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The asymmetric unit of the title triangulo-triruthenium
compound, [Rus(CysHpnAs,)(CisH 0FsP)(CO)o]-CHCls,
contains one molecule of the triangulo-triruthenium complex
and one molecule of the disordered chloroform solvent. The
bis(diphenylarsino)methane ligand bridges an Ru—Ru bond
and the monodentate phosphine ligand bonds to the third Ru
atom. Both the arsine and phosphine ligands are equatorial
with respect to the Ruj; triangle. In addition, each Ru atom
carries one equatorial and two axial terminal carbonyl ligands.
The phosphine-substituted benzene rings make dihedral
angles of 68.43 (15), 65.14 (14) and 89.75 (14)° with each
other. The dihedral angles between the two benzene rings are
80.70 (15) and 84.53 (16)° for the two diphenylarsino groups.
In the crystal packing, the molecules are linked into a plane
parallel to bc by intermolecular C—H---O and C—H---F
hydrogen bonds. Weak intermolecular C—H- - -7 interactions
further stabilize the crystal structure.

Related literature

For general background to triangulo-triruthenium derivatives,
see: Bruce et al. (1985, 1988a,b). For related structures, see:
Shawkataly et al. (1998, 2004, 2009). For the synthesis of
pu-bis(diphenylarsino)methanedecacarbonyltriruthenium(0),
see: Bruce et al. (1983). For the stability of the temperature
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controller used for the data collection, see: Cosier & Glazer
(1986).
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Experimental

Crystal data
[Rus(CasHapAsy)(CisHigFsP)-

(CO)s]-CHCl,
M, = 1499.16

B=81.452 (1)°
y=74994 (1)°
V =2756.86 (11) A®

Triclinic, P1 7Z=2
a=12.6354 (3) A Mo Ko radiation
b=141572 (3) A =225 mm"
c=162418 (4) A T =100 K

o = 81.497 (1)° 0.46 x 0.20 x 0.14 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tomin = 0.427, Tax = 0.745

83481 measured reflections
15949 independent reflections
13916 reflections with I > 20(I)
Rin = 0.028

Refinement

R[F? > 20(F%)] = 0.032
wR(F?) = 0.088

S =1.07

15949 reflections

702 parameters

6 restraints

H-atom parameters constrained
AP =205¢ A7°

APmin = —1.70 e A3

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl and Cg2 are the centroids of the C1-C6 and C32-C37 benzene rings,
respectively.

D—H.---A D—H H---A D---A D—H---A
C10—HI10A- - -05' 0.93 2.58 3.469 (4) 160
CI2—HI2A. - -F2 0.93 2.48 3.274 (3) 143
C22—H22A---04' 0.93 2.59 3.451 (5) 154
C34—H34A.- --04" 0.93 2.49 3.201 (4) 134
C39—H39A. - -Cgl" 0.93 2.93 3.749 (3) 148
C41—HA41A- - -Cg2" 0.93 2.73 3.607 (3) 157

Symmetry codes: i) —x+1,—-y+1 -z (ii) —x+1, -y, -z (iii)
—x+1,—y+1,—z+1;@1v) —x+1,—-y,—z+1; (v) x — 1, y,z; (vi) —x, —y, —z + 1.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); 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 PLATON (Spek,
2009).
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[#-Bis(diphenylarsino)methane-1 :21c2As:As']nonacarbonyl-llc3 C,21€3 C,31€3 C-
[(pentafluorophenyl)diphenylphosphine-3xP]-triangulo-triruthenium(0) chloroform monosolvate

O. bin Shawkataly, 1. A. Khan, C. S. Yeap and H.-K. Fun

Comment

Triangulo-triruthenium clusters are known for their interesting structural variations and related catalytic activity. A large
number of substituted derivatives, Ruz(CO)12.nLy, (L = group 15 ligand) have been reported (Bruce et al., 1985, 1988a,b). As
part of our study on the substitution of transition metal-carbonyl clusters with mixed-ligand complexes, we have published
several structures of triangulo-triruthenium-carbonyl clusters containing mixed P/As and P/Sb ligands (Shawkataly et al.,
1998, 2004, 2009). Herein we report the synthesis and structure of title compound.

The asymmetric unit consists of one molecule of the triangulo-triruthenium complex and one molecule of disordered
chloroform solvent (Fig. 1). The bond lengths and angles of title compound are comparable to those found in its related
structure (Shawkataly et al., 2009). The bis(diphenylarsino)methane ligand bridges the Rul—Ru2 bond and the monodent-
ate phosphine ligand bonds to the Ru3 atom. Both the phosphine and arsine ligands are equatorial with respect to the Rus
triangle. Additionally, each Ru atom carries one equatorial and two axial terminal carbonyl ligands. The phosphine-substi-
tuted benzene rings make dihedral angles (C26—C31/C32—C37, C26—C31/C38—C43 and C32—-C37/C38-C43) of 68.43 (15),
65.14 (14)and 89.75 (14)° with each other respectively. The dihedral angles between the two benzene rings (C1-C6/C7-C12
and C14-C19/C20—-C25) are 80.70 (15) and 84.53 (16)° for the two diphenylarsino groups respectively.

In the crystal packing (Fig. 2), the molecules are linked into plane parallel to bc plane by intermolecular C10—HI10A--O5,
C22—H22A:-04, C34—H34A:-04 and C12—H12A--F2 hydrogen bonds. Weak intermolecular C—H---n interactions fur-
ther stabilize the crystal structure (Table 1).

Experimental

All manipulations were performed under a dry, oxygen-free dinitrogen atmosphere using standard Schlenk tech-
niques, all solvents were dried over sodium and distilled from sodium benzophenone ketyl under nitrogen.
(Pentafluorophenyl)diphenylphosphine (Maybridge) was used as received and p-bis(diphenylarsino)methane-decacarbonyl-
triruthenium(0) (Bruce ef al., 1983) were prepared by a reported procedure. The title compound was obtained by refluxing
equimolar quantities of Ruz(CO)1o(u-PhoAsCHrAsPhy) (105.5 mg, 0.1 mmol) and (pentafluorophenyl)diphenylphosphine
(35.22 mg, 0.1 mmol) in hexane under nitrogen atmosphere. Crystals suitable for X-ray diffraction were grown by slow
solvent / solvent diffusion of CgHj4 into CH,Cl.

Refinement

All hydrogen atoms were positioned geometrically and refined using a riding model with C—H = 0.93-0.97 A and Ujgo(H)
= 1.2 Ugq(C). The chloroform molecule is disordered over two position with the site occupancies are fixed to 0.50 for both

components at final refinement. The disordered components were subjected to rigid bond restraint. The minor component
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was refined isotropically. The maximum and minimum residual electron density peaks of 2.05 and -1.70 e A , respectively,
were located 0.44 A and 0.51 A from the CI2B atom.

Figures
] -IH.'
-
e '-r' A
= 1:'_--'~ { r Fig. 1. The molecular structure of the title compound with 30% probability ellipsoids for non-
e H atoms. All disordered components are shown.
. L
.:-':'II--"'{# Wi -

Fig. 2. The crystal packing of the title compound, viewed down the a axis, showing the mo-
lecules linked into a plane parallel to b¢ plane. Hydrogen atoms not involved in the hydrogen-
bonding (dashed lines) and the solvent molecules have been omitted for clarity.

