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Experimental

Data Collection

A yellow prism crystal of C 24 H 3 5PRu having approximate dimensions of 0.08 x 0.04 x 0.18 mm was

mounted on a quartz fibre. All measurements were made on a Rigaku AFC6R diffractometer with graphe

monochromated Cu-Ka radiation and a 12kW 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 98.64 < 20 < 99.85* corresponded

to a primitive monoclinic cell with dimensions:

a = 12.065(3) A

b = 13.607(2) A = 93.48(2)0

c = 12.739(2) A

V 2087.4(6) A3

For Z= 4 and F.W. = 455.58, the calculated density is 1.45 g/cm3 . The systematic absences of:

hOl: h+1 # 2n

OkO: k 2n

uniquely determine the space group to be:

P21/n (#14)

The data were collected at a temperature of -60 ± lC using the w-20 scan technique to a maximum

20 value of 120.20. Omega scans of several intense reflections, made prior to data collection, had an average

width at half-height of 0.320 with a take-off angle of 6.0*. Scans of (1.00 + 0.30 tan 0)* were made at a speed

of 32.00/min (in omega). The weak reflections (I < 10.O-(I)) were rescanned (maximum of 4 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 2:1. The

diameter of the incident beam collimator was 0.5 mm, the crystal to detector distance was 400 mm, and the

detector aperture was 7.0 x 7.0 mm (horizontal x vertical).

Data Reduction

Of the 3450 reflections which were collected, 3279 were unique (Rit = 0.042). The intensities of three

representative reflections were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, p, for Cu-Ka radiation is 68.2 cm'. An empirical absorption cor-

rection based on azimuthal scans of several reflections was applied which resulted in transmission factors

ranging from 0.72 to 1.00. The data were corrected for Lorentz and polarization effects. A correction for

secondary extinction was also applied (coefficient = 2.70(9)e-06).
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Structure Solution and Refinement

The structure was solved by heavy-atom Patterson methods' and expanded using Fourier techniques2 .

The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined isotropically. The final

cycle of full-matrix least-squares refinement' was based on 2864 observed reflections (I > 3.00a(I)) and 376

variable parameters and converged (largest parameter shift was 0.08 times its esd) with unweighted and

weighted agreement factors of:

R = JFoJ - |FcII/EFo| = 0.034

R=, V(w(IFol - IFcI)2/EwFo2 )] = 0.038

The standard deviation of an observation of unit weight' was 2.88. The weighting scheme was based

on counting statistics and included a factor (p = 0.008) to downweight the intense reflections. Plots of

Ew(IFo| - |Fc|)2 versus |Fol, reflection order in data collection, sin 0/A and various classes of indices showed

no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to

1.74 and -0.64 e-/A 3 , respectively.

Neutral atom scattering factors were taken from Cromer and Wabers . Anomalous dispersion effects

were included in Fcalc6 ; the values for Af' and Af" were those of Creagh and McAuley'. The values for the

mass attenuation coefficients are those of Creagh and Hubbel'. All calculations were performed using the

teXsan' crystallographic software package of Molecular Structure Corporation.
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Function minimized: Ew(IFo| - IFc) 2

where w = = 4Fo
2

7
2 (F7) - u

2 (Fo
2

)

t2 2 S (C+R2B)+(pFo2)2 
...

(F02 ) =p

S = Scan rate

C = Total Integrated Peak Count

R = Ratio of Scan Time to background counting time

B = Total Background Count

Lp = Lorentz-polarization factor

p = p-factor
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula

Formula Weight

Crystal Colour, Habit

Crystal Dimensions

Crystal System

Lattice Type

No. of Reflections Used for Unit

Cell Determination (20 range)

Omega Scan Peak Width

at Half-height

Lattice Parameters

Space Group

Z value

Dat0

Fooo

p(CuKa)

C24 H3 5PRu

455.58

yellow, prism

0.08 x 0.04 x 0.18 mm

monoclinic

Primitive

25 ( 98.6 - 99.80

0.320

a = 12.065(3) A
b = 13.607(2) A
c = 12.739(2) A

_ =- 93.48(2)0

V - 2087.4(6) A

P21 /n (#14)

4

1.450 g/cm 3

952.00

68.22 cm 1
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B. Intensity Measurements

Diffractometer

Radiation

Take-off Angle

Rigaku AFC6R

CuKa (A = 1.54178 A)
graphite monochromated

6.0*

Detector Aperture

Crystal to Detector Distance

Temperature

Scan Type

Scan Rate

Scan Width

7.0 mm horizontal
7.0 mm vertical

400 mm

-60.0*C

w-20

32.0*/min (in w) (up to 4 scans)

(1.00 + 0.30 tan 0)*

20max

No. of Reflections Measured

Corrections

120.20

Total: 3450
Unique: 3279 (Rint = 0.042)

Lorentz-polarization
Absorption
(trans. factors: 0.7181 - 1.0000)
Secondary Extinction

(coefficient: 2.70(9)e-06)
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C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights

p-factor

Anomalous Dispersion

No. Observations (I>3.00o(I))

No. Variables

Reflection/Parameter Ratio

Residuals: R; Rw

Goodness of Fit Indicator

Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

Patterson Methods (DIRDIF92 PATTY)

Full-matrix least-squares

Ew(IFo - IFc) 2

1 = 4Fo2

0.008

All non-hydrogen atoms

2864

376

7.62

0.034 0.038

2.88

0.08

1.74 e /A3

-0.64 e-/A3
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C24 H35 PRu

atom

Ru(1).

