)
0.3211
0.1715
0.3198
0.5652 (3)
0.6273 (4)
0.5428
0.6757
0.7029

0.13706 (15)
0.28868 (12)
0.09254 (13)
0.19827 (12)
0.11459 (14)
0.18281 (13)
0.26685 (15)
0.20213 (17)
0.14157 (18)
0.1554
0.05982 (18)
0.0179
0.03885 (18)
-0.0167
0.10082 (17)
0.29510 (18)
0.2755
0.3512
0.08814 (18)
0.1077
0.0147
0.41321 (17)
0.5742 (2)
0.6479
0.5087 (2)
0.5275
0.17239 (17)
0.2319 (2)
0.2660
0.1757 (2)
0.1640
0.56795 (18)
0.5000 (2)
0.4385
0.5396
0.4783
0.5944 (2)
0.6431
0.6264
0.5307
0.6672 (2)
0.6501
0.6983
0.7166
0.3173 (2)
0.3355 (3)
0.3431
0.2761
0.3989

0.39765 (13)
~0.14117 (11)
~0.32614 (12)
~0.26827 (12)
~0.18277 (13)
~0.19943 (12)
~0.28479 (13)
0.04791 (15)
~0.02528 (16)
~0.0815
~0.01428 (17)
~0.0634
0.06722 (16)
0.0747
0.13787 (15)
0.04916 (15)
~0.0061
0.0471
0.22988 (16)
0.2698
0.2194
0.15052 (15)
0.19914 (19)
0.2236
0.16724 (19)
0.1659
0.36715 (16)
0.52342 (17)
0.5866
0.49465 (17)
0.5339
0.21563 (16)
0.2413 (2)
0.1861

0.2639

0.2905

0.1323 (2)
0.1208

0.1458

0.0768

0.3017 (2)
0.3519
0.3227

0.2855
0.09667 (18)
0.0180 (2)
~0.0286
~0.0119
0.0442

0.0224 (4)
0.0438 (4)
0.0504 (5)
0.0408 (4)
0.0522 (5)
0.0427 (4)
0.0512 (5)
0.0161 (4)
0.0196 (5)
0.024*
0.0234 (5)
0.028*
0.0218 (5)
0.026*
0.0166 (5)
0.0192 (5)
0.023*
0.023*
0.0214 (5)
0.026*
0.026*
0.0172 (5)
0.0297 (6)
0.036*
0.0305 (6)
0.037*
0.0189 (5)
0.0315 (6)
0.038*
0.0303 (6)
0.036*
0.0225 (5)
0.0322 (6)
0.039*
0.039*
0.039*
0.0388 (7)
0.047*
0.047*
0.047*
0.0426 (7)
0.051*
0.051*
0.051*
0.0261 (6)
0.0405 (7)
0.049*
0.049*
0.049*
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C20
H20A
H20B
H20C
C21
H21A
H21B
H21C
C22
C23
H23A
H23B
H23C
C24
H24A
H24B
H24C
C25
H25A
H25B
H25C
C26
C27
H27A
H27B
H27C
C28
H28A
H28B
H28C
C29
H29A
H29B
H29C
C30

0.6955 (3)
0.7660
0.7508
0.6534
0.4611 (3)
0.4231
0.5187
0.3744
0.0600 (3)
~0.0643 (3)
~0.0925
—0.1544
~0.0255
0.0022 (3)
0.0861
~0.0813
~0.0352
0.1057 (4)
0.1336
0.0193
0.1933
0.4527 (3)
0.5864 (3)
0.6544
0.6432
0.5475
0.5182 (4)
0.4342
0.5780
0.5843
0.3417 (4)
0.3010
0.3954
0.2573
0.4539 (3)