[p-Bis(diphenylarsino)methane-1 :2K2As:As']nonacarb0ny|- 13C23C,33C-
[(pentafluorophenyl)diphenylphosphine-3«kP]-triangulo- triruthenium(0) chloroform monosolvate

Crystal data

[Ru3(CasHa2As2)(C18H 0F5P)(CO)o]-CHCl3
M, =1499.16
Triclinic, PT

Hall symbol: -P 1
a=12.6354 3) A
b=14.1572(3) A
c=162418 (4) A
a=81.497 (1)°
B=281.452 (1)°
y=74.994 (1)°
V=2756.86 (11) A3

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
graphite

¢ and ® scans

Absorption correction: multi-scan

zZ=2

F(000) = 1464

Dy=1.806 Mgm >

Mo Ka radiation, A=0.71073 A

Cell parameters from 9981 reflections
0 =2.5-35.0°

n=2.25 mm’!

T=100K

Block, red

0.46 x 0.20 x 0.14 mm

15949 independent reflections

13916 reflections with /> 2o([)

Rint = 0.028
Omax = 30.0°, Oppin = 1.3°
h=-17—17
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(SADABS;, Bruker, 2005)
Tinin = 0.427, Tiax = 0.745

83481 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 26(F%)] = 0.032
WR(F?) = 0.088

§=1.07

15949 reflections

702 parameters

6 restraints

Special details

k=-19—19
[=-22—-22

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained

w = 1/[6%(Fo2) + (0.0344P)> + 8.2555P]
where P = (F,> + 2F.2)/3

(A/6)max = 0.001

APmax =2.05¢ A3

Apmin =—1.69 ¢ A7

Experimental. The crystal was placed in the cold stream of an Oxford Cyrosystems Cobra open-flow nitrogen cryostat (Cosier &

Glazer, 1986) operating at 100.0 (1) K.

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. 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.

Refinement. Refinement of F~ against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F° 2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F> G(FZ) 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? 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
Rul 0.524202 (17)
Ru2 0.464067 (17)
Ru3 0.306485 (17)
Asl 0.69998 (2)
As2 0.64874 (2)
Pl 0.21075 (6)
F1 0.32445 (16)
F2 0.2792 (2)
F3 0.10632 (19)
F4 ~0.01665 (16)
F5 0.02756 (14)
o1 0.41632 (18)
02 0.5609 (2)

y z Uiso*/Ueq Occ. (<1)
0.149640 (15) 0.235137 (13) 0.01477 (5)
0.348007 (15) 0.276292 (13) 0.01422 (5)
0.231861 (16) 0.312682 (14) 0.01602 (5)
0.17494 (2) 0.166538 (17) 0.01419 (6)
0.37420 (2) 0.256950 (17) 0.01438 (6)
0.11577 (5) 0.29766 (4) 0.01570 (13)
0.01111 (13) 0.13905 (11) 0.0256 (4)
0.06177 (15) ~0.01870 (12) 0.0350 (5)
0.21441 (16) ~0.05752 (12) 0.0338 (5)
0.32048 (16) 0.06474 (13) 0.0325 (4)
0.27309 (14) 0.22319 (11) 0.0247 (4)
0.19539 (17) 0.07211 (14) 0.0251 (4)
~0.06487 (17) 0.20836 (17) 0.0336 (5)
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03
04
05
06
o7
08
09

Cl1
C2
H2A
C3
H3A
C4
H4A
C5
H5A
C6
Ho6A
C7
C8
H8A
C9
H9A
C10
H10A
Cl11
H11A
Cl12
HI12A
Cl13
HI13A
H13B
Cl14
Cl15
HI15A
Cl6
H16A
C17
H17A
CI18
HI18A
C19
HI19A
C20
C21
H21A
C22
H22A
C23

0.61565 (19)
0.4936 (2)
0.3194 (2)
0.45619 (19)
0.23052 (18)
0.1254 (2)
0.3746 (2)
0.8252 (2)
0.9180 (2)
0.9202
1.0078 (2)
1.0696
1.0053 (3)
1.0650
0.9128 (3)
0.9112
0.8228 (2)
0.7608
0.7080 (2)
0.7381 (3)
0.7572
0.7392 (3)
0.7587
0.7116 (3)
0.7132
0.6815 (3)
0.6632
0.6786 (2)
0.6572
0.7620 (2)
0.7959
0.8190
0.6792 (2)
0.5925 (2)
0.5202
0.6136 (3)
0.5555
0.7214 (3)
0.7356
0.8085 (3)
0.8808
0.7876 (2)
0.8456
0.7044 (2)
0.6342 (3)
0.5621
0.6710 (3)
0.6235
0.7785 (3)

0.08889 (18)
0.28944 (17)
0.54971 (17)
0.40229 (17)
0.35871 (17)
0.3807 (2)
0.1271 (2)
0.0604 (2)
0.0583 (2)
0.1114
~0.0238 (2)
-0.0251
~0.1031 (2)
~0.1577
~0.1009 (2)
~0.1537
~0.0199 (2)
-0.0191
0.2292 (2)
0.3180 (2)
0.3525
0.3543 (2)
0.4135
0.3027 (2)
0.3270
0.2148 (2)
0.1801
0.1783 (2)
0.1200
0.2601 (2)
0.2224
0.2825
0.4828 (2)
0.5543 (2)
0.5506
0.6314 (2)
0.6792
0.6368 (3)
0.6877
0.5662 (3)
0.5701
0.4900 (2)
0.4438
0.4011 (2)
0.4680 (3)
0.4957
0.4935 (3)
0.5380
0.4529 (3)

0.40559 (14)
0.46205 (14)
0.30900 (15)
0.08624 (14)
0.15241 (15)
0.40125 (19)
0.48352 (15)
0.16541 (18)
0.10684 (18)
0.0660
0.1095 (2)
0.0702
0.1703 (2)
0.1719
0.2292 (2)
0.2704
0.22656 (19)
0.2656
0.04967 (16)
0.02187 (19)
0.0595
~0.0628 (2)
~0.0815
~0.11942 (19)
~0.1759
~0.09154 (19)
~0.1295
~0.00691 (18)
0.0117
0.22097 (17)
0.2693
0.1822
0.17732 (17)
0.14568 (18)
0.1637
0.0871 (2)
0.0659
0.0605 (2)
0.0207
0.0930 (2)
0.0750
0.1523 (2)
0.1753
0.35381 (17)
0.4041 (2)
0.3921
0.4722 (3)
0.5059
0.4900 (2)

0.0282 (5)
0.0284 (5)
0.0319 (5)
0.0253 (4)
0.0270 (5)
0.0401 (6)
0.0324 (5)
0.0178 (5)
0.0196 (5)
0.023*
0.0233 (6)
0.028*
0.0254 (6)
0.030%
0.0268 (6)
0.032*
0.0216 (5)
0.026*
0.0168 (5)
0.0232 (6)
0.028*
0.0289 (7)
0.035%
0.0281 (7)
0.034*
0.0259 (6)
0.031*
0.0211 (5)
0.025*
0.0162 (5)
0.019*
0.019*
0.0175 (5)
0.0212 (5)
0.025*
0.0256 (6)
0.031*
0.0289 (7)
0.035%
0.0277 (6)
0.033*
0.0222 (6)
0.027*
0.0181 (5)
0.0320 (7)
0.038*
0.0400 (9)
0.048*
0.0295 (7)
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H23A 0.8032 0.4707 0.5352 0.035%
24 0.8481 (3) 0.3866 (2) 0.4410 (2) 0.0257 (6)

