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In the title compound, [CoRu(C,7H,,P),CIH(C,3H,sP)(CO)]-
PF,-2CH,Cl,, the Ru" atom is coordinated by three P atoms
from a chelating 1,1’-bis(diphenylphosphanyl)cobaltocenium
ligand and a triphenylphosphine ligand, one CO ligand, one Cl
atom and one H atom in a distorted octahedral geometry. In
the cobaltocenium unit, the two cyclopentadienyl rings are
almost parallel, making a dihedral angle of 1.2 (3)°. The F
atoms of the hexafluoridophosphate anion are disordered over
two sets of sites, with an occupancy ratio of 0.849 (11):
0.151 (11). Intramolecular C—H:- - -Cl hydrogen bonds occur
in the complex cation. The complex cations, hexa-
fluoridophosphate anions and dichloromethane solvent mol-
ecules are linked by intermolecular C—H---F hydrogen
bonds.
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For a related structure, see: Santos et al. (1994).
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Experimental

Crystal data

[CoRu(C;,H,4P),CIH(C;sH, sP)- V =5500.1 (8) A3
(CO)JPF42CH,Cl, Z=4

M, = 1300.06 Mo Ka radiation

Orthorhombic, Pr‘gaZ1 n=1.00 mm ™!

a =225676 (19) A T=292K

b =22.0330 (18) A 0.30 x 0.30 x 0.20 mm

c=11.0614 (9) A

Data collection

Bruker APEX CCD diffractometer
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
T'min = 0.755, Tinax = 0.826

63147 measured reflections
13058 independent reflections
11469 reflections with 1 > 20([)
Rine = 0.065

Refinement

R[F? > 20(F*)] = 0.048
wR(F?) = 0.113

S =1.01

13058 reflections

687 parameters

21 restraints

H atoms treated by a mixture of
independent and constrained
refinement

Apimax =077 A7

APmin = —037 ¢ A7

Absolute structure: Flack (1983),
6103 Friedel pairs

Flack parameter: —0.002 (16)

Table 1

Selected bond lengths (A).

Rul —P1 2.4827 (10) Rul—Cl1 24736 (11)
Rul —P2 2.3340 (10) Rul—H14 1.80 (3)
Rul —P3 23768 (10) Rul—C35 1.877 (6)
Table 2 .

Hydrogen-bond geometry (A, °).

D—H A D—H H--A D---A D-H--A
C3—H3---F2! 0.93 235 3230 (9) 157
C7—H7- - -F3' 0.93 2.51 3.383 (8) 156
Cl6—HI16---Cll 0.93 2.57 3.414 (5) 151
C37—H37---Cl1 0.93 2.77 3.584 (4) 147
C46—H46- - -F2" 0.93 2.54 3.219 (10) 130
C55—HS55A- - -F3" 0.97 242 3.140 (12) 131

Symmetry codes: (i) —x+ 1, —y, z — % (ii) x + 4, —y + 1, z; (iii) —x+ 1, =y, z + 1.

Data collection: SMART (Bruker, 2007); cell refinement: SAINT
(Bruker, 2007); data reduction: SAINT; 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.

The author acknowledges financial support from the
National Natural Science Foundation of China (grant No.
21002086).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HY2477).
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[1,1'-
Bis(diphenylphosphanyl)cobaltocenium]carbonylchloridohydrido(triphenylphosphane)ruthenium(II)
hexafluoridophosphate dichloromethane disolvate

J.-G. Hou

Comment

The overall geometry of the title compound (Fig. 1) is similar to that of [Ru(CO)HCI(PPh3)(dppf)] [dppf = 1,1'-

bis(diphenylphosphanyl)ferrocene] (Santos et al., 1994). The distances of Ru—P [2.3340 (10) and 2.4827 (10) A] (Table 1)
are slightly shorter than those found in the dppf analogue [2.392 (4) and 2.518 (4) A]. The P1—Rul—P2 chelate angle of
105.47 (3)° in the title compound is larger than that in the dppf analogue [102.2 (1)°]. The cyclopentadienyl (Cp) rings are
symmetrically disposed about the Co atom and the dihedral angle between the two Cp rings is 1.2 (3)° [3.1 (5)° in the dppf
analogue]. The complex cations, hexafluoridophosphate anions and dichloromethane molecules are linked by intermolecu-
lar C—H-F hydrogen bonds (Table 2), as shown in Fig. 2.

Experimental

A  mixture of 1,1'-bis(diphenylphosphanyl)cobaltocenium hexafluoridophosphate (0.562 g, 0.8 mmol) and
RuHCI(CO)(PPh3)3 (0.761 g, 0.8 mmol) was refluxed in CH,Cl, (30 ml) for 3 h. The solution was evaporated and the
residue was chromatographed on alumina by elution with CH»Cl,, giving the the title compound as a red solid (yield: 0.724,

82%). Crystals suitable for data collection were obtained by slow evaporation from a dichloromethane and hexane solution
at room temperature.

Refinement

H atoms bound to C atoms were placed in geometrically idealized positions and refined as riding atoms, with C—H = 0.93
(CH) and 0.97 (CH,) A and with Ujso(H) = 1.2U¢q(C). H atom bound to Ru atom was located from a difference Fourier
map and refined isotropically. F atoms of the PF¢ anion are disordered over two sets of positions, with an occupancy ratio
0f 0.849 (11):0.151 (11). The P—F distances were refined by using DFIX command.

Figures
. "‘«,,H | Fig. 1. The molecular structure of the title compound with 30% probability displacement el-
*'“'-*_-';' 7] lipsoids.
/-
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[1,1'-Bis(diphenylphosphanyl)cobaltocenium]carbonylchloridohydrido (triphenylphosphane)ruthenium(ll) hexa-

Fig. 2. Crystal packing of the title compound. Dashed lines denote hydrogen bonds.

fluoridophosphate dichloromethane disolvate

Crystal data
[CoRu(C17H4P),CIH(C1gH;5P)(CO)]PF¢-2CH,Cl,
M, =1300.06

Orthorhombic, Pna2;

Hall symbol: P 2¢ -2n

a=22.5676 (19) A

bh=22.0330 (18) A

c=11.0614 (9) A

V'=5500.1 (8) A>
Z=4

Data collection

Bruker APEX CCD
diffractometer

Radiation source: fine-focus sealed tube
graphite
¢ and ® scans

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

Tmin = 0.755, Tax = 0.826

63147 measured reflections

Refinement
Refinement on 7~

Least-squares matrix: full
R[F? > 26(F%)] = 0.048

WR(F?) =0.113

S=1.01
13058 reflections

687 parameters

F(000) =2624

Dy=1.570 Mgm >

Mo Ka radiation, A =0.71073 A

Cell parameters from 6748 reflections
0=2.3-26.5°

pn=1.00 mm

T'=292K

Block, red

0.30 x 0.30 x 0.20 mm

13058 independent reflections
11469 reflections with 1> 26(/)
Rint = 0.065

Omax = 28.0°, Oppin = 1.3°

h=-29—-29
k=-28—-29
[=-14—14

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/[6%(Fy2) + (0.0706P)’]
where P = (F,> + 2F.)/3
(A/6)max = 0.003

ApPmax =0.77 ¢ A3

Apmin =037 e A7

sup-2



supplementary materials

21 restraints

Primary atom site location: structure-invariant direct
methods

Absolute structure: Flack (1983), 6103 Friedel pairs

Flack parameter: —0.002 (16)

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A’Z )

Rul
Col
()1
P1
P2
P3
P4
Cl1
C12
CI3
Cl4
Cl5
F1
F2
F3
F4
F5
F6
F1'
F2'
F3'
F4'
F5'
Fo6'
C1
H1
Cc2
H2
C3
H3
C4
H4
C5
C6
H6
Cc7
H7
C8
HS8
Cc9
H9
C10

