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The title compound, [RuCl,(C,5sH»,P,),] or [RuCly(dppm),] (dppm = bis(di-
phenylphosphanyl)methane, C,sH,,P,) crystallizes as two half-molecules
(completed by inversion symmetry) in space group P1 (Z = 2), with the Ru"
atoms occupying inversion centers at 0,0,0 and 1/2, 1/2, 1/2, respectively. The
bidentate phosphane ligands occupy equatorial positions while the chlorido
ligands complete the distorted octahedral coordination spheres at axial posi-
tions. The bite angles of the phosphane chelates are similar for the two mol-
ecules [(P—Ru—P),,, = 71.1°], while there are significant differences in the
twisting of the methylene backbone, with a distance of the methylene C atom
from the RuP, plane of 0.659 (2) and 0.299 (3) A, respectively, and also for the
phenyl substituents for both molecules due to variations in weak C—H---Cl
interactions.
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Structure description

Ruthenium complexes have proven versatility in catalysis (Younus et al., 2015; Saha et al.,
2022) and anti-cancer therapy (Levina et al., 2009). Hence, the quest for contributions
towards advancing the exploration of ruthenium-based complexes in coordination
chemistry is still on-going. Moreover, in the context of advancing sustainability with
inexpensive materials, ruthenium(II) phosphane complexes are widely used as catalysts,
e.g. in the hydrogenation of carbon dioxide to methanol (Wesselbaum et al., 2012), and
formic acid (Tai et al., 2002), as well as for the homogeneous catalytic degradation of the
latter (Treigerman & Sasson, 2017).

The title compound was reported previously, crystallizing as a monoclinic ansolvate
(Chakravarty et al., 1984). Moreover, various solvated forms are also known: a triclinic N,
N-dimethylformamide solvate (Treigerman & Sasson, 2017), a triclinic dichloromethane
acetone solvate hemihydrate (Figueira et al., 2006), and a triclinic dideuterodichloro-
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Figure 1

The molecular structures of the two molecules in the title compound.
Displacement ellipsoids are drawn at the 50% probability level (H atoms
were removed for clarity). Non-labelled atoms are generated by inversion
symmetry (symmetry operations: —x, —y, —z for molecule Rul; —x + 1,
—y + 1, —z + 1 for molecule Ru2).

methane solvate (Lynam er al, 2008). We report here the
triclinic polymorph of the ansolvate.

The asymmetric unit of the title compound comprises two
half-molecules (Fig. 1), with the Ru" atoms situated at
inversion centers (at 0,0,0 and 1/2, 1/2, 1/2). Bond lengths and
angles of the Ru" coordination spheres (Table 1) are within
the range of the monoclinic polymorph (Chakravarty et al.,

Table 1 .

Selected geometric parameters (A, °).

P1—Rul 2.3623 (12) P4—Ru2 2.3529 (11)
P2—Rul 2.3573 (9) Cl1—Rul 2.4426 (10)
P3—Ru2 2.3882 (9) Cl2—Ru2 2.4375 (11)
P2'—Rul—P2 180.0 P41 _Ru2—P3 108.09 (3)
P2'—Rul—P1 109.78 (3) P4—Ru2—P3 71.91 (3)
P2—Rul—P1 70.22 (3) P3"_Ru2—P3 180.0
P2'—Rul—Cl1 95.43 (4) P4 _Ru2—CI2 85.27 (3)
P2—Rul—Cll 84.58 (4) P4—Ru2—CI2 94.73 (3)
P1—Rul—Cll 86.47 (3) P3'_Ru2—CI2 82.43 (3)
P1'—Rul—Cl1 93.53 (3) P3—Ru2—CI2 97.57 (3)

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

1984) or the solvated triclinic solvates (Treigerman & Sasson,
2017; Figueira et al., 2006; Lynam et al., 2008). Fig. 2a shows the
overlay of the two molecules present in the title compound;

(a)

(b)

(@]

Figure 2
(a) Overlay of the two molecules Rul (blue) and Ru2 (green) of the title
compound; (b) overlay of molecule Rul of the title compound (blue) and
that of the monoclinic polymorph (red); (¢) overlay of molecule Ru2 of
the title compound (green) and that of the monoclinic polymorph (red).

