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Ezperimental

Data Collection .

A yellow prismatic cfystal of CgqHgsO4B2Ruy having approximate dimensions of 0.10 x 0.10 x 0.20
mm was mounted on a glass fiber. All measurements were made on a Rigaku AFCTR diffractometer with
graphite monochromated Mo-K radiation and' a rotating anode generator. '

Cell constants and an orientation matrix for data collection , obtained from a least-squares refinement
using the setting angles. of 25 carefully centered reflections in the range 28.68 < 26 < 29.85° corresponded
to a primitive orthorhombic cell with dimensions:

a = 14.82(1) A
b = 14.96(1) A
¢ = 31.85(1) A
V = 7061(7) A%

For Z = 8 and F.W. = 1383.36, the calculated density is 2.60 g/cm3. The systematic absences of:

h00: h # 2n
© 0k0: k # 2n
00L: 1# 2n

uniquely determine the space group to be:

P2,2:2; (#19)

The data were collected at a temperature of 23 4+ 1°C using the w scan technique to a maximum 26
value of 55.0°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.26° with a take-off angle of 6.0°. Scans of (1.15 4+ 0.30 tan 6)° were made at a
speed of 8.0°/min (in omega). The weak reflections (I < 10.0o(I)) were rescanned (maximum of 2 scans)
and the counts were accumulated to ensure good counting statistics. Stationary background counts were
recorded on each side of the reflection. The ratio of peak counting time to background counting time was
9:1. The diameter of the incident beam collimator was 1.0 mm and the crystal to detector distance was 235
mm, The computer-controlled slits were set to 3.0 mm (horizontal) and 3.0 mm (vertical).

Data Reduction

Of the 8864 reflections which were collected, 8863 were unique (Rin; = 0.000). The intensities of three
representative reflection were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, 4, for Mo-Ka radiation is 9.6 em™1. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization
effects. A correction for secondary extinction was applied (coefficient = 2.46500e-08).
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Structure Solution and Refinement

The structure was solved by direct methods' and expanded using Fourier techniques®. The non-hydrogen
atoms were refined anisotropically. The final cycle of full-matrix least-squares refinement® was based on 4708
observed reflections (I > 3.000(I)) and 831 variable parameters and converged (largest parameter shift was
0.00 times its esd) with unweighted and weighted agreement factors of:

R = X||Fo| — |Fe||/Z|Fo| = 0.056

Ry = \/Zw(|Fo| — |Fc|)?/SwFo? = 0.060

The standard deviation of an observation of unit weight* was 1.04. The weighting scheme was based
on counting statistics and included a factor (p = 0.002) to downweight the intense reflections. Plots of
Tw(|Fo|—|Fc|)? versus |Fo|, reflection order in data collection, sin #/ and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0. 36 and -0.43 e /A3 respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af’ and Af” were those of Creagh and McAuley”. The values for the
mass attenuation coeﬂi(:lents are those of Creagh and Hubbel®. All calculations were performed usmg the
teXsan® crystallographic software package of Molecular Structure Corporatlon
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| Erﬁpirica.l Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensionfs
Crystal System
Lattice Type

No. of Reflections Used for Unit
Cell Determination (26 range)

'Omega Scan Peak Width
at Half-height

Lattice Parameters

Space Group

Z value
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- EXPERIMENTAL DETAILS

A. Crystal Data

Cs4HgsO4B2Ru,
1383.36

yellow, prismatic

0.10 X 0.10 X 0.20 mm

orthorhombic

Primitive .
25 (1 28.7 - 29.9° )

0.26°
a=1482(1)4
b= 14.96(1) A
c= 31.85(1) A
V = 7061(7) A3

P2,2,2; (#19)

8
Deaic 2.602 g/cm?
Faoo 5760.00
#(MoKa) 9.57 ern™!

B. Intensity Measurements

Diffractometer Rigaku AFC7R
Radiation MoKe (A = 0.71069 4)

graphite monochromated
Attenuator Zr foil (factor = 8.53) -
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Take-off Angle

Detector Aperture

Crystal to Detector Distance
Voltage, Current
Temperature

Scan .Type

Scan Rate

Scan Width

20,0z

No. of Reflections Measured

Corrections

Structure Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous vDiSpéljS\iOIlv

No. Observations (I>3.000(I)).
No‘. Variables |
Reflection/Parameter Réiv;io
Residuals: R; Rw
Residuals: R1

No. of Reflections to calc Rl

/,

6.0°

3.0 mm horizontal

3.0 mm vertical

235 mm |

50kV, 200mA

23.0°C |

w

8.0° /min (iﬁ w) (up to 2 scans)
(1.15 + 0.30 tan 6)°

55.0°

Total: 8864 -
Unique: 8863 (Rin: = 0.000)

Lorentz-polarization
Secondary Extinction
(coefficient: 2.46500e-08)

C. Structure Solution and Refinement

Direct Methods (SHELXS.—Q?)-
Full-matrix least-squares |
Zu(|Fol ~ | Fel)?

w = saey = [03(Fo) + 5 Fo?] !
0.0020

All ﬁon—hydrogen atoms

4708

831

5.67

0.056 ; 0.060

0.056

4708
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Goodness of Fit Indicator '_ : : 1.04 

Max Shift/Error in Final Cycle 0.00
Maximum peak in Final Diff. Map 0.36 e~ /43
Minimum peak in Final Diff. Map -0.43 e~ /A3
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Table 1. Atomic coordinates and Bi,,/Beg

atom - x y . z Be,
Ru(1) | 0.25129(8) 0.56291(6) 0.22595(3) 3.88(2)
Ru(2) C0.64471(6) 0ags32) 0.00024(5) - 3.76(2)
oW .0164(1) 0.646(1) \0.3400(5) | 13.4(6)
0(2) 0.1007(8) 0.520(1) 0.3226(4) 7.9(3)
0(3) 0.5505(10) 0.406(1) 0.1097(4) 9.5(5)
0(4) | 0.6630(10) 0.3174(8) 0.0914(3) 79(4)
o) o 0.1461(9) 0.6160(9) | 0.2677(5) 49(3)
C(2) 0.1036(9) - E 0.558(1) . 0.2370(5) 5.2(3)
C(3) o 0.1182(10) 0.573(1) 0.1937(5) | 6.4(4)
C(4) 0.174(1) 0.646(1) 0.1804(6) 7.9(5)
C(5) 0.215(1) 0.704(1) 0.2119(7) 7.4(4)
C(6) 0.200(1) 0.689(1) 0.2556(6)  6.5(4)
cm 0.137(1) 0.596(1) 0.3126(6) 7.3(4)
C(8) 0.090(1) 0.491(2) :  0.3671(5)  1026)
C(9) 0.3341(8) - 0.4735(7) 0.2640(4) 3.7(2)
C(10) " 0.2090(7) 0.4250(8) 0.2304(4) 3.6(2)
cau) 0.3294(9) 0.4656(8) 0.1919(4) 38(2)
c2) ~0.3870(9) 0.5395(9)" 0.2029(5) O 40(2)
. C(13) - 0.3908(10) 0.545(1) | 0.2486(4) 41(2)
C(14) o 03219(10)  04511(10) , of3112(4)' | 47(3)
C(15) 0.237(1) 0.3431(8) 0.2320(5) 53(4)
C(16) 0.312(1)  0430(1) 0.1474(4)‘ 6.1(4)
c17) 0.443(1) 0.595(1) 0.1753(5) 5.6(4)
C(18) 0.4483(10) 0.6061(9) 0.2739(5) 5.5(4)
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" Table 1. Atomic coordinates.and B,‘,o'/Beq (continued)

atom o x ’ y T B., )
C(19) | 0.5806(10) 0.3883(10) - 0.0387(5) 4.5(3)
6(20) 0.642(1) 0.3474(7) K 0.0084(4) 43(2)
C(21) 0.631(1) 0.3666(10) '~ -0.0346(5) 5.5(3)
.C(22) - 0.565(1) . . 0425(1) O 0.0478() - 7.0(5) J
C(23) 0.502(1) 0.468(1) -0.0183(6) 6.4(3)
C(24) . 0.5125(10) 0.4497(10) - 0.0260(6) 5.2(3) )
C(25) © 0.596(1) 0.373(1) - 0.0829(5) - ‘5.9(4)A
C(26) B 0.68’7(2). - 0.292(2) | -0.1358(6) 11.7(8)
C(27) ’ 0.670(1) 0.6336(10) -0.0166(7) 6.1(3)
c(s) , '0:.6702(10) 0.6251(9) 0.0299(6) - 5.6(3)
c9) 0.741(1) 05639(9) - . 0.0409(5) 47(3)
C(30) ' 0.7866(8) 05378(7) 0.0017(6) 4.6(2)
| d(31) | 0.745(1) 0.5803(8) - . -0.0322(5)  53(3)
C(32) 0.609(1) . 0693(1) -0.0416(7) 8.3(6)
C(33) - 0.609(1) - | 0.674(1) ~-0.0607(6) | 7.3(5)
C(34) , 0.767(1) | 0.537(1) | 0.0848(5) _ 7.0(5)
0(35) 10.8695(8) 0.4782(9) | -0.0024(7)  6.2(4)
. C(36) .0.769(1)A ~0.572(1) -0.0%82(5)  7.5(5)
@ | 0.7720(8) 0.5039(8) 0.2189(4) 3.6(2)
C(38) 0.853(1) 0.6227(9) 0.1996(4) 4.4(3)
C(39) 0.851(1) 0.6891(9) - 0.1682(4) 4.9(3)
C(40) 0.766(1) 0.7289(9) 0.1566(4)  5.1(3)
Cocuy 0.687(1) . 0.7020(10) 0.1757(5) 5.1(4)

C(42) 0.6898(9) 0.6355(9) 0.2067(4) . - 4.0(3)
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Table 1. Atomic coordinates and B,/ Bveq (contiriued)

atom ‘ X ‘ y z _ Beg

- C(43) 0.8575(9) ©0.4489(9) '0.2.544(4) O 3.903)
C(44) 0.9006(10) 0413310)  0.2898(5) 5.4(4)
C(45) 0.968(1) | 0.344(1) 0.2856(6) 6.0(4)
C(46) 0.992(1) | 0.315(1) 0.2470(7) | 6.2(4)
can -~ 0.950(1) 0.346(1) 0.2124(6) 5.9(4)
c(8) - . 0.881(1) 04152(9) 0.2142(5) 5.8(4)
©(49) 0.6817(8) - 0.4588(8) . 0.2614(4) 3.7(2).
C(50) 0.657(1) | 0.4184(9) 0.3009(5) 5.0(3)
C(51)  0.580(1) 0.3628(10) 0.3022(6) 5.5(4)
| C(52) 0530(1) 0.3437(10) 0.2661(6) 5.7(4)
C(53) 0.5557(10) 0.3795(9) 0.2266(6) 5.5(4)
o(s4) 0.6302(9) 0.4355(10) 02251(5) . 4.9(3)
C(55) 0.7851(8) 0.5856(7) 0.3005(4) | - 35(2)
C(56) Co0TI(9)  06176(9) 0.3228(4) 4.1(3)
C(5T) 0.721(1) 0.6804(9) 0.3559(4) 4.8(3)
C(58) 08071 0.711':9(9)- 0.3669(4) 4.9(3)
C(59) o 0ss1(Y)  0.6819(9) 0.3441(5) 5.0(3)
C(60)  osm0r0) 0.6194(8) 0.3119(4) 430
©(61) 1.1239(8) 0473(9) 0.0393(4) 3.6(3)
c(62) 1.0879(10) 0.553(1) 0.0564(4) - 4.8(3)
C(63) Lo2a(1) 0.549(1) 0.0896(5) 5.6(4)
C(64) ©0.997(1) 0.466(1) 0.1064(5) 5.7(4)
C(65) ©1o31(1) 0.389(1) ' 0.0889(5) | 55(4) -
C(66) ©1.0928(10)° 0.3917(10) 0.0548(5) 46(3)
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© s