X

0.807544 (10)
0.64291 (2)
0.76093 (14)
0.78135 (4)
0.72515 (4)
0.90857 (4)
0.55748 (6)
0.84493 (5)
0.83826 (13)
0.75697 (11)
0.42940 (16)
0.33733 (17)
0.5722 (3)
0.49334 (19)
0.5436 (3)
0.5321 (3)
0.5813 (3)
0.62033 (18)
0.5772 (13)
0.4985 (10)
0.530 (2)
0.5244 (11)
0.5825 (9)
0.6186 (7)
0.6549 (2)
0.6589
0.6002 (2)
0.5626
0.6131 (3)
0.5855
0.6754 (2)
0.6956
0.70195 (17)
0.60633 (19)
0.5839
0.5844 (2)
0.5447
0.6314 (3)
0.6286
0.6848 (2)
0.7230
0.66962 (18)

y
0.117418 (11)
0.01913 (3)
0.17429 (16)
0.01605 (4)
0.14833 (5)
0.12687 (4)
0.09733 (7)
0.07930 (5)
0.32376 (11)
0.39945 (9)
0.10480 (11)
0.12977 (12)
0.1550 (3)
0.1220 (3)
0.0395 (2)
0.0584 (4)
0.1310 (3)
0.0705 (2)
0.1014 (12)
0.1319 (19)
0.0986 (16)
0.0366 (7)
0.1632 (5)
0.0706 (10)
0.0339 (3)
0.0714
0.0023 (4)
0.0159
~0.0525 (3)
-0.0814
~0.0567 (2)
~0.0887
~0.0025 (2)
0.0914 (3)
0.1224
0.0370 (3)
0.0257
0.0024 (3)
~0.0352
0.0357 (2)
0.0230
0.0909 (2)

z

~0.00670 (3)
~0.05879 (6)
0.2091 (3)
0.07548 (9)
~0.11840 (9)
0.05105 (10)
0.43100 (18)
~0.20272 (10)
0.2555 (3)
0.1218 (2)
1.0041 (3)
0.8247 (3)
0.5067 (12)
0.4036 (9)
0.3517 (6)
0.5383 (7)
0.3171 (7)
0.4637 (9)
0.5673 (11)
0.464 (3)
0.301 (2)
0.459 (2)
0.410 (2)
0.388 (3)
0.1215 (4)
0.1593
0.0996 (6)
0.1207
0.0413 (6)
0.0172
0.0250 (5)
~0.0113
0.0747 (4)
~0.1470 (5)
—0.1131
~0.1941 (5)
~0.1954
~0.2388 (5)
~0.2763
~0.2164 (4)
~0.2357
~0.1602 (4)

Uiso*/ch
0.03061 (7)
0.05011 (15)
0.0562 (8)
0.0350 (2)
0.0354 (2)
0.03431 (19)
0.0721 (4)
0.0481 (2)
0.1414 (10)
0.1104 (6)
0.1572 (11)
0.1432 (10)
0.183 (5)
0.112 3)
0.130 (3)
0.143 (3)
0.153 (4)
0.116 (3)
0.139 (16)*
0.109 (16)*
0.21 (3)*
0.085 (9)*
0.070 (8)*
0.082 (9)*
0.0609 (13)
0.073*
0.081 (2)
0.097*
0.0809 (19)
0.097*
0.0625 (14)
0.075*
0.0453 (9)
0.0566 (12)
0.068*
0.0705 (16)
0.085*
0.0682 (15)
0.082*
0.0497 (10)
0.060*
0.0445 (9)

Occ. (<1)

0.849 (11)
0.849 (11)
0.849 (11)
0.849 (11)
0.849 (11)
0.849 (11)
0.151 (11)
0.151 (11)
0.151 (11)
0.151 (11)
0.151 (11)
0.151 (11)
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Cl11
Cl12
H12
Cl13
H13
Cl14
H14
Cl15
H15
Cl6
H16
C17
CI18
H18
C19
H19
C20
H20
C21
H21
C22
H22
C23
C24
H24
C25
H25
C26
H26
C27
H27
C28
H28
C29
C30
H30
C31
H31
C32
H32
C33
H33
C34
H34
C35
C36
C37
H37
C38

0.80871 (18)
0.8119 (2)
0.7989
0.8340 (3)
0.8371
0.8517 (3)
0.8666
0.8472 (3)
0.8584
0.8262 (2)
0.8237
0.79845 (17)
0.85440 (18)
0.8813
0.8705 (2)
0.9077
0.8317 (2)
0.8425
0.7770 (2)
0.7510
0.7597 (2)
0.7220
0.68043 (17)
0.6469 (2)
0.6458
0.6146 (2)
0.5914
0.6167 (3)
0.5949
0.6514 (3)
0.6534
0.6831 (2)
0.7061
0.74319 (17)
0.7073 (2)
0.6726
0.7225 (2)
0.6990
0.7717 (2)
0.7813
0.8066 (2)
0.8397
0.7934 (2)
0.8183
0.77785 (19)
0.95425 (15)
0.94499 (17)
0.9156
0.9788 (2)

~0.05791 (19)
~0.1084 (2)
~0.1052
~0.1624 (2)
~0.1953
~0.1687 (3)
-0.2056
~0.1195 (3)
~0.1236
~0.0651 (2)
-0.0323
0.01169 (17)
~0.00775 (18)
-0.0211
~0.0074 (2)
-0.0213
0.0133 (2)
0.0135
0.0337 (2)
0.0487
0.0325 (2)
0.0457
0.2102 (2)
0.2018 (3)
0.1635
0.2482 (3)
0.2409
0.3041 (3)
0.3354
0.3153 (3)
0.3541
0.2677 (2)
0.2748
0.17725 (18)
0.16652 (19)
0.1443
0.1889 (2)
0.1797
0.2239 (2)
0.2393
0.2365 (2)
0.2611
0.2129 (2)
0.2210
0.1531 (2)
0.05945 (17)
0.00857 (17)
0.0091
~0.04324 (19)

0.0207 (4)
0.0977 (5)
0.1773
0.0560 (7)
0.1085
~0.0608 (7)
~0.0880
~0.1397 (6)
-0.2202
~0.0975 (5)
~0.1501
0.2384 (4)
0.2743 (4)
0.2165
0.3957 (4)
0.4187
0.4814 (4)
0.5626
0.4468 (5)
0.5049
0.3266 (4)
0.3049
~0.0536 (4)
0.0477 (5)
0.0831
0.0995 (6)
0.1675
0.0512 (6)
0.0857
~0.0504 (6)
~0.0830
~0.1028 (5)
~0.1712
~0.2695 (4)
~0.3673 (4)
~0.3576
~0.4814 (4)
~0.5480
~0.4953 (5)
~0.5711
~0.3991 (5)
~0.4089
~0.2860 (4)
-0.2208
0.1350 (5)
0.0759 (4)
0.0058 (4)
~0.0531
0.0216 (4)

0.0428 (10)
0.0564 (12)
0.068*
0.0755 (16)
0.091*
0.0799 (17)
0.096*
0.0765 (18)
0.092*
0.0541 (11)
0.065*
0.0377 (8)
0.0427 (9)
0.051*
0.0511 (10)
0.061*
0.0557 (11)
0.067*
0.0560 (11)
0.067*
0.0488 (10)
0.059*
0.0445 (9)
0.0652 (13)
0.078*
0.0781 (17)
0.094*
0.0813 (19)
0.098*
0.0809 (18)
0.097*
0.0634 (13)
0.076*
0.0382 (8)
0.0471 (10)
0.056*
0.0599 (12)
0.072*
0.0605 (12)
0.073*
0.0600 (13)
0.072*
0.0502 (10)
0.060*
0.0460 (10)
0.0364 (8)
0.0415 (8)
0.050*
0.0510 (11)
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H38
C39
H39
C40
H40
C41
H41
C42
C43
H43
C44
H44
C45
H45
C46
H46
C47
H47
C48
C49
H49
C50
H50
C51
H51
C52
H52
C53
H53
C54
H54A
H54B
C55
H55A
H55B
H1A