2 of 4

Kelani et al. + [RuCl,(Cy5H5,P5),]

IUCrData (2023). 8, x230984



data reports

Table 3
Experimental details.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
C8—H8---Cll' 0.93 275 3302 (3) 119
C34—H34.--.CI12" 0.93 291 3.813 (3) 165
C2—H2---Cll 0.93 2.75 3.429 (3) 131
C27—H27---CI2 0.93 2.66 3.506 (3) 152

Symmetry codes: (i) —x, —y, —z; (iii) x,y — 1, z.

the root-mean-square deviation (r.m.s.d.) between the two
molecules is 0.6828 A. The non-solvated monoclinic poly-
morph and the title compound appear to be closely related as
both have molecules situated at inversion centers, albeit there
are two independent special positions for the title compound
versus the one of the reported monoclinic polymorph. Further
to this, a comparative overlay of the molecules in the two
polymorphs, i.e. each of the two independent molecules of the
title compound overlayed with that of the reported monoclinic
polymorph (Fig. 2b,c), reveals differences in the orientations
of some phenyl rings; r.m.s.d. are 0.3079 A for overlays of
molecule Rul of the title compound and that of the mono-
clinic polymorph, and 0.4154 A for overlays of molecule Ru2
of the title compound and that of the monoclinic polymorph.
The inversion symmetry of all molecules in the triclinic title
polymorph and the monoclinic polymorph causes a trans
configuration of all ligands in the octahedral coordination
environment, with the bis-phosphane ligands chelating in
equatorial positions and the CI ligands situated at axial posi-
tions. Most noticeable are the bite angles (P—Ru—P),,, of
71.1° in the title compound, causing a considerable distortion
of the ideal octahedral environment. Interestingly, the
methylene backbone is twisted out from the equatorial plane
differently for the two molecules [distance of the C atom from
the RuP, plane 0.659 (2) A, dihedral angle between the
P—C—P plane and the equatorial plane 31.31 (10)° for mol-
ecule Rul and 0.299 (3) A and 14.00 (10)°, respectively, for
molecule Ru2]. This may be due to the different intra- and

Figure 3
Packing plot in a view along [100] and selected hydrogen-bonding
interactions (dashed lines) of the title compound.

Crystal data

Chemical formula [RuCly(CysHpoP2)s]

M, 940.70

Crystal system, space group Triclinic, P1

Temperature (K) 273

a, b, c(A) 10.261 (5), 11.243 (5), 20.198 (9)

a, B,y () 84.857 (15), 87.185 (16),
72.525 (15)

v (A% 2212.8 (17)

VA 2

Radiation type Mo Ka

w (mm™) 0.65

Crystal size (mm) 0.21 x 0.11 x 0.08
Data collection
Diffractometer
Absorption correction

Bruker APEXII CCD

Multi-scan (SADABS; Krause et
al., 2015)

0.665, 0.746

99624, 10851, 8574

Tmina Tmax

No. of measured, independent and
observed [ > 20()] reflections

Rint 0.072

(sin /M) max (A1) 0.667

Refinement

R[F? > 20(F%)], wR(F?), § 0.034, 0.083, 1.04

No. of reflections 10851

No. of parameters 517

H-atom treatment H-atom parameters constrained
APmaxs Apmin (€ A7) 0.49, —0.36

Computer programs: APEX2 and SAINT (Bruker, 2010), SHELXT (Sheldrick, 2015a),
SHELXL (Sheldrick, 2015b), Mercury (Macrae et al., 2020), WinGX (Farrugia, 2012) and
pubICIF (Westrip, 2010).

intermolecular C—H- - -Cl interactions, which consolidate the
crystal packing in the title compound (Table 2, Fig. 3).

Synthesis and crystallization

Bis(diphenylphosphanyl)methane (30 mg, 0.08 mmol, 2 eq.)
was added to a solution of the dichlorido(n®-benzene)-
ruthenium(II) dimer (20 mg, 0.04 mmol, 1 eq.) in methanol at
room temperature for 24 h with continuous stirring. Yellow
crystals of the title compound were obtained by slow
evaporation of the solvent.

Refinement

Crystal data, data collection, and structure refinement details
are summarized in Table 3.
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full crystallographic data

1UCrData (2023). 8, x230984  [https://doi.org/10.1107/S2414314623009847]

trans-Bis[bis(diphenylphosphanyl)methane-«x*P,P'dichloridoruthenium(ll): a
triclinic polymorph

Monsuru T. Kelani, Alfred Muller and Koop Lammertsma

trans-Bis[bis(diphenylphosphanyl)methane-«*P,P'dichloridoruthenium(ll)

Crystal data
[RUClz(Cstzzpz)z] 7= 2
M, =940.70 F(000) =964
Triclinic, P1 D,=1412Mgm™
a=10261(5A Mo Ko radiation, = 0.71073 A
b=11243 (5 A Cell parameters from 9422 reflections
c=20.198 (9) A 6=23-27.6°
o = 84.857 (15)° 4 =0.65mm™!
£ =87.185 (16)° T=273K
y=72.525 (15)° Block, yellow
V=2212.8 (17) A3 0.21 x 0.11 x 0.08 mm
Data collection
Bruker APEXII CCD 10851 independent reflections
diffractometer 8574 reflections with 7> 2a(1)
¢ and o scans Rin=10.072
Absorption correction: multi-scan Omax = 28.3°, Opin = 1.9°
(SADABS; Krause et al., 2015) h=-13—13
Tmin = 0.665, Trax = 0.746 k=—-14—14
99624 measured reflections [=-26—-26
Refinement
Refinement on F? Hydrogen site location: inferred from
Least-squares matrix: full neighbouring sites
R[F?>20(F?)]=0.034 H-atom parameters constrained
wR(F?) = 0.083 w= 1/[c*(F?) + (0.0316P)* + 0.9131P]
S=1.04 where P = (F,2 + 2F2)/3
10851 reflections (A/0)max < 0.001
517 parameters Apmax =0.49 ¢ A7
0 restraints Appmin=—036¢ A3
Special details