P(1)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)

C(11)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

C(18)

C(19)

C(20)

C(21)

C(22)

x

0.02842(3)

0.05982(9)

0.3628(4)

0.4502(4)

0.4504(4)

0.3637(4)

0.1773(4)

0.1394(4)

0.1384(4)

0.1751(4)

0.2746(3)

0.2751(3)

-0.0879(4)

-0.1255(4)

-0.2276(4)

-0.2051(4)

-0.0975(4)

-0.0792(4)

-0.1631(4)

-0.1396(4)

0.1663(4)

0.1473(5)

0.1131(4)

0.0362(5)

y

0.12188(2).

0.29397(8)

0.1423(4)

0.1996(4)

0.2368(4)

0.2149(3)

0.1301(4)

0.0319(4)

-0.0040(4)

0.0633(3)

0.1215(3)

0. 1584(3)

0.0825(4)

0.1719(4)

0.1820(4)

0.1688(4)

0.1155(4)

0.0210(4)

-0.0315(4)

-0.0172(4)

0.3258(4)

0.2815(4)

0.3675(4)

0.3776(5)

0.23275(3)

0.20020(8)

0.1279(4)

0.1666(4)

0.2688(4)

0.3308(4)

0.3503(4)

0.3349(4)

0.2328(4)

0.1557(4)

0.1893(3)

0.2926(3)

0.3492(4)

0.3067(4)

0.2308(4)

0.1143(4)

0.0996(4)

0.1419(4)

0.2054(5)

0.3232(5)

0.1088(4)

-0.0001(4)

0.3145(4)

0.4035(4)

Beq

1.556(8)

1.53(2)

2.2(1)

2.4(1)

2.4(1)

2.1(1)

2.2(1)

2.6(1)

2.7(1)

2.01(10)

1.74(9)

1.72(9)

2.6(1)

2.07(10)

2.4(1)

2.5(1)

2.3(1)

2.4(1)

3.3(1)

3.4(1)

1.9(1)

2.8(1)

2.2(1)

3.0(1)

8
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C 2411 3 5PRU (cont...)

atom

C(23)

C(24)

H(1)

H(2)

H(3)

H(4)

H(5)

H(6)-

H(7)

H(8)

H(11)

H(12)

H(13a)

H(13b)

H(14a)

H(14b)

H(15)

H(16)

H(17a)

H(17b)

H(18a)

H(18b)

H(19a)

H(19b)

x

-0.0564(4)

-0.0376(5)

0.361(4)

0.512(4)

0.513(4).

0.359(4)

0.171(4)

0.111(4)

0.110(3)

0.169(3)

-0.055(4)

-0.115(3)

-0.263(4)

-029(3)

-0.207(4)

-0.265(3)

-0.062(4)

-0.033(4)

-0. 161(4)

-0.236(4)

-0.201(4)

-0 .083(4)

0.236(4)

0.172(3)

y

0.3714(4)

0.4821(4)

0.119(3)

0.213(3)

0.277(3)

0.242(4)

0.167(4)

-0.006(4)

-0.069(3)

0.043(3)

0.084(3)

0.228(3)

0.250(4)

0.140(3)

0.232(4)

0.135(3)

0.130(3)

-0.019(4)

-0.103(4)

-0.013(3)

-0.025(4)

-0.064(4)

0.305(3)

0.391(3)

z

0.1484(4)

0.1446(5)

0.062(4)

0.122(4)

0.293(3)

0.401(4)

0.417(4)

0.387(4)

0.218(3)

0.087(3)

0.419(4)

0.351(3)

0.240(4)

0.248(3)

0.078(4)

0.078(3)

0.040(4)

0.104(4)

0.182(4)

0.181(3)

0.366(4)

0.353(4)

0.143(3)

0.106(3)

Beq

2.1(1)

3.1(1)

2(1)

2(1)

2(1)

3(1)

3(1)

3(1)

2(1)

1.8(10)

2(1)

2(1)

3(1)

1.2(9)

2(1)

1.5(9)

2(1)

2(1)

3(1)

1.8(9)

3(1)

2(1)

2.1(10)

1.7(10)
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C 24 H35 PRu (cont...)

atom

H(20a)

H(20b)

H(20c)

H(21a)

H(21b)

H(22a)

H(22b)

H(22c).

H(23a)

H(23b)

H(24a)

H(24b)

H(24c)

x

0.213(4)

0.145(4)

0.085(4)

0.187(4)

0.125(4)

0.026(4)

-0.034(4)

~0.070(3)

-0.079(4)

-0.117(3)

0.028(4)

-0.030(4)

-0.098(4)

y

0.289(4)

0.213(4)

0.301(3)

0.337(3)

0.424(3)

0.317(4)

0.401(3)

0.424(3)

0.348(3)

0.357(3)

0.495(3)

0.508(4)

0.517(3)

z

-0.041(4)

0.003(4)

-0.031(4)

0.341(4)

0.290(4)

0.441(4)

0.383(4)

0.457(4)

0.079(4)

0.187(3)

0.109(4)

0.209(4)

0.113(4)

Beq

3(1)

2(1)

2(1)

2(1)

1(1)

3(1)

2(1)

2.3(10)

2(1)

1.0(8)

2(1)

3(1)

2(1)

Beq = 3 7 11 t* + U22 (bb*) 2 +U 33 (CC*) 2 + 2Ui 2aa*bb* cosy + 2Ulzaa*cc* cosf + 2U 23bb*cc* cosa)
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Table 2. Anisotropic Displacement Parameters for C 24H 3 51PRU

atom

Ru(1)

P(1)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

((10)

C (11)

C(12)

(.(13)

C(14)

C(15)

C(16)

(17)

C(18)

C(19)

C(20)

C(21)

C(22)

U11

0.0167(2)

0.0189(5)

0.028(3)

0.022(2)

0.021(2)

0.023(2)

0.022(2)

0.019(2)

0.020(2)

0.022(2)

0.014(2)