Table 1. Atorhjc coordinates and Bj;o/B., (continued)

atom . x _ y Tz B.,
o(67) . 1.2642(7) 0.3940(7) ~-0.0044(4) 3.5(2)
c68) 12073(9) 0.3551(9) 0.0324(4) 4.0(3)
C(69) O Lasq) © 0.2865(9) 0.0295(5) 45(3)
C(70) | 1.3950(10) - 0.2556(9) -0.0083(6) 5.2(3)
(1) 1.363(1) O 0.294(0) -0.0451(5) 5.3(4)
C(72) 1.207(1) 0.3622(10) 10.0432(5) - 48(3)
o(T3) |  1.2576(8) 0.5695(7) 0.0010(4) 43(2)
c(14) 1.2852(10) o 0.616(1) -0.0365(5) 4.9(3)
C(75) , 1.344(1) 0.692(1) -0.0325(7) 6.6(5)
C(76) 1.373(1) . 0.7221(9) | 0.0063(8) 6.6(4)
cary - 1.351(1) 0.677(1) 0.0430(7) | 6.6(4)
C(78) | 1.292(1) 0.6004(10) 0.0409(6) 5.5(4)
C(79) 1.1227(8) 0.4827(9) | -0.0417(4) 3.7(3)
C(80) 1.0868(10) 0.563(1) -00574(5)  4.9(3)
C(81) 1.024(1) ~ 0.565(1) -0.0909(5) 6.0(4)
) 0.9950(10) 0.488(1) ©-0.1084(5) 5.9(4)
C(83) - 1026(1) 0.404(1) -0.0930(5) 5.8(4)
c(84) - 1.0912(9) 0.4031(10) -0.6599(5)_ . 4.4(3)
CB(L) ~ 0.7749(8) 0.5217(9) 0.2582(4) 3.3(3)
B(2) 110278 0.4794(8) -0.0009(6) 3.6(2)

. | _ .
Be = §7r2(U11(_aa*)2 + Uza(b6*)? + Uss(ce*)? 4 2U19aa™bb* cos v + 2U1saa* cc™ cos B + 2Uzbb* ce™ cos a)

11
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Table 2. Anisotropic Displacement Parameters

atom Uny Uz Uss Uiy Ui Uy
Ru(1) | 0.0415(4) . 00441(5)  0.0617(6)  0.0005(5)  -0.0088(7)  0.0021(6)
Ru(2) 0.0412(4)  0.037T1(4)  0.0647(6)  -0.0021(5) 0.0068(7)  -0.0049(7)
0(1) 0.26(2) 014(1) 011(1) 0.04(1) -0.06(1) -0.079(10)
0@2)  0085(3) 0.14(1) 0.072(7) -0.023(9) 0.012(7) -0.006(8)
0@ 013(1)  0.6(1).  0.080(9) 0031)  0.039(8) -0.033(9)
0(4) 0.14(1) 0.090(8) 0.068(7)  0.046(8) 0.001(8)  -0.001(6)
cay 0.049(7) 0.054(7) . 0.084(8) 0.025(5) -0.008(5) -0.022(6)
c(2) 0.040(3) 0.00(1)  -0.067(7) | 0.014(8) -0.011(6) -0.021(8)
cE) 0.050(T) 0.12(1) 0.069(8)  0.030(8)  -0.019(5)  0.02(1)
C(4) 0.001)  0.11(1) 041(1)  0.041(8)  -0.030(10)  0.068(9)
C(5) 0.07(1) 0.055(6) 0.15(1) - 0.042(8) 0.02(1) - 0.028(9)
C(6) ~0.045(9) 0.056(7) 0.14(1) 0.019(6) 0.016(10)  -0.031(8)
o) 0.09(1) 0.11(1) 0.083(8)  0.043(9) 0.012(10)  -0.020(7)
ce) 0120 0.21(2) 0.065(9) 0.00(2) 0.02(1) -0.01(1)
cO  0.050(7) 0.039(6)  0052(6)  0.010(4) 0.003(4)  -0.002(4)
C(10) 0.040(6) 0.046(3) 0.049(5) 0.0064)  -0.005(3) 0.012(5)
(1) 0.052(7) - 0.047(6) 0.046(5) . -0.001(4) -0.002(5) 0.006(4) -
c12) 0.044(4) 0.050(7) 0.060(6) 0.006(4) -0.005(5). 0.001(6)
cs) " 0.040(4) 0.056(8)  0.060(6) 0.003(5)  -0.001(5)  0.009(6)
C(14)  0.066(9) 0.061(9)  0.050(6) ©  00008)  -0.007(7) 0.004(7)
C(15) 0.07(1) 0.046(T)  0.08(1) 0.018(6)- 0.01(1) - -0.003(7)
cie) 0.12(1) 0.071(10)  0.046(7) 0.01(1) 0.007(8)  -0.011(7)
c(17) 0.066(9) 0.069(10)  0.08(1) 0.0138)  0.016(8) 0.020(8)
C(18) 0.063(9) 0.062(9) 0.09(1) -0.015(7) -0.023(9) -0.003(8)
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Table 2. Anisotropic Displacement Parameters {continued)

atom Uy Usz . Usg | U Uta Uszs
C(19) 0.056(8) - 0.054(8) 0.062(7) -0.014(5) 0.005(6) . 0.003(5)
C(20) 6.078(8) 0.036(2) 10.051(6) -0.012(6) -0.005(7) -0.009(5)
‘0(21)' 0.11(1) C 0.054(7) 0.049(6) - -0.034(7) | -0.012(9) -0.015(5)
C(22) 0.10(1) 0.08(1) .0.08(1) - '-0.031.(8) - -0.061(8) -0.016(8)
C(23)  0.087(5), - 0.07(1) 0.113(10) -0.031(7) -0.048(8) 0.029(9)
6(24) 0.049(6) 0.048(8) o..101(9)- -0.016(6) 0.011(7) -0.002(8)
C(25) 0.10(1) | 0.059(9) 0.061(6) -0.’0-25(6) 0.009(7) - 6.003(7)
C(26) 0.22(3) 0.16(2j 0.070(10) 6.08(2) -0.03(2) 0.00(1)
C(27) 0.054(9) 0.041(5) 0.14(1) -0.004(6) 0.004(8) 0.019(8)
C(28) 0.046(8) 0.037(6)( 0.13(1) -0.001(5)‘ -0.023(8) -0.028(7)
C(29)  0.036(7) = 0.043(6) 0.098(7) | -0.004(5) -0.010(5) -0.028(6)
d(so)_ 0.044(3) 0.038(6)  0.093(7) -0.011(4) -0.003(7) -0.008(7)
1) 0.056(7) 0.048(8) 0.097(8)  -0.011(6) 0.008(6) 0.020(6)
- C(32) 0.08(1) 0.07(1) 0.17(2) 0.023(10)  0.00(1) 0.07(1) |
C(33) 0.06(1)  0.09(1) 10.13(2) 0.019(9)  -0.014(10)  -0.05(1)
S C(34) T 0.07(1)  0.‘11(1) ~0.087(9) 0.000(10)  -0.023(9) ~  -0.049(9)
C(35) 0.050(7) 0.08(1) - 0.11(1) 0.024(6) -0.01(1) -0.01(1)
C(36) 0.07(1) 0.12(1) 0.096(9) 0.01(1) | 0.015(9) 0.03(1)
C(37) 0.051(6) 0.044(8) 0.043(6) -0.001(4) 0.000(5) -0.019(4)
C(38) 0.062(8) 0.053(7) 0.052(8) 0.013(7) 0.01-6(7) -0.018(5)
C(39) 0.084(9) 0.055(8) 0.048(8) -0.019(7) 0.015(8) -0.019(5)
C(40) 0.093(9) 0.052(8) 0.050(8) -0.011(7) 0.005(7) -0.616(6) |
C(a1) ~ 0.087(10) 0.051(8)  0.055(9) 0.001(8) 0.000(8) -6.001(6)
- C(42) 0.056(7) 0.057(8) 0.040(7) 0.004(6) -0.004(6) -0.008(5)

13
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)

- Table 2. Anisotropic Displacement Parameters (continued)

atom’ Uy Use Uss Uiz Uis Uas
C(43) | 0.031(6) -  0.039(7) 0.080(7) -0.009(5) 0.00'3(6) -0.005(5)
C(44) 0.058(8) | 0.054(9) 0.10(1) 0.069(6)  -0.025(8) 0.007(8) -
C(45) | 0.055(9) 0.051(9) 0.12(1) | 0.00#(6) -0.002(10) 0.017(9)
C(46) '»0.053(10) 0.047(9) '»0.14(1) ©0.002(8) 0.013(8) -0.001(8)
C(4T) 0.066(10)  0.051(8) 0.11(1) -0.009(6) 0.037(8) -0.021(8)
C(48) 0.08(1) 0.040(7) 0.10(1) —0.0.03(6) 0.055(10)  -0.019(7)
C(49) 0.032(6) 0.037(6) 0.070(7) ~  0.005(4) 0.008(5) :0.609(5)
C(50) 0.067(9) 0.051(8) 0.071(8) ;0.004(7) 0.015(8) -0.003(7)
C(51) ©0.065(9)  0.048(8) 0.10(1) 0.003(6) 0‘.042(5) -0.009(8)
C(52) 0.058(10)  0.047(8) 0.11(1) -0.004(7) 0.027(9) -0.020(9)
C(53) - 0.059(8) 0.045(8) 0.10(1) -0.001(6) -0.004(10)  -0.018(8)
- C(54) ‘ 0.051(7) 0.058(8) 0.076(9) -0.001(6) _-6.007(7) -0.026(9)
C(ssj 0.059(6) 0.031(6) 0.045(6) -0.006(5) -0.004(5) 6.003(4) |
C(56) l0:.065(8) 0.044(7) 0.045(7) 0.007(6) 0.002(6) 0.005(5)
C(57) | 0.090(16) 0.045(7) A0.048(8)) -0.602(7) 0.012(7) 0.003(5)
C(58) 0.101(9)  0.043(3) 0.041(9) ' -0.019(7) -0.006(7) 0.007(7)
C(59) | 0.082(10)  0.046(7) 0.064(9) -0.003(7) -0.027(7) 0.010(5) -
C(60) 0.055(7) 0.039(6)  0.068(9) | 0.001(6) ~ -0.012(7) 0.007(5)
c(61) 0.042(7)' 0.055(6) 0.040(7) -0.002(5) -0.016(5) 0.003(5)
C(62) 0.060(9) . 0.060(8) 0.061(9) © 0.001(8) 0.000(6) -0.014(8)
C(63) 0.061(9) 0.093(9) 0.057(9) 0.008(9) -0.003(6) —0.033(_8)'
C(64) 0.055(9) 0.11(1) 0.054(10) 0.010(8) - -0.013(8) -0.003(8)
C(65) | 0.055(9) 0.09(1) 0.062(10) 0.011(8)  -0.015(6) 0.023(8)
C(66) ©0.050(8)  0.058(8) 0.06%(10) -0.008(7) . -0.011(6) 0.016(7)