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A%

x y z Uiso®/Uqq

Cl 0.3350 (2) —0.0912 (2) —0.09164 (11) 0.0366 (5)
C2 0.3233 (3) 0.0078 (3) —0.13822 (13) 0.0569 (7)
H2 0.274001 0.087883 —0.127471 0.068*

C3 0.3836 (3) —0.0093 (3) —0.20113 (14) 0.0669 (9)
H3 0.373766 0.059391 —0.231879 0.080*

C4 0.4571 (3) —0.1256 (3) —0.21835 (13) 0.0604 (8)
H4 0.496492 —0.136979 —0.260675 0.072*

C5 0.4716 (4) —0.2241 (3) —0.17255 (16) 0.0871 (12)
H5 0.522325 —0.303681 —0.183478 0.104*

C6 0.4119 (4) —0.2078 (3) —0.10953 (15) 0.0783 (11)
H6 0.423794 —0.276754 —0.078790 0.094*

C7 0.3442 (2) —0.2146 (2) 0.03656 (11) 0.0390 (5)
C8 0.3086 (3) —0.3249 (2) 0.04008 (14) 0.0511 (6)
HS8 0.226479 —0.325282 0.022724 0.061*

Cc9 0.3955 (3) —0.4347 (3) 0.06947 (16) 0.0652 (8)
H9 0.371010 —0.508227 0.072061 0.078*

C10 0.5178 (4) —0.4348 (3) 0.09479 (16) 0.0738 (10)
HI10 0.575632 —0.508373 0.114609 0.089*

Cl1 0.5544 (4) —0.3268 (3) 0.09079 (17) 0.0769 (10)
HI11 0.637579 —0.327498 0.107470 0.092*

C12 0.4686 (3) —0.2169 (3) 0.06214 (14) 0.0590 (7)
H12 0.494085 —0.143885 0.059898 0.071*

C13 0.0449 (2) 0.2538 (2) 0.09219 (12) 0.0405 (5)
Cl4 0.1073 (3) 0.3397 (2) 0.06425 (13) 0.0533 (7)
H14 0.184744 0.313685 0.037036 0.064*

C15 0.0550 (4) 0.4655 (3) 0.07660 (15) 0.0617 (8)
HI15 0.097124 0.522788 0.056868 0.074*

Cl16 —0.0561 (3) 0.5053 (3) 0.11686 (17) 0.0665 (9)
Hl16 —0.090233 0.589351 0.124820 0.080*

C17 -0.1177 (3) 0.4208 (3) 0.1457 (2) 0.0769 (10)
H17 —0.193003 0.447450 0.174131 0.092*

C18 —0.0685 (3) 0.2951 (3) 0.13295 (18) 0.0666 (9)
H18 —0.112536 0.238741 0.152063 0.080*

C19 0.1400 (2) 0.0176 (2) 0.16260 (11) 0.0383 (5)
C20 0.0376 (3) —0.0158 (2) 0.20019 (13) 0.0499 (6)
H20 —0.044492 —0.010321 0.180707 0.060*

C21 0.0576 (3) —0.0575 (3) 0.26715 (14) 0.0600 (8)
H21 —0.012310 —0.077546 0.292316 0.072*

C22 0.1797 (4) —0.0694 (3) 0.29637 (14) 0.0653 (8)
H22 0.192690 —0.098071 0.340907 0.078*

C23 0.2815 (4) —0.0387 (4) 0.25948 (15) 0.0763 (10)
H23 0.364497 —0.047061 0.278836 0.092*

C24 0.2617 (3) 0.0051 (3) 0.19290 (13) 0.0612 (8)
H24 0.331704 0.026306 0.168395 0.073*

C25 0.2659 (2) 0.0574 (2) 0.02992 (11) 0.0381 (5)
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H25A 0.344711
H25B 0.270235
C26 0.3245 (2)
c27 0.3270 (3)
H27 0.366858
C28 0.2698 (3)
H28 0.273664
C29 0.2082 (3)
H29 0.170546
C30 0.2021 (3)
H30 0.158978
C31 0.2609 (3)
H31 0.257827
C32 0.4930 (2)
C33 0.4360 (3)
H33 0.346200
C34 0.5131 (4)
H34 0.474194
C35 0.6441 (4)
H35 0.694871
C36 0.7023 (3)
H36 0.792447
C37 0.6264 (3)
H37 0.666269
C38 0.1356 (2)
C39 0.1005 (3)
H39 0.146687
C40 ~0.0029 (3)
H40 ~0.026056
c41 -0.0713 (3)
H41 ~0.140749
c42 ~0.0370 (3)
H42 ~0.082373
c43 0.0650 (3)
H43 0.086454
ca4 0.2435 (2)
c45 0.1282 (3)
H45 0.070376
C46 0.0982 (4)
H46 0.019450
c47 0.1828 (5)
H47 0.162193
C48 0.2989 (5)
H48 0.357669
C49 0.3284 (3)
H49 0.404421
C50 0.2543 (2)
H50A 0.261637