0.3160 (2)
0.3818
0.2583
0.3073
0.2128 (2)
0.1988
0.1579
0.2144
0.2867 (2)
0.2122 (2)
0.1497
0.2464
0.1929
0.3225 (2)
0.3662
0.3626
0.2618
0.3842 (2)
0.3637
0.4230
0.4281
0.05894 (19)
0.0373 (2)
0.1025
-0.0107
0.0060
0.1009 (2)
0.1107
0.0512
0.1676
~0.0418 (2)
~0.0664
~0.0945
-0.0293
0.39054 (19)

Atomic displacement parameters (142 )

Cu
P

(0]
02
03
N1
N2
N3
N4

Ull

0.01664 (14)
0.0280 (3)
0.0226 (9)
0.0253 (10)
0.0237 (10)
0.0147 (9)
0.0164 (9)
0.0241 (10)
0.0203 (10)

U22

0.01417 (14)
0.0187 (3)
0.0255 (9)
0.0459 (12)
0.0412 (12)
0.0141 (9)
0.0152 (9)
0.0185 (10)
0.0148 (9)

0.1756 (2) 0.0344 (6)

0.1998 0.041*

0.1516 0.041*

0.2260 0.041*

0.0560 (2) 0.0334 (6)

0.1057 0.040%

0.0285 0.040%

0.0076 0.040%

0.45535 (17) 0.0274 (6)

0.4646 (2) 0.0367 (7)

0.4079 0.044*

0.4729 0.044*

0.5188 0.044*

0.37383 (18) 0.0309 (6)

0.3669 0.037*

0.3861 0.037*

0.3162 0.037*

0.54454 (18) 0.0353 (7)

0.5991 0.042*

0.5498 0.042*

0.5416 0.042*

0.33900 (18) 0.0271 (6)

0.4033 (2) 0.0367 (7)

0.4420 0.044*

0.3656 0.044*

0.4436 0.044*

0.2734 (2) 0.0413 (7)

0.2279 0.050*

0.2403 0.050*

0.3098 0.050*

0.2847 (3) 0.0529 (9)

0.3285 0.063*

0.2495 0.063*

0.2413 0.063*

0.37901 (17) 0.0235 (5)
U33 U12 U13
0.01280 (13) ~0.00348 (11)  0.00252 (10)
0.0246 (3) ~0.0005 (3) 0.0085 (3)
0.0184 (8) ~0.0075 (8) ~0.0006 (7)
0.0284 (10) 0.0048 (9) ~0.0034 (8)
0.0266 (10) 0.0006 (9) ~0.0050 (8)
0.0154 (9) 0.0002 (8) 0.0049 (7)
0.0160 (9) ~0.0029 (8) 0.0020 (8)
0.0158 (9) ~0.0056 (9) 0.0024 (8)
0.0224 (10) ~0.0011 (8) 0.0052 (8)

U23

0.00351 (10)
0.0079 (3)
0.0033 (7)
~0.0062 (9)
~0.0042 (9)
0.0026 (7)
0.0061 (8)
0.0063 (8)
0.0062 (8)
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N5
N6
N7
F1
F2
F3
F4
F5
F6
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
Cl12
Cl13
Cl14
Cl15
Cl6
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30

0.0171 (10)
0.0318 (12)
0.0283 (11)
0.0565 (11)
0.0455 (10)
0.0379 (9)

0.0572 (12)
0.0389 (9)

0.0643 (12)
0.0168 (11)
0.0181 (11)
0.0171 (11)
0.0186 (12)
0.0149 (11)
0.0203 (11)
0.0210 (12)
0.0193 (11)
0.0272 (13)
0.0193 (12)
0.0231 (12)
0.0472 (17)
0.0400 (16)
0.0270 (13)
0.0300 (14)
0.0461 (18)
0.0467 (18)
0.0234 (12)
0.0439 (17)
0.0236 (13)
0.0311 (15)
0.0360 (15)
0.0405 (16)
0.0352 (15)
0.0501 (18)
0.0323 (14)
0.0353 (15)
0.0520 (19)
0.0393 (18)
0.0229 (12)

Geometric parameters (4, °)