14
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Table 2. Anisotropic Displacement Parameters (continued)

atom Un Uss Uss U . U Uz
C(67) 0.035.(6)- : 0.042(5-) 0.057(5) -6.009(4) ~-0.017(6) -0.003(6)
0(68) ' 0.041(%) 0.052(8) 0.058(8) -0.001(5) -0.011(6) 0.005(6)
C(69) 0.040(8) 0.048(8) | 0.083(9) | -0.003(5) -0.018(7) 0.018(7)
C(70) 0.052(8) 0.046(7) 70.10(1) ©-0.002(6) 0.015(8) 0.001(7)
C(71) 0.056(9) 0.058(8) 0.09(1) -0.007(6) 0.010(9) -0.024(8)
c(12) 0.059(9) 0.053(8) 0.071(9). -0.009(6) 0.019(8) -0.016(8)
C(73) 0.043(6) 1 0.043(5) 0.078(6) 0.067(5) 0.063(9) 0.005(7)
C(74) 0.046(8) 0.063(8) 0.077(9) -0.003(6) ‘—0.003(8) 0.016(8)
C(75) 0.05(1) - 0.064(9) ~  0.14(1) -0.010(7) 0.02(.1) 0.01(1)
C(76) 0.049(9) .  0.049(8) 0.15(1) 0.002(7)  -0.02(1) 0.011(10)
c(r7) 0.061(10) 0.061(9) 0.13(1) -0.006(7) 0.00(1) -0.030(9)‘
C(78) 0.066(9) 0.051(8) 0,05(1) ~0.000(6) -0.020(9)  -0.015(8) |
C(79) | 0.039(7) 0.059(6) 0.043(7) -0.001(6) 0.002(5) - 0.007(6)
.C(80) 0.052(8) 0.062(8) 0.071(9) =~ 0.013(8) -0.003(6) 0.016(8)
C(81) | 0.046(8)  0.10(1) 0.08(1) -0.007(10)  -0.005(7) 0.038(10)
C(82) 0.049(8) 0.11(1)- 0.059(10) 0.012(9) -0.012(7) 0.010(9)
C(83) 0.07(1) 0.10(1) 0.053(9) -0.015(9) -0.019(7) 0.001(8)
C(84) 0.040(8) 0.066(8) 0.064(9) +-0.001(7) -0.009(6) -0.012(7)
B(1) 0.034(6) 0.044(7) 0.048(6) '-0.001(4) 0.007(5)  -0.011(4)
B(2) " 0.038(6) 0..049(6) ©0.051(6) 0.002(4) -0.005('5)' ©-0.011(9)

The general temperature factor expression:

exp(—27r2(a*2U11h2 + b*2U22k2 + C*2U3312 + 2a*0*U2hk + 2a*c*Ushl + 2b*C*U2ék1))

15
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Table 3. Bond Lengths(A4)

atom - atom distance- atom  atom distance
Ru(1) oy - 220 | Ru(1) c@ . 2.20)
Ru(1) c) 2.23(1) ~ Ru(l) C(4) C2929(1)
Ru(l) - C(5) 2.23(1) o . Ru-(l)' | C(6) 2.25(1) -
Ru(l) C(9) 2.18(1) | » Rﬁ(l) - C(10) 2.19(1)
Ru(1) C(11) 2.15(1)  Ru(l) c(12) 2.17(1)
Ru(l)  C(13) 2.21(1) Ru(2) C(19)  2.231)
Ru()  C(20)  223(1) © Ru(2) 2(21) 2.23(1)
Ru® . C(22) 2.19(1) Ru(2)  O(23) 2.23(1)
Ru(2) C(24) 2.23(1) o Ru)  o@) 2.17(1) °
Ru(2) C(28) 2.19(1) - vRu(Q) C(29) 2.18(1)
Ru(2) C(30) 2.20(1) - Ru(2) o6 2.21(2)
O(1) cm 1.21(2) o2 - CO ' 11.30(2)
0(2) C(8) 11.49(2) - 0(3)» ' C(25) 1.19(2)
0(4) C(25) 1.33(2) 0(4) C(28) 1.51(2)
(1) c(2) 1.45(2) | c@) c6) 1.41(2)
cy - om 1.47(2) | c@) c(3) 1.41(2)
c®) C(4) 143(3) oW . o) 1.46(3)
C(5) C(6) 143(2) , C(9) C(10) 1.39(2)
co) C(13) 1.44(2) . 09) o C(14) 1.55(2)
() oy 1.44(2) ¢ C(15) 1.54(2)
c(11) Q(12)' Lo 1.44(2) . cay C(16) 1.54(2)
ca2) c(13) 1.46(2) | caz - o) 1.52(2)
c@3) C(18) 1.49(2) ) C(20) 1.46(2)
c(19) C24)  142(2) ©c9) C(25) 1.44(2)

16
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Table 3. Bond Lengths(4) (continued)

atom atom distance atom atom distance
C(20) c(21) . 141(2) | 3 C(21) - C(22) 1.38(2)'
C(22) C(23) 1.47(2) | ‘C(§3) C(24) 1.44(2)
c@T) cs) 1.48(2) N c@r) c@1) 1.46(2)
c(27) C(32) 1.50(2) C(28) 0(29)' L 143(2)
C(28) C(33) 1.52(2) | c(29) ~  C(30) 1.47(2)
C29) - C(34) 1.51(2) C(30) C(31) 1.40(2)
- c@o) C(35) 152(2) ) | C(36) 15102)
C(37) C(38) 1.41(2) | c(37) 6(42) 1.42(2)
C(37) B(1) 1.65(2) - . C(38) C(39) 1.41(2)
c(39)  C(40) 1.43(2) . cu4o) T Ca) 1.30(2)
- o(a1) C(42) 1.40(2) | C(43) C44) 1.40(2)
C(43) C(48) . | 1.42(2) Cc(43) B(1) | 1.64(2)
C(44) C(45) . 1.44(2) , O C(45) C(46) | 1.35(3)
C4s) O | 1134(3) C@r)  C8) 1.46(2)
c(49) C(50) 1.44(2) | C(49) o4 143(2)
C(49) B(1) 1.67(2) C(5oj 6(51) 1;41(2)
Cc(51) C(52) 1.40(2) c2) OB 142(2)
C(53) C(54) 1.39(2) C(55) cs6) 1.38(2)
C(55) C(60)  141(2) | C(55) B(1) 1.66(2)
C(56) ) ' 1.42(2) | 0(575 C(s8) 1.41(2)
C(58) C(59) 1.39(2) - C(59) C(60) 1.40(2)
C(61) C(62) 1.40(2) c(61) ce6)  141(2)
c(61) B(2) 1.64(2) C(62) - C(63) | 1.44(2)
C(63) - C(64) 1.41(2) o649 C(65) 1.37(2)

17
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* Table 3. Bond Lengths(A) (continued)

atom atom distance © atom atom distance
ces)  C66) . 1422) | C(67) C(68) 1.40(2)
C(é?) c(72) 141(2) | e B(2) 1.66(2)
C(68) C(69) 1.42(2) “ C(69) | c(70) - 1.37(2) -
C(70) c(71) 1.39(2) | G 1.41(2)
C(73) C(74) 1.44(2) cr3)  Cm) 1.44(2)
C(73) B(2) 166(2) C(74) 01(75) 14402)
C(75) C(76) 1.38(3) - C(76) c(77) 1.39(3)
- C(T7) C(T8) . 1.44(2) | C(79) C(80) 1.41(2)
c(19)  C(84) 1.40(2) C(79) B(2) 1.66(2)
C(80) C(8D) ra@ cBly  C(82) 1.36(2)
C(82) - C(83) 1.41(2) - C(83) C(84) 1.43(2)

18
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Table 4. Bond Angles(®)

atom  atom atom angle ‘ atom atom  atom  angle
(1) Ru(l)  C2)  38.2(5) c() Ru(l)  C(3) 68.0(6)
cw Ru() O 021 o) Ru(l) ~ C(5) 66.9(6)
C(1) - Ra(l)  C(6) . 37.00) c)  Ru(l) 9 106.6(5)
c1) Ru(l)  C(10)  122.1(5) | cQ) Ru(l)  CA1)  158.5(5)
cQ) Ru(l)  C(12)  157.1(5) ) Rul) . C(13) 120.8(5)
c@) Ru(l)  C(3) 37.06) C(2)  Ru(l)  C(4) 67.3(7)
CC@  Rul)  CO) 79.8(7) c  Ru(l)  C(6) ~ 68.0(6)
c@) Ru(1) '0(9) 116.6(6) C2)  Ru(l)  C(10)  106.3(6)
C2) _ Ru(l)  COly  1262(6) e | Ru(lj C(12)  164.5(6)
C(2) - Ru(1) C(13) 150.4(5) C(3) ‘Ru(1) C(4) 37.6(7)
c(3) Rul)  C() . 68.3(7) o c(3) Ru(l)  C(6) 80.6(7)
e6) Ru(l)  C(9) 142.7(6) | c(3) Ra()  O(10) 112.4(6)
c(3) Ru(l)  C(1)  106.9(6) c(3) Ru(l)  C(12) - 132.5(5)
C(3) Rul(l) C(13) 171.2(6) | C(4) Ru(1) | C(5) 38.4(7)
C4)  Ru)  C(6) 68.3(8) C(4) Ru(1) C(9) 172.9(7)
C4) Ru()) .'C_(10) 137.3(7) 0 Ru(l)  C(11)  108.9(7)
C(4) Ru(l)  C(12) 11047 C(4) Ru(l)  C(18)  139.7(7)
C(5) Ru(l)  C(6) 37.2(6) ) Ru(l)  C(9) 146.0(7)
C(5) Rul)  G(10) 170.86) C(5) Rul)  C(11)  132.1(6)
c(5) Ru(l)  C(12)  107.9(6) ) Ru(l)  C(13)  114.1(7)
C(6) Ru(l)  C(9) 118.3(6) C(6) Ru(l)  C(10)  151.3(6)
. .C(6) Ru(l)  C(11)  1643(6) C(6) Ru(l)  CO12)  126.3(6)
c(6) - | Ru(1) C(13)  106.5(6) C(9) Ru(1) C(10) 37.2(4)
C(9) Ru(1) C(11) 64.1(4) C(9) Ru(1) C(12) 64.4(5)