0.032317
0.126984
0.4602 (2)
0.5749 (2)
0.624437
0.6171 (3)
0.693687
0.5459 (3)
0.574364
0.4322 (3)
0.384751
0.3886 (3)
0.311398
0.2365 (2)
0.1384 (2)
0.154106
0.0167 (3)
~0.048249
~0.0074 (3)
~0.088757
0.0881 (3)
0.071283
0.2098 (3)
0.274091
0.6455 (2)
0.7093 (2)
0.675909
0.8220 (3)
0.863316
0.8731 (3)
0.948578
0.8124 (3)
0.847815
0.6987 (2)
0.657635
0.4289 (2)
0.3879 (3)
0.399796
0.3308 (3)
0.305798
0.3100 (3)
0.270075
0.3480 (4)
0.332119
0.4109 (3)
0.440022
0.3965 (2)
0.313377

0.058288
~0.001278
0.34333 (10)
0.31347 (11)
0.335022
0.25075 (12)
0.230569
0.21908 (13)
0.177557
0.24871 (13)
0.227560
0.31052 (13)
0.330099
0.40974 (11)
0.42135 (13)
0.437152
0.40936 (14)
0.416968
0.38673 (16)
0.378823
0.37543 (17)
0.360108
0.38689 (14)
0.379018
0.53378 (11)
0.47162 (13)
0.433590
0.46614 (16)
0.424432
0.52173 (18)
0.517661
0.58373 (16)
0.621487
0.58991 (14)
0.631801
0.62126 (11)
0.62890 (14)
0.593281
0.68751 (18)
0.691747
0.73989 (19)
0.779579
0.73431 (16)
0.769833
0.67465 (13)
0.671194
0.48070 (11)
0.501122

0.046*
0.046*
0.0354 (5)
0.0431 (5)
0.052*
0.0519 (6)
0.062*
0.0556 (7)
0.067*
0.0588 (7)
0.071*
0.0498 (6)
0.060*
0.0358 (5)
0.0501 (6)
0.060*
0.0647 (9)
0.078*
0.0728 (10)
0.087*
0.0733 (9)
0.088*
0.0544 (7)
0.065*
0.0360 (5)
0.0479 (6)
0.057*
0.0612 (8)
0.073*
0.0639 (8)
0.077*
0.0606 (8)
0.073*
0.0480 (6)
0.058*
0.0387 (5)
0.0562 (7)
0.067*
0.0786 (11)
0.094*
0.0947 (15)
0.114*
0.0967 (14)
0.116*
0.0650 (8)
0.078*
0.0368 (5)
0.044*
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H50B 0.167960 0.430495 0.458281 0.044*
P1 0.24044 (6) —0.07535 (5) —0.01129 (3) 0.03232 (12)
P2 0.10162 (6) 0.08777 (5) 0.07737 (3) 0.03266 (12)
P3 0.40258 (6) 0.39950 (5) 0.42502 (3) 0.02984 (12)
P4 0.28068 (6) 0.50279 (5) 0.54122 (3) 0.03042 (12)
Cll 0.01479 (6) 0.17901 (5) —0.07470 (3) 0.04094 (13)
CI2 0.42550 (6) 0.71029 (5) 0.44483 (3) 0.03774 (12)
Rul 0.000000 0.000000 0.000000 0.02905 (6)
Ru2 0.500000 0.500000 0.500000 0.02626 (6)
Atomic displacement parameters (4°)