0.019(2)

0.024(2)

0.020(2)

0.018(2)

0.023(2)

0.026(3)

0.023(3)

0.027(3)

0.026(3)

0.024(2)

0.041(3)

0.029(3)

0.038(3)

U 2 2

0.0212(2)

0.0220(6)

0.030(3)

0.035(3)

0.032(3)

0.031(3)

0.038(3)

0.035(3)

0.024(3)

0.026(3)

0.020(2)

0.022(2)

0.047(3)

0.034(3)

0.031(3)

0.037(3)

0.036(3)

0.030(3)

0.027(3)

0.041(3)

0.024(3),

0.045(4)

0.027(3)

0.049(4)

U 3 3

0.0210(2)

0.0171(6)

0.026(3)

0.036(3)

0.038(3)

0.023(3)

0.025(3)-

0.044(3)

0.059(4)

0.029(3)

0.031(3)

0.024(2)

0.027(3)

0.026(2)

0.041(3)

0.035(3)

0.026(3)

0.039(3)

0.071(4)

0.062(4)

0.026(3)

0.022(3)

0.026(3)

0.029(3)

U1 2 '

-0.0001(1)

-0.0001(5)

0.004(2)

0.002(2)

0.000(2)

0.005(2)

0.003(2)

0.006(2)

0.004(2)

0.002(2)

0.004(2)

0.004(2)

-0.005(2)

-0.002(2)

-0.002(2)

-0.002(2)

-0.006(2)

-0.006(2)

-0.006(2)

-0.003(2)

-0.001(2)

0.002(3)

-0.001(2)

-0.002(3)

U13

-0.0001(1)

-0.0011(4)

0.001(2)

0.004(2)

-0.007(2)

-0.007(2)

-0.001(2)

0.000(2)

-0.002(2)

-0.002(2)

-0.002(2)

-0.003(2)

0.007(2)

0.007(2)

0.004(2)

-0.009(2)

-0.003(2)

-0.002(2)

-0.003(3)

0.009(3)

0.001(2)

0.005(2)

-0.005(2)

0.000(2)

U 23

0.0018(1)

-0.0009(5)

-0.004(2)

0.002(2)

0.000(2)

-0.002(2)

0.004(2)

0.022(3)

0.004(3)

-0.007(2)

0.001(2)

0.004(2)

0.010(2)

0.000(2)

0.001(2)

-0.002(2)

-0.005(2)

-0.012(2)

-0.002(3)

0.022(3)

0.004(2)

0.002(2)

-0.005(2)

-0.010(3)

11
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Table 2. Anisotropic Displacement Parameters for C 24 H3 5PRu (cont...)

atom

C(23)

C(24)

U11

0.022(3)

0.035(3)

U 2 2 .

0.028(3)

0.027(3)

U33

0.031(3)

0.054(4)

U1.2

0.002(2)

0.007(2)

U13

-0.001(2)

-0.005(3)

U23

0.004(2)

0.009(3)

The general temperature factor expression:

exp(-2r 2 (a*2 Unh 2 + b*2U2 2k2 + c* 2U33 12 + 2a*b*Ui2hk + 2a*c*Ul3 hl + 2b*c*U23kl))

12
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Table 3. Interatomic Distances (A) Involving Non-Hydrogen Atoms for C24 H3 5PRu

atom

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

P(1)

C(1)

C(2)

C(4)

C(5)

C(7)

C(9)

C(11)

C(13)

0(15)

C(17)

C(21)

atom

P(1).

C(6)

C(8)

C(12)

C(16)

0(21)

C(2)

C(3)

C(10)

C(10)

C(8)

C(10)

C(18)

C(14)

0(16)

C(18)

C(22)

distance

2.412(1)

2.184(4)

2.223(4).

2.239(4)

2.174(4)

1.849(5)

1.379(7)

1.397(7)

1.381(6)

1.478(6)

1.432(7)

1.409(6)

1.521(7).

1.535(7)

1.407(7)

1.524(8)

1.514(7)

atom

Ru(1)

Ru(1)

Ru(1)

Ru(1)

P(1)

P(1)

C(1)

C(3)

C(5)

C(6)

C(11)

0(12)

C(14)

C(16)

C(19)

C(23)

atom

C(5)

C(7)

C(11)

C(15)

C(19)

C(23)

C(9)

C(4)

C (6)

C(7)

C(9)

C(12)

C(13)

C(15)

C(17)

C(20)

C(24)

distance

2.271(5)

2.166(5)

2.171(4)

2.209(5)

1.837(4)

1.844(5)

1.387(6)

1.381(6)

1.421(7)

1.389(7)

1.479(6)

1.397(7)

1.525(6)

1.509(7)

1.513(7)

1.517(7)

1.524(7)

13
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Table 4. Interatomic Distances (A) Involving Hydrogen Atoms for C 24 H3 5PRu

atom

M(1)

C(3)

C(5)

C(7)

C(11)

C(13)

C(14)

C(15)

C(17)

C(18)

0(19)

C(20)

C(20)

C(21)

C(22)

C(23)

C(24)

C(24)

atom

H(1)

H(3)

H(5)

H(7)

11(11)

II(13a)

H(14a)

II(15)

H(17a)

H(18a)

H(19a)

H(20a)

H(20c)

H(21b)

H(22b)

H(23a)

H(24a)

H(24c)

atom

C(2)

C(4)

0(6)

C(8)

distance

0.89(5)

0.97(4)

0.99(5)

0.96(5)

0.95(5)

1.03(5)

0.97(5)

0.91(4)

1.02(5)

0.94(5)

0.97(4)

0.98(5)

0.87(5)

0.85(4)

0.93(5)

0.96(5)

0.95(5)

0.94(5)

C(12)

C(13)

((14)