19
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Table 4. Bond Angles(®) (continued)

atom atom atom angle " atom atom atom angle
C(9) Ru(l)  C(13)  384(5) C(10) - Ru(l)  C(11)  38.8(4)
C10)  Ru(l)  C(12)  645(5) | C(10)  Ru(l)  C(13)  63.8(5)
C(1)  Ru()) C(12)  38.9(5) C(11)  Ru(l)  C(3)  65.0(5)
C(12) ~ Ru(l)  C(13)  38.9(4) C(19)  ‘Ru(2)  C(0)  38.2(5)
(5(1'9) Ru(2)  C(21) 67.3(5) C(19)  Ru(2) C(Qé) : 79.1(6)
'0(19) Ru(2) - C(23) 67.0(6) C(19) Ru(2)  C(24) 37.2(5)
C(19)  Ru(®)  C@27)  1534(7) -~ C(19) . Ru(2  C(28) - 118.3(7)
C(19) -Ru(2)’ C(29) . 106.9(6) 019 Ru®)  C(30)  127.2(6)
C(19)  Ru(2)  C(31)  163.0(6) C(20) Ru(®  C(21)  36.7(5)
C(20)  Ru@)  C(2))  662(6) C(20)  Ru(2)  C(23)  80.1(6)
C20)  Ru(2) C(24)  68.7(6) C(20) ‘Ru(2) c@r)  1683(7)
C(200  Ru(®)  C(28) . 1465(6) C(20)  Ru(®) - C(29)  114.3(5)
C(20)  Ru2)  C(30)  107.7(5) - C(20)  Ru(®  C(Bl)  129.7(6)
C(21)  Ru®2) 10(22) 36.3(6) C(21)  Ru(?)  C(@23)  68.0(7)
C(2)  Ru(2)  C(4)  80.3(6) C(21)  Ru?)  C@7) 135.7(7)
c2l)  Ru@  C@8) 173.8(7) ©c@l)  Ru@  C(29)  1394(6)
C2l)  Ru®@  C(30)  110.2(6) C(21)  Ru(®  C(3L)  108.9(6)
C(22)  Ru@®@)  C(23)  38.8(6) C(22)  Ru@)  C(24)  68.9(7)
C(22)  Ru(®)  C@27)  112.0(8) ©C(22)  Ru(2)  C(28)  144.6(7)
C(22)  Ru(2) . C(29)  171.0(7) () Ru@  C(30)  13L7(Y)
C(22) Ru(2) C(31) 108.0(7) o C(23) Ru(2)  C(24) 37.8(5)
0(23). . Ru(2) C(27)  105.9(6) 0(23j Ru(2) C(28) 116.1(6)
© C(23)  Ru(®)  C(29)  149.5(7) C(23)  Ru(2)  C(30)  164.8(7)
C(23)  Ru@)  CGl)  182(1) C(24) . Ru(®  C(27) 122.2(6’)

20
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Table 4. Bond Angles(®) (continued)

atom
C(24)
C(24)
Cc(27)
C(27)
C(28)
_0(28)
C(29)
C(7)

Ru(1)

Ru(1) .

C(2)
Ru(1)
C(1)

Ru(1)

Ru(i) ‘

C(3)
Ru(1)
Ru(1)

o)

Ru(1)
Ru(1)
C(10)

Ru(1)

o@) -

atom

Ru(2)

Ru(2) ‘

 Ru(2)

Ru(2)

Ru(2)

Ru(2)
Ru(2)
0(2)
c(1)
C(1)

c(1)

c@)

C(2)
C@3)

C(4)

atom

C(28)

'(:(30)

C(28)
C(30)
C(29)
C(31)
c(31)
C(8)
c(2)
c(7)

c(7)

(1)

angle
105.3(6)

157.1(7)

39.8(6)

64.2(5)
38.3(5)
64.9(6)
64.4(6)
122(1)
71.7(8)
125(1)
119(1)

70.1(8).

119¢1)

71.0(8)
71.4(8)
119(1)
72.2(10)
69.5(3)

118(1)

- 123(2)

71.5(7)

127.2(9)

126(1)

71.3(7)

21

atom

~ C(24)

C(24)
c(27)
C(27)
C(28)
C(29)
C(30)

C(25)

Ru(1) '
c@

- C(6)

Ru(1)
Ru(1)
c@)
Ru(1)
Ru(1)
C(4)

Ru(1)
o(1)

0(2)

Ru(1)

C(10)

C(13)

Ru(1)

c(s)
C(6)
()
(7
c(9)
C(9)
(9)

C(10)

atom
C(29)
c(31)
C(29)
c(31)
C(30)
C(30)
c(31)

C(26)

C(6)

C(6)

o

C(3)
C(2)
C(4)
C(5)
C(4)
C(6)
C(5)
0(2)
C(1)
C(13)
C(13)

C(14)

ca1)

angle

119.9(6)

159.6(6)

65.5(6)
38.8(6)
64.5(5)
39.4(5)
37.0(6)
121(1)
73.5(9)
121(1)
118(1)
71.9(9)
TL1(8)
119(1)
71.0(9)
701(8)
120(1)
70.7(9)
119(2)
116(1)
717(8)
109(1)
123(1)

69.47)
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Table 4. Bond Angles(®) (continued)

atom atom atom angle atom atom atom angle
Ru(1) c':(m)' C(15) 124.0(9) - C(9) C(10) C(11)  108(1)
- C(9) c(lo)  C@s)  127(2) Ccay  coy  cis)  123(1)
Ru(1) C(lll)  cao) 71.8(7) Ru(1) C(11) C(12) 71.2(7)
Ru(l)  C(11) C(16) V127.4(10)r Cc(10)  C(1) C(12) 107(1)
co)  cy  ©@e) 1251 ci2  cuny  cae)  126(1)
Ra(l)  C(12)  C(1)  69.9(7) Ru(l)  C(12)  C(13)  71.9(9)
Ru(l) C(12)  ©a7  129.0(1) CQl) €12  C(13)  107(1)
oy cpn ocan s e cay o ooun o 1261)
Rul)  C(13)  C(O)  699(8) Ru(l)  CU3)  CU2)  69.%(8)
C Ru(l)  C(13)  C(8)  129(1) C(9) cas) o2 106(1)
C(9) C(13) C(18) 127(1)  C(12) Cc(13)  C(18) 126(1)
Ru®  CO9)  C@0)  T0.9(T) Ru(2)  C(19) - C(24)  TL5(8)
Ru2)  C(19) s 195(1) : c@o)  ©cae)  C@4)  121(1)
C(0)  C(19)  G(25) 118(1) C(24)  C(19)  C©@25)  119(1)
Ru(2) C(20) C(19) 70.9(7) Ru(2) C(20) c(21) 71.7(8)
() 0(205 c@l)  119(1) C Re@  C@y  Cc@0)  T16(7)
Ru(2)  C(l)  C@22)  704(9) c0)  C(21)  C@2)  1200)
Ru(2) - C(22) Cc(21).  73.3(8) - Ru(2) C(22) C(23)  71.9(8)
cl)  C(22)  C(@3) 1221 | Ru(2)  C(23)  C(22)  693(8)
Ru2)  C(3)  C(24) 719 C(22)  C(23)  C(4  118(1)
Ra2)  C(24)  CU9)  T13(8) Ru@) G4 CE3) . TLi0)
C(19) © C(24) . C(23)  118(1) 0(3) c@) oW 122(1)
0(3) c(s) c9)  123(1) . o@ c25)  CU9)  114(1)
Ru(2)  C(27)  C(28)  70.9(9)  Ru®  CE@n OB T2.28)

22
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Table 4. Bond Angles(®) (continued)

atom atom atom angle ' atom - atom atom angle
Ru(2) . 0(2%) C(32) 126(1) C(28) c(27) C(31) 106(1) -
ce8)  cEn @) 125(1) cBy  cen  CE) 127
Ru(2)  C(28)  C(21)  69.3(9) | Ru(2)  C(28) c‘(zg.) 70.4(7)
Ru(2) C(28) '0(33) | 126(1) L CeE C(28) C(29) 107(1)
C(27) i c8)  cE)  1211) C(29) C(28)'. C(33)  125(1)
Ru(2)v C(29) Ce8)  T13(8) Ru(?)  C(29)  C(30) 71.0(7)
Ru(?)  C(29)  C(34) 126(1) C(28)  C(29)  C@30)  107(1)
C(28) . C(29) C(34) 126(1) 0(3'0). - C(29) C(34) | 126(1)
Ru()  C(30)  C(20)  69.7(7) Ru(2)  C(30) '0(31) 72.009)
Ru(2) C(30) C(35) 126.9(8) C(29) C(30) C(31) 109(1)
.0(29) C(30) C(35) 126(1) BN TE3Y) C(30) = C(35) 123(1)
Ru(2) C(31)  C@27)  69.0(9) Ru(2)  C(31)  C@30)  T10(8)
Ru2)  C(81)  C(36) 124(1) | C(27)  C(31)  C(30)  108(1)
C(27) C(31) - C(36) 123(1) C(30) C(31) c-(36) 127(1)
C(38) €37 C42) 118(1) . C(3®)  CBT B 12001
C42)  CBn B  121(1) - S C37)  C(38)  C(39)  120(1)
C(38)  C(39)  C(40) 119(1) C(39)  C0)  C(41)  120(1)
C(40)  C(41)  C(42) 118(1) , C(37T)  C42)  C(41)  122(1)
C44)  C(43) | C(48) 118(1) C(44)  C@43)  B(1) 122(1)
C(48)  C(43) B(1)- 119(1) C(43) C(44)  C(45) 120(1)
C(44)  C(45)  C(6)  119(1) C ces)  c4e)  Can 121(1)
C(46)  C@7)  C(48) 122(1) C(43) 'C(48)  CMHT)  117(1)
C(30)  C(49)  C(54) 117(1) - C(50)  C49)  B(1) 119(1)
oG4 (9 B 121(1) c(49)  C(BO)  C(1) >1‘18(1)

23




© 1999 American Chemical Society, Organometallics, Morisaki om990533k Supporting Info Page 23

Table 4. Bond Angles(°) (continued)

atom atom " atom angle atom - atom atom angle
C(50) C(1)  C(52) 121(1) '0(51) C(52) C(53) - i20(1)
C(2)  C(83)  C(54)  118(1) C(49)  C(B4)  C(B3)  123(1)
C(56)  C(55)  C(60)  116(1) oG6)  C(5) B 123(1‘)
c60)  C(5)  B() o) CE) O8O 122
C(56) C(57) C(58) 119(1) o7 C(s8)  C(59) 118(1)
C(58) C(59) C(60)  120(1) , C(55) C(60).  C(59) 12i(1)
C(62)  C(B1)  C(66) 1) | C(62) ~ C(61)  B(2) 120(1)
C(66)  C(61)  B(2) 121(1) C(61)  C(62)  C(63) 121(1j
C(62) | C(63)  C(64) - 119(1) C(63)  C(64)  ©(65)  119(1)
C(64) | C(65) | C(66)  121(1) . 0(6'1) C(66) C(65) 120(1)
oEs8) (1) Cmy)  118(1) | C(68)  C(67)  B(2) | 119(1)
c(12)  C(67) B(2)  122(1) C(67)  C(68) | c(sg) | 119(1)
C6s)  o@9)  C@oy  123(1) CC(69)  c(mo)  c@y 1191
C(70) C(71) C(72) 119(1) : C(67) C(72) C(71) 121(1)
C(74)  C() o) 118(1) | C(14)  C(3) B  121(1)
c8)y  C(13) BEQ) 119(1) C(73)  C(T4)  C(T5)  118(1)
C(74) C(75) C(76) 121(1) . C(75)  C(76) c(77) 12i(1)
ce)  Cr)y CE) 1) c@3)  cEs)  Ccary 120(1)
C(80) C(79)  C(84) 11(%('1)' ‘ C(80) C(79) B(2) 122(1)
C(84)  C(19)  B(2) 120(1) | c(r9)  C80) o1y 19%(1)
C(80)  C(81)  C(8) 191 . - C@l)  C(82)  CB3)  120(1)
0(82) 0(83)  C(84) 118(1) C(79) C(84) G(83) | 121(1) |
Cc(37)  B(L) C(43) - 113.4(10) cG37) B C9)  113.1(10)
C(37) B(1) | C(55) 103.9(9) C(43) B(1) C(49) 104.3(9)
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Table 4. Bond Angles(°) (continued)

atom atom atom angle atom " atom atom angle
c@43) - B(1) C(55) 111(1) . C@49) B C(55) 110(1)
C(61)  B(2) C(67) 114(1) ~C(61) B2 C(T3)  111(1)
'0(61) B(2) C(79) 102.9(8) C(67) B(2) C(73) 105.0(8)
 C(6T) B C(79) 111(2) | C(%3) B(2) C(79) 111(1)