H24A 0.9201 0.3593 0.4532 0.031*

25 0.8117 (2) 0.3596 (2) 0.37293 (19) 0.0219 (5)

H25A 0.8591 0.3139 0.3403 0.026*

26 0.1728 (2) 0.1353 (2) 0.19005 (17) 0.0180 (5)

27 0.2360 (2) 0.0849 (2) 0.12485 (18) 0.0205 (5)

C28 0.2146 (3) 0.1108 (2) 0.04191 (18) 0.0244 (6)

29 0.1278 (3) 0.1885 (2) 0.02168 (19) 0.0257 (6)

C30 0.0648 (2) 0.2423 (2) 0.08410 (19) 0.0234 (6)

C31 0.0880 (2) 0.2150 (2) 0.16600 (18) 0.0199 (5)

C32 0.2689 (2) ~0.0174 (2) 0.31666 (17) 0.0187 (5)

C33 0.3620 (3) ~0.0532 (2) 0.35865 (19) 0.0238 (6)

H33A 0.3986 ~0.0095 0.3723 0.029*

C34 0.4008 (3) ~0.1537 (3) 0.3805 (2) 0.0303 (7)

H34A 0.4637 ~0.1768 0.4079 0.036*

C35 0.3467 (3) -0.2193 (2) 0.3617 (2) 0.0305 (7)

H35A 0.3723 ~0.2865 0.3771 0.037*

C36 0.2530 (3) ~0.1846 (2) 0.3193 (2) 0.0269 (6)

H36A 0.2164 -0.2287 0.3064 0.032*

C37 0.2147 (3) ~0.0846 (2) 0.29670 (18) 0.0223 (6)

H37A 0.1527 ~0.0619 0.2681 0.027*

C38 0.0781 (2) 0.1203 (2) 0.36324 (17) 0.0179 (5)

C39 ~0.0093 (2) 0.0919 (2) 0.33857 (18) 0.0196 (5)

H39A ~0.0049 0.0762 0.2844 0.023*

C40 ~0.1028 (2) 0.0870 (2) 0.39465 (19) 0.0213 (5)

H40A ~0.1604 0.0676 0.3778 0.026*

c41 ~0.1109 (2) 0.1109 (2) 0.4755 (2) 0.0241 (6)

H41A ~0.1740 0.1084 0.5124 0.029*

c42 ~0.0244 (3) 0.1386 (2) 0.50100 (18) 0.0233 (6)

H42A ~0.0290 0.1537 0.5554 0.028*

C43 0.0695 (2) 0.1438 (2) 0.44474 (18) 0.0206 (5)

H43A 0.1269 0.1631 0.4618 0.025*

C44 0.4530 (2) 0.1837 (2) 0.13446 (18) 0.0194 (5)

C45 0.5443 (2) 0.0156 (2) 0.21989 (19) 0.0225 (6)

C46 0.5774 (2) 0.1157 (2) 0.34376 (18) 0.0201 (5)

c47 0.4802 (2) 0.3059 (2) 0.39310 (19) 0.0205 (5)

C48 0.3746 (2) 0.4735 (2) 0.29795 (17) 0.0201 (5)

C49 0.4575 (2) 0.3773 (2) 0.15634 (18) 0.0190 (5)

C50 0.2671 (2) 0.3107 (2) 0.20913 (19) 0.0216 (5)

cs1 0.1929 (3) 0.3231 (2) 0.3690 (2) 0.0253 (6)

Cs2 0.3560 (2) 0.1641 (2) 0.41851 (19) 0.0225 (6)

ClIA 0.9948 (5) 0.6545 (2) 0.3796 (2) 0.1120 (18) 0.50
C2A 0.8101 (3) 0.6591 (3) 0.2961 (3) 0.0877 (11) 0.50
CI3A 1.0299 (3) 0.5688 (6) 0.2281 (2) 0.128 (2) 0.50
C53A 0.9402 (11) 0.5940 (8) 0.3180 (6) 0.071 (4) 0.50
HS3A 0.9334 0.5310 0.3497 0.086* 0.50
ClIB 0.7461 (4) 0.7106 (3) 0.2760 (3) 0.0970 (12)* 0.50
C2B 0.8857 (6) 0.6721 (5) 0.4055 (4) 0.140 (2)* 0.50
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C13B 0.9765 (4) 0.6119 (4)
C53B 0.8682 (13) 0.6310 (13)
H53B 0.8512 0.5667

Atomic displacement parameters (142 )

Ull U22

Rul 0.01463 (9) 0.01510 (9)
Ru2 0.01310 (9) 0.01471 (9)
Ru3 0.01377 (9) 0.01956 (10)
Asl 0.01427 (12) 0.01494 (12)
As2 0.01357 (12) 0.01500 (12)
Pl 0.0148 (3) 0.0191 3)
F1 0.0305 (9) 0.0228 (9)
F2 0.0597 (14) 0.0280 (10)
F3 0.0493 (12) 0.0416 (11)
F4 0.0237 (9) 0.0416 (11)
F5 0.0184 (8) 0.0305 (9)
ol 0.0257 (11) 0.0286 (11)
02 0.0416 (14) 0.0218 (11)
03 0.0284 (11) 0.0310 (12)
04 0.0379 (13) 0.0264 (11)
05 0.0406 (14) 0.0228 (11)
06 0.0290 (11) 0.0296 (11)
07 0.0228 (11) 0.0312 (12)
08 0.0289 (13) 0.0386 (14)
09 0.0336 (13) 0.0451 (14)
Cl 0.0175 (12) 0.0177 (12)
2 0.0196 (13) 0.0227 (13)
c3 0.0178 (13) 0.0263 (14)
c4 0.0218 (14) 0.0222 (14)
cs 0.0284 (15) 0.0204 (14)
C6 0.0211 (13) 0.0208 (13)
c7 0.0176 (12) 0.0178 (12)
cs 0.0288 (15) 0.0218 (13)
C9 0.0380 (18) 0.0224 (14)
C10 0.0335 (17) 0.0284 (15)
cll 0.0290 (15) 0.0291 (15)
c12 0.0232 (13) 0.0204 (13)
c13 0.0148 (11) 0.0172 (12)
Cl4 0.0203 (13) 0.0178 (12)
Cls 0.0191 (13) 0.0246 (14)
Cl16 0.0277 (15) 0.0254 (14)
C17 0.0324 (16) 0.0299 (16)
C18 0.0234 (14) 0.0317 (16)
Cl19 0.0196 (13) 0.0216 (13)
€20 0.0185 (12) 0.0190 (12)
c21 0.0228 (15) 0.0383 (18)