((16)

(17)

C(18)

((19)

C(20)

C(21)

C(22)

C(22)

C(23)

C(24)

atom

11(2)

H(4)

I(6)'

H(8)

11(12)

H(13b)

H(14b)

11(16)

H(17b)

H(18b)

H(19b)

H(20b)

H(21a)

H(22a)

H(22c)

II(23b)

H(24b)

distance

0.97(4)

0.97(5)

0.92(5)

0.92(4)

0.95(4)

0.88(4)

0.95(4)

0.93(5)

0.95(4)

0.99(5)

0.89(4)

0.94(5)

1.02(5)

0.96(5)

0.99(5)

0.93(4)

0.89(5)

14
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Table 5. Interatomic Angles (0) Involving Non-Hydrogen Atoms for C 24H35 PRu

atom atom atom angle atom atom atom angle

P(1) Ru(1) C(5) 86.5(1) P(1) Ru(1) C(6) 123.3(1)

P(1) Ru(1) C(7) 131.7(1) P(1) Ru(1) C(8) 97.7(1)

P(1) Ru(1) C(11) 118.2(1) P(1) Ru(1) C(12) 85.4(1)

P(1) Ru(1) C(15) 90.8(1) P(1) Ru(1) C(16) 128.1(1)

C(5) Ru(1) C(6) 37.2(2) C(5) Ru(1) C(7) 65.1(2)

C(5) Ru(1) C(8) 71.9(2) C(5) Ru(1) C(11) 94.6(2)

C(5) Ru(1) C(12) 110.5(2) C(5) Ru(1) C(15) 171.1(2)

C(5) Ru(1) C(16) 143.6(2) C(6) Ru(1) C(7) 37.2(2)

C(6) Ru(1) C(8) 65.6(2) C(6) Ru(1) C(11) 81.5(2)

C(6) Ru(1) C(12) 114.5(2) C(6) Ru(1) C(15) 143.4(2)

C(6) Ru(1) C(16) 106.7(2) C(7) Ru(1) C(8) 38.0(2)

C(7) Ru(1) C(11) 103.1(2) C(7) Ru(1) C(12) 139.8(2)

C(7) Ru(1) C(15) 111.2(2) C(7) Ru(1) C(16) 81.2(2)

C(8) Ru(1) C(11) 141.1(2) C(8) Ru(1) C(12) 176.2(2)

C(8) Ru(1) C(15) 100.1(2) C(8) Ru(1) C(16) 90.2(2)

C(11) Ru(1) C(12) 36.9(2) C(11) Ru(1) C(15) 94.1(2)

C(11) Ru(1) C(16) 79.5(2) C(12) Ru(1) C(15) 77.6(2)

C(12) Ru(1) C(16) 86.1(2) C(15) Ru(1) C(16) 37.4(2)

Ru(1) P(1) C(19) 117.4(2) Ru(1) P(1) C(21) 116.1(2)

Ru(1) P(1) C(23) 119.5(2) C(19) P(1) 0(21) 98.5(2)

C(19) P(1) C(23) 100.6(2) C(21) P(1) C(23) 101.1(2)

C(2) C(1) C(9) 120.7(4) C(1) C(2) C(3) 119.7(4)

C(2) C(3) C(4) 119.8(4) C(3) C(4) C(10) 121.0(4)

Ru(1) C(5) C(6) 68.1(3) Ru(1) C(5) C(10) 107.9(3)

15
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Table 5. Interatomic Angles (0) Involving Non-Hydrogen Atoms for C 24H3 5PRu (cont...)

atom

C(6)

Ru(1)

Ru(1)

C(6)

Ru(1)

C(1)

C(8)

C(4)

Ru(1)

C(12)

Ru(1)

C(12)

Ru(1)

0(14)

Ru(1)

C(16)

P(1)

P(1)

atom

C(5)

C(6)

C(7)

C(7)

C(8)

C(9)

C(9)

C(10)

C(11)

C(11)

C(12)

C(13)

C(15)

C(15)

C(16)

C(17)

C(19)

C(23)

atom

C(10)

C(7)

C(6)

C(8)

C(9)

C(8)

C(10)

C(9)

C(12)

C(18)

C(13)

C(14)

0(14)

C(16)

C(17)

C(18)

0(20)

C(24)

angle

115.9(4)

70.7(3)

72.1(3)

115.6(5)

109.5(3)

125.6(4)

114.7(4)

119.1(4)

74.2(3)

125.0(5)

114.8(3)

114.7(4)

116.2(3)

120.5(5)

114.3(4)

112.1(4)

114.4(3)

117.7(4)

atom

Ru(1)

C(5)

Ru(1)

Ru(1)

C(7)

C(1)

C(4)

C(5)'

Ru(1)

Ru(1)

0(11)

C(13)

Ru(1)

Ru(1)

C(15)

C(11)

P(1)

atom

C(6)

C(6)

C(7)

C(8)

C(8)

C(9)

C(10)

C(10)

C(11)

0(12)

C(12)

C(14)

0(15)

C(16)

C(16)

C(18)

C(21)

atom

C(5)

C(7)

C(8)

C(7)

C(9)

C(10)

C(5)

C(9)

C(18)

C(11)

C(13)

C(15)

C(16)

0(15)

C(17)

C(17)

C(22)

angle

74.7(3)

116.4(5)

73.1(3)

68.8(3)

115.1(4)

119.6(4)

126.4(4)

114.4(4)

110.2(3)

68.9(3)

123.7(4)

112.4(4)

70.0(3)

72.6(3)

122.8(5)

112.2(4)

116.1(4)

16
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Table 6. Interatomic Angles (0) Involving Hydrogen Atoms for C 24 H3 sPRu

atom

C(2)

C(1)

C(2)