0.9722
1.0221 (2)
1.0442
1.0328 (2)
1.0627
0.99896 (18)
1.0064
0.92323 (16)
0.8969 (2)
0.8687
0.9117 (2)
0.8944
0.9517 (3)
0.9616
0.9776 (3)
1.0049
0.9640 (2)
0.9816
0.95041 (16)
0.9954 (2)
1.0055
1.0254 (2)
1.0549
1.0120 (3)
1.0328
0.9678 (3)
0.9585
0.9365 (2)
0.9062
0.7753 (4)
0.7820
0.7422
0.3782 (6)
0.3998
0.3514
0.827 (2)

-0.0771
~0.0445 (2)
-0.0796
0.0054 (2)
0.0046
0.0579 (2)
0.0919
0.16867 (19)
0.1482 (2)
0.1175
0.1726 (3)
0.1578
0.2187 (3)
0.2354
0.2407 (3)
0.2722
0.2167 (3)
0.2322
0.16744 (18)
0.1391 (2)
0.0991
0.1694 (3)
0.1496
0.2281 (3)
0.2486
0.2571 (3)
0.2972
0.2265 (2)
0.2462
0.3264 (3)
0.3022
0.3087
0.0762 (4)
0.0532
0.0484
0.1904 (12)

Atomic displacement parameters (142 )

Rul
Col
o1
P1
P2
P3
P4
Cll

Ull

0.02449 (11)
0.0344 (3)
0.0506 (18)
0.0318 (4)
0.0280 (4)
0.0261 (4)
0.0455 (7)
0.0452 (5)

U22

0.03693 (13)
0.0712 (4)
0.065 (2)
0.0421 (5)
0.0456 (5)
0.0372 (5)
0.0763 (9)
0.0550 (6)

~0.0266
0.1085 (4)
0.1203
0.1776 (4)
0.2355
0.1619 (4)
0.2092
0.1895 (4)
0.2964 (4)
0.2928
0.4066 (5)
0.4771
0.4118 (6)
0.4863
0.3096 (7)
0.3154
0.1971 (6)
0.1276
~0.0672 (4)
~0.1317 (4)
—0.1138
-0.2218 (5)
~0.2651
~0.2481 (6)
~0.3081
~0.1859 (7)
~0.2039
~0.0952 (6)
~0.0539
0.1644 (11)
0.0925
0.2079
0.8963 (12)
0.8361
0.9369
~0.069 (5)

U33 U12

0.03043 (13) 0.00218 (10)
0.0447 (3) ~0.0147 (3)
0.053 (2) 0.0084 (15)
0.0311 (5) ~0.0036 (4)
0.0326 (5) 0.0035 (4)
0.0397 (5) 0.0002 (3)
0.0946 (11) ~0.0020 (7)
0.0441 (5) 0.0093 (4)

0.061*
0.0552 (12)
0.066*
0.0539 (11)
0.065*
0.0473 (10)
0.057*
0.0439 (9)
0.0474 (10)
0.057*
0.0637 (13)
0.076*
0.0833 (19)
0.100*
0.093 (2)
0.112*
0.0685 (15)
0.082*
0.0421 (8)
0.0539 (11)
0.065*
0.0656 (14)
0.079*
0.0745 (15)
0.089*
0.0850 (19)
0.102*
0.0655 (14)
0.079*
0.122 (3)
0.147*
0.147*
0.170 (5)
0.204*
0.204*
0.074 (15)*

U13

0.00054 (12)
~0.0085 (2)
0.0015 (16)
~0.0027 (4)
0.0006 (4)
~0.0014 (4)
~0.0003 (7)
0.0032 (4)

U23

~0.00293 (13)
0.0130 (3)
~0.0015 (17)
0.0000 (4)
0.0009 (4)
~0.0030 (4)
0.0056 (9)
~0.0040 (4)
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Cl2
CI3
Cl4
CI5
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
C31
C32
C33
C34
C35
C36
C37
C38
C39

0.1271 (18)
0.1264 (16)
0.222 (3)
0.187 (3)
0.106 (4)
0.053 (2)
0.140 (5)
0.098 (4)
0.134 (5)
0.054 (2)
0.040 (2)
0.039 (3)
0.062 (3)
0.061 (3)
0.0358 (19)
0.037 (2)
0.049 (3)
0.077 (4)
0.051 (2)
0.0357 (19)
0.046 (2)
0.068 (3)
0.096 (4)
0.094 (4)
0.088 (4)
0.057 (3)
0.038 (2)
0.043 (2)
0.055 (3)
0.066 (3)
0.062 (3)
0.046 (2)
0.0315 (18)
0.049 (3)
0.055 (3)
0.065 (3)
0.094 (4)
0.069 (3)
0.040 (2)
0.054 (2)
0.078 (3)
0.075 (3)
0.059 (3)
0.046 (2)
0.039 (2)
0.0266 (16)
0.0382 (18)
0.053 (2)
0.054 (3)

0.1176 (17)
0.0810 (10)
0.1184 (16)
0.1144 (17)
0.158 (6)
0.128 (5)
0.108 (4)
0.214 (7)
0.144 (5)
0.106 (3)
0.106 (4)
0.143 (6)
0.099 (4)
0.065 (3)
0.062 (3)
0.079 (3)
0.099 (4)
0.080 (3)
0.057 (3)
0.061 (3)
0.047 (2)
0.047 (2)
0.043 (3)
0.050 (3)
0.069 (4)
0.051 (3)
0.0389 (19)
0.046 (2)
0.049 (2)
0.065 (3)
0.064 (3)
0.058 (3)
0.060 (3)
0.085 (3)
0.117 (5)
0.103 (5)
0.069 (3)
0.066 (3)
0.040 (2)
0.047 (2)
0.062 (3)
0.065 (3)
0.061 (3)
0.062 (3)
0.046 (2)
0.0425 (19)
0.0457 (19)
0.041 (2)
0.057 (3)

0.179 (3)
0.1236 (17)
0.131 (2)
0.128 (2)
0.286 (14)
0.157 (7)
0.141 (6)
0.116 (5)
0.181 (8)
0.189 (8)
0.037 (2)
0.061 (4)
0.081 (4)
0.062 (3)
0.038 (2)
0.053 (3)
0.063 (3)
0.047 (3)
0.041 (2)
0.037 (2)
0.036 (3)
0.053 (3)
0.088 (4)
0.096 (5)
0.073 (4)
0.055 (3)
0.036 (2)
0.039 (2)
0.049 (3)
0.036 (2)
0.042 (2)
0.042 (2)
0.042 (2)
0.062 (3)
0.062 (3)
0.076 (4)
0.080 (4)
0.055 (3)
0.035 (2)
0.040 (2)
0.039 (3)
0.041 (3)
0.060 (3)
0.043 (2)
0.053 (3)
0.040 (2)
0.041 (2)
0.060 (3)
0.056 (3)

0.0031 (14)
0.0072 (11)
0.0118 (18)
~0.0131 (18)
0.021 (4)
0.006 (2)
-0.024 (3)
0.014 (4)
0.007 (4)
0.010 (2)
~0.001 (2)
-0.013 3)
-0.042 (3)
~0.026 (2)
~0.0064 (18)
~0.002 (2)
-0.028 3)
-0.025 3)
~0.010 (2)
~0.0056 (19)
~0.0072 (17)
-0.010 (2)
~0.008 (3)
0.003 (3)
-0.010 3)
~0.011 (2)
~0.0054 (15)
~0.0031 (16)
~0.001 (2)
~0.003 (2)
0.006 (2)
0.0084 (19)
0.0141 (17)
0.013 (2)
0.026 (3)
0.046 (3)
0.039 (3)
0.022 (3)
0.0078 (16)
0.0026 (19)
0.011 (2)
0.009 (2)
~0.003 (2)
~0.003 (2)
~0.0035 (18)
0.0051 (14)
0.0037 (15)
0.0029 (18)
0.023 (2)