Cu—Ol
Cu—NI1
Cu—N2
Cu—N3
P—F2
P—F4
P—F6

0.0221 (10)
0.0220 (11)
0.0188 (10)
0.0339 (9)

0.0424 (10)
0.0306 (9)

0.0454 (11)
0.0346 (9)

0.0567 (12)
0.0146 (11)
0.0196 (12)
0.0202 (12)
0.0155 (11)
0.0147 (11)
0.0190 (11)
0.0194 (12)
0.0171 (11)
0.0205 (13)
0.0277 (14)
0.0136 (11)
0.0291 (14)
0.0268 (14)
0.0180 (12)
0.0318 (15)
0.0456 (18)
0.0300 (15)
0.0337 (14)
0.0520 (19)
0.0438 (17)
0.0272 (14)
0.0257 (13)
0.0358 (16)
0.0304 (14)
0.0285 (15)
0.0202 (12)
0.0422 (17)
0.0480 (19)
0.0242 (15)
0.0238 (13)

1.9205 (16)
1.9318 (17)
1.9449 (17)
1.9689 (18)
1.5824 (17)
1.5925 (17)
1.5967 (17)

0.0297 (11) 0.0017 (9)
0.0184 (10) 0.0032 (9)
0.0194 (10) 0.0002 (9)
0.0293 (8) ~0.0152 (8)
0.0413 (10) ~0.0112 (9)
0.0543 (10) ~0.0012 (7)
0.0690 (13) 0.0096 (9)
0.0542 (11) ~0.0020 (8)
0.0515 (11) 0.0241 (10)
0.0159 (11) 0.0049 (9)
0.0170 (11) 0.0038 (10)
0.0235 (12) ~0.0017 (10)
0.0274 (13) ~0.0008 (10)
0.0194 (11) 0.0025 (9)
0.0175 (11) ~0.0018 (10)
0.0218 (12) ~0.0050 (10)
0.0165 (11) 0.0011 (9)
0.0383 (15) ~0.0078 (11)
0.0461 (16) ~0.0062 (11)
0.0194 (11) ~0.0044 (10)
0.0159 (12) 0.0080 (13)
0.0206 (13) 0.0052 (12)
0.0226 (12) 0.0056 (10)
0.0403 (16) 0.0102 (12)
0.0350 (16) 0.0259 (15)
0.0390 (17) 0.0025 (14)
0.0296 (13) 0.0111 (11)
0.0454 (17) 0.0229 (15)
0.0433 (16) 0.0109 (13)
0.0388 (16) 0.0127 (12)
0.0226 (13) 0.0042 (12)
0.0383 (16) 0.0017 (13)
0.0317 (14) 0.0107 (12)
0.0279 (14) 0.0092 (14)
0.0277 (13) 0.0062 (11)
0.0435 (17) 0.0148 (14)
0.0382 (16) 0.0233 (16)
0.073 (2) 0.0037 (14)
0.0218 (12) ~0.0032 (11)