C(3)

Ru(1)

C(10)

C(5)

Ru(1)

C(8)

C(7)

Ru(1)

C(18)

C(11)

C(12)

0(14)

H(13a)

C(13)

0(15)

Ru(1)

C(16)

0(15)

C(16)

C(18)

atom

C(1)

C(2)

C(3)

C(4)

C(5)

C(5)

C(6)

C(7)

C(7)

C(8)

C(11)

C(11)

C(12)

C(13)

C(13)

C(13)

C(14)

0(14)

C(15):

C(15)

C(16)

C(17)

C(17)

atom

H(1)

H(2)

H(3)

H(4)

H(5)

H(5)

H(6)

H(7)

H(7)

H(8)

H(11)

H(11)

H(12)

H(13a)

H(13a)

H(13b)

H(14b)

H(14b)

H(15)

H(15)

H(16)

H(17a)

H(17a)

angle

120(2)

119(2)

117(2)

122(2)

119(2)

113(2)

123(3)

120(2)

124(2)

116(2)

112(2)

111(2)

115(2)

109(2)

108(2)

104(3)

110(2)

109(2)

107(2)

116(2)

114(3)

105(2)

114(2)

atom

C(9)

C(3)

C(4)

C(10)

C(6)

Ru(1)

C(7)

C(6)

Ru(1)

C(9)

C(12)

Ru(1)

C(13)

C(12)

C(14)

C(13)

C(15)

H(14a)

C(14)

Ru(1)

C(17)

C(16)

C(18)

atom

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(6)

C(7)

C(8)

C(8)

C(11)

C(12)

C(12)

C(13)

C(13)

C(14)

C(14)

C(14)

C(15)

C(16)

C(16)

C(17)

C(17)

atom

H(1)

H(2)

H(3)

H(4).

H(5)

H(6)

H(6)

H(7)

H(8)

H(8)

H(11)

H(12)

H(12)

H(13b)

H(13b)

H(14a)

H(14a)

H(14b)

H(15)

H(16)

H(16)

H(17b)

H(17b)

angle

118(2)

120(2)

122(2)

116(2)

123(2)

120(2)

120(3)

119(2)

120(2)

116(2)

117(3)

114(2)

112(2)

109(2)

109(2)

110(2)

111(2)

101(3)

116(2)

106(2)

116(2)

109(2)

113(2)

H(17a) C(17) H(17b) 100(3) C(11) C(18) H(18a) 107(3)

17
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Table 6. Interatomic Angles (0) Involving Hydrogen Atoms for C 24H3 5 PRu (cont...)

atom atom atom angle atom atom atom angle

C(11) C(18) H(18b) 103(2) c(C) 0(18) H(18a) 116(3)

C(17) C(18) H(18b) 112(2) H(18a) C(18) H(18b) 104(3)

P(1) C(19) H(19a) 105(2) P(1) C(19) H(19b) 108(2)

C(20) C(19) H(19a) 112(2) C(20) C(19) H(19b) 111(2)

H(19a) C(19) H(19b) 104(3) C(19) C(20) H(20a) 110(3)

C(19) C(20) H(20b) 111(2) C(19) C(20) H(20c) 111(3)

H(20a) C(20) H(20b) 99(3) H(20a) C(20) H(20c) 115(4)

H(20b) C(20) H(20c) 107(4) P(1) C(21) H(21a) 107(2)

P(1) C(21) H(21b) 104(3) C(22) C(21) H(21a) 110(2)

C(22) 0(21) H(21b) 108(3) H(21a) 0(21) H(21b) 109(3)

0(21) C(22) H(22a) 113(3) C(21) C(22) H(22b) 114(3)

0(21) C(22) H(22c) 109(2) H(22a) C(22) H(22b) 106(4)

H(22a) C(22) H(22c) 105(3) H(22b) C(22) H(22c) 107(3)

P(1) C(23) H(23a) 107(2) p(C) (23) H(23b) 107(2)

C(24) C(23) H(23a) 109(2) C(24) 0(23) H(23b) 110(2)

H(23a) C(23) H(23b) 103(3) C(23) C(24) H(24a) 109(2)

C(23) C(24) H(24b) 111(3) C(23) C(24) H(24c) 113(2)

H(24a) 0(24) H(24b) 108(4) H(24a) C(24) H(24c) 110(3)

H(24b) 0(24) H(24c) 103(4)

18
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Table 7. Torsion Angles (0) Involving Non-Hydrogen atoms for C 24 Ha 5PRu

atom

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

P(1)

P(1)

P(1)

P(1)

P(1)

P(1)

P(1)

P(1)

C(1)

C(1)

C(2)

C(3)

Ru(1) 0(16) 0(17) -125.2(3)

C(9) C(8) C(7) 138.3(5)

C(9) 0(10) C(5) -179.2(4)

C(1) C(9) C(10) -0.8(7)

C(2) C(1) C(9) 0.3(7)

C(3) C(4) 0(10) C(9) 1.0(7)

atom

P(1)

P(1)

C(5)

C(6)

C(7)

C(8)

C(8)

C(11)

C(12)

C(15)

C(16)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

atom atom angle

C(19) C(20) 57.4(4)

C(23) C(24) 171.0(4)

0(10) C(4) 146.9(4)

C(5) C(10) -100.0(4)

C(6) C(5) -61.0(4)

C(7) C(6) -59.9(4)

C(9) C(10) 32.6(5)

C(18) C(17) -38.2(5)

C(13) C(14) -7.3(6)

C(16) C(17) 108.1(5)

C(17) C(18) -11.0(6)

C(5) C(10) -61.1(3)

C(6) C(7) -116.7(3)

C(7) C(8) -32.4(4)

C(8) C(9) 46.0(3)