Ull U22 l/‘33 U12 U13 l]23
Cl 0.0352 (12) 0.0391 (12) 0.0350 (11) —0.0106 (10) —0.0004 (9) —0.0016 (9)
C2 0.0528 (16) 0.0485 (15) 0.0529 (15) 0.0044 (12) 0.0132 (13) 0.0080 (12)
C3 0.0637 (19) 0.070 (2) 0.0488 (15) —0.0018 (16) 0.0118 (14) 0.0176 (14)
C4 0.0621 (18) 0.075 (2) 0.0422 (14) —0.0184 (16) 0.0144 (13) —0.0087 (14)
Cs 0.131 (3) 0.0533 (19) 0.0632 (19) —0.012 (2) 0.045 (2) —0.0116 (15)
C6 0.116 (3) 0.0436 (16) 0.0585 (17) —0.0058 (17) 0.0352 (19) 0.0013 (13)
C7 0.0372 (12) 0.0372 (12) 0.0347 (11) —0.0011 (10) 0.0028 (9) 0.0016 (9)
C8 0.0405 (14) 0.0420 (14) 0.0638 (16) —0.0052 (11) 0.0059 (12) 0.0038 (12)
C9 0.064 (2) 0.0419 (15) 0.077 (2) —0.0039 (14) 0.0117 (16) 0.0098 (14)
C10 0.074 (2) 0.059 (2) 0.0662 (19) 0.0114 (17) —0.0164 (17) 0.0121 (15)
Cl1 0.068 (2) 0.069 (2) 0.080 (2) 0.0028 (17) —0.0368 (18) 0.0011 (18)
Cl2 0.0553 (17) 0.0492 (16) 0.0672 (18) —0.0062 (13) —0.0228 (14) 0.0015 (13)
C13 0.0448 (14) 0.0334 (12) 0.0441 (12) —0.0103 (10) —0.0084 (11) —0.0082 (10)
Cl4 0.0717 (19) 0.0393 (14) 0.0538 (15) —0.0231 (13) 0.0008 (14) —0.0077 (12)
C15 0.090 (2) 0.0400 (15) 0.0640 (18) —0.0303 (15) —0.0173 (17) —0.0013 (13)
Cl16 0.072 (2) 0.0369 (15) 0.087 (2) —0.0048 (14) —0.0267 (18) —0.0146 (15)
C17 0.060 (2) 0.0483 (17) 0.116 (3) —0.0013 (15) 0.0073 (19) —0.0279 (18)
C18 0.0529 (17) 0.0387 (15) 0.106 (3) —0.0092 (13) 0.0121 (17) —0.0152 (15)
C19 0.0438 (13) 0.0348 (12) 0.0360 (11) —0.0103 (10) —0.0002 (10) —0.0055 (9)
C20 0.0508 (15) 0.0503 (15) 0.0486 (14) —0.0159 (12) 0.0009 (12) —0.0018 (12)
C21 0.075 (2) 0.0557 (17) 0.0475 (15) —0.0205 (15) 0.0135 (15) —0.0010 (13)
C22 0.091 (2) 0.0616 (19) 0.0383 (14) —0.0152 (17) —0.0021 (15) —0.0011 (13)
C23 0.073 (2) 0.107 (3) 0.0519 (17) —0.031 (2) —0.0180 (16) 0.0018 (18)
C24 0.0567 (18) 0.088 (2) 0.0451 (14) —0.0320 (16) —0.0075 (13) 0.0009 (14)
C25 0.0364 (12) 0.0382 (12) 0.0413 (12) —0.0137 (10) 0.0010 (10) —0.0041 (10)
C26 0.0303 (11) 0.0437 (13) 0.0319 (10) —0.0081 (9) —0.0046 (9) —0.0082 (9)
C27 0.0464 (14) 0.0449 (14) 0.0394 (12) —0.0139 (11) —0.0052 (11) —0.0066 (10)
C28 0.0587 (17) 0.0541 (16) 0.0403 (13) —0.0136 (13) —0.0071 (12) 0.0019 (11)
C29 0.0530 (16) 0.0711 (19) 0.0381 (13) —0.0099 (14) —0.0122 (12) —0.0043 (13)
C30 0.0605 (18) 0.073 (2) 0.0493 (15) —0.0239 (15) —0.0194 (13) —0.0145 (14)
C31 0.0535 (16) 0.0523 (15) 0.0484 (14) —0.0203 (13) —0.0157 (12) —0.0057 (12)
C32 0.0388 (12) 0.0335 (11) 0.0347 (11) —0.0077 (9) —0.0073 (9) —0.0084 (9)
C33 0.0634 (17) 0.0399 (13) 0.0488 (14) —0.0172 (12) —0.0001 (13) —0.0069 (11)
C34 0.102 (3) 0.0374 (14) 0.0540 (16) —0.0188 (16) —0.0147 (17) —0.0020 (12)
C35 0.086 (2) 0.0451 (17) 0.070 (2) 0.0146 (16) —0.0247 (18) —0.0207 (15)
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C36 0.0490 (17) 0.069 (2) 0.092 (2) 0.0055 (15) —0.0052 (16) —0.0332 (18)
C37 0.0438 (15) 0.0531 (16) 0.0671 (17) —0.0100 (12) —0.0006 (13) —0.0255 (13)
C38 0.0271 (11) 0.0360 (12) 0.0471 (12) -0.0115 (9) —0.0015 (9) —0.0075 (10)
C39 0.0362 (13) 0.0530 (15) 0.0521 (14) —0.0105 (11) —0.0027 (11) —0.0006 (12)
C40 0.0413 (15) 0.0557 (17) 0.079 (2) —0.0077 (13) —0.0069 (14) 0.0149 (15)
C41 0.0394 (15) 0.0412 (15) 0.106 (3) —0.0059 (12) —0.0016 (16) —0.0015 (16)
C42 0.0470 (16) 0.0516 (16) 0.082 (2) —0.0097 (13) 0.0118 (15) —0.0253 (16)
C43 0.0430 (14) 0.0439 (14) 0.0562 (15) —0.0097 (11) 0.0026 (12) —0.0129 (12)
C44 0.0390 (12) 0.0374 (12) 0.0365 (11) —0.0075 (10) 0.0071 (10) —0.0042 (9)
C45 0.0570 (17) 0.0560 (16) 0.0604 (16) —0.0260 (14) 0.0141 (14) —0.0054 (13)
C46 0.097 (3) 0.0551 (19) 0.082 (2) —0.0276 (18) 0.049 (2) —0.0074 (17)
C47 0.131 (4) 0.065 (2) 0.065 (2) —0.006 (2) 0.053 (2) 0.0077 (17)
C48 0.112 (3) 0.112 (3) 0.0382 (16) 0.006 (3) —0.0014 (19) 0.0040 (18)
C49 0.0579 (18) 0.091 (2) 0.0390 (13) —0.0112 (16) 0.0033 (13) —0.0053 (14)
C50 0.0337 (12) 0.0424 (12) 0.0398 (11) —0.0178 (10) 0.0023 (9) —0.0113 (10)
P1 0.0305 (3) 0.0294 (3) 0.0349 (3) —0.0063 (2) 0.0006 (2) —0.0012 (2)
P2 0.0336 (3) 0.0294 (3) 0.0359 (3) —0.0102 (2) —0.0008 (2) —0.0045 (2)
P3 0.0291 (3) 0.0318 (3) 0.0302 (3) —0.0100 (2) —0.0023 (2) —0.0067 (2)
P4 0.0276 (3) 0.0332 (3) 0.0318 (3) —0.0104 (2) 0.0005 (2) —0.0055 (2)
Cll 0.0424 (3) 0.0307 (3) 0.0474 (3) —0.0097 (2) 0.0013 (2) 0.0033 (2)
Cl2 0.0449 (3) 0.0307 (3) 0.0378 (3) -0.0114 (2) —0.0061 (2) —0.0006 (2)
Rul 0.02943 (13) 0.02389 (12) 0.03301 (12) —0.00670 (9) 0.00029 (9) —0.00270 (9)
Ru2 0.02574 (12) 0.02694 (12) 0.02692 (11) —0.00852 (9) —0.00124 (9) —0.00377 (9)
Geometric parameters (4, °)