C13—HI13

Cl4—Cl5

Cl4—C16

Cl4—C17

C15—HISA

C15—HI5B

C15—HI5C

0.0076 (8) 0.0120 (9)
0.0075 (9) 0.0090 (8)
0.0040 (9) 0.0077 (8)
0.0116 (8) 0.0004 (7)
0.0121 (8) ~0.0101 (8)
0.0242 (8) 0.0096 (8)
0.0119 (10) 0.0413 (10)
0.0263 (8) 0.0083 (8)
0.0203 (10) 0.0370 (10)
0.0067 (9) 0.0021 (9)
0.0022 (9) 0.0023 (9)
~0.0011 (10) 0.0004 (10)
0.0064 (10) 0.0030 (10)
0.0074 (9) 0.0031 (9)
0.0030 (9) 0.0076 (9)
0.0032 (10) 0.0078 (10)
0.0043 (9) 0.0080 (9)
0.0033 (12) 0.0116 (11)
0.0080 (12) 0.0171 (13)
0.0051 (10) 0.0068 (9)
0.0027 (12) 0.0075 (11)
~0.0020 (11) 0.0095 (11)
0.0076 (10) 0.0063 (10)
0.0203 (12) 0.0120 (13)
0.0150 (14) 0.0207 (14)
0.0121 (14) ~0.0032 (13)
0.0135 (11) 0.0166 (12)
0.0285 (15) 0.0289 (16)
0.0106 (12) 0.0226 (14)
0.0119 (12) 0.0044 (12)
0.0132 (11) 0.0077 (11)
0.0216 (13) 0.0126 (13)
0.0117 (12) 0.0138 (12)
0.0170 (13) 0.0060 (12)
0.0071 (11) 0.0069 (11)
0.0155 (13) 0.0237 (14)
0.0230 (15) 0.0232 (15)
0.0066 (17) ~0.0056 (15)
0.0040 (10) 0.0079 (10)

0.9500

1.523 (3)

1.527 (3)

1.531 (4)

0.9800

0.9800

0.9800
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P—F5
P—FI

P—F3
01—C30
02—C30
03—C30
03—HI
N1—Cl
N1—C5
N2—C8
N2—C6
N3—Cl1
N3—C7
N4—C8
N4—C9
N4—C14
N5—C8
N5—C10
N5—C18
N6—Cl11
N6—C12
N6—C22
N7—Cl11
N7—C13
N7—C26
cl—C2
C1—C6
c2—C3
C2—H2
C3—C4
C3—H3
C4—Cs
C4—H4
Cc5—C7
C6—HG6A
C6—H6B
C7—H7A
C7—H7B
C9—C10
C9—H9
C10—H10
Cl12—Cl13
Cl2—HI2
01—Cu—N1
0l1—Cu—N2
NI1—Cu—N2
01—Cu—N3
N1—Cu—N3
N2—Cu—N3

1.5989 (17)
1.6007 (16)
1.6063 (17)
1.262 (3)
1.236 (3)
1.349 (3)
0.88 (4)
1.340 (3)
1.347 (3)
1.353 (3)
1.459 (3)
1.347 (3)
1.473 (3)
1.370 3)
1.388 (3)
1.505 (3)
1.367 (3)
1.388 (3)
1.503 (3)
1372 (3)
1.387 (3)
1.507 (3)
1373 3)
1.388 (3)
1.509 (3)
1.385 (3)
1.512 (3)
1.393 (3)
0.9500
1.383 (3)
0.9500
1.390 (3)
0.9500
1.504 (3)
0.9900
0.9900
0.9900
0.9900
1.324 (4)
0.9500
0.9500
1.329 (4)
0.9500

170.38 (8)
97.30 (7)
81.77 (7)
98.51 (7)
81.77 (8)
163.36 (7)

Cl6—H16A
Cl6—H16B
Cl6—H16C
C17—H17A
C17—H17B
C17—H17C
C18—C21

C18—C20

C18—C19

C19—HI19%A
C19—HI19B
C19—H19C
C20—H20A
C20—H20B
C20—H20C
C21—H21A
C21—H21B
C21—H21C
C22—C24

C22—C23

C22—C25

C23—H23A
C23—H23B
C23—H23C
C24—H24A
C24—H24B
C24—H24C
C25—H25A
C25—H25B
C25—H25C
C26—C27

C26—C29

C26—C28

C27—H27A
C27—H27B
C27—H27C
C28—H28A
C28—H28B
C28—H28C
C29—H29A
C29—H29B
C29—H29C

Cl16—C14—C17
C14—CI15—HI15A
C14—C15—H15B
H15A—C15—H15B
C14—C15—H15C
H15A—C15—H15C

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.522 (4)
1.530 (3)
1.538 (3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.529 (3)
1.529 (3)
1.535 (4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.524 (4)
1.524 (4)
1.529 (4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