25
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Table 5. Torsion Angles(®)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
Ru(l) C(1) C@2) . CB)  -53(1) Ru(l) C(1) C6) OB 52(1)
Ru) C1)  C) O  99(2) Ru(l) C(1) CT) 0@  -792)
Ru() C() CO) O  56) | Ro(l) C(2) C1) C@  -12000)
Ru(l) ©@) O@) @) 531 Ra() C@)  C@) o) s
Ru1) C@3) C@) C(6)  -54(1)  Ru) C(® CE  CE  53()
Rul) C@) C() C6)  -541)  Ra(l) C(6) C4) CB)  54(1)
Rul) CB)  O(6) C(1)  -52(1) Ru(l) C(6) CO1) C@  -55(1)
Ra(l) C6) C() C(7) 1211 R C6)  C6) @) 53
Ra()  C(®)  C(10) C1)  507®)  Rul) CO) C10) C(15) -119(1)
Ru(l) C(9) C(i3) C(12)  -60.0(10) Ru(l) C(O) C@3) C(18)  124(1)
Rul) ©10) CO) C(13) -6179)  Ra(l) CU0) C@ C14)  122(1)
CRa(l) C(10) C(1l) C(12)  62.6(8) Rul) C(10) C(11) C(16) -123(1)
CRa(l)  C(11)  C(10) VC(.;)) . -60.8(8) Ru(l) C(11) C(10) C(15)  117(1)
Rul) C(11) C(12) CO3)  62.3(10) Ru(l) CO1) C(12) CO7) -124(1)
Ru(l) C2) C(11) C(10)  -63.0(8) Ru(l) C(12) C(l) C(16)  123(1)
Ru(l) C(12) C(13) - C(9)  60.5(9) Ru(l) C(12) "C(13) C(18) = -124(1)
Ru(l) C(13) C(9) C(10)  61.6%9) Ru(l) C(13) C(©) C@4) -122(1)
Ru(l) CI3) C(12) C(11)  -61.0(9) Ru(l) C(13) C(12) ©U7)  125(1)
Ru2) C19) CR0) C(21)  -54(1) Ru®  CU9) C4)  CG3) 55
Ru(®) G(19) C@5) O@)  9(2)  Ru®) C(19) C@5) O@)  -90(1)
Ru()  C(20). cas) cee s Ru(2) C(20) C(19) C(25) -120(1)
Ru C@0) O@1)  C22)  -5a(1) Ru® CE1)  CR0) C19) 54
R @ @) oy -5 Ru2) C(22) C@) C@0)  53(1)
Ru2) C(22) ©@3) C20) -53(1) Ru(2) C(23) C(22) C@1)  55(1)

26
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Table 5. Torsion Angles(®) (continued)

‘atom  atom  atom  atom | angle atom  atom ~ atom  atom  angle
Ru(2) C(23) C(24) - C(19)  -55(1) | Ru(2)  C(24) | C(19) C(20)  -52(1)
Ru(2) C(24) C(19) C(25)  121(1) Ru(2) C(24) C(23) C(22)  52(1)
Ru(2) ~ C(27) C(28) C(29) 60(1) Ru(2)v C(27) C(28) C(33) -121(1)
Ru(2) C(27) -C(31) C(30)  -60(1) S Ru(2) C@N)  C(BL)  C(36)  118(1)
Ru() C(28) C@7) C(B1 -63(1)  Ru@ C@) C@) C(E2) 1211
Ru(2) C(28) C(29) C(30)  62.2(9) Ru(2) C(28) C(29) 0(34)' “ .'121(1)
Ru(2) C(29) C(28) C(27)  -59(1) . Ru(2) C(29) C(28) C(33) 121(1)
Ru(2) C(29) C(30) C(31)  615(9) Ru(2) C(29) C(30) C(35) -121(1) |
Ru(2) C(30) C(29) C(28)  -62.4(9) Ru(2) C(30) C(29) C(34) 121(1)
Ru(2) C(30) C@31) C@7)  58(1) Ru(2) C(30) C(31) C(36) -119(1)
Ru(2) C(31) C(27) C(28)  62(1) Ru(2) . C(31) C(27) 0(32). -122(1)
Ru(2) C(31) ©(30) C(29)  -60.0(8) Ru(z) C(31) C(30) C(35)  122(1)
o®1) (7 0(2) C(8) 03 0O(1) C(7) C(1) C2)  -172(1)
o) Cm  C1 . CE 10(2) 02 ¢ >C(1) c(2) 8(2)
0(2) C(M C() C6)  -168(1) 0(3)  C(25) O@4)  C(26) 0_(2)‘
0(3) C(25) C(19) C(20)  178(1). o 0(3) C(25) C(19) C(24) 4(2)
O(4) - C(25) C(19) C(20)  -3(2) O(4) C(25) C(19) C(24) -177(1)
G Ru(l) C(2)  C(®)  132(1) c(1) .Ru(l) c(3) | c@)  -29(1)
C(1l) Ru(l) C@B) CH@ 1021 C(1)  Ru(l) C(4) C(3)  -66(1)
C(1)  Ru(l) C@)  C(5) 65(1) o)  Ra1) CGB) C4) -103(1)
C(1)  Ru(l) C(B)  C(6) 29.1(10) C(1)  Ru(l) C(6) = CG) .-'132(1) |
T C(l)  Ru(l)  C()  C0)  121.7(8) C(1) Ru(l) C(®  CU13) -119.0(8)
C(1) Ru(l) C(9)  C(14) o) - C(1)  Ru(l) CU0) C(9)  -74.3(9)
C(1)  Ru(l) . C(10) C(11)  166.6(7) C(1)  Ru(1) c(10) " C(15) 49(1)
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~ Table 5. Torsion Angles(°) (continued)

atom
cw
cw
)
c)
c
cw
cw
o)
cQ)

o(1)

- c)

C(1)
C(1)

C(1)

o)

C(2)
- C(2)
C(2)
C(2)
c(2)
C(2)
C(2)
C(2)

C(2)

atom

. Ru(1)

Ru(1)

Ru(1)

Ru(1l) .

Ru(1)
C(2)

C(2)

atom

c(11) -

C(11)

c(12)

C(13)
(:(13)
Ru(1)
Ru(1)
Ru(1)

Ru(1)

C(3)

Ru(1)
Ru(1)
Ru(1)
Ru(1)
C(5)

c)

C(3)
C(4)
C(5)
c)-
c(9)
C(10)
c(11)

C(11)

atom

C(10)

L C(16)°

C(13)
C(9)
C(18)

C(4)

. C(6)

C(10)
C(12)

C(4)

- C(3)

C(5)

C(10).

C(12)

C(4)

c(6)

C(4)

C(5)

C(6)

c(10)
C(14)
c(y)
C(10)

C(16)

" angle

821

89(1)

33(1)

77.4(10)

-44(1)
-103(1)

. -28‘.6(1(.))

121.6(9)

172(1)
0(2)
65(1)
132(1)
-54(1)
-157.5(9)
1(2)
-132(1)
132(1)
102(1)
66(1)
81.9(9)

-39(1)

128.2(8)

-69.2(9)

52(1)

28

atom
c(11)
C(12)
C(12)
(3(135
Ru(1)
Ru(1)
Ru(1)

Ru(1)

Ru(l)h

Ru(1)
Ru(1)
Ru(1)
Ru(1)

Ru(1)

0@

C(1)

(9

C(5)
c(6)
C(9)
C(10)
C(10)
C(11)

C(12)

- atom
C(12)
T o(11)
o(17)
C(12)
C(3)
C(5)
C(9)
C(11)
C(13)
C(2)
C(4)
C(9)
C(11)
C(13)
(8)
C(7)
C(3)
C(4)
C(5)
‘ C(1.3)

Cc©O)

C(15)

c(12)

C(11)

angle
-148(1) -
150(1)
-88(1)
165.5(8)
-132(1)
65(1)
83(1)
159.2(8)
56(1)
20.5(10)
102(1)
79(1)
-174(1)
-119.6(10)
1178(1)
114(1)
28(1)
-66(1)

-102(1)

-158.8(7)

-112.8(8)
10(1)
174.2(8)

172)
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Table 5. Torsion Aﬁgles(°) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
S C( CRa(l)  C(12) - c(13)  -135(2) C(2) Ru(l) CU2) COT)  1022)
C(2) Ru(l) C(3) C@O)  40(1) C@)  Ru() O3 CU2 1571
C2) Ra(l) CO3) C(8) 8L €@ o) R CB)  28()
C(2) C(1) Ru(l) C(4) | 65(15 R C(2 C1) Rul) C() 103(1)
c@ C() Ru(l) C6)  132(1) | c@ c.(1) Ru(l) C(9)  -112.2(10)
c@2 Q) | Ru(l) C(10)  -74(1) c(2) C() Ru(l) CQAL)  -5L1)
o) C) Ru(l) C(12) -175(1) C(2) C(1) Ru(l) C@3)  -1515(9)
c@)  Cca) - )  CB) -2 C(?) CB)  Rul) CE)  -1320)
c2 C(3) Ru(l) CE)  -102(1) )  CE  Rul) CE) -6
C() CB) Ru(l) C(O) 59(1) c(2) C(B) Ru(l) C(10)  87(1)
C(® CB)  Ru(l) Coan) 1981 C(?) C(B)  Rul) C(12) 162(1)
C2) C@) Ru(l) C(13)  150(3) C(2) CB) C@  CG) 02
c(3) Ru(l) C() C©6)  -104(1) c3)  Ru(l) C(1) CT)  142(1)
c(3) Ru(l) C@) CG)  131(1) C3) Ru(l) C(B) CH)  -29(1)
| c(3) Ru(1) C()  C®6)  103(1) C(3) Ru(l) C®6) C»B)  -66(1)
c@3)  Ru(l) C©O) C(10)  46(1) @3 Ru(l) C(9) C©(13)  165.7(10).
c3) Ru(l) €O  C(14)  -15(1) C(3)  Ru(l) C(10) C@O)  -151.6(3)
C(3)  Ru(l) C(10) c(1l)  89.3(8) C(3)  Ru(l) C(10) C(15) -’27(1)
C(3)  Ru(l) C(11) - C(10) -105.0(3) ©C(3 Ru(l) C(l) C(12)  1385(9)
C(3) Ru(l) C(1) C@a6) - 16(1) Cc3) Ru(l) C©(12) ©(11)  -59(1)
C(3)  Ru(l) C(12) C(13) -177() | C(3) - Ru(l) €O Cun  60(1)
C(3)  Ru(l) C(i3) c9) -10204) . CE)  Ra() C(13) CU2) 14
C3) Ru(l) G(13) C18) - 135(4) CB3) O® Rul) C@) 2901
cE) . @) Ra(l) OG)  67(1) c@) C@ Ru(l) C@6)  104(1)
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atom
cE)
C@3)
C(3)
C(3)
C(3)

C(3)

C@3)

C@3)

C(4)

C(4)

o)

C(4)
C(4)
C(4)
C(4)

C(4)

C(4)

C(4)
C(4)
C(4)
C(4)
C(4)
C(4)

C(4)

atom-

C(2)

c2)

C(2)
C(2)
C(4)
C(4)
C(4)
C(4)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
c(3)
C(3)
C(3)

C(3)

- C(5)

atom

Ru(1) '-

Ru(1)
Ru(1)
C(1) '

Ru(l)