0.2435 (3)
0.3144 (10)
0.3316

U33 U12

0.01545 (10) ~0.00625 (7)
0.01522 (9) ~0.00497 (7)
0.01610 (10) ~0.00761 (8)
0.01388 (12) ~0.00502 (9)
0.01544 (12) ~0.00520 (9)
0.0140 (3) ~0.0069 (2)
0.0207 (8) ~0.0047 (7)
0.0167 (9) ~0.0118 (9)
0.0174 (9) ~0.0225 (10)
0.0290 (10) ~0.0067 (8)
0.0216 (8) ~0.0033 (7)
0.0233 (10) ~0.0106 (9)
0.0388 (14) ~0.0118 (10)
0.0222 (11) ~0.0029 (9)
0.0218 (11) ~0.0098 (10)
0.0251 (11) 0.0018 (10)
0.0200 (10) ~0.0128 (9)
0.0276 (11) ~0.0112 (9)
0.0540 (17) ~0.0081 (11)
0.0220 (11) ~0.0191 (11)
0.0193 (12) ~0.0049 (10)
0.0186 (12) ~0.0077 (10)
0.0277 (15) ~0.0050 (11)
0.0323 (16) 0.0001 (11)
0.0304 (16) ~0.0036 (12)
0.0224 (13) ~0.0051 (11)
0.0138 (11) ~0.0028 (10)
0.0199 (13) ~0.0094 (11)
0.0232 (15) ~0.0074 (13)
0.0158 (13) 0.0016 (13)
0.0192 (13) ~0.0032 (12)
0.0196 (13) ~0.0049 (11)
0.0171 (12) ~0.0043 (9)
0.0158 (12) ~0.0074 (10)
0.0212 (13) ~0.0077 (11)
0.0253 (15) ~0.0119 (12)
0.0278 (15) ~0.0185 (13)
0.0310 (16) ~0.0161 (13)
0.0277 (14) ~0.0096 (11)
0.0183 (12) ~0.0067 (10)
0.0352 (18) 0.0006 (13)

0.1025 (13)*
0.089 (5)*
0.107*

U13
~0.00122 (7)
~0.00170 (7)
~0.00084 (7)
~0.00136 (9)
~0.00202 (9)
~0.0010 (2)
0.0020 (7)
0.0032 (9)
~0.0128 (8)
~0.0095 (8)
0.0003 (6)
~0.0079 (8)
0.0015 (11)
~0.0054 (9)
~0.0083 (9)
0.0015 (10)
~0.0051 (8)
~0.0065 (9)
0.0100 (12)
~0.0063 (9)
~0.0032 (10)
~0.0007 (10)
~0.0011 (11)
~0.0083 (12)
~0.0077 (12)
~0.0035 (10)
~0.0014 (9)
~0.0014 (11)
0.0009 (13)
~0.0024 (11)
~0.0050 (11)
~0.0032 (10)
~0.0025 (9)
~0.0022 (10)
~0.0041 (10)
~0.0086 (12)
~0.0071 (13)
~0.0037 (12)
~0.0042 (11)
~0.0025 (10)
~0.0047 (13)

0.50
0.50
0.50

U23
~0.00026 (7)
0.00006 (7)
~0.00084 (8)
~0.00087 (9)
~0.00102 (9)
~0.0003 (2)
~0.0019 (7)
~0.0057 (7)
0.0045 (8)
0.0106 (8)
0.0010 (7)
0.0014 (9)
~0.0069 (10)
0.0007 (9)
0.0030 (9)
~0.0018 (9)
0.0012 (8)
0.0065 (9)
~0.0237 (13)
0.0057 (10)
~0.0037 (10)
~0.0062 (10)
~0.0113 (12)
~0.0083 (12)
0.0010 (12)
~0.0001 (11)
~0.0010 (9)
~0.0015 (11)
0.0027 (11)
0.0015 (11)
~0.0057 (11)
~0.0023 (10)
~0.0026 (9)
~0.0010 (9)
~0.0009 (11)
0.0075 (12)
0.0089 (12)
0.0039 (13)
0.0001 (11)
~0.0032 (10)
~0.0181 (15)
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C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
CI1A
CI2A
CIBA
C53A

0.0331 (18)
0.0327 (17)
0.0234 (14)
0.0196 (13)
0.0182 (12)
0.0245 (14)
0.0360 (16)
0.0337 (16)
0.0183 (13)
0.0172 (12)
0.0205 (13)
0.0249 (14)
0.0318 (16)
0.0404 (19)
0.0374 (17)
0.0258 (14)
0.0167 (12)
0.0183 (12)
0.0154 (12)
0.0199 (13)
0.0262 (14)
0.0205 (13)
0.0191 (12)
0.0225 (13)
0.0180 (12)
0.0208 (13)
0.0219 (13)
0.0168 (12)
0.0173 (12)
0.0224 (14)
0.0202 (13)
0.209 (5)
0.068 (2)
0.060 (2)
0.116 (11)

Geometric parameters (4, °)

Rul—C45
Rul—C44
Rul—C46
Rul—Asl
Rul—Ru2
Rul—Ru3
Ru2—C48
Ru2—C47
Ru2—C49
Ru2—As2
Ru2—Ru3

0.050 (2)
0.0384 (18)
0.0300 (15)
0.0240 (14)
0.0239 (13)
0.0209 (13)
0.0250 (14)
0.0307 (15)
0.0292 (15)
0.0258 (14)
0.0201 (12)
0.0248 (14)
0.0291 (16)
0.0198 (14)
0.0229 (14)
0.0239 (14)
0.0208 (12)
0.0211 (13)
0.0251 (14)
0.0250 (14)
0.0265 (14)
0.0239 (13)
0.0180 (12)
0.0242 (14)
0.0195 (12)
0.0176 (12)
0.0213 (13)
0.0210 (13)
0.0238 (14)
0.0276 (15)
0.0279 (14)
0.0446 (14)
0.097 (3)

0.275 (7)

0.045 (5)

1.897 (3)
1.922 (3)
1.931 (3)
2.4210 (3)
2.8653 (3)
2.8730 (3)
1.894 (3)
1.927 (3)
1.940 (3)
2.4243 (3)
2.8418 (3)

0.040 (2) ~0.0014 (16)
0.0231 (15) ~0.0135 (14)
0.0269 (15) ~0.0082 (12)
0.0235 (14) ~0.0046 (11)
0.0146 (11) ~0.0116 (10)
0.0181 (12) ~0.0112 (11)
0.0163 (13) ~0.0166 (13)
0.0195 (13) ~0.0208 (13)
0.0244 (14) ~0.0122 (11)
0.0179 (12) ~0.0105 (11)
0.0158 (12) ~0.0078 (10)
0.0222 (14) ~0.0082 (11)
0.0267 (16) ~0.0065 (13)
0.0276 (16) ~0.0057 (13)
0.0217 (14) ~0.0123 (13)
0.0193 (13) ~0.0093 (11)
0.0160 (12) ~0.0070 (10)
0.0195 (13) ~0.0070 (10)
0.0235 (14) ~0.0087 (10)
0.0249 (14) ~0.0071 (11)
0.0167 (13) ~0.0086 (12)
0.0191 (13) ~0.0095 (11)
0.0223 (13) ~0.0084 (10)
0.0217 (13) ~0.0096 (11)
0.0214 (13) ~0.0045 (10)
0.0227 (13) ~0.0056 (10)
0.0159 (12) ~0.0060 (11)
0.0212 (13) ~0.0086 (10)
0.0252 (14) ~0.0100 (11)
0.0280 (15) ~0.0112 (12)
0.0225 (14) ~0.0120 (11)
0.092 (2) 0.009 (2)
0.120 (3) ~0.049 (2)
0.0578 (19) -0.041 (3)
0.055 (6) ~0.042 (7)
CI13—HI3A
C13—HI3B
Cl4—Cl5
Cl4—C19
C15—C16
C15—HISA
Cl6—C17
Cl16—HI16A
C17—C18
Cl17—HI7A
C18—C19