110.4 (2)
109.5
109.5
109.5
109.5
109.5
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F2—P—F4
F2—P—F6
F4—P—F6
F2—P—F5
F4—P—F5
F6—P—F5
F2—P—F1
F4—P—F1
F6—P—F1
F5—P—F1
F2—P—F3
F4—P—F3
F6—P—F3
F5—P—F3
F1—P—F3
C30—01—Cu
C30—03—H1
CI—N1—C5
Cl—N1—Cu
C5—N1—Cu
C8—N2—C6
C8—N2—Cu
C6—N2—Cu
CI1—N3—C7
CI1—N3—Cu
C7—N3—Cu
C8—N4—C9
C8—N4—C14
C9—N4—C14
C8—N5—C10
C8—N5—CI18
C10—N5—C18
CI1—N6—C12
CI1—N6—C22
CI12—N6—C22
CI1—N7—C13
CI1—N7—C26
CI3—N7—C26
N1I—C1—C2
N1—C1—C6
C2—C1—C6
C1—C2—C3
Cl—C2—H2
C3—C2—H2
C4—C3—C2
C4—C3—H3
C2—C3—H3
C3—C4—C5
C3—C4—H4

89.86 (11)
90.87 (11)
179.11 (11)
90.27 (9)
89.88 (10)
90.62 (10)
179.82 (13)
90.27 (10)
89.00 (10)
89.62 (9)
90.28 (9)
90.25 (10)
89.25 (10)
179.44 (10)
89.83 (9)
123.98 (17)
108 (2)
122.78 (18)
118.34 (14)
118.62 (15)
119.15 (17)
124.25 (14)
116.59 (13)
119.26 (18)
120.79 (14)
115.19 (14)
108.4 (2)
130.01 (18)
121.4 (2)
108.1 (2)
131.80 (19)
120.1 (2)
108.3 (2)
130.7 (2)
120.9 (2)
108.1 (2)
127.30 (19)
124.1 (2)
120.0 (2)
114.48 (18)
125.5 (2)
118.3 (2)
120.8

120.8

120.8 (2)
119.6

119.6

118.6 (2)
120.7

H15B—C15—H15C
C14—Cl6—HI16A
Cl14—Cl6—H16B
H16A—C16—H16B
C14—Cl16—H16C
H16A—C16—H16C
H16B—C16—H16C
C14—C17—H17A
C14—C17—H17B
H17A—C17—H17B
C14—C17—H17C
H17A—C17—H17C
H17B—C17—H17C
N5—C18—C21
N5—C18—C20
C21—C18—C20
N5—C18—C19
C21—C18—C19
C20—C18—C19
C18—C19—HI19%A
C18—C19—H19B
H19A—C19—H19B
C18—C19—H19C
H19A—C19—H19C
H19B—C19—H19C
C18—C20—H20A
C18—C20—H20B
H20A—C20—H20B
C18—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
C18—C21—H21A
C18—C21—H21B
H21A—C21—H21B
C18—C21—H21C
H21A—C21—H21C
H21B—C21—H21C
N6—C22—C24
N6—C22—C23
C24—C22—C23
N6—C22—C25
C24—C22—C25
C23—C22—C25
C22—C23—H23A
C22—C23—H23B
H23A—C23—H23B
C22—C23—H23C
H23A—C23—H23C
H23B—C23—H23C