C(11) C(18) 152.2(3)

0(12) 0(13) 87.9(3)

C(15) 0(16) 175.0(3)

19

atom atom

Ru(1) P(1)

Ru(1) C(5)

Ru(1) C(5)

Ru(1) C(6)

Ru(1) C(7)

Ru(1) C(8)

Ru(1) C(11)

Ru(1) C(12)

Ru(1) C(15)

Ru(1) C(16)

P(i) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

P(1) Ru(1)

C(1) C(2)

C(1) C(9)

C(2) C(1)

C(2) C(3)

C(3) C(4)

C(4) C(10)

atom atom

C(21) C(22)

C(6) C(7)

C(10) C(9)

C(7) C(8)

C(8) C(9)

C(9) C(1)

C(12) 0(13)

C(11) C(18)

C(14) C(13)

C(15) C(14)

C(5) C(6)

C(6) C(5)

C(7) C(6)

C(8) C(7)

C(11) C(12)

C(12) C(11)

C(15) C(14)

C(16) 0(15)

C(3) C(4)

0(10) C(4)

C(9) C(8)

C(4) 0(10)

C(10) C(5)

C(5) C(6)

angle

-64.8(4)

58.8(4)

-33.8(5)

60.4(4)

102.4(4)

-146.6(4)

106.5(4)

-103.9(5)

-23.4(6)

-109.3(4)

-172.5(3)

9.0(3)

92.5(3)

156.2(3)

30.1(3)

-153.6(3)

-70.0(4)

-6.4(4)

0.9(7)

0.2(6)

178.4(4)

-1.6(7)

-179.7(4)

-139.3(5)
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Table 7. Torsion Angles (0) Involving Non-Hydrogen Atoms for C 24H3 5PRu (cont...

atom atom atom atom angle

C(4) C(10) C(9) C(8) -179.1(4)

C(5) Ru(1) P(1) C(21) -34.1(2)

C(5) Ru(1) C(6) C(7) -125.7(4)

C(5) Ru(1) C(7) C(8) -92.2(3)

C(5) Ru(1) C(8) C(9) -37.7(3)

C(5) Ru(1) C(11) C(18) -119.3(4)

C(5) Ru(1) C(12) 0(13) 172.5(3)

C(5) Ru(1) C(15) C(16) 102(1)

C(5) Ru(1) C(16) C(17) 75.9(5)

C(5) C(6) Ru(1) C(8) 92.0(3)

C(5) C(6) Ru(1) C(12) -92.2(3)

C(5) C(6) Ru(1) 0(16) 174.4(3)

C(5) C(10) C(9) C(8) 1.5(6)

C(6) Ru(1) P(1) C(21) -39.5(2)

C(6) Ru(1) C(5) C(10) 111.3(5)

C(6) Ru(1) C(8) C(7) 33.0(3)

C(6) Ru(1) C(11) C(12) 153.5(3)

C(6) Ru(1) C(12) C(11) -29.0(3)

C(6) Ru(1) C(15) C(14) 129.7(4)

C(6) Ru(1) C(16) C(15) -171.0(3)

C(6) C(5) Ru(1) C(7) -32.8(3)

C(6) C(5) Ru(1) C(11) 69.5(3)

C(6) C(5) Ru(1) C(15) -99(1)

C(6) C(5) C(10) C(9) 40.0(6)

atom atom atom atom angle

C(5) Ru(1) P(1) C(19) 82.1(2)

C(5) Ru(1) P(1) C(23) -155.7(2)

C(5) Ru(1) C(7) C(6) 32.7(3)

C(5) Ru(1) C(8) C(7) 72.4(3)

C(5) Ru(1) 0(11) 0(12) 118.7(3)

C(5) Ru(1) 0(12) 0(11) -69.1(3)

C(5) Ru(l) 0(15) C(14) -142(1)

C(5) Ru(1) 0(16) C(15) -165.3(3)

C(5) C(6) Ru(1) C(7) 125.7(4)

C(5) C(6) Ru(1) 0(11) -109.3(3)

C(5) C(6) Ru(1) 0(15) 165.2(3)

C(5) C(6) C(7) C(8) -0.5(6)

C(6) Ru(1) P(1) C(19) 76.7(2)

0(6) Ru(1) P(1) C(23) -161.1(3)

C(6) Ru(1) C(7) C(8) -124.9(4)

C(6) Ru(1) C(8) C(9) -77.2(3)

C(6) Ru(1) C(11) 0(18) -84.4(4)

C(6) Ru(1) 0(12) C(13) -147.4(3)

C(6) Ru(1) C(15) C(16) 14.6(5)

C(6) Ru(1) 0(16) C(17) 70.2(4)

C(6) C(5) Ru(1) C(8) -73.2(3)

C(6) C(5) Ru(1) C(12) 103.7(3)

C(6) C(5) Ru(1) 0(16) -9.0(5)

C(6) C(7) Ru(1) C(8) 124.9(4)
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Table 7. Torsion Angles (*) Involving Non-Hydrogen Atoms for C 24H 35 PRu (cont...)

atom

C(6)

C(6)

C(6)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(9)

atom atom

C(7) Ru(1)

C(7) Ru(1)

C(7) ((8)

Ru(1) P(1)

Ru(1) C(5)

Ru(1) C(11)

Ru(1) C(12)

Ru(1) C(15)

Ru(1) C(16)

C(6) Ru(1)

C(6) Ru(1)

C(6) Ru(1)

C(8) Ru(1)

C(8) Ru(1)

C(8) C(9)

Ru(1) P(1)

Ru(1) C(5)

Ru(1) C(11)

Ru(1) C(12)

Ru(1) C(15)

Ru(1) C(16)

C(7) Ru(1)

C(7) Ru(1)

C(8) Ru(1)

atom angle

C(11) -56.3(3)

(15) -156.0(3)

C(9) 42.5(6)

C(21) -85.8(3)

C(10) 78.6(3)

C(12) -175.9(3)

C(11) 6.2(4).