~0.0035 (15) ~0.0302 (18)
~0.0041 (12) ~0.0118 (13)
~0.0078 (12) ~0.0053 (12)
~0.0038 (10) ~0.0066 (11)
~0.0012 (9) ~0.0003 (10)
~0.0005 (10) ~0.0006 (10)
0.0000 (11) ~0.0021 (11)
~0.0078 (12) 0.0029 (11)
~0.0065 (11) 0.0071 (11)
0.0000 (10) 0.0010 (10)
0.0005 (10) ~0.0003 (10)
~0.0046 (11) 0.0016 (11)
~0.0073 (13) 0.0093 (13)
~0.0023 (13) 0.0043 (12)
0.0018 (12) ~0.0033 (11)
~0.0010 (11) ~0.0044 (11)
0.0002 (9) 0.0008 (10)
~0.0025 (10) 0.0012 (10)
~0.0016 (10) 0.0032 (11)
0.0038 (11) 0.0013 (11)
0.0025 (11) ~0.0021 (11)
~0.0015 (10) ~0.0012 (10)
~0.0012 (10) ~0.0005 (10)
~0.0007 (11) 0.0002 (11)
0.0010 (10) ~0.0014 (10)
~0.0018 (10) 0.0002 (10)
~0.0003 (10) 0.0010 (10)
~0.0016 (10) ~0.0020 (10)
~0.0010 (10) 0.0000 (11)
0.0013 (11) ~0.0048 (12)
~0.0011 (10) ~0.0027 (11)
-0.112 3) ~0.0128 (14)
0.006 (2) ~0.047 (2)
0.0028 (15) ~0.055 (3)
0.034 (7) ~0.015 (5)

0.9700

0.9700

1.388 (4)

1.395 (4)

1.392 (4)

0.9300

1.384 (5)

0.9300

1.391 (5)

0.9300

1.389 (4)

sup-7



supplementary materials

Ru3—C51 1.887 (3) C18—HISA 0.9300
Ru3—C50 1.931 (3) C19—HI9A 0.9300
Ru3—C52 1.946 (3) C20—C21 1.389 (4)
Ru3—P1 2.3367 (7) C20—C25 1.392 (4)
Asl—C7 1.938 (3) C21—C22 1.390 (5)
Asl—Cl 1.951 (3) C21—H21A 0.9300
Asl—C13 1.964 (3) C22—C23 1.385 (5)
As2—Cl4 1.937 (3) C22—H22A 0.9300
As2—C20 1.939 (3) C23—C24 1.369 (5)
As2—C13 1.958 (3) C23—H23A 0.9300
P1—C32 1.835 (3) C24—C25 1.396 (4)
P1—C38 1.839 (3) C24—H24A 0.9300
P1—C26 1.844 (3) C25—H25A 0.9300
F1—C27 1.339 (3) C26—C31 1.393 (4)
F2— (28 1.337 (4) C26—C27 1.395 (4)
F3—C29 1333 (3) C27—C28 1.390 (4)
F4—C30 1.337 (4) C28—C29 1.377 (5)
F5—C31 1.346 (3) C29—C30 1.384 (5)
01—C44 1.148 (4) C30—C31 1.382 (4)
02—C45 1.142 (4) C32—C33 1.390 (4)
03—C46 1.150 (4) C32—C37 1.405 (4)
04—C47 1.139 (4) C33—C34 1.390 (4)
05—C48 1.146 (4) C33—H33A 0.9300
06—C49 1.143 (4) C34—C35 1.378 (5)
07—C50 1.142 (4) C34—H34A 0.9300
08—C51 1.140 (4) C35—C36 1.399 (5)
09—C52 1.136 (4) C35—H35A 0.9300
cl—C2 1.392 (4) C36—C37 1.385 (4)
Cl1—C6 1.398 (4) C36—H36A 0.9300
C2—C3 1.399 (4) C37—H37A 0.9300
C2—H2A 0.9300 C38—C43 1.394 (4)
C3—C4 1.386 (5) C38—C39 1.396 (4)
C3—H3A 0.9300 C39—C40 1.391 (4)
C4—C5 1.392 (5) C39—H39A 0.9300
C4—H4A 0.9300 C40—C41 1.386 (4)
C5—C6 1.391 (4) C40—H40A 0.9300
C5—H5A 0.9300 C41—C42 1.387 (4)
C6—H6A 0.9300 C41—H41A 0.9300
c7—Cl12 1.392 (4) C42—C43 1.396 (4)
Cc7—C8 1.398 (4) C42—H42A 0.9300
C8—C9 1.395 (4) C43—H43A 0.9300
C8—HS8A 0.9300 CIIA—C53A 1.725 (11)
C9—C10 1.388 (5) C2A—C53A 1.723 (14)
C9—HI9A 0.9300 CI3BA—C53A 1.731 (10)
Cl10—Cl1 1.388 (5) C53A—H53A 0.9800
C10—HI10A 0.9300 ClIB—C53B 1.794 (14)
Cl1—Cl12 1.394 (4) C2B—C53B 1.731 (16)
Cl1—HIIA 0.9300 CI3B—C53B 1.644 (15)
Cl12—HI2A 0.9300 C53B—H53B 0.9800
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C45—Rul—C44
C45—Rul—C46
C44—Rul—C46
C45—Rul—Asl
C44—Rul—Asl
C46—Rul—Asl
C45—Rul—Ru2
C44—Rul—Ru2
C46—Rul—Ru2
Asl—Rul—Ru2
C45—Rul—Ru3
C44—Rul—Ru3
C46—Rul—Ru3
Asl—Rul—Ru3
Ru2—Rul—Ru3
C48—Ru2—C47
C48—Ru2—C49
C47—Ru2—C49
C48—Ru2—As2
C47—Ru2—As2
C49—Ru2—As2
C48—Ru2—Ru3
C47—Ru2—Ru3
C49—Ru2—Ru3
As2—Ru2—Ru3
C48—Ru2—Rul
C47—Ru2—Rul
C49—Ru2—Rul
As2—Ru2—Rul
Ru3—Ru2—Rul
C51—Ru3—C50
C51—Ru3—C52
C50—Ru3—C52
C51—Ru3—P1
C50—Ru3—P1
C52—Ru3—P1
C51—Ru3—Ru2
C50—Ru3—Ru2
C52—Ru3—Ru2
P1—Ru3—Ru2
C51—Ru3—Rul
C50—Ru3—Rul
C52—Ru3—Rul
P1—Ru3—Rul
Ru2—Ru3—Rul
C7—As1—Cl1
C7—As1—C13
Cl1—As1—C13
C7—Asl—Rul