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
113.9 (2)
107.6 (2)
109.1 (2)
106.8 (2)
108.3 (2)
111.1 (2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
112.6 (2)
107.7 (2)
1113 (2)
108.5 (2)
107.2 (2)
109.5 (2)
109.5
109.5
109.5
109.5
109.5
109.5
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C5—C4—H4
N1—C5—C4
N1—C5—C7
C4—C5—C7
N2—C6—Cl
N2—C6—H6A
C1—C6—H6A
N2—C6—H6B
C1—C6—H6B
H6A—C6—H6B
N3—C7—C5
N3—C7—H7A
C5—C7—HT7A
N3—C7—H7B
C5—C7—H7B
H7A—C7—H7B
N2—C8—N5
N2—C8—N4
N5—C8—N4
C10—C9—N4
C10—C9—H9
N4—C9—H9
C9—C10—N5
C9—C10—H10
N5—C10—HI10
N3—C11—N6
N3—C11—N7
N6—C11—N7
C13—C12—N6
C13—Cl12—H12
N6—CI12—HI12
C12—CI13—N7
C12—CI13—HI3
N7—C13—HI3
N4—C14—C15
N4—C14—C16
C15—Cl14—Cl6
N4—C14—C17
C15—Cl14—C17
N2—Cu—01—C30
N3—Cu—01—C30
N2—Cu—NI—Cl
N3—Cu—NI—Cl
N2—Cu—NI—C5
N3—Cu—NI—C5
01—Cu—N2—C8
N1—Cu—N2—C8
N3—Cu—N2—C8
01—Cu—N2—C6

120.7
119.5 (2)
114.50 (18)
126.0 (2)
108.48 (17)
110.0

110.0

110.0

110.0

108.4
108.76 (17)
109.9
109.9
109.9
109.9

108.3

125.8 (2)
127.2 (2)
106.83 (18)
108.0 (2)
126.0
126.0
108.7 (2)
125.7
125.7
129.5 (2)
123.5(2)
106.83 (19)
108.3 (2)
125.8

125.8
108.4 (2)
125.8

125.8

112.5 (2)
107.5 (2)
111.1 (2)
108.3 (2)
107.1 (2)

100.16 (19)
~85.02 (19)
4.54 (17)
~173.00 (18)
178.79 (18)
1.25 (17)
~11.7 (2)
177.9 (2)
~173.5(3)
169.28 (16)

C22—C24—H24A
C22—C24—H24B
H24A—C24—H24B
C22—C24—H24C
H24A—C24—H24C
H24B—C24—H24C
C22—C25—H25A
C22—C25—H25B
H25A—C25—H25B
C22—C25—H25C
H25A—C25—H25C
H25B—C25—H25C
N7—C26—C27
N7—C26—C29
C27—C26—C29
N7—C26—C28
C27—C26—C28
C29—C26—C28
C26—C27—H27A
C26—C27—H27B
H27A—C27—H27B
C26—C27—H27C
H27A—C27—H27C
H27B—C27—H27C
C26—C28—H28A
C26—C28—H28B
H28A—C28—H28B
C26—C28—H28C
H28A—C28—H28C
H28B—C28—H28C
C26—C29—H29A
C26—C29—H29B
H29A—C29—H29B
C26—C29—H29C
H29A—C29—H29C
H29B—C29—H29C
02—C30—01
02—C30—03
01—C30—03
C9—N4—C8N5
C14—N4—C8—N5
C8—N4—C9—C10
C14—N4—C9—C10
N4—C9—C10—N5
C8—N5—C10—C9
C18—N5—C10—C9
C7—N3—CI11—N6
Cu—N3—CI11—N6
C7—N3—CI1—N7