Ru(1)
Ru(1)
C(5)
C(1)

C(6)

co)

C(10)
C(10)
C(11)
C(12)
C(12)
C(13)
Ru(1)
Ru(1)

Ru(1)

~ Ru(1)

Ru(1)
Ru(1)

Ru(1)

atom

(9)

c(11)
C(13)
c(7)
C(6)
C(10)
c(12)
C(6)

(1)

<)

C(13)

C(9)

C(15)

c(12)

c(11)

c(17)

caz)

()

C(9)
C(11)

C(13)

C(9)

ci)

c(13)

Table 5. Torsion Angles(°) (continued)

angle
144(1)
-68(1)
-171(1)
-1%4(15
-103(1)
60(1)
134(1)
02)
179(1)
-29(1)
78(5)
'173,2(10)
-63(1) |
98.9(9)
-95.4(10)
24(1)
-52(1)
20(1)

-168(1)

©-99(1)

277(4)
170(1)
64(1)

141(1)

.30

atom
C(3)

c(3)

)

c(3)
C@®)

c(3)

c@)

C(4)
o)
)
()
C(4)
C(4)
C(4)
()
C(4)
C(4)
C(4)

C(4)

c

c)
c)
c®)
c(5)

atom
C(2)
C(2)
C(2)
C(4)
C(4)
C(4)
C(4)
Ru(1)
Ru(1)
Ru(1)

Ru(1)

~ Ru(l)

Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)

C@3)

@)

C@3)
C(5)
C(5)

C(5)

"Ru(1)

atom
Ru(1)
Ru(1)
cy
Ru(1)
Ru(1)
Ru(1)
Ru(1)
c(1)
C(5)
c(9)
0(9)>

C(10)

ca1)

C(11)

C(12)

c(13)

c(13)

Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)
Ru(1)

C(1)

atom
C(iO)
C(12)
C(6)
C(5)
c(9)

C(11)

C(13)

- C(6)

C(6)
C(10)

" C14)

c(11)
C(10)
C(16)
C(13)
C(9)

C(18)

c(6)

C(10)
C(12)
a(6)

C(10)
c(12)

C(6)

angle
-105(1)
-54(2)
2(2)
-131(1)
96(5)
93(1)
166(1)
-66(1)
132(1)
-40(5)
-162(5)
54(1)
-144.5(8)
-22(1)
146(1)
-169(1)
68(1) |
66(1)
-140(1)
-64(1)
-132(1)

66(4)

£ 100(1)

-29(1)
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Table 5. Torsion Anglés(°) (continued)

atom  atom  atom . atom  angle atom  atom  atom  atom  angle
C(5) Ru(l) C() . CT)  -142(1) o)  Ru(l) C©©  C10) -165(1)
C()  Ru(l) CO) C(13)  -45(1) C() Ru(l) C@O) C(14  13()

C() - Ru(l) C(10) CO)  116(4) C5) Ru(l) C@0) C1L)  -24)
cG) Ru(l) . C(10) C(5)  -120(4) C()  Ru(l) C(11) C0)  179.4(9)
C(5)  Ru(l) C(1) C12)  621) C(5)  Ra(l) C(1) C(6)  -58(1) |
CG)  Ru(l). C(12) C(11) -136..0(9) CG) Ru(l) C(12) C@A3)  106(1)
O) Ru(l) C(12) ©Q7)  -15(1) C(5) Ru(l) C(13) C(9)  153.9(9)
C() -~ Ru(l) C(13) C(12)  -89(1) C(6) Ru() C(13) C(8) ()
C5) O Ra() C6)  28(1) o) W) Ra(l) CO)  -131(5)
C(5) C(4) Ru(l) C(10)  -167.6(9) C(5) - C(4) Ru(l) C(11)  -135(1)

| c:(s) C#)  Ru(l) ca2) 931 CG)  C(4)  Ru(l) C13)  -61(1)
CG) ) Ru(l) C9)  148(1) C() C(6) Ru(l) C(10)  173(1)
C)  C(6) Ru(l) . COl) 532 ~C(B)  C6) Ru() CU2)  70)
C(5) C(6) Ru(l) C(13)  108(1) C(G)  C() C(1) -C  174(1)
C6) Ru(l) C(L) C1)  -113(1) C(6) Ru(l) C@©9)  C(10)  159.9(8)
C(6) Rul) C(O) C(13) -80.8(9) C6)  Rul) CO) CO4)  38(1)
C(6)  Ru(l) C(10) C(9) -39(1) C(6)  Ru(l) C(10) ~C(11) -158(1)
C6) Ru() CU0) C(15)  84(1) C6)  Ra(l) OO CU0)  138(2)
C(6) . Ru(l) C@11) €12  212) CC(6)  Ru(l) C1)  C(16) . -99(2)
G6) Rua(l) C(12) CQL)  -17280) o)  Ru(l) CU2) C33)  69(1)
C(6) Ru(l) C(12) CA7)  -52(1) | C(6)  Ru(l) C(13) C(9) 115.0(9)
C(6) Ra(l) C(13) C(2) -128.0(10) C(6) Ru(l) C(13) C(18)  -7(1)
c6) C(1)  Rul) €O  115(1) CE) O  Ru(l) C10) 1521
c6) C(1) Rul) C(1)  1751) o6 o) Ru(l) C(12)  52(1)
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~ Table 5. Torsion Angles(®) (continued)

atom  atom - atom  atom  angle - atom  atom  atom  atom  angle
C(6)  C(1) - Ru()) - C(13)  T5(1) C6) C(B) Ru(l) C@O)  -56(1)
C(6) C() Ru(l) C(10) -160(3) ce6) o) Ru(i) C(11)  -163.0(9)
C(6) C() Ru(l) C(12) -127(1) ©C(6)  C(5) Ru(l) C(3)  -85(1)
o C()  Ru(l) C(9) 1(1) C(7)  C(1)  Ru(l) C(10)  39(1)
C(m  C€1) Rua(l) C(11)  62(2) _’ C(7) c(1) Ru(l) C(12) - -61(2)
C(7) C(1) Ru(1) C@13)  -37(1) C(9) Ru(l) C(10) C(11) -119(1)
C(9 .. Ru(l) C(10) C@5 123(1)  C@O Ru(l) C@Al) C10)  36.0(7)
C(9)  Ru(l) C(11) C(12)  -80.6(8) C(9  Ru(l) C(11) C(16) 157(1)
C(9  Ru(l) C(12) €1 79.7(8) | C(9) Ru(l) C(12) C(13)  -37.9(9)
C(9)  Ru(l) C(12) C(17)  -160(1) C(9  Ru(l) C(13) C(12) 117(1)
C9)  Ru(l) C(3) C(18) -122(1) . C(9)  C(10) Ru(l) C(11)  119(1) |
- GO C(10)  Ru(l) CO2) 80.6(8) . C(® . C(10) Ru(1) C(13) 37.1(7)
C(9)  C(0) C(11) C(12) 1(1) ; C(9) | C(iO) C(11)  C(16)  175(1)
C(9)  C(13) Ru(l) C(10)  -36.0(7) C(9) _ C(13) Ru(l) ' C(11)  -79.1(8)
C(9)  C(13) Ru(l) C€(12) -U7(L) - CEO) | C(13) C(12) €11 o)
C(9) CU13) C(12) €A -173(1)‘ | C(10) Ru(l) C(9) C@13)  119(1)
C(10) Ru() C(9)  C(14) -l21(1) C10) Rul) G(1) c©@2)  -1161)
C(10) Ru(l) COl) C(6)  121(1) C(10) Ru(l) C(12) CQ11) 58.3(7)
C(10) Rul) C(12) C(13) -79.3(10). C(10) Ru(l) C(12) CU7)  158(1)
C(10) Ru(l) C(13) C(12) 81.1(9) C(10) - Ru(l) C(13) C(18) -158(1)
C(10) C(9)  Ru(l) C(11)  -37.5(7) C(10) C(9)  Ru(l) C(12)  -80.9(8)
C(10) C(9  Ru(l) C@13)  -119(1) ©C10)  C(9) (3 C(12) 1)
C0) CO) CU3) CI8) -173(1) c10) C(11) Ru(l) CO2)  116(1)
C(10)  ¢(11) Ru(l). C(13) 1878  C(10)  C(11) 0(112) 6(13) o)
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Table 5. Torsion Angles(®) (continued)

atom
C(10)
c(11)
C(11)
c(11)
C(11)
C(11)
C(11)
C(12)
C(12)
C(12)
C(12)
C(13)
C(13)
C(13)
(14

C(15)

carn

C(19)
C(19)

c(19)

C(19)

C(19)

C(19)

C(19)

atom
C(11)
Ru(1)

Ru(1)

Ru(1)

C(10)
C(10)
C(12)

Ru(1)

Ru(1):

Ru(1)
C(11)
Ru(1)
Ru(1)
C(9)

C(9)

C(10)
C(12)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)

Ru(2)

atom

c(12) -

C(9)

c(12)

C(13)

»Ru>(l)

C(9)

Ru(1)

‘ c(9)

C(10)

C(13)

C(10)
C(9)

c(11)

© C(10)

- cao)

c(11)
c(13)

c(21)

C(22)
C(23)

C(24)

C(27)
C(28)

C(28)

atom
can
C(14)
c(13)
c(12)
c(12)
c(13)
C(13)
c(13)

C(15)

C(18)

c(15)

C(14)

c(16) -

C(15)

C(15)

C(16)

C(18)

- C(20)

C(21)

C(22)

C(23) |

C(31)
)

C(33)

angle
172(1)
-159(1)
-117(1)
37.9(8) -
-38.5(7)
-2(1)
117(1)
38.4(8)
~155(1):
120(1)
-179(1)
119(1)
-159(1)
179(1)
3(2)
-5(2)
1(2)
-30(1)
+-66(1)
-101(1)
-130(1)

157(1)

©-160.2(10)

-38(1)

atom

- cQ)

c(11)
C(11)
C(11)
C(11)
C(11)
C(11)
C(12)
C(12)
C(12)

Cc(12)

c@as)

c(13)
C(13)
C(14)
C(16)
C(19)
c(19)
C(19)
C(19)

- C19)

c(19)
C(19)

C(19)

atom
Ru(1)
Ru(1)
Ru(1)
Ru(1)
C(10)
C(10)
C(12)
Ru(1)
ftﬁ(l)
C(11)
C(13)
I{u(l)
Ru(1)
C(12)
C(9)

c(11)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)

Ru(2)

atom
C(9)

C(10)

C(12)

C(13)

Ru(1) |

C(9) .
C(13)
C(9)

()
Ru(1)

C(9)

C(10):

C(12)

c(11)

C(13)
C(12)

C(20)

)

C(22)
C(23)
C(27)

c(27)

C(28)

C(29)

atom

c(13)

C(15)

c(17)

C(18)

C(13)
C(14)
c(18)
C(14)
C(16)
c(13)
C(14)
c(15)
a()
C(16)
C(18)
c(17)
c(21)
C(22)
C(23)

C(24)

C(28)

C(32)
C(29)

C(28)

angle
81.8(9)
117(1)
120(1)
158(1)
-81.9(8)
-177(1)
174(1)
157(1)
-121(1)

-37.9(8)

C176(1)

160(1)
-122(1)
-174(1)

2(2)

1(2)

131(1)

102(1)

| 66(1)

30.2(9)

a(1)

-78(2)

81(1)