C(14) 154.0(4)

C(15) -143.6(3)

C(8) -33.7(3)

C(12) 142.1(3)

C(16) 48.7(3)

C(11) -1.9(4)

C(15) -111.6(3)

C(10) -42.5(6)

C(21) -105.3(2)

C(10) 38.2(3)

C(18) -52.6(5)

C(13) -57(2)

C(16) 76.9(3)

C(17) 134.7(4)

C(12) 175.0(3)

C(16) 101.8(3)

C(12) -168(2)

atom

C(6)

C(6)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(7)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(8)

C(9)

C(9)

21

atom atom atom angle

C(7) Ru(1) C(12) -60.1(4)

C(7) Ru(1) C(16) -133.3(3)

Ru(1) P(1) C(19) 30.3(3)

Ru(1) P(1) C(23) 152.5(3)

Ru(1) C(8) C(9) -110.2(4)

Ru(1) C(11) C(18) -53.8(4)

Ru(1) C(12) C13) -112.2(4)

Ru(1) C(15) C(16) 39.0(3)

Ru(1) C(16) C(17) 97.6(4)

C(6) Ru(1) C(11) 125.0(3)

C(6) Ru(1) C(15) 39.5(4)

C(6) C(5) C(10) -41.2(6)

C(8) Ru(1) C(12) -58(2)

C(8) Ru(1) C(16) -75.3(3)

Ru(1) P(1) C(19) 10.9(2)

Ru(1) P(1) 0(23) 133.1(2)

Ru(1) C(11) C(12) -174.7(3)

Ru(1) 0(12) C(11) 60(2)

Ru(1) C(15) 0(14) -168.0(4)

Ru(1) C(16) C(15) -106.5(3)

C(7) Ru(1) C(11) 178.8(3)

C(7) Ru(1) 0(15) 79.1(3)

C(8) Ru(1) C(11) -112.0(4)

C(8) Ru(1) C(15) 138.2(3)



1998 American Chemical Society, J. Am. Chem. Soc., Bennett ja981027+ Supporting Info Page 63

Table 7. Torsion Angles (0) Involving Non-Hydrogen Atoms for C24 H3 5PRu (cont...)

atom

C(9)

C(10)

C(10)

C(11)

C(11)

C(11)

C(11)

C(11)

C(11)

C(12)

C(12)

C(12)

C(12)

C(12)

C(12)

C(13)

C(13)

C(14)

C(15)

C(15)

C(15)

C(16)

C(16)

C(19)

atom

C(8)

C(5)

C(5)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

0(12)

C(18)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

C(11)

C(13).

C(12)

C(14)

C(15)

Ru(1)

Ru(1)

C(16)

Ru(1)

Ru(1)

P(1)

atom

Ru(1)

Ru(1)

Ru(1)

P(1)

C(12)

C(15)

C(16)

Ru(1)

C(17)

P(1)

C(11)

C(15)

C(16)

Ru(1)

C(14)

Ru(1)

C(15)

C(16)

P(1)

C(11)

C(17)

P(1)

C(11)

C(23)

atom angle

C(16) 174.5(3)

C(12) -144.9(3)

C(16) 102.4(4)

C(21) 59.3(2)

C(13) -118.5(5)

0(16) -66.7(3)

C(17) -7.5(4)

C(16) 77.7(3)

C(16) 32.2(6)

C(21) 76.9(2)

C(18) 122.1(5)

C(16) -99.9(3)

C(17) -44.2(4)

C(16) -97.6(3)

C(15) 19.5(6)

C(16) -40.8(4)

C(16) 57.8(6)

C(17) -1.2(7)

C(21) 154.4(2)

C(18) 59.1(4)

C(18) -95.3(6)

C(21) 158.3(2)

C(18) 24.5(3)

C(24) -58.9(5)

atom

C(10)

C(10)

C(11)

C(11)

C(11)

C(11)

C(11)

C(11)

C(12)

C(12)

C(12)

C(12)

C(12)

C(12)

C(13)

C(13)

C(14)

C(15)

C(15)

C(15)

C(16)

C(16)

C(19)

C(20)

atom

C(5),

C(5)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

C(12)

C(12)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

C(11)

C(11)

C(12)

C(12)

C(15)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

Ru(1)

P(1)

C(19)

atom

Ru(1)

Ru(1)

P(1)

P(1)

C(15)

C(16)

Ru(1)

C(13)

P(1)

P(1)

C(15)

C(16)

Ru(1)

C(18)

Ru(1)

C(11)

Ru(1)

P(1)

P(1)

C(16)

P(1)

P(1)

C(21)

P(1)

22

atom

C(11)

C(15)

C(19)

C(23)

C(14)

C(15)

C(15)

C(14)

C(19)

C(23)

C(14)

C(15)

C(15)

C(17)

C(15)

C(18)

C(16)

C(19)

C(23)

C(17)

C(19)

C(23)

C(22)

C(21)

angle

-179.2(3)

11(1)

175.5(2)

-62.4(2)

48.3(4)

111.3(3)

114.5(3)

-87.6(6)

-166.9(2)

-44.8(2)

15.1(4)

74.7(3)

-63.0(3)

46.3(7)

-3.9(4)

2.6(7)

115.0(5)

-89.4(2)

32.7(2)

-118.8(5)

-85.5(2)

36.6(3)

168.8(4)

-177.1(4)
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Table 7. Torsion Angles (0) Involving Non-Hydrogen Atoms for C 24H35PRu (cont...)