0.0063 (18)
0.0042 (13)
0.028 (3)
0.011 (2)
~0.034 (6)
0.007 (3)
—0.041 (4)
0.009 (3)
0.072 (5)
~0.026 (3)
~0.0023 (18)
0.000 (2)
~0.021 (3)
~0.024 (2)
~0.0068 (17)
~0.0076 (19)
~0.031 (3)
~0.021 (3)
~0.0069 (19)
~0.0066 (16)
~0.0067 (16)
~0.006 (2)
~0.003 (4)
0.002 (4)
0.012 (3)
~0.001 (2)
~0.0045 (15)
~0.0024 (16)
~0.015 (2)
~0.009 (2)
0.009 (2)
~0.0040 (18)
~0.0060 (16)
0.015 (2)
0.005 (3)
—0.011 3)
~0.007 (4)
~0.001 (2)
0.0061 (16)
~0.0006 (19)
~0.002 (2)
0.018 (3)
0.012 (2)
0.0042 (18)
~0.013 (2)
0.0034 (15)
~0.0043 (18)
0.0057 (19)
0.008 (2)

0.0646 (18)
0.0066 (11)
0.0147 (18)
~0.0096 (15)
~0.139 (8)
0.065 (5)
-0.013 (4)
0.073 (5)
0.065 (5)
~0.015 (4)
0.013 (2)
0.042 (4)
0.037 (4)
0.020 (2)
0.0129 (19)
0.018 (2)
0.025 (3)
0.004 (3)
0.0016 (19)
0.0105 (18)
~0.0079 (15)
~0.004 (2)
~0.008 (3)
-0.023 3)
-0.032 3)
~0.006 (2)
0.0009 (15)
~0.0051 (17)
0.0035 (19)
~0.003 (2)
-0.010 (2)
~0.0006 (19)
~0.0057 (19)
0.001 (3)
-0.012 3)
~0.036 (4)
-0.014 (3)
~0.008 (2)
0.0026 (15)
0.0013 (18)
0.003 (2)
0.012 (2)
0.007 (2)
0.007 (2)
0.007 (2)
0.0043 (16)
~0.0010 (19)
~0.0033 (18)
0.013 (2)
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supplementary materials

C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
C53
C54
C55

Geometric parameters (4, °)

Rul—P1
Rul—P2
Rul—P3
Rul—cCl1
Rul—HI1A
Rul—C35
Col—C9
Col—Cl10
Col—C2
Col—C7
Col—Cl1
Col—C3
Col—C6
Col—C8
Col—C5
Col—C4
01—C35
P1—C5
P1—C11
P1—C17
P2—C29
P2—C10
P2—C23
P3—C42
P3—C36
P3—C48
P4—F5
P4—F1
P4—F4'
P4—F3'

0.045 (2)
0.038 (2)
0.0304 (18)
0.048 (2)
0.062 (3)
0.068 (3)
0.066 (4)
0.052 (3)
0.0305 (17)
0.051 (2)
0.057 (3)
0.068 (3)
0.075 (4)
0.048 (3)
0.127 (7)
0.255 (14)

0.072 (3)
0.058 (2)
0.048 (2)
0.048 (2)
0.078 (3)
0.111 (5)
0.108 (5)
0.070 (3)
0.048 (2)
0.058 (3)
0.075 (3)
0.091 (4)
0.060 (3)
0.060 (3)
0.070 (4)
0.084 (6)

2.4827 (10)
2.3340 (10)
2.3768 (10)
2.4736 (11)
1.80 (3)
1.877 (6)
2.017 (5)
2.030 (4)
2.034 (5)
2.034 (5)
2.039 (5)
2.041 (5)
2.041 (5)
2.042 (5)
2.045 (4)
2.046 (5)
1.017 (6)
1.838 (4)
1.845 (4)
1.845 (4)
1.835 (4)
1.841 (4)
1.841 (4)
1.817 (4)
1.829 (4)
1.845 (4)
1.557 (5)
1.557 (5)
1.563 (8)
1.568 (8)

0.045 (2)
0.045 (2)
0.053 (2)
0.047 (2)
0.051 (3)
0.070 (4)
0.105 (5)
0.084 (4)
0.048 (2)
0.054 (3)
0.065 (3)
0.064 (3)
0.120 (5)
0.088 (4)

0.019 (2)
0.0104 (18)
0.0021 (16)
0.0059 (18)
0.015 (3)
~0.004 (3)
-0.032 3)
-0.022 (2)
~0.0059 (16)
~0.005 (2)
-0.014 (2)
-0.024 (3)
-0.010 3)
0.001 (2)

0.170 (10) 0.001 (4)
0.171 (12) 0.009 (7)

C17—C22
C17—C18
C18—C19
C18—H18
C19—C20
C19—H19
C20—C21
C20—H20
C21—C22
C21—H21
C22—H22
C23—C24
C23—C28
C24—C25
C24—H24
C25—C26
C25—H25
C26—C27
C26—H26
C27—C28
C27—H27
C28—H28
C29—C30
C29—C34
C30—C31
C30—H30
C31—C32
C31—H31
C32—C33
C32—H32

~0.0067 (19) 0.005 (2)
~0.0068 (17) ~0.0073 (19)
~0.0068 (17) ~0.0169 (19)
~0.0045 (19) ~0.0071 (19)

~0.009 (2)
~0.005 (3)

0.002 (4)
0.015 (3)

-0.021 (2)
~0.044 (4)
~0.064 (4)
~0.036 (3)

~0.0017 (17) ~0.0001 (19)

0.007 (2)
0.019 (2)
0.008 (3)
0.016 (4)
0.012 (2)

~0.015 (7)
0.000 (11)

~0.001 (2)
~0.006 (3)
0.014 (3)
0.039 (4)
0.017 (3)
0.003 (5)
~0.053 (7)

1.389 (6)
1.391 (6)
1.391 (6)
0.9300
1.369 (7)
0.9300
1.370 (7)
0.9300
1.387 (7)
0.9300
0.9300
1.365 (7)
1.381 (7)
1.382 (8)
0.9300
1.342 (9)
0.9300
1.391 (10)
0.9300
1.396 (7)
0.9300
0.9300
1.372 (6)
1.392 (6)
1.398 (6)
0.9300
1.360 (7)
0.9300
1.353 (8)
0.9300
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supplementary materials

P4—F4
P4—F6'
P4—F5'
P4—F1'
P4—F2
P4—F2'
P4—F3
P4—F6
CI2—C54
CI3—C54
Cl4—C55
CI5—C55
Cl1—C5
Cl—C2
Cl—H1
C2—C3
C2—H2
C3—C4
C3—H3
C4—Cs
C4—H4
C6—C7
C6—C10
C6—H6
C7—C8
C7—H7
C8—C9
C8—HS8
C9—C10
C9—H9
Cl11—C16
Cl11—C12
C12—C13
Cl12—H12
C13—Cl14
C13—H13
C14—Cl15
Cl14—H14
C15—Cl16
CI15—H15
Cl16—H16

C35—Rul—P2
C35—Rul—P3
P2—Rul—P3
C35—Rul—cCl1
P2—Rul—Cl1
P3—Rul—Cl1
C35—Rul—P1
P2—Rul—P1

1.572 (5)
1.573 (9)
1.574 (8)
1.574 (8)
1.576 (4)
1.576 (9)
1.578 (5)
1.579 (4)
1.744 (10)
1.727 (8)
1.776 (12)
1.694 (12)
1.429 (7)
1.438 (8)
0.9300
1.399 (10)
0.9300
1.420 (9)
0.9300
1.444 (7)
0.9300
1.396 (8)
1.436 (6)
0.9300
1.398 (9)
0.9300
1.432(7)
0.9300
1.409 (7)
0.9300
1.375 (7)
1.402 (7)
1.372(7)
0.9300
1.359 (10)
0.9300
1.396 (10)
0.9300
1.370 (7)
0.9300
0.9300