Cl1—C2 1.371 (3) C27—C28 1.405 (3)

C1—C6 1.381 (4) C27—H27 0.9300

Cl1—P1 1.844 (2) C28—C29 1.373 (4)

Cc2—C3 1.389 (4) C28—H28 0.9300

C2—H2 0.9300 C29—C30 1.379 (4)

C3—C4 1.365 (4) C29—H29 0.9300

C3—H3 0.9300 C30—C31 1.396 (3)

C4—C5 1.355 (4) C30—H30 0.9300

C4—H4 0.9300 C31—H31 0.9300

C5—C6 1.388 (4) C32—C37 1.376 (4)

C5—HS5 0.9300 C32—C33 1.393 (3)

C6—Ho6 0.9300 C32—P3 1.835 (2)

C7—C8 1.389 (3) C33—C34 1.395 (4)
C7—Cl12 1.393 (4) C33—H33 0.9300

C7—P1 1.829 (2) C34—C35 1.354 (5)

C8—C9 1.389 (4) C34—H34 0.9300

C8—H8 0.9300 C35—C36 1.374 (5)
C9—C10 1.378 (5) C35—H35 0.9300

C9—H9 0.9300 C36—C37 1.390 (4)
C10—C11 1.370 (5) C36—H36 0.9300

C10—H10 0.9300 C37—H37 0.9300

Cl11—C12 1.380 (4) C38—C39 1.396 (3)
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Cl11—H11
Cl12—H]12
C13—C18
C13—Cl14
C13—P2
C14—C15
Cl14—H14
C15—C16
C15—HI15
Cl16—C17
Cl6—HI16
C17—C18
C17—H17
C18—HI18
C19—C24
C19—C20
C19—P2
C20—C21
C20—H20
C21—C22
C21—H21
C22—C23
C22—H22
C23—C24
C23—H23
C24—H24
C25—P2
C25—P1
C25—H25A
C25—H25B
C26—C27
C26—C31
C26—P3

C2—C1—C6
C2—C1—P1

C6—C1—P1

C1—C2—C3
C1—C2—H2
C3—C2—H2
C4—C3—C2
C4—C3—H3
C2—C3—H3
C5—C4—C3
C5—C4—H4
C3—C4—H4
C4—C5—C6
C4—C5—H5

0.9300
0.9300
1.377 (4)
1.379 (3)
1.829 (2)
1.394 (4)
0.9300
1.353 (4)
0.9300
1.365 (5)
0.9300
1.395 (4)
0.9300
0.9300
1.382 (4)
1.389 (3)
1.838 (2)
1.395 (4)
0.9300
1.376 (4)
0.9300
1.363 (4)
0.9300
1.393 (4)
0.9300
0.9300
1.852 (2)
1.862 (2)
0.9700
0.9700
1.381 (3)
1.402 (3)
1.852 (2)