~114(1)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom angle -
C(19) Ru@2) C(29) - C(30) 128.8(8)' C(19) Ru®) C(29) C(34) 700
C(19) Ru(2) C(@30) C(29)  -69.5(9) C(19) Ru(2) C(B30) C@l)  171.2(9)
C(19) Ru(2) C(30) C(35)  51(1) ©C(19)  Ru(2) C(B1) C@7)  -144(1)
C(19) Ru2) OB  CGO) -242) C(19) Ru(?) C(31) C(36)  98(2)
C(19) C(20) Ru(2) C(21) -131(1) C(19) C(20) Ru(® C(22) -103(1)
C(19) C(20) Ru(2) C(23)  -65.1(10) C(19) C(20) Ru(2) 6(24) -27.6(9)
C(19) C(20) Ru® C@7) 178 C(19) C@0) Ru@) C@8) 571
c9) C(20) Ru(2) C(29)  86.6(10) C(19) C(20) Ru(2) C(30)  128.4(9)
C(19) C(20) Ru(2) - C(31)  162.8(9) C(19)  C(20) 'C(évl_)- C(22) 1(2)
C(19) C(24) Ru(2) C(20)  28.3(9) C(19) C(24) Ru(2) C(21)  64.4(10)
C19) C(24) Ru() C(22)  100(1) c@19) 6(24') Ru@  O(3) 130(1)
C(19) C(24) Ru® CE7) -1566(10)  C19) C(24) Ru@) C(28) -116.8(10)
C(19)  C(24) Ru(2)‘ C(29)  -78(1) C(.19) C(24) Ru(2) C(30)  -56(1)
C(19) C(24) Ru®2) C(31) -175(1) C(19)  C(24) 6(23) C22) - 22
C(19) C(25) O(4)  C(26) -178(1) C(20) Ru(2) C(19) C(24) -134(1)
C(20) Ru(2) C(19) C(25)  112(1) C(20) Ru(2 C(21) C(22)  133(1)
Ceo)  Ru@) C(22) C(1)  -28(1) C(20) Ru(2) C(22) C(23)  104(1)
C(20) Ru(2) C(23) C(22) -64(1) C(20)  Ru(2) 0(23j C(24)  67.8(10)
C(20) Ru(2) C(24) C(23) -101(1) C(20) Ru(2) C(27) C(28)  -128(2)
C(20) Ru2) C(27) 6(31,) -12(3) . C(20)  Ru(®) C@7) C(32)  1102)
C(20) Ru(2) C(28) C(21)  163(1) C(20) Ru(2) - C(28) CR9)  44(1)

©C(20)  Ru(2) C(28) C(33)  -75(1) C(20) Ru(2) C(29) C(28) -154(1)

| C(2oj Ru(2) C(29) C(30)  88.6(9) C(20) Ru(2) C(29) C(34)  -33(1)
C(20) Ru(2) C(30) C(29) ~-107.0(8) 0(26) Ru(2)  C(30) 6(31) 133.7(9)

34
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7

Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
C(20) Ru(2) C@30) . C(35)  14(1) C20) Ru@ OB CEn 1761
C(20) Ru@ OBl C(30)  -63(1) C(20) Ru() C(Bl) C@36)  59(1)
C(20) C19) Ru® C(21)  20.1(9) C(20) CA9) Ru(2) C(22)  65.1(9)
C20) C(19) Ru@ C(23)  103(1) C(20) C(19) -Ru@) C(24)  134(1)
C(20)  C(19)  Ru(2) oen)  -176(1) C(20)  C(19) Ru(2) C(28) -147.9(9)
C(20) C(19) Ru(2) C(29) -108.1(9) C(20) C(19) Ru®@ C(30)  -69(1)
Cceo) o) - Ru(2) C(1)  -51(2) C(ﬁO)v C(19) C24) C(3) 22
C(20) "C(21) Ru(?) C(22) -133(1) C(20) C(21) Ru(® C@23) -103(1)
C(20) C(1) Ru®) C(24) -66(1)  C20) CEL Ru(2) C7)  166.1(10)
C(20) C(21) Ru(?) ©(28)  124(5) C(20) . C(21) Ru®@ C@29)  59(1)
C20) C(21) Ru(®) CB30)  92(1) C(20) C(21) Ru®@ C(3L)  132(1)
co) cen cey  oEy) @) C(21) Ru(2) C(19) C(29) -10()
C(21) Ru(2) C(19) C(25)  141(1) C(21) Ru(®) C(22) ©@3)  133(1)
C(21) Ra(2) C(23) C(22)  -27.9(10) C(21) Ru(é) C(23) C(24)  103(1)
Cl) Ru@®) C@Y  C(2)  -65(1) cean) Ru() C@27) C(28) -173(1)
C2l) Ra®) C@) CGB) 1) CED  Ru® 0@ CG3Y)  652)
Cel)  Ra®) €8 CEN  46(6) Cel  Ru@) O@8) CE9)  -T1(6)
C(21) Ru@ C@8) C@33)  167(5) Cl) Ru@)  O@9) c@8)  170(1)
C21) Ru(2) C(29) CB30)  54(1) C(21) Ru(2) C(29) C(34) -67(1)
C@2l) Ru(®) C(30) ©(29) -14588)  C(21) Ru(2) C(30)  CBL)  949(9)
C(21) RQ(Q) C(30) | C(35)  -24(1) C(21) Ru(2) C(31) C(27)_ 141(1)
C21) Ru@) . C(31) C(30)  -98.7(10) C(21)  Ru@@) C@l) CE6)  23(1)
C(21) C(0) Ru(2) C(22) 281 C@21) C(20) Ru(2) C(23)  66(1)
C)  C@0) Ru®) C6) 103() C2l) C(20) Ru(2) ©@7)  -55(3)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
C(21) C(20) Ru(2) . C(28) -170(1) . C(21)  C(20)  Ru(2) C(29) -141(1)
C@2l) C(0) Ru(). C@30) -100(1) C(21) C(20) Ru(2) C(@31) . -65(1)
C(21) C(20) C(19) C(24) - -2(2) C(21) C(20) C(19) 0(25)' -175(1)
C2l) C(22) Ru(?) C(23) -132(1) C@l) C(22) Ru@ C(24) -103(1)
C(21) C(22) Ru(2) C(27)  138(1) cel)  C(22) Ru@) C(28) 169(1)

- C(21)  C(22) Ru(2j C(29) 66(4) C(21) C(22) Ru(2)- C(30)  64(1)
C(21) C(22) Ru(2) C(31) 97(1) C(21) 0(22)' C(23) C(24) 2(2)
0(22)' Ru(2) C(19) C(24)  -69(1) C(22) Ru(2) C(19) C(25) 177(1)
C(22) Ru(2) C(23) C(24) 131(1) C(22) Ru(2) C(§4) C(23)  -29(1)
C(22) Ru(2) C(27) C(28) | 152(1) C(22) Ru(2) C@27) C@B1)  -91(1)
C(22) Ru(2) C@27) C(32)  32(2) C(22) Ru(@) C() 0(27)' -47(1)
C(22) Ru(2) C(28) C(29) -165(1) C(22) Ru(2) C(28) C(33) 73(2)

© C(22)  Ru(2) C(29) 0(28) . 114(4) 0(22) Ru(2) C(29) C(30) -2(4)

C(22)  Ru(2) .C(29) C(34) -124(4) ©C(22) Ru(2) C(B0) C(20)  179.4(10)
C(22) Ru(2) C(30) C(31)  60(1) C(22) Ru(2 C(30) C(35) - -59(2)
C(22) Ru(2) C(31) C@27) 10'3.(1) C(22) Ru(2) C(31) C(30) -137.1(10)
0(22)' Ru(2) C(31) C(36)  -14(1) C(22) C(21)  Ru(2) C(23) 20(1)
C(22) C(21) 'Ru(2) C(24) 66(1) C(22) C(21) Ru(2) | Cc(27)  -60(1)
C(22) C(21) Ru(2) C(28) -102(6) C(22) C(21) Ru(2) C(29) -167(1)
C22) C(l) Ru@) C@30) -134(1) C(22) C@21) Ru(® CB1)  -94(1)
C(22) C(3) Ru(®). O@4) -131(1) | C(22) C(23) Ru(® CET)  105(1)
C(22) C(23) Ru(2) C(28)  146(1) - Cc(22) C(23) Rg(z)' C(29)  174(1)
C(22) C(23) Ru(?) C(30)  58(2) C(22) 6(23) Ru(2)” C(31)  69(1)
C(23) Ru2) C(19) 0(24) -30.6(9) C(23) Ru(2) C(19)  C(25) -143(1)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle - atom  atom  atom  atom  angle
GE3) Ru@) C@N . CEs) - (1) C(23) Ru(2) C(27) C(G31) -132(1)
C(3) Ru(2) C@H)  CG32)  82) C(23) Ru(®) C(28) C(27)  -83(1)
C(23) * Ru(2) C(28) C(29)  158.1(10) C(23) Ru(2) -C(28) C(33)  37(1)
C(23). Ru2) C(29) C(28)  -41(1) C(23) Ru(2) C(20) ©(@30) -158(1)
C(23) Ru(?) C(29) C(34)  80(1) C(23)  Ru(2) C(30) C(29)  134(2)
C(28)  Ru2) C(0) CEL  142) 0(23) Ru(2) C(30) C(35) -104(2)
C(23) Ru(2) C@B1) C@7)  65(1) C(23) Ru(2) C(31) C©(30) -175.1(10)
C(23) Ru2) C@D oEs) 521 C(23) © C(22) Ru®@) C(24)  29.3(10)
C(23) C(22)  Ru(®) C@27)  -88(1) C(23) C(22) Ru® C(28) . -57(1) |
C(23) C(22) Ru(2) C(29) -160(3) ©C(23)  C(22) Ru(®) C(30) -162.6(9)
C(23) C(22) Ru®) CEL  -129(1) C(23) C(@29 Ru@) CE)  13()
C(23) C(24) Ru(2) C(28) 131 'C(23) C(24)  Ru(2) C(29)  151.7(10)
C(23) C(24) Ru(®) C(30)  173(1) C(23) C(24) Ru@®) CEBl)  542)
C(23) C(24) C(19) C(2B)  176(1) C(24) Ru(2) C(19) C(25) -113(1)
C(24) Ru(2) C©@7 C@28)  74(1) (24 Ru(®) C(27) C(31) -169.8(10)
C(24) Ru®) C(7) C(32) -462) C(24) Ru(2) C@28) C@7) -122(1)
C(24) Ru(2) C(8) C(29)  1L9(Y) ce r Ru(2) C(28) C(33)  o(1)
C(24) Ru(2) C(29) C@8) -76(1) . © C(24)  Ru(®) C(29) C(30)  167.0(8)
C(24) Ru(2) C(9) O34  45(1) C24)  Ru(®)  C(30) C(9)  -30(1)
C24) Ru2) C©@E0) OBl  -149(1) C(24) Ru(2) CB30) CB35)  91(2)
C(24) Ru(2) C(BL) C@27)  25(2) C(24) Ru(2) C(@31) C(30)  145(1)
C(24) Ru(2) CG31) C@36) -92(2) C(24) C(19) Ru(2) C@27)  48(1)
Cl24) C19) Ru(®) C@8) T C(24)  C(19) Ru(2) C(29) = 117.5(10)

C(24)‘ C(19) VR»u(Q) C(30) 155.9(9) C(24)° C(19) Ru(2) ~C(31) ~ 174(1)

37




© 1999 American Chemical Societ.y, Organometallics, Morisaki om990533k Supporting Info Page 37

Table 5. Torsion Angles(°) (continued)

atom
C(24)
C(24)
C(24)
c(25)
C(25)
C(27)
C(27)
C(27)
,C@27)
c(27)
C(27)
C(27)
C(27)
C(27)
. C@27)
C(28)
C(28)
C(28)
C(28)
C(28)
C(28)
C(28)
C(28)

C(28)

atom
C(23)
C(23)

C(23)

c(19)

c9)

Ru(2)

Ru(2)

fﬁiiu(2)

Ru(2)

Ru(2)

C(28)
C(28)
C(28)
C(31)
c(31)
Ru(2)
Ru(2)
Ru(2)
Ru(2)

Ru(2)

cen

c(2n)

C(29)

C(29)

atom

Ru(2) .