92.03 (12)
94.66 (12)
151.74 (4)
174.78 (13)
84.65 (4)
86.45 (4)
89.21 (13)
105.47 (3)

C33—C34
C33—H33
C34—H34
C36—C37
C36—C41
C37—C38
C37—H37
C38—C39
C38—H38
C39—C40
C39—H39
C40—C41
C40—H40
C41—H41
C42—C43
C42—C47
C43—C44
C43—H43
C44—C45
C44—H44
C45—C46
C45—H45
C46—C47
C46—H46
C47—H47
C48—Cs3
C48—C49
C49—C50
C49—H49
C50—Cs1
C50—H50
C51—Cs2
C51—HS51
C52—Cs3
C52—H52
C53—HS53
C54—HS54A
C54—H54B
C55—HS55A
C55—HS55B

C9—C8—H8
Col—C8—HS
C10—C9—C8
C10—C9—Col
C8—C9—Col
C10—C9—H9
C8—C9—H9
Col—C9—H9

1.386 (7)
0.9300
0.9300
1.379 (6)
1.387 (5)
1.385 (6)
0.9300
1.370 (7)
0.9300
1.362 (7)
0.9300
1.396 (6)
0.9300
0.9300
1.398 (7)
1.404 (6)
1.374 (7)
0.9300
1.361 (8)
0.9300
1.361 (10)
0.9300
1.387 (8)
0.9300
0.9300
1.373 (6)
1.390 (6)
1.377 (7)
0.9300
1.361 (8)
0.9300
1.369 (9)
0.9300
1.400 (8)
0.9300
0.9300
0.9700
0.9700
0.9700
0.9700

126.3
127.2
108.2 (5)
70.1 (3)
70.3 (3)
125.9
125.9
125.3
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supplementary materials

P3—Rul—P1
Cl1—Rul—P1
C35—Rul—H1A
P2—Rul—HIA
P3—Rul—HIA
Cll—Rul—HI1A
P1—Rul—HIA
C9—Col—C10
C9—Col—C2
C10—Col—C2
C9—Col—C7
C10—Col—C7
C2—Col—C7
C9—Col—C1
C10—Col1—Cl1
C2—Col—C1
C7—Col—C1
C9—Col—C3
C10—Col1—C3
C2—Col—C3
C7—Col—C3
Cl1—Col—C3
C9—Col—C6
C10—Col—C6
C2—Col—C6
C7—Col—C6
Cl—Col—C6
C3—Col—C6
C9—Col—C8
C10—Col—C8
C2—Col—C8
C7—Col—C8
Cl1—Col—C8
C3—Col—C8
C6—Col—C8
C9—Col—C5
C10—Col1—C5
C2—Col—C5
C7—Col—C5
Cl1—Col—C5
C3—Col—C5
C6—Col—C5
C8—Col—C5
C9—Col—C4
C10—Col—C4
C2—Col—C4
C7—Col—C4
Cl—Col—C4
C3—Col—C4

102.05 (3)
95.55 (4)
91.6 (19)
74.2 (17)
78.2 (17)
84 (2)

179 (2)
40.74 (19)
179.7 (2)
139.4 (3)
68.5 (2)
68.61 (18)
111.2 (2)
139.00 (19)
112.1 (2)
413 (2)
140.7 (2)
139.7 (3)
178.0 (2)
40.1 (3)
109.6 (2)
68.7 (3)
68.6 (2)
41.30 (18)
111.3 (3)
40.1 (2)
113.3 (2)
136.8 (2)
413 (2)
68.8 (2)
138.3 (3)
40.1 (3)
178.8 (3)
110.4 (3)
67.9 (2)
111.13 (18)
112.78 (16)
69.2 (2)
177.6 (2)
40.97 (19)
69.06 (19)
142.2 (2)
138.1 (2)
111.7 (2)
141.21 (19)
68.3 (3)
136.4 (2)
68.9 (2)
40.7 (2)

C9—C10—Co6
C9—C10—P2
C6—C10—P2
C9—C10—Col
C6—C10—Col
P2—C10—Col
Cl16—C11—C12
Cl16—C11—P1
C12—C11—P1
C13—C12—C11
C13—C12—H12
Cl11—C12—H12
C14—C13—Cl12
C14—C13—H13
C12—C13—H13
C13—C14—C15
C13—C14—H14
C15—C14—H14
Cl16—C15—Cl14
Cl16—C15—HI15
C14—C15—HI15
C15—C16—C11
C15—Cl16—HI16
Cl11—C16—H16
C22—C17—C18
C22—C17—P1
C18—C17—P1
C19—C18—C17
C19—C18—H18
C17—C18—H18
C20—C19—C18
C20—C19—H19
C18—C19—H19
C19—C20—C21
C19—C20—H20
C21—C20—H20
C20—C21—C22
C20—C21—H21
C22—C21—H21
C21—C22—C17
C21—C22—H22
C17—C22—H22
C24—C23—C28
C24—C23—P2
C28—C23—P2
C23—C24—C25
C23—C24—H24
C25—C24—H24
C26—C25—C24

107.1 (4)
122.6 (3)
130.3 (4)
69.2 (3)
69.8 (3)
126.8 (2)
118.1 (4)
120.7 (4)
1212 (3)
120.2 (5)
119.9
119.9
121.0 (6)
119.5
119.5
119.5 (6)
120.2
120.2
119.5 (6)
120.3
120.3
121.6 (5)
119.2
119.2
118.2 (4)
122.5 (3)
119.0 (3)
120.8 (4)
119.6
119.6
120.2 (4)
119.9
119.9
119.5 (4)
120.2
120.2
121.0 (4)
119.5
119.5
120.2 (4)
119.9
119.9
118.2 (4)
121.6 (4)
120.1 (4)
122.2 (6)
118.9
118.9
119.7 (6)
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supplementary materials

C6—Col—C4
C8—Col—C4
C5—Col—C4
C5—P1—Cl11
C5—P1—C17
Cl1—P1—C17
C5—P1—Rul
Cl1—P1—Rul
C17—P1—Rul
C29—P2—C10
C29—P2—C23
C10—P2—C23
C29—P2—Rul
C10—P2—Rul
C23—P2—Rul
C42—P3—C36
C42—P3—C48
C36—P3—C48
C42—P3—Rul
C36—P3—Rul
C48—P3—Rul
F5—P4—F1
F4'—P4—F3'
F5—P4—F4
F1—P4—F4
F4'—P4—F¢'
F3'—P4—F¢6'
F4'—P4—F5'
F3'—P4—F5'
F6'—P4—F5'
F4'—P4—F1'
F3'—P4—F1'
F6'—P4—F1'
F5'—P4—F1'
F5—P4—F2
F1—P4—F2
F4—P4—F2
F4'—P4—F2'
F3'—P4—F2'
F6'—P4—F2'
F5'—P4—F2'
F1'—P4—F2'
F5—P4—F3
F1—P4—F3
F4—P4—F3
F2—P4—F3
F5—P4—F6
F1—P4—F6
F4—P4—F6

176.34 (19)
109.9 (2)
41.34 (18)
97.4 (2)
101.36 (19)
101.81 (18)
115.51 (14)
126.49 (14)
110.77 (13)
99.27 (18)
102.7 (2)
103.5 (2)
114.02 (13)
118.34 (14)
116.53 (14)
100.51 (19)
105.0 (2)
102.22 (17)
116.45 (13)
120.66 (13)
110.05 (13)
88.4 (5)
90.2 (5)
174.9 (5)
96.7 (6)
99.1 (14)
95 (3)
171.6 (13)
89.7 (5)
89.3 (6)
89.7 (5)
172 3)
93.6 (16)
89.2 (5)
89.8 (4)
91.0 (5)
89.9 (3)

88 (2)

82 (3)
172.4 (19)
83.8 (19)
89.3 (6)
90.2 (4)
178.6 (5)
84.7 (4)
89.4 (5)
93.1 (4)
89.5 (3)
87.1 (4)