117.1 (2)
122.55 (18)
120.11 (19)
121.3 3)
119.3

119.3

120.8 (3)
119.6

119.6

118.7 (3)
120.7
120.7
120.9 (3)
119.5

C38—C43
C38—P4
C39—C40
C39—H39
C40—C41
C40—H40
C41—C42
C41—H41
C42—C43
C42—HA42
C43—H43
C44—C49
C44—C45
C44—P4
C45—C46
C45—H45
C46—C47
C46—H46
C47—C48
C47—H47
C48—C49
C48—H48
C49—H49
C50—P3
C50—P4
C50—HS0A
C50—HS50B
P1—Rul
P2—Rul
P3—Ru2
P4—Ru2
Cl1—Rul
CI2—Ru2

C34—C35—C36
C34—C35—H35
C36—C35—H35
C35—C36—C37
C35—C36—H36
C37—C36—H36
C32—C37—C36
C32—C37—H37
C36—C37—H37
C39—C38—C43
C39—C38—P4

C43—C38—P4

C40—C39—C38
C40—C39—H39

1.396 (3)
1.832 (2)
1.387 (4)
0.9300
1.371 (4)
0.9300
1.380 (4)
0.9300
1.387 (4)
0.9300
0.9300
1.382 (4)
1.389 (4)
1.827 (2)
1.362 (4)
0.9300
1.361 (6)
0.9300
1.377 (6)
0.9300
1.408 (4)
0.9300
0.9300
1.854 (2)
1.866 (2)
0.9700
0.9700
2.3623 (12)
2.3573 (9)
2.3882 (9)
2.3529 (11)
2.4426 (10)
2.4375 (11)

120.1 (3)
119.9
119.9
120.0 (3)
120.0
120.0
120.8 (3)
119.6

119.6

118.3 (2)
120.19 (18)
121.31 (19)
120.5 (3)
119.8
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C6—C5—HS5
C1—C6—C5
C1—C6—H6
C5—C6—H6
C8—C7—C12
C8—C7—P1
C12—C7—P1
C7—C8—C9
C7—C8—HS8
C9—C8—HS
C10—C9—C8
C10—C9—H9
C8—C9—H9
C11—C10—C9
C11—C10—H10
C9—C10—H10
C10—C11—C12
C10—Cl11—H11
C12—Cl11—H11
Cl11—C12—C7
Cl11—C12—H12
C7—CI12—H12
C18—C13—C14
C18—C13—P2
C14—C13—P2
C13—C14—C15
C13—C14—H14
C15—C14—H14
Cl6—C15—C14
Cl16—C15—H15
C14—C15—H15
C15—C16—C17
C15—C16—H16
C17—C16—H16
C16—C17—C18
Cl6—C17—H17
C18—C17—H17
C13—C18—C17
C13—C18—H18
C17—C18—H18
C24—C19—C20
C24—C19—P2
C20—C19—P2
C19—C20—C21
C19—C20—H20
C21—C20—H20
C22—C21—C20
C22—C21—H21

119.5
121.2 3)
119.4
119.4
118.8 (2)
119.9 (2)
120.7 (2)
120.2 (3)
119.9
119.9
120.1 (3)
119.9
119.9
120.1 (3)
120.0
120.0
120.4 (3)
119.8
119.8
120.5 (3)
119.8
119.8
118.5 (2)
117.6 (2)
124.0 (2)
120.3 (3)
119.8
119.8
120.9 (3)
119.5
119.5
119.4 (3)
120.3
120.3
120.6 (3)
119.7
119.7
120.3 (3)
119.8
119.8
118.2 (2)
123.36 (19)
118.27 (19)
120.1 (3)
119.9
119.9
120.8 (3)
119.6

C38—C39—H39
C41—C40—C39
C41—C40—H40
C39—C40—H40
C40—C41—C42
C40—C41—H41
C42—C41—H41
C41—C42—C43
C41—C42—H42
C43—C42—H42
C42—C43—C38
C42—C43—H43
C38—(C43—H43
C49—C44—C45
C49—C44—P4
C45—C44—P4
C46—C45—C44
C46—C45—H45
C44—C45—H45
C47—C46—C45
C47—C46—H46
C45—C46—H46
C46—C47—C48
C46—C47—H47
C48—C47—H47
C47—C48—C49
C47—C48—H48
C49—C48—H48
C44—C49—C48
C44—C49—H49
C48—C49—H49
P3—C50—P4
P3—C50—HS50A
P4—C50—HS50A
P3—C50—HS50B
P4—C50—HS50B

H50A—C50—H50B

C7—P1—Cl1
C7—P1—C25
C1—P1—C25
C7—P1—Rul
Cl1—P1—Rul
C25—P1—Rul
C13—P2—C19
C13—P2—C25
C19—P2—C25
C13—P2—Rul
C19—P2—Rul