Ru(2)
Ru(2)
Ru(2)
Ru(2)
C(28)

k:(29)

©(29)

©(30)

c(31)
Ru(2)

Ru(2)

'C(29)

Ru(2)
C(30)
@)
C(29)

C(30)

- C(30)

C(31)
Ru(2)
C(31)
Ru(2)

C(30)

atom

C(27)

- C(29)

C(31)
C(28)
C(30)
C(29)

C(28)

C(34)

C(31)
C(30)

C(29)

c(31)

c(34)

C(29)
C(29)
C(31)

C(30)

C(29)

C(35)
C(36)
C(30)
C(30)
C(30)

C(31)

angle.
-122(1)

-54(1)

-158.8(9)

- 35(1)
42(1)
118(1)
38(1)
159(1)
-37.1(9)
119(1)
118(1)
38.5(10)
178(1) -
-82(1)
“1(1)
115(1)
_116(1)
 37.8(9)
159(2)
-156(1)
-80(1)
3(1)
116(1)

o)

- atom

C(24)
C(24)

C(25)

C(25)

C(25)

c2n)

C(27)

C(27)

. C(27)

c(27)

- C(27)

C(27)

c(27)

C(27).

c(27)

C(28)

cs)

C(28)
C(28)

C(28)

- C(28)
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C(28)
C(28)

C(28)

atom

C(23)
C(23)
C(19)
c(19)
C(19)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
Ru(2)
C(28)
C(28)
C(31)
c(31)
C(31)
Ru(2)
Ru(2)
Ru(2)

Ru(2)

- C(27)

C(27)
C(27)
C(29)

C(29)

atom

_Ru(?)

Ru(2)
Ru(2)

Ru(2)

‘Ru(2)

C(28)

C(29)

C(30) -

C(30)
C(31)
Ru(2)
C(29)

Ru(2)

- Ru(2)

C(30)
c27)
C(29)
C(30)
C(31)
Ru(2)
Ru(2)
c3)

Ru(2)

C(30)

atom

- C(28)

C(30)
C(27)

C(29)

C(31)

C(33)
C(30)
C(29)
C(35)
C(36)
C(30)
C(30)
C(28)
C(30)
C(35)
C(32)
C(34)

C(31)

- C(30)

C(29)

C(31)

(C(36)

C(31)

C(35)

angle'

-81(1)

-169(1)

-64(2)
4(1)
60(2) N

121(1)

78.5(9)

82.1(9)

-156(2)

-117(2)
79(1)
2(1)
-39.5(10).
-119(1)
-178(1)
-120(2)
121(1)
-81.5(10)
80.3(9)
-36.8(9)
-115(1)
-178(1)
81(1)

176(1)
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Table 5. Torsion Angles(°) (continued)

atom atom  atom  atom a,ngle; ‘ - atom atom  atom atom angle
C(29)  Ru(2) C@7) . C(31)  79.0(10) C(29) Ru(2) C@N) C(32) -157(2)
C(29) Ru(2) C(28) C(33) -120(2) C(29) Ru(2). C(30) C(31) -119(1)
C(29) Ru(2) C(30) 70(35) 121(2) C(29) Ru(2) C(31) C(30) 37.8(8)
C(29) Ru(2) C(31) C(36) 160(1) C(29) C(28) | Ru(2) C(30)  -38.8(9)
C(29) C(28) Ru(2) C(31) ‘-79.9(10) 0(29)' C(28) | C(27) CGBL)  -3(1)
C(29) C(28) . C(27) C(32) -177(1) C(29) C(30) Ru2) C(31) 119(1)
C(29) C(30) C(31) C(36) -179(1) C(30) Ru(2) C@27) CBl) . 35.4(10)
C(30) Ru(2) C(27) C(32)  159(2) C(30) Ru(?) C(28) C(33) -159(1)
C(30) Ru(2) C(29) C(34) -121() C(30) Ru(2) C(31) C(36)  122(1)
| C(30) C(29) Ru(2) C(31)  -35.5(8) | 0(30) C(29) C(28) C(83) -175(1) -
30y oey- cen cBy Mm@ - Gl Ru(2) C(27) C(382)  123(2)
C(31) Ru(2) C(28) C(33)  159(1) C(B1)  Ru@) C(29) C(34) -157(1)
C(31) Ru('é) C(30) CO(35) -119(2) o C(31) C(27) C(28) C(33) | 175(1)
C(31) C(30) C(29) C(34) -176(1) C(32) C(27) C(28) C(33) 0(2)
C(32) C(27) C(31) C(36) -4(2) 6(33) C(28) C(29) C(34) 0(2)
C(34) C(29)  C(30) C(’35) 0(2) C(35) C(30) C(31) C(36) 3(2)
C(37) ~C(38) C(39) C(40) 1(1) C(3T)  C(42) C@l) CM0)  0@)
C(37). B(1)  C(43) C(44) . 147(1) C(37) - B(1) C@43) C#48) -37(1)
C(37) B(1)  C(49) C(50) v-15ls(1) ' c§3_7)f" T B(1)  C(49)  C(54) 30(1)'
C(37) B(1) C(85)  C(56) 90(1) | C(S7) B(1)  C(55) C(60)‘ -80(1)
6(38) C(37) C(42) C@1)  1(1) C(38) C(37) B() ' c(43)' - 33(1)
c@38) CBT) B  C(49) -151(1) C(38) C(37) B(1)  C(5)  88(1)
C(38) é(39)~ C(40) C@E1) 02 C(39) C(38) C@B7) C(42)  -1(1)
C(39) C(s8) CB7) B(1) - -175(1) C(39) C(40) C(41) C@42)  0(2)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom angie ' atom  atom  atom = atom  angle
C(41) C(42) C(@37) - B(1) 174(1) C(42) C@G37) B(1)  C43)  153(1)
C(42) C(37) B‘(l) C(49)  34(1) . C(42) C@B37)  B(1) C(55) -84(1)
©C{43)  C(a) c‘(45) C(46) >1(2) © C(43) CH8) CHT)  C(46) 12)
C43) B()  CM49) CBO)  T9(1). C(43) B(l) C(M9) C>54)  -93(1)
C43) BU) CE5)  C(36)  -146(1) ©Cc(3) B  C(5)  C(60)  42(1)
C4d) CW3) C48) Cen) 0@ C(44) C@43) B(1) CM9)  -88(1)
0(44) C43) B(1) () 30(1) - C(44) C(45) C(46) C@UT)  -3(2)
C(45) C(44) C(43) CH8)  0@) C(45) ©C(44) C@43) B(1)  175(1)
C(45) c46)  Ca) C4s8)  3(2) C4r) o4s) O43) B()  -175(1) -
C(48) C@43) B(1) CM9)  85(1) C(48) C(43) B C(s5)  -154(1)
C(49) C(0) C(51) C(52) 2(2) | C(49) C(54) C(53) C(52)  0(2)
C(49) B(1)  C(55) C(56)  -30(1) C(49) B(1)  C(55) C(60)  157(1)
C(50) C(49) C(4) C(53) | 3(1) C(50) C(49) B(1)  C(55)  -40(1)
OGB0) Gl C(2)  CG3) 0) C(1)  C(0) CM9) C(4)  -4(1)
C(51) C(50) C(49) B(1)  -177(1) C51)  C(G2)  CGI) OB 1)
C(53) C(54) C(49) B(1)  176(1) | C(54) C(49) B(l) . C(55)  146(1)
C(55) C(56) ©(BT) C(G8)  0(2) C(s5)  C6)) C(59) C(E8) 1)
o) OB CE0)  C9) - 0(1) C6)  OBT)  OB8)  OBY) 1)
C(57)  C(56) C(55) C(60)  0(1) C(7)  C(6)  C(35) B(L)  -172(1)
C(57) C(58) C(59) C(60)  -22) - C(B9) C(60) C(B5) B(1)  172(1)
C61) C(62) C(63) C(64)  2(2) C(61) C(66) C(65) C(64)  2(2)
C(61) B(2)  C(6T) O(68) - -34(1) C(61) B(2)  C(67) O(T2)  149(1)
C(61) B2  C@T3) C(T4)  -145(1) C(61) B(2) C(T3) CT8)  37(1)
C(61) B(2) . O(79) c@o)  87(1) C(61) B2  C(79) C@84)  -87(1)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
c(62) C(61) C(66) - C(65)  -3(2) . C(62) C(61) B(2)  C(67)  153(1)
c(62)°  C(61) B2 073 34() C(62) C(Bl) BE)  CT9)  -85(1)
C(62)  C(63) >C(64‘) C65)  -42) - C(63) C(62) C(61) C(66)  1(2)
C(63) C(62) C(61) B(2) 175(1:) : C(63) C(64) C(65)  C(66) 1(2)
C65) C(66) C6) B T C66)  C(61) B(2)  C(6T)  -32(1)
C(66) C(61) B()  C(T) -sl(1)  C(66) C(61) B@)  C(T9)  88(Y)
c67) C(68) C(69) C(T0)  -1(2) c67) €T C(M)  C(10)  1(2)
C67) - B(2) C(13) C(74)  89%(1) c6) B(2) C(T3) - C(T8)  -86(1)
O(67) B(2) C(19) C(80)  -149(1) o) B@ oo O(4)  35(1)
c68) C(6T) C(12)  C(T1) 1(1) i | c(68)  C(67) B@)  C(T3) 88(1)
C(68) C(67) B(2)  C@T9)  -150(1) Cc(68)  C(69) oy o) 1)
C(69) C(68) C(67) C(72) (1) - C(69) C(68) C(67) B(2)  -175(1)
C(69) C(10)  C(71) 0(725 2(2) C(rl) C(T2) C(67) B(2)  174(1)
C(72) C(67) B() '0(73) -87(1) ©C(r2)  C(6T) B(2)  C(19)  33(1)
C@3) o4 Cms) o) () o) o  can  Ce) 1)
C(73) | B(2) C(19) C(80)  -32(1) C(13) B(2)  C(9) C(84)  152(1)
C(14) C(13) C(78)  C(T7) 1(2) C(14)  C(73) B2 0(79). -31(1)
C(T4) () CUB)  C(TT) 42 C(75)  C(14) C(3) C(18)  -1()
C(Ts)  C(4) C(3) B2  -118(1) C(T)  C(E) () O(T8)  -4(2) |
C(17Ty  C©(18) C(73)  B(2) 177(1) ©C(18)  C(13) B(2)  C(79) 152(1)
C(9)  C(80)  C(81) cE) 1) C(19)  C(84) C(83) C(82) 202
C(80) C(79) C(84) C(83) 0(2) C(80) C(81) C(82). C(83) 0(2)
C(81) o) C9) CEy 2A2) Cc@1)  Cc(80) C(T9) B2 -1TI(1)
CEl)  C(2) CE3) OBy A c(83) ©(B4) C(T9) BER)  175(1) -
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