C26—C25—H25
C24—C25—H25
C25—C26—C27
C25—C26—H26
C27—C26—H26
C26—C27—C28
C26—C27—H27
C28—C27—H27
C23—C28—C27
C23—C28—H28
C27—C28—H28
C30—C29—C34
C30—C29—P2

C34—C29—P2

C29—C30—C31
C29—C30—H30
C31—C30—H30
C32—C31—C30
C32—C31—H31
C30—C31—H31
C33—C32—C31
C33—C32—H32
C31—C32—H32
C32—C33—C34
C32—C33—H33
C34—C33—H33
C33—C34—C29
C33—C34—H34
C29—C34—H34
01—C35—Rul

C37—C36—C41
C37—C36—P3

C41—C36—P3

C36—C37—C38
C36—C37—H37
C38—C37—H37
C39—C38—C37
C39—C38—H38
C37—C38—H38
C40—C39—C38
C40—C39—H39
C38—C39—H39
C39—C40—C41
C39—C40—H40
C41—C40—H40
C36—C41—C40
C36—C41—H41
C40—C41—H41
C43—C42—C47

120.2
120.2
120.3 (5)
119.9
119.9
119.4 (6)
120.3
120.3
120.2 (6)
119.9
119.9
118.4 (4)
121.8 (3)
119.7 (3)
120.4 (4)
119.8
119.8
120.2 (5)
119.9
119.9
120.2 (5)
119.9
119.9
120.6 (5)
119.7
119.7
120.3 (5)
119.9
119.9
177.0 (4)
118.4 (4)
119.4 (3)
1222 (3)
121.0 (4)
119.5
119.5
119.9 (4)
120.1
120.1
120.3 (4)
119.9
119.9
120.1 (4)
119.9
119.9
120.2 (4)
119.9
119.9
118.1 (4)
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supplementary materials

F2—P4—F6
F3—P4—F6
C5—Cl1—C2
C5—C1—Col
C2—C1—Col
C5—Cl—HI
C2—Cl—HI
Col—Cl—HI
C3—C2—Cl
C3—C2—Col
C1—C2—Col
C3—C2—H2
Cl—C2—H2
Col—C2—H2
C2—C3—C4
C2—C3—Col
C4—C3—Col
C2—C3—H3
C4—C3—H3
Col—C3—H3
C3—C4—C5
C3—C4—Col
C5—C4—Col
C3—C4—H4
C5—C4—H4
Col—C4—H4
Cl—C5—C4
Cl—C5—PI1
C4—C5—P1
C1—C5—Col
C4—C5—Col
P1—C5—Col
C7—C6—C10
C7—C6—Col
C10—C6—Col
C7—C6—H6
C10—C6—H6
Col—C6—H6
C6—C7—C8
C6—C7—Col
C8—C7—Col
C6—C7—H7
C8—C7—H7
Col—C7—H7
C7—C8—C9
C7—C8—Col
C9—C8—Col
C7—C8—H8
C35—Rul—P1—C5

177.0 (4)
90.2 (3)
107.7 (6)
69.8 (3)
69.2 (3)
126.1
126.1
126.5
108.5 (5)
70.2 (4)
69.5 (3)
125.8
125.8
126.1
108.8 (5)
69.7 (3)
69.9 (3)
125.6
125.6
126.4
107.9 (5)
69.5 (3)
69.3 (3)
126.0
126.0
126.8
107.1 (4)
126.7 (4)
126.2 (4)
69.3 (2)
69.4 (3)
125.9 (2)
107.9 (5)
69.7 (3)
68.9 (3)
126.0
126.0
126.9
109.3 (4)
70.2 (3)
70.2 (3)
125.4
125.4
125.8
107.4 (5)
69.7 (3)
68.4 (3)
126.3

743 (2)

C43—C42—P3 118.2 (3)
C47—C42—P3 123.5 (4)
C44—C43—C42 121.4 (4)
C44—C43—H43 119.3
C42—C43—H43 119.3
C45—C44—C43 119.4 (6)
C45—C44—H44 120.3
C43—C44—H44 120.3
C44—C45—C46 121.1 (5)
C44—C45—H45 119.5
C46—C45—H45 119.5
C45—C46—C47 121.0 (5)
C45—C46—H46 119.5
C47—C46—H46 119.5
C46—C47—C42 119.1 (6)
C46—C47—H47 120.5
C42—C47—H47 120.5
C53—C48—C49 118.5 (4)
C53—C48—P3 120.1 (4)
C49—C48—P3 121.3 (3)
C50—C49—C48 120.8 (5)
C50—C49—H49 119.6
C48—C49—H49 119.6
C51—C50—C49 120.5 (5)
C51—C50—H50 119.8
C49—C50—H50 119.8
C50—C51—C52 119.8 (5)
C50—C51—HS51 120.1
C52—C51—HS51 120.1
C51—C52—C53 120.2 (5)
C51—C52—H52 119.9
C53—C52—H52 119.9
C48—(C53—C52 120.2 (5)
C48—C53—HS53 119.9
C52—C53—H53 119.9
C13—C54—CI2 112.6 (5)
CI3—C54—H54A 109.1
C2—C54—H54A 109.1
CI3—C54—H54B 109.1
C2—C54—H54B 109.1
H54A—C54—H54B 107.8
Cl5—C55—Cl4 114.9 (5)
CI5—C55—H55A 108.5
Cl4—C55—H55A 108.5
CI5—C55—H55B 108.5
Cl4—C55—H55B 108.5
H55A—C55—H55B 107.5
C6—C7—C8—C9 1.4 (6)
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supplementary materials

P2—Rul—P1—C5
P3—Rul—P1—C5
Cl1—Rul—P1—C5
C35—Rul—P1—C11
P2—Rul—P1—Cl11
P3—Rul—P1—Cl11
Cll—Rul—P1—Cl11
C35—Rul—P1—C17
P2—Rul—P1—C17
P3—Rul—P1—C17
Cll—Rul—P1—C17
C35—Rul—P2—C29
P3—Rul—P2—C29
Cl1—Rul—P2—C29
P1—Rul—P2—C29
C35—Rul—P2—C10
P3—Rul—P2—C10
Cl1—Rul—P2—C10
P1—Rul—P2—C10
C35—Rul—P2—C23
P3—Rul—P2—C23
Cl1—Rul—P2—C23
P1—Rul—P2—C23
C35—Rul—P3—C42
P2—Rul—P3—C42
Cl1—Rul—P3—C42
P1—Rul—P3—C42
C35—Rul—P3—C36
P2—Rul—P3—C36
ClI1—Rul—P3—C36
P1—Rul—P3—C36
C35—Rul—P3—C48
P2—Rul—P3—C48
ClI1—Rul—P3—C48
P1—Rul—P3—C48
C9—Col—C1—C5
C10—Col1—C1—C5
C2—Col—C1—C5
C7—Col—C1—C5
C3—Col—C1—C5
C6—Col—C1—C5
C4—Col—C1—C5
C9—Col—C1—C2
C10—Col—C1—C2
C7—Col—C1—C2
C3—Col—C1—C2
C6—Col—C1—C2
C5—Col—C1—C2
C4—Col—C1—C2

~17.62 (17)
168.87 (17)
~103.59 (17)
~163.8(2)
104.35 (16)
~69.17 (16)
18.38 (16)
~40.22 (18)
~132.10 (14)
54.38 (14)
141.93 (14)
138.15 (18)
34.40 (17)
~37.81 (14)
~132.11 (14)
~105.7 (2)
150.54 (17)
78.33 (17)
~15.96 (17)
18.8 (2)
~84.99 (19)
~157.20 (17)
108.50 (17)
-62(2)
96.89 (18)
168.67 (17)
-96.41 (17)
115.9 (2)
~140.99 (15)
-69.21 (15)
25.72 (15)
~125.53 (19)
~22.42 (17)
49.36 (15)
144.29 (15)
~60.9 (4)
-99.7 (3)
119.2 (5)
177.4 (3)
82.2 (3)
~144.7 (3)
38.4 (3)
179.9 (4)
141.1 (4)
58.2(5)
-37.0 (4)
96.2 (4)
~119.2 (5)
-80.7 (4)