119.8
120.5 (3)
119.7
119.7
120.0 (3)
120.0
120.0
120.2 (3)
119.9
119.9
120.6 (3)
119.7
119.7
118.7 (2)
121.6 (2)
119.7 (2)
121.3 (3)
119.3

119.3
120.4 (4)
119.8

119.8
120.2 (3)
119.9
119.9

119.8 (4)
120.1

120.1

119.5 (3)
120.3

120.3
96.88 (10)
112.4
112.4
112.4
112.4
109.9
100.18 (10)
104.13 (11)
109.64 (10)
123.18 (8)
124.30 (8)
93.06 (8)
100.37 (11)
107.50 (11)
107.39 (11)
123.41 (8)
122.87 (8)
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C20—C21—H21 119.6
C23—C22—C21 119.4 (3)
C23—C22—H22 120.3
C21—C22—H22 120.3
C22—C23—C24 120.3 (3)
C22—C23—H23 119.9
C24—C23—H23 119.9
C19—C24—C23 121.2 (3)
C19—C24—H24 119.4
C23—C24—H24 119.4
P2—C25—P1 93.90 (11)
P2—C25—H25A 112.9
P1—C25—H25A 112.9
P2—C25—H25B 112.9
P1—C25—H25B 112.9
H25A—C25—H25B 110.4
C27—C26—C31 118.7 (2)
C27—C26—P3 121.67 (17)
C31—C26—P3 119.68 (18)
C26—C27—C28 120.4 (2)
C26—C27—H27 119.8
C28—C27—H27 119.8
C29—C28—C27 120.3 (3)
C29—C28—H28 119.8
C27—C28—H28 119.8
C28—C29—C30 120.2 (2)
C28—C29—H29 119.9
C30—C29—H29 119.9
C29—C30—C31 119.8 (3)
C29—C30—H30 120.1
C31—C30—H30 120.1
C30—C31—C26 120.6 (3)
C30—C31—H31 119.7
C26—C31—H31 119.7
C37—C32—C33 118.4 (2)
C37—C32—P3 117.49 (19)
C33—C32—P3 124.08 (19)
C32—C33—C34 120.2 (3)
C32—C33—H33 119.9
C34—C33—H33 119.9
C35—C34—C33 120.4 (3)
C35—C34—H34 119.8
C33—C34—H34 119.8

C25—P2—Rul
C32—P3—C26
C32—P3—C50
C26—P3—C50
C32—P3—Ru2
C26—P3—Ru2
C50—P3—Ru2
C44—P4—C38
C44—P4—C50
C38—P4—C50
C44—P4—Ru2
C38—P4—Ru2
C50—P4—Ru2
P2—Rul—P2
P2—Rul—P1
P2—Rul—P1
P2i—Rul—P1i
P2—Rul—Pl
P1—Rul—Pl
P2—Rul—Cll
P2—Rul—Cl1
P1—Rul—Cl1
Pl —Rul—Cll
P2i—Rul—Cl1!
P2—Rul—Cll1!
P1—Rul—Cll1!
Pli—Rul—Cl1!
Cll—Rul—CI11!
P4i—Ru2—P4
P4i—Ru2—P3i
P4—Ru2—P3i
P4i—Ru2—P3
P4—Ru2—P3
P3i—Ru2—P3
P4i—Ru2—CI2
P4—Ru2—CI2
P3i—Ru2—CI2
P3—Ru2—CI2
P4i—Ru2—Cl2i
P4—Ru2—CI2i
P3i—Ru2—Cl2i
P3—Ru2—CI2i
CI12—Ru2—CI12i

93.46 (8)
101.27 (10)
106.71 (11)
103.65 (11)
118.24 (8)
129.47 (8)
94.28 (7)
101.93 (11)
102.81 (11)
106.93 (11)
125.32 (8)
121.47 (8)
95.10 (7)
180.0
109.78 (3)
70.22 (3)
70.21 (3)
109.79 (3)
180.0
95.43 (4)
84.58 (4)
86.47 (3)
93.53 (3)
84.57 (4)
95.42 (4)
93.53 (3)
86.47 (3)
180.00 (3)
180.0
71.90 (3)
108.09 (3)
108.09 (3)
71.91 (3)
180.0
85.27 (3)
94.73 (3)
82.43 (3)
97.57 (3)
94.73 (3)
85.27 (3)
97.57 (4)
82.43 (4)
180.00 (4)

Symmetry codes: (i) —x, —y, —z; (ii) —x+1, —y+1, —z+1.
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Hydrogen-bond geometry (4, )

D—H-4 D—H H-A DA D—H-4
C8—H8-Clli 0.93 2.75 3.302 (3) 119
C34—H34-CL2i 0.93 291 3.813 (3) 165
C2—H2-Cll 0.93 275 3.429 (3) 131
C27—H27-CI2 0.93 2.66 3.506 (3) 152

Symmetry codes: (i) —x, —y, —z; (iii) x, y—1, z.
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