87.69 (13)
92.37 (13)
172.77 (12)
99.18 (9)
94.51 (8)
92.62 (8)
170.93 (9)
93.53 (9)
85.29 (9)
89.691 (10)
111.96 (9)
83.03 (9)
90.25 (8)
148.582 (12)
59.370 (7)
93.06 (12)
92.85 (12)
174.09 (12)
102.74 (9)
88.81 (9)
89.79 (8)
101.06 (9)
80.96 (9)
98.00 (8)
154.528 (12)
159.52 (9)
92.48 (9)
82.00 (9)
97.077 (10)
60.450 (7)
87.52 (14)
91.29 (14)
173.07 (12)
100.25 (9)
93.42 (9)
93.52 (9)
97.64 (9)
76.95 (8)
96.46 (8)
159.28 (2)
157.38 (9)
91.23 (9)
87.24 (9)
102.374 (19)
60.180 (7)
101.81 (11)
104.16 (11)
98.63 (11)
117.89 (8)

C14—C15—Cl16
C14—CI15—HI15A
Cl16—C15—HI15A
C17—C16—C15
C17—Cl6—HI16A
C15—Cl6—HI16A
C16—C17—C18
Cl16—C17—H17A
C18—C17—HI17A
C19—C18—C17
C19—C18—H18A
C17—C18—H18A
C18—C19—Cl14
C18—C19—HI19A
C14—C19—HI19A
C21—C20—C25
C21—C20—As2
C25—C20—As2
C20—C21—C22
C20—C21—H21A
C22—C21—H21A
C23—C22—C21
C23—C22—H22A
C21—C22—H22A
C24—C23—C22
C24—C23—H23A
C22—C23—H23A
C23—C24—C25
C23—C24—H24A
C25—C24—H24A
C20—C25—C24
C20—C25—H25A
C24—C25—H25A
C31—C26—C27
C31—C26—P1
C27—C26—P1
F1—C27—C28
F1—C27—C26
C28—C27—C26
F2—C28—C29
F2—C28—C27
C29—C28—C27
F3—C29—C28
F3—C29—C30
C28—C29—C30
F4—C30—C31
F4—C30—C29
C31—C30—C29
F5—C31—C30

120.2 (3)
119.9
119.9
119.8 (3)
120.1
120.1
120.3 (3)
119.9
119.9
120.0 (3)
120.0
120.0
119.8 (3)
120.1
120.1
119.2 (3)
117.6 (2)
123.1(2)
120.2 (3)
119.9
119.9
120.1 (3)
119.9
119.9
120.0 (3)
120.0
120.0
120.4 (3)
119.8
119.8
120.0 (3)
120.0
120.0
115.3 (3)
120.1 (2)
123.6 (2)
116.5 (3)
121.0 3)
122.5 (3)
119.7 (3)
120.3 (3)
120.0 (3)
120.7 (3)
119.8 (3)
119.4 (3)
120.7 (3)
120.0 (3)
119.3 (3)
116.5 (3)

sup-9



supplementary materials

Cl—Asl—Rul
C13—As1—Rul
C14—As2—C20
Cl14—As2—C13
C20—As2—C13
Cl14—As2—Ru2
C20—As2—Ru2
C13—As2—Ru2
C32—P1—C38
C32—P1—C26
C38—P1—C26
C32—P1—Ru3
C38—P1—Ru3
C26—P1—Ru3
C2—C1—C6
C2—Cl1—Asl
C6—C1—Asl
C1—C2—C3
C1—C2—H2A
C3—C2—H2A
C4—C3—C2
C4—C3—H3A
C2—C3—H3A
C3—C4—C5
C3—C4—H4A
C5—C4—H4A
C6—C5—C4
C6—C5—HS5SA
C4—C5—HS5SA
C5—Co6—C1
C5—C6—H6A
Cl1—C6—H6A
C12—C7—C8
Cl12—C7—Asl
C8—C7—Asl
CO—C8—C7
C9—C8—HSA
C7—C8—HSA
C10—C9—C8
C10—C9—H9%A
C8—C9—HOA
C11—C10—C9

C11—C10—H10A

C9—C10—H10A
C10—CI11—C12

C10—CI1—HI11A
Cl12—CI1—HI11A

C7—C12—C11
C7—C12—HI12A

117.30 (8)
114.39 (8)
99.53 (12)
103.74 (12)
102.41 (11)
118.35 (8)
117.46 (8)
113.05 (8)
97.60 (13)
104.34 (13)
103.31 (13)
122.83 (10)
117.20 (10)
109.21 (9)
119.5 (3)
121.4 (2)
119.0 (2)
120.0 (3)
120.0
120.0
120.4 (3)
119.8

119.8

119.7 (3)
120.2
120.2

120.3 (3)
119.8

119.8

120.2 (3)
119.9

119.9

120.0 (3)
117.6 (2)
122.4 (2)
119.5 (3)
120.3

120.3

120.5 (3)
119.8

119.8

119.9 (3)
120.1

120.1

120.2 (3)
119.9

119.9

120.0 (3)
120.0

F5—C31—C26
C30—C31—C26
C33—C32—C37
C33—C32—P1
C37—C32—P1
C34—C33—C32
C34—C33—H33A
C32—C33—H33A
C35—C34—C33
C35—C34—H34A
C33—C34—H34A
C34—C35—C36
C34—C35—H35A
C36—C35—H35A
C37—C36—C35
C37—C36—H36A
C35—C36—H36A
C36—C37—C32
C36—C37—H37A
C32—C37—H37A
C43—C38—C39
C43—C38—P1
C39—C38—P1
C40—C39—C38
C40—C39—H39A
C38—C39—H39A
C41—C40—C39
C41—C40—HA40A
C39—C40—HA40A
C40—C41—C42
C40—C41—H41A
C42—C41—H41A
C41—C42—C43
C41—C42—H42A
C43—C42—H42A
C38—C43—C42
C38—C43—H43A
C42—C43—HA43A
01—C44—Rul
02—C45—Rul
03—C46—Rul
04—C47—Ru2
05—C48—Ru2
06—C49—Ru2
O7—C50—Ru3
08—C51—Ru3
09—C52—Ru3
CI2A—C53A—CI1A
CI2A—C53A—CI3A

119.9 (2)
123.4 (3)
118.8 (3)
119.9 (2)
120.9 (2)
120.6 (3)
119.7
119.7
120.4 (3)
119.8
119.8
119.8 (3)
120.1
120.1
120.0 (3)
120.0
120.0
120.4 (3)
119.8
119.8
118.8 (3)
117.6 (2)
123.4(2)
120.4 (3)
119.8
119.8
120.5 (3)
119.8
119.8
119.8 (3)
120.1
120.1
119.8 (3)
120.1
120.1
120.8 (3)
119.6
119.6
173.4 (3)
176.8 (3)
174.1 3)
172.9 (3)
178.1 (3)
173.8 3)
171.5 (3)
177.7 3)
173.4 (3)
111.5 (6)
112.4 (7)
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Cl11—C12—HI12A
As2—C13—Asl
As2—C13—HI13A
Asl—C13—HI13A
As2—C13—HI13B
As1—C13—HI13B
H13A—C13—H13B
C15—C14—C19
C15—Cl14—As2
C19—Cl14—As2