Col—C7—C8—C9
C6—C7—C8—Col
C9—Col1—C8—C7
C10—Col1—C8—C7
C2—Col—C8—C7
C3—Col—C8—C7
C6—Col—C8—C7
C5—Col—C8—C7
C4—Col—C8—C7
C10—Col1—C8—C9
C2—Col1—C8—C9
C7—Col1—C8—C9
C3—Col1—C8—C9
C6—Col—C8—C9
C5—Col1—C8—C9
C4—Col1—C8—C9
C7—C8—C9—C10
Col—C8—C9—C10
C7—C8—C9—Col
C7—Col—C9—C10
C1—Col1—C9—C10
C3—Col—C9—C10
C6—Col—C9—C10
C8—Col—C9—C10
C5—Col—C9—C10
C4—Col—C9—C10
C10—Col1—C9—C8
C7—Col—C9—C8
C1—Col—C9—C8
C3—Col—C9—C8
C6—Col—C9—C8
C5—Col—C9—C8
C4—Col—C9—C8
C8—C9—C10—C6
Col—C9—C10—C6
C8—C9—C10—P2
Col—C9—C10—P2
C8—C9—C10—Col
C7—C6—C10—C9
Col—C6—C10—C9
C7—C6—C10—P2
Col—C6—C10—P2
C7—C6—C10—Col
C29—P2—C10—C9
C23—P2—C10—C9
Rul—P2—C10—C9
C29—P2—C10—C6
C23—P2—C10—C6
Rul—P2—C10—C6

-58.2(3)
59.6 (4)
~119.3 (5)
-81.5(3)
60.6 (5)
96.6 (4)
-36.9 (3)
177.5 3)
140.0 (3)
37.8 (3)
179.9 (4)
119.3 (5)
~144.1 (3)
82.4 (3)
—63.2 (4)
~100.7 (3)
~1.1(6)
—60.1 (3)
59.0 (4)
81.7 (3)
—62.9 (4)
177.1 3)
38.6 (3)
118.9 (4)
~100.8 (3)
~145.4(2)
~118.9 (4)
-37.1 (4)
178.2 (4)
58.2(5)
-80.3 (4)
140.3 (3)
95.8 (4)
0.5 (5)
-59.7(3)
~178.7 (3)
1212 (3)
60.2 (3)
0.4 (5)
59.3(3)
179.4 (4)
~121.6 (4)
-58.9 (3)
73.0 (4)
178.5 (4)
-50.8 (4)
~105.9 (4)
—0.4(5)
130.3 (4)
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supplementary materials

C5—C1—C2—C3
Col—C1—C2—C3
C5—C1—C2—Col
C10—Col1—C2—C3
C7—Col—C2—C3
Cl1—Col—C2—C3
C6—Col—C2—C3
C8—Col—C2—C3
C5—Col—C2—C3
C4—Col—C2—C3
C10—Col—C2—C1
C7—Col—C2—C1
C3—Col—C2—C1
C6—Col—C2—C1
C8—Col—C2—C1
C5—Col—C2—C1
C4—Col—C2—C1
Cl—C2—C3—C4
Col—C2—C3—C4
C1—C2—C3—Col
C9—Col—C3—C2
C7—Col—C3—C2
Cl—Col—C3—C2
C6—Col—C3—C2
C8—Col—C3—C2
C5—Col—C3—C2
C4—Col—C3—C2
C9—Col—C3—C4
C2—Col—C3—C4
C7—Col—C3—C4
Cl—Col—C3—C4
C6—Col—C3—C4
C8—Col—C3—C4
C5—Col—C3—C4
C2—C3—C4—C5
Col—C3—C4—C5
C2—C3—C4—Col
C9—Col—C4—C3
C10—Col1—C4—C3
C2—Col—C4—C3
C7—Col—C4—C3
Cl—Col—C4—C3
C8—Col—C4—C3
C5—Col—C4—C3
C9—Col—C4—C5
C10—Col—C4—C5
C2—Col—C4—C5
C7—Col—C4—C5
Cl—Col—C4—C5

0.3 (6)
59.6 (4)
-59.3 (3)
177.1 3)
95.6 (4)
~119.6 (5)
138.7 (3)
58.6 (5)
-81.8 (3)
-37.3(3)
~63.3 (5)
~144.8 (4)
119.6 (5)
~101.6 (4)
178.2 (4)
37.8 (3)
82.3 (4)
~0.1(6)
59.1 (4)
-59.2 (4)
~179.5 3)
~100.0 (4)
38.1(3)
~63.8 (5)
~142.8 (4)
82.1(3)
120.1 (5)
60.4 (5)
~120.1 (5)
139.9 (4)
-82.0 3)
176.1 (3)
97.2 (4)
-38.0 3)
-0.2 (6)
58.8 (3)
~59.0 (4)
~142.7 (4)
~179.1 (4)
36.9 (4)
—61.5 (5)
81.4 (4)
~98.4 (4)
119.5 (5)
97.7 (3)
61.4 (4)
-82.7(3)
178.9 (3)
-38.1(3)

C29—P2—C10—Col
C23—P2—C10—Col
Rul—P2—C10—Col
C2—Col1—C10—C9
C7—Col1—C10—C9
Cl1—Col1—C10—C9
C6—Col—C10—C9
C8—Col—C10—C9
C5—Col—C10—C9
C4—Col1—C10—C9
C9—Col1—C10—C6
C2—Col—C10—C6
C7—Col1—C10—C6
C1—Col1—C10—C6
C8—Col—C10—C6
C5—Col—C10—C6
C4—Col—C10—C6
C9—Col—C10—P2
C2—Col—C10—P2
C7—Col—C10—P2
Cl1—Col—C10—P2
C6—Col—C10—P2
C8—Col—C10—P2
C5—Col—C10—P2
C4—Col—C10—P2
C5—P1—CI11—C16
C17—P1—C11—C16
Rul—P1—C11—C16
C5—P1—CI11—C12
C17—P1—C11—C12
Rul—P1—C11—C12
C16—C11—C12—C13
P1—C11—C12—C13
C11—C12—C13—C14
C12—C13—C14—C15
C13—C14—C15—C16
C14—C15—C16—C11
C12—C11—C16—C15
P1—C11—C16—CI15
C5—P1—C17—C22
Cl11—P1—C17—C22
Rul—P1—C17—C22
C5—P1—C17—CI18
Cl11—P1—C17—C18
Rul—P1—C17—C18
C22—C17—C18—C19
P1—C17—C18—C19
C17—C18—C19—C20
C18—C19—C20—C21

160.2 (3)
—94.3 (3)
36.3(3)
~179.5 (3)
—81.5(3)
140.9 (3)
~118.4 (4)
-38.3(3)
96.4 (3)
57.4 (4)
118.4 (4)
—61.1 (4)
36.9 (3)
~100.7 (3)
80.1 (3)
~145.2 (3)
175.9 (3)
~115.8 (4)
64.7 (4)
162.7 (4)
25.1 (4)
125.8 (5)
~154.1 (4)
~19.4 (4)
~58.4 (5)
102.5 (4)
~154.2 (3)
~27.0 (4)
~77.0 (4)
26.2 (4)
153.5 (3)
2.4(7)
~178.0 (4)
~1.9(9)
0.0 (10)
1.3 (10)
~0.7 (9)
~1.1(7)
179.3 (4)
-39.0 (4)
~139.1 (4)
84.1 (4)
147.3 3)
472 (3)
-89.6 (3)
1.3 (6)
1752 (3)
~1.3(7)
~0.1(7)
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supplementary materials