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.0 (2)
108.9 (2)
108.8 (2)
1113 (2)
107.5 (2)
1113 (2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
125.7 (2)
121.2(2)
113.1 (2)
0.8 (2)
175.5 (2)
-1203)
~176.4 (2)
1.1 (3)
—0.6(3)
~179.5 (2)
~73.3(3)
81.1(3)
113.1 (3)
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N1—Cu—N2—C6 ~1.06 (16) Cu—N3—C11—N7 —92.5(2)
N3—Cu—N2—C6 7.5 (4) C12—N6—C11—N3 ~175.5(2)
01—Cu—N3—Cl1 26.8 (2) 22— N6—C11—N3 8.9 (4)
N1—Cu—N3—Cl1 ~162.9 (2) C12—N6—C11—N7 ~1.0(2)
N2—Cu—N3—Cl1 ~171.4 3) C22—N6—C11—N7 ~176.6 (2)
01—Cu—N3—C7 ~177.78 (16) C13—N7—C11—N3 175.0 (2)
N1—Cu—N3—C7 ~7.50 (17) C26—N7—C11—N3 ~12.3(3)
N2—Cu—N3—C7 ~16.0 (4) C13—N7—C11—N6 0.1(2)
C5—NI1—Cl1—C2 -0.7(3) C26—N7—C11—N6 172.8 (2)
Cu—NI—Cl1—C2 173.27 (17) Cl1—N6—C12—Cl13 1.6 3)
C5—N1—C1—C6 179.1 (2) C22—N6—C12—C13 177.7 2)
Cu—NI—C1—C6 -6.9(3) N6—C12—C13—N7 -1503)
N1—Cl1—C2—C3 13(3) Cl11—N7—C13—CI2 0.8 (3)
C6—C1—C2—C3 ~178.5(2) C26—N7—C13—C12 ~172.1 (2)
Cl—C2—C3—C4 ~0.8 (4) C8—N4—Cl4—Cl5 30.4 (3)
C2—C3—C4—C5 0.3 (4) C9—N4—Cl4—C15 ~155.5(2)
Cl—NI—C5—C4 -0.5(3) C8—N4—Cl14—C16 -92.2(3)
Cu—NI1—C5—C4 ~174.45 (17) C9—N4—Cl14—C16 81.9 (3)
Cl—N1—C5—C7 179.1 (2) C8—N4—Cl14—C17 148.5 (2)
Cu—NI1—C5—C7 5.1(3) C9—N4—Cl14—C17 -37.3(3)
C3—C4—C5NI1 1.0 (3) C8—N5—C18—C21 7.6 (4)
C3—C4—C5—C7 ~178.5(2) C10—N5—C18—C21 ~173.8 (2)
C8—N2—C6—Cl 179.0 (2) C8—N5—C18—C20 ~113.5(3)
Cu—N2—C6—Cl -2.0(2) C10—N5—C18—C20 65.0 (3)
N1—C1—C6—N2 5.5(3) C8—N5—C18—C19 1272 (3)
C2—C1—C6—N2 ~174.7 (2) C10—N5—C18—C19 ~54.3 (3)
C11—N3—C7—C5 167.3 (2) Cl11—N6—C22—C24 -31.5(3)
Cu—N3—C7—C5 11.6 (2) C12—N6—C22—C24 153.4(2)
N1—C5—C7—N3 ~10.5 (3) Cl1—N6—C22—C23 91.6 (3)
C4—C5—C7—N3 169.0 (2) C12—N6—C22—C23 -83.5(3)
C6—N2—C8—N5 ~100.3 (3) Cl1—N6—C22—C25 ~149.9 (2)
Cu—N2—C8—N5 80.8 (3) C12—N6—C22—C25 35.0 (3)
C6—N2—C8— N4 85.3 (3) Cl11—N7—C26—C27 ~175.7 (2)
Cu—N2—C8— N4 -93.7 (3) C13—N7—C26—C27 -4.1(3)
C10—N5—C8—N2 ~175.5(2) C11—N7—C26—C29 -57.1(3)
C18—N5—C8 N2 3.2(4) C13—N7—C26—C29 114.4 (3)
C10—N5—C8—N4 -0.2(2) Cl1—N7—C26—C28 66.0 (3)
C18—N5—C8 N4 178.5 (2) C13—N7—C26—C28 ~122.5(3)
C9—N4—C8—N2 176.1 (2) Cu—01—C30—02 ~12.5(3)
Cl4—N4—C8N2 9.2 (4) Cu—01—C30—03 166.73 (15)

Hydrogen-bond geometry (4, ©)

D—H-4 D—H H-A DA D—H-4A
03—HI1--02! 0.88 (4) 1.73 (4) 2.599 (3) 173 (4)
Symmetry codes: (i) —x+1, —y+1, —z+1.
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