C44—Rul—Ru2—C48
C46—Rul—Ru2—C48
Asl—Rul—Ru2—C48
Ru3—Rul—Ru2—C48
C44—Rul—Ru2—C47
C46—Rul—Ru2—C47
Asl—Rul—Ru2—C47
Ru3—Rul—Ru2—C47
C44—Rul—Ru2—C49
C46—Rul—Ru2—C49
Asl—Rul—Ru2—C49
Ru3—Rul—Ru2—C49
C44—Rul—Ru2—As2
C46—Rul—Ru2—As2
Asl—Rul—Ru2—As2
Ru3—Rul—Ru2—As2
C44—Rul—Ru2—Ru3
C46—Rul—Ru2—Ru3
Asl—Rul—Ru2—Ru3
C48—Ru2—Ru3—C51
C47—Ru2—Ru3—C51
C49—Ru2—Ru3—C51
As2—Ru2—Ru3—C51
Rul—Ru2—Ru3—C51
C48—Ru2—Ru3—C50
C47—Ru2—Ru3—C50
C49—Ru2—Ru3—C50
As2—Ru2—Ru3—C50
Rul—Ru2—Ru3—C50
C48—Ru2—Ru3—C52
C47—Ru2—Ru3—C52
C49—Ru2—Ru3—C52
As2—Ru2—Ru3—C52
Rul—Ru2—Ru3—C52
C48—Ru2—Ru3—P1

C47—Ru2—Ru3—P1

C49—Ru2—Ru3—P1

As2—Ru2—Ru3—P1

Rul—Ru2—Ru3—P1

120.0
111.64 (13)
109.3

109.3

109.3

109.3
108.0
119.9 (3)
119.8 (2)
120.3 (2)

52.3(3)
~120.5 3)
146.8 (2)
~27.4(2)
157.91 (12)
~14.94 (12)
~107.60 (9)
78.15 (9)
~24.20 (12)
162.95 (12)
70.29 (8)
~103.96 (8)
~112.99 (8)
74.16 (8)
~18.492 (12)
167.256 (12)
79.75 (8)
~93.09 (8)
174.251 (11)
~14.21 (13)
77.17 (14)
~108.71 (13)
144.65 (11)
175.25 (10)
71.44 (13)
162.82 (13)
~23.07 (13)
~129.70 (10)
-99.10 (9)
~106.39 (13)
~15.01 (13)
159.11 (13)
52.47 (10)
83.07 (9)
135.34 (10)
~133.28 (10)
40.83 (10)
~65.80 (7)
~35.20 (6)

CI1A—C53A—CI3A
CI2A—C53A—HS53A
CI1A—C53A—HS53A
CI3A—C53A—HS53A
CI3B—C53B—CI2B
CI13B—C53B—CIIB
C12B—C53B—CIIB
CI3B—C53B—H53B
CI12B—C53B—H53B
Cl1B—C53B—H53B
C13—As1—C1—C6
Rul—As1—C1—C6
C6—C1—C2—C3
As1—C1—C2—C3
Cl1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—Co
C4—C5—C6—Cl1
C2—C1—C6—C5
Asl—C1—C6—C5
Cl—As1—C7—C12
C13—As1—C7—Cl12
Rul—As1—C7—C12
Cl—As1—C7—C8
C13—As1—C7—C8
Rul—As1—C7—C8
C12—C7—C8—C9
As1—C7T—C8—C9
C7—C8—C9—C10
C8—C9—C10—Cl1
C9—C10—C11—C12
C8—C7—C12—Cl1
As1—C7—C12—Cl11
Cl10—C11—C12—C7
C14—As2—CI13—Asl
C20—As2—CI13—Asl
Ru2—As2—C13—Asl
C7—As1—C13—As2
Cl—As1—C13—As2
Rul—As1—C13—As2
C20—As2—C14—CI15
C13—As2—C14—CI15
Ru2—As2—C14—C15
C20—As2—C14—C19
C13—As2—C14—C19
Ru2—As2—C14—C19
C19—C14—C15—C16
As2—C14—C15—C16
C14—C15—C16—C17

109.9 (7)
107.6
107.6
107.6
116.4 (10)
114.4 (9)
107.6 (9)
105.9
105.9
105.9

100.1 (2)
-23.2(3)
0.0 (4)
177.9 (2)
0.2 (4)
—0.1(5)
0.6 (5)
—0.8(5)

0.5 (4)
~177.5(2)
72.1(2)
174.2 (2)
~57.8(2)
~110.1(2)
-7.9(3)
120.0 (2)
—0.5(5)
~178.2 (2)
—0.5(5)
0.6 (5)

0.2 (5)

1.3 (4)
179.2 (2)
~12(5)
~106.55 (14)
150.25 (13)
22.89 (15)
88.09 (14)
~167.33 (13)
—42.01 (15)
~115.7 (2)
138.9 (2)
12.8 (3)
63.6 (3)
~41.8 (3)
~167.9 (2)
2.0 (4)
~178.6 (2)
—0.1(5)
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C48—Ru2—Ru3—Rul
C47—Ru2—Ru3—Rul
C49—Ru2—Ru3—Rul
As2—Ru2—Ru3—Rul
C45—Rul—Ru3—C51
C44—Rul—Ru3—C51
C46—Rul—Ru3—C51
Asl—Rul—Ru3—C51
Ru2—Rul—Ru3—C51
C45—Rul—Ru3—C50
C44—Rul—Ru3—C50
C46—Rul—Ru3—C50
Asl—Rul—Ru3—C50
Ru2—Rul—Ru3—C50
C45—Rul—Ru3—C52
C44—Rul—Ru3—C52
C46—Rul—Ru3—C52
Asl—Rul—Ru3—C52
Ru2—Rul—Ru3—C52
C45—Rul—Ru3—P1
C44—Rul—Ru3—P1
C46—Rul—Ru3—P1
Asl—Rul—Ru3—P1
Ru2—Rul—Ru3—P1
C45—Rul—Ru3—Ru2
C44—Rul—Ru3—Ru2
C46—Rul—Ru3—Ru2
Asl—Rul—Ru3—Ru2
C45—Rul—As1—C7
C44—Rul—As1—C7
C46—Rul—As1—C7
Ru2—Rul—As1—C7
Ru3—Rul—As1—C7
C45—Rul—As1—Cl1
C44—Rul—As1—Cl1
C46—Rul—As1—Cl1
Ru2—Rul—As1—Cl1
Ru3—Rul—Asl—Cl1
C45—Rul—As1—C13
C44—Rul—As1—C13
C46—Rul—As1—C13
Ru2—Rul—As1—C13
Ru3—Rul—As1—C13
C48—Ru2—As2—Cl4
C47—Ru2—As2—Cl4
C49—Ru2—As2—Cl4
Ru3—Ru2—As2—Cl14
Rul—Ru2—As2—Cl14
C48—Ru2—As2—C20