C3—Col—C4—C5
C8—Col—C4—C5
C2—C1—C5—C4
Col—C1—C5—C4
C2—C1—C5—P1
Col—C1—C5—P1
C2—C1—C5—Col
C3—C4—C5—C1
Col—C4—C5—C1
C3—C4—C5—P1
Col—C4—C5—P1
C3—C4—C5—Col
Cl11—P1—C5—Cl1
C17—P1—C5—C1
Rul—P1—C5—C1
Cl1—P1—C5—C4
C17—P1—C5—C4
Rul—P1—C5—C4
Cl11—P1—C5—Col
C17—P1—C5—Col
Rul—P1—C5—Col
C9—Col—C5—C1
C10—Col—C5—C1
C2—Col—C5—C1
C3—Col—C5—C1
C6—Col—C5—C1
C8—Col—C5—C1
C4—Col—C5—C1
C9—Col—C5—C4
C10—Col—C5—C4
C2—Col—C5—C4
Cl—Col—C5—C4
C3—Col—C5—C4
C6—Col—C5—C4
C8—Col—C5—C4
C9—Col—C5—P1
C10—Col—C5—P1
C2—Col—C5—P1
Cl—Col—C5—P1
C3—Col—C5—P1
C6—Col—C5—P1
C8—Col—C5—P1
C4—Col—C5—P1
C9—Col—C6—C7
C10—Col—C6—C7
C2—Col—C6—C7
Cl—Col—C6—C7
C3—Col—C6—C7
C8—Col—C6—C7

~119.5 (5)
142.0 (3)
—0.4(5)
-59.3 (3)
179.0 (3)
120.0 (3)
58.9 (3)
0.3 (5)
59.2 (3)
~179.0 (4)
~120.1 3)
-58.9 (3)
172.3 (4)
68.6 (4)
~51.2 (4)
-8.5(4)
~112.2 (4)
128.0 (3)
-98.0 (3)
158.3 (3)
38.5(3)
142.1 (3)
98.0 (3)
-38.1 (4)
-81.2 (4)
60.1 (4)
~178.8 (4)
~118.6 (4)
-99.3 (3)
~143.4 (3)
80.5 (4)
118.6 (4)
37.4 (4)
178.6 (3)
~60.2 (4)
21.1 (4)
-23.0 (4)
~159.1 (4)
~121.0 (5)
157.8 (4)
—61.0 (5)
60.2 (4)
120.4 (5)
81.6 (4)
119.7 (5)
~98.0 (4)
~142.8 3)
-59.7 (5)
37.0 (3)

C19—C20—C21—C22
C20—C21—C22—C17
C18—C17—C22—C21
P1—C17—C22—C21
C29—P2—C23—C24
C10—P2—C23—C24
Rul—P2—C23—C24
C29—P2—C23—C28
C10—P2—C23—C28
Rul—P2—C23—C28
C28—C23—C24—C25
P2—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C27
C25—C26—C27—C28
C24—C23—C28—C27
P2—C23—C28—C27
C26—C27—C28—C23
C10—P2—C29—C30
C23—P2—C29—C30
Rul—P2—C29—C30
C10—P2—C29—C34
C23—P2—C29—C34
Rul—P2—C29—C34
C34—C29—C30—C31
P2—C29—C30—C31
C29—C30—C31—C32
C30—C31—C32—C33
C31—C32—C33—C34
C32—C33—C34—C29
C30—C29—C34—C33
P2—C29—C34—C33
C42—P3—C36—C37
C48—P3—C36—C37
Rul—P3—C36—C37
C42—P3—C36—C41
C48—P3—C36—C41
Rul—P3—C36—C41
C41—C36—C37—C38
P3—C36—C37—C38
C36—C37—C38—C39
C37—C38—C39—C40
C38—C39—C40—C41
C37—C36—C41—C40
P3—C36—C41—C40
C39—C40—C41—C36
C36—P3—C42—C43
C48—P3—C42—C43
Rul—P3—C42—C43

1.5(7)
~1.5(7)
0.1(6)
~173.6 (4)
165.1 (4)
62.2 (4)
—69.5 (4)
~19.0 (4)
~121.9 (4)
106.3 (4)
2.0 (8)
178.0 (4)
~1.5(9)
-0.2(9)
1.2 (9)
~1.0(8)
~177.0 (4)
~0.6 (9)
16.6 (4)
~89.6 (4)
143.4 (3)
~165.8 (3)
88.0 (4)
-38.9 (4)
2.8 (6)
~179.5 (3)
-32(7)
1.2(8)
1.2(8)
~1.6(7)
—0.4(7)
~178.2 (4)
164.1 (3)
-87.9 (3)
34.5 (4)
~17.1 (4)
90.9 (4)
~146.7 (3)
0.9 (6)
179.8 (3)
0.3 (7)
~1.4(7)
1.2(7)
~1.1(6)
~179.9 (3)
0.1(7)
~74.3 (3)
179.9 (3)
57.9 (4)
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supplementary materials

C5—Col—C6—C7
C9—Col—C6—C10
C2—Col—C6—C10
C7—Col—C6—C10
Cl—Col—C6—C10
C3—Col—C6—C10
C8—Col—C6—C10
C5—Col—C6—C10
C10—C6—C7—C8
Col—C6—C7—C8
C10—C6—C7—Col
C9—Col—C7—C6
C10—Col1—C7—C6
C2—Col—C7—C6
Cl—Col—C7—C6
C3—Col—C7—C6
C8—Col—C7—C6
C4—Col—C7—C6
C9—Col—C7—C8
C10—Col—C7—C8
C2—Col—C7—C8
Cl—Col—C7—C8
C3—Col—C7—C8
C6—Col—C7—C8
C4—Col—C7—C8

Hydrogen-bond geometry (4, ©)

D—H-A
C3—H3-F2!
C7—H7-F3!
C16—H16-Cl1
C37—H37--Cll
C46—H46--F2'l
C55—H55A--F3il

178.9 (4)
-38.1(3)
142.3 (3)
~119.7 (5)
97.5 (3)
~179.3 (4)
-82.7 (3)
59.3 (4)
~1.1(6)
~59.6 (4)
58.5(3)
-81.9 (3)
-38.0 3)
98.2 (4)
61.2 (5)
141.2 (4)
~120.1 (5)
178.6 (3)
38.2(3)
82.1(3)
~141.6 (4)
~178.6 (4)
~98.7 (4)
120.2 (5)
—61.2 (5)

D—H
0.93
0.93

0.93
0.93

0.93
0.97

C36—P3—C42—C47
C48—P3—C42—C47
Rul—P3—C42—C47
C47—C42—C43—C44
P3—C42—C43—C44
C42—C43—C44—C45
C43—C44—C45—C46
C44—C45—C46—C47
C45—C46—C47—C42
C43—C42—C47—C46
P3—C42—C47—C46
C42—P3—C48—C53
C36—P3—C48—C53
Rul—P3—C48—C53
C42—P3—C48—C49
C36—P3—C48—C49
Rul—P3—C48—C49
C53—C48—C49—C50
P3—C48—C49—C50
C48—C49—C50—C51
C49—C50—C51—C52
C50—C51—C52—C53
C49—C48—C53—C52
P3—C48—C53—C52
C51—C52—C53—C48

H-A
235
251

2.57
2.77

2.54
2.42

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

DA
3.230 (9)
3.383 (8)
3.414 (5)
3.584 (4)
3.219 (10)

3.140 (12)

99.3 (4)
—6.5(5)
~128.5 (4)
-2.3(7)
171.7 (4)
1.7(7)
~0.4(9)
—0.1(11)
—0.6 (10)
1.7 (8)
~171.9 (5)
—63.1 (4)
~167.6 (4)
63.0 (4)
118.4 (4)
13.9 (4)
~115.5 (4)
~0.1(7)
178.4 (4)
1.1(8)
~1.1(9)
0.2 (10)
—0.8(8)
~179.3 (5)
0.7 (10)

D—H-A4
157
156
151
147
130

131
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