170.54 (9)
~98.08 (9)
76.04 (9)
-30.60 (3)
164.7 (3)
~110.6 3)
72.0 (3)
-23.4(3)
~12.3(3)
~108.79 (13)
~24.13 (12)
158.55 (12)
63.10 (9)
74.18 (9)
77.98 (13)
162.64 (12)
~14.68 (12)
~110.13 (9)
~99.05 (9)
~15.02 (10)
69.64 (8)
~107.68 (9)
156.87 (3)
167.95 (2)
177.03 (10)
—98.31 (8)
84.37 (9)
~11.08 (2)
94.63 (13)
6.24 (13)
~172.54 (13)
~87.27 (9)
~77.76 (10)
~27.62 (13)
~116.01 (13)
65.21 (13)
150.47 (9)
159.99 (9)
~142.42 (13)
129.19 (12)
~49.59 (12)
35.68 (9)
45.19 (9)
~52.19 (13)
~145.06 (13)
40.68 (13)
149.09 (10)
122.59 (9)
67.30 (13)

C15—C16—C17—C18
C16—C17—C18—C19
C17—C18—C19—C14
C15—C14—C19—C18
As2—C14—C19—C18
C14—As2—C20—C21
C13—As2—C20—C21
Ru2—As2—C20—C21
C14—As2—C20—C25
C13—As2—C20—C25
Ru2—As2—C20—C25
C25—C20—C21—C22
As2—C20—C21—C22
C20—C21—C22—C23
C21—C22—C23—C24
C22—C23—C24—C25
C21—C20—C25—C24
As2—C20—C25—C24
C23—C24—C25—C20
C32—P1—C26—C31
C38—P1—C26—C31
Ru3—P1—C26—C31
C32—P1—C26—C27
C38—P1—C26—C27
Ru3—P1—C26—C27
C31—C26—C27—F1
P1—C26—C27—F1
C31—C26—C27—C28
P1—C26—C27—C28
F1—C27—C28—F2
C26—C27—C28—F2
F1—C27—C28—C29
C26—C27—C28—C29
F2—C28—C29—F3
C27—C28—C29—F3
F2—C28—C29—C30
C27—C28—C29—C30
F3—C29—C30—F4
C28—C29—C30—F4
F3—C29—C30—C31
C28—C29—C30—C31
F4—C30—C31—F5
C29—C30—C31—F5
F4—C30—C31—C26
C29—C30—C31—C26
C27—C26—C31—F5
P1—C26—C31—F5
C27—C26—C31—C30
P1—C26—C31—C30

~1.0(5)
0.1(5)

1.9 (5)
-2.9(5)
177.7 2)
84.5 (3)
~169.1 (3)
—44.6 (3)
—93.0 (3)
13.4 (3)
137.9(2)
0.5 (5)
~177.1 (3)
0.4 (6)
~0.7 (6)
0.1(5)
~1.1(5)
176.4 (2)
0.8 (5)
153.1(2)
51.5(2)
~73.9(2)
-38.5(3)
~140.1 (2)
94.4 (2)
175.4 (2)
6.6 (4)
~1.4 (4)
~170.2 (2)
1.4 (4)
178.4 (3)
~177.4 3)
—0.4 (4)
1.0 (4)
179.9 (3)
~176.6 (3)
23 (4)
—0.5(4)
177.1 3)
~179.8 (3)
-2.1(4)
-2.5(4)
176.8 (3)
~179.0 (3)
0.2 (4)
~174.9 (2)
-5.7(4)
1.5 (4)
170.8 (2)
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C47—Ru2—As2—C20
C49—Ru2—As2—C20
Ru3—Ru2—As2—C20
Rul—Ru2—As2—C20
C48—Ru2—As2—C13
C47—Ru2—As2—C13
C49—Ru2—As2—C13
Ru3—Ru2—As2—C13
Rul—Ru2—As2—C13
C51—Ru3—P1—C32
C50—Ru3—P1—C32
C52—Ru3—P1—C32
Ru2—Ru3—P1—C32
Rul—Ru3—P1—C32
C51—Ru3—P1—C38
C50—Ru3—P1—C38
C52—Ru3—P1—C38
Ru2—Ru3—P1—C38
Rul—Ru3—P1—C38
C51—Ru3—P1—C26
C50—Ru3—P1—C26
C52—Ru3—P1—C26
Ru2—Ru3—P1—C26
Rul—Ru3—P1—C26
C7—As1—C1—C2
CI3—As1—C1—C2
Rul—As1—C1—C2
C7—As1—C1—C6

Hydrogen-bond geometry (4, ©)

~25.57 (13)
160.18 (13)
~91.42 (10)
~117.92 (9)
~173.72 (12)
93.41 (12)
~80.85 (12)
27.56 (9)
1.06 (9)
~136.81 (15)
135.09 (14)
~44.86 (14)
73.88 (12)
43.08 (11)
~16.24 (14)
~104.34 (14)
75.70 (14)
~165.55 (10)
163.65 (10)
100.71 (14)
12.61 (13)
~167.34 (13)
~48.60 (12)
~79.40 (10)
28.7 (3)
~77.9 (2)
158.9 (2)
~153.4(2)

C38—P1—C32—C33
C26—P1—C32—C33
Ru3—P1—C32—C33
C38—P1—C32—C37
C26—P1—C32—C37
Ru3—P1—C32—C37
C37—C32—C33—C34
P1—C32—C33—C34
C32—C33—C34—C35
C33—C34—C35—C36
C34—C35—C36—C37
C35—C36—C37—C32
C33—C32—C37—C36
P1—C32—C37—C36
C32—P1—C38—C43
C26—P1—C38—C43
Ru3—P1—C38—C43
C32—P1—C38—C39
C26—P1—C38—C39
Ru3—P1—C38—C39
C43—C38—C39—C40
P1—C38—C39—C40
C38—C39—C40—C41
C39—C40—C41—C42
C40—C41—C42—C43
C39—C38—C43—C42
P1—C38—C43—C42
C41—C42—C43—C38

Cgl and Cg2 are the centroids of the C1-C6 and C32—C37 benzene rings, respectively.

D—H-4
C10—H10A 05"
C12—HI12A-F21
C22—H22A04!
C34—H34A--04"
C39—H39A-Cgl"
C41—H41A~Cg2"

D—H
0.93
0.93
0.93
0.93
0.93
0.93

H-A
2.58
2.48
2.59
2.49
2.93
2.73

DA
3.469 (4)
3274 (3)
3.451 (5)
3.201 (4)
3.749 (3)
3.607 (3)

~114.9 (2)
139.2 (2)
14.5 (3)
58.8 (3)
~47.1 (3)
~171.80 (19)
0.0 (4)
173.9 (2)
—0.8(5)
0.9 (5)
-0.2(5)
—0.5(5)
0.6 (4)
~173.2(2)
96.1 (2)
~157.1 (2)
-37.0 (3)
~77.2 (3)
29.6 (3)
149.7 (2)
0.2 (4)
173.0 2)
0.5 (4)
—0.9(5)
1.0 (5)

0.3 (4)
~173.3 (2)
—0.7 (5)

D—H4
160
143
154
134
148
157

Symmetry codes: (i) —x+1, —y+1, —z; (il) —x+1, —y, —z; (iil) —x+1, —y+1, —z+1; (iv) —x+1, =y, —z+1; (v) x—1, y, z; (vi) —x, =y, —z+1.
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Fig. 1
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Fig. 2
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