atom atom atom atom angle atom atom atom atom angle

0(20) C(19) P(1) C(23) -74.0(4) C(21) P(1) C(23) C(24) 42.1(5)

C(22) C(21) P(1) C(23). 66.1(5)

23
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Table 8. Non-bonded Contacts out to 3.60 A for C24 H3 5PRu

atom

C(7)

atom

C(21)

distance

3.554(7)

atomADC

54502

atom distance ADC

24

C7
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The ADC (atom designator code) specifies the position of an atom in a crystal. The 5-digit number

shown in the table is a composite of three one-digit numbers and one two-digit number: TA (first digit)

+ TB (second digit) + TC (third digit) + SN (last two digits). TA, TB and TC are the crystal lattice

translation digits along cell edges a, b and c. A translation digit of 5 indicates the origin unit cell. If TA = 4,

this indicates a translation of one unit cell length along the a-axis in the negative direction. Each translation

digit can range in value.from 1 to 9 and thus ±4 lattice translations from the origin (TA=5, TB=5, TC=5)

can be represented.

The SN, or symmetry operator number, refers to the number of the symmetry operator used to generate

the coordinates of the target atom. A list of symmetry operators relevant to this structure are given below.

For a given intermolecular contact, the first atom (origin atom) is located in the origin unit cell and its

position can be generated using the identity operator (SN=1). Thus, the ADC for an origin atom is always

55501. The position of the second atom (target atom) can be generated using the ADC and the coordinates

of the atom in the parameter table. For example, an ADC of 47502 refers to the target atom moved through

symmetry operator two, then translated -1 cell translations along the a axis, +2 cell translations along the

b axis, and 0 cell translations along the c axis.

An ADC of 1 indicates an intermolecular contact between two fragments (eg. cation and anion) that

reside in the same asymmetric unit.

Symmetry Operators:

(1) X, Y, Z (2) 1/2-X, 1/2+Y, 1/2-Z

(3) -X, -Y, -Z (4) 1/2+X, 1/2-Y, 1/2+Z

25
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Table 9. Selected Least Squares Planes for C 24 H3 5PRu

Plane number 1

Atoms defining plane Distance
C(5) 0.001(4)
C(6) -0.002(4)
C(7) 0.002(4)
C(8) -0.001(4)

Additional Atoms Distance
Ru(1) -1.797
C(9) 0.897
C(10) 0.885

Plane number 2

Atoms defining plane Disance
C(5) 0.004(5)
C(8) -0.004(5)
C(9) 0.007(4)
c(10) -0.007(4)

Plane number 3

Atoms defining plane Distance
C(1) 0. 005(5).
C(2) 0.002(5)
C(3) -0.009(5)
C(4) 0.008(4)
C(9) -0.004(4)
c(10) -0.001(4)

Additional Atoms Distance
C(10) -0.001

Summary

plane mean deviation

1 0.0015 0.5
2 0.0056 6.7
3 0.0049 9.0

26
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Dihedral angles between planes (o)

plane
2
3

1
41.51
41.06

2

0.81

27
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' ( ( 4toHg) I5- Cg H&)(PEab) 4)

+a +b
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Experimental

Data Collection

A pale yellow prismatic crystal of C21 H290 3 PRu having approximate dimensions of 0.24 x 0.18 x 0.16

nimwas mounted on a quartz fibre. All measurements.were made on a Rigaku AFC6R diffractometer with

graphite monochromated Cu-Ka radiation and a 12kW 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 94.91 < 20 < 99.22* corresponded

to a primitive monoclinic cell with dimensions:

a= 13.350(2) A

b = 7.425(3) A

c = 19.847(3) A

= 98.53(1)*

V 1945.5(8) A3

For Z = 4 and F.W. = 461.50, the calculated density is 1.58 g/cm3 . The systematic absences of:

hOl: 1 2n

OkO: k 2n

uniquely determine the space group to be:

P21 /c (#14)

The data were collected at a temperature of -60 + PC using the w-20 scan technique to a maximum

20 value of 120.0*. Omega scans of several intense reflections, made prior to data collection, had an average

width at half-height of 0.33* with a take-off angle of 6.00. Scans of (1.00 + 0.30 tan 0)* were made at a speed

of 32.0 0 /min (in omega). The weak reflections (I < 10.0o(I)) were rescanned (maximum of 4 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 2:1. The

diameter of the incident beam collimator was 0.5 mm, the crystal to detector distance was 400 mm, and the

detector aperture was 7.0 x 7.0 mm (horizontal x vertical).

Data Reduction

Of the 3249 reflections which were collected, 3148 were unique (Rm,, = 0.085). The intensities of three

representative reflections were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, p, for Cu-Ka radiation is 74.5 cm- 1 . An empirical absorption cor-

rection based on azimuthal scans of several reflections was applied which resulted in transmission factors

ranging from 0.66 to 1.00. The data were corrected for Lorentz and polarization effects.

2
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Structure Solution and Refinement

The structure was solved by heavy-atom Patterson methods' and expanded using Fourier techniques2 .
The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined isotropically. The final
cycle of full-matrix least-squares refinement' was based on 2417 observed reflections (I > 3.00o(I)) and 351
variable parameters and converged (largest parameter shift was 0.04 times its esd) with unweighted and
weigie agrieement,-factors of:.

R= EllFo - lFcl/IFo = 0.039

R.,= I(Ew(|Fo| - jFc )2/EwFo2 )] = 0.042

The standard deviation of an observation of unit weight4 was 2.20. The weighting scheme was based
on counting statistics and included a factor (p = 0.009) to downweight the intense reflections. Plots of
Ew(jFo| - IFcI) 2 versus |Fol, reflection order in data collection, sin O/A and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
1.12 and -0.87 e/A, respectively.

Neutral atom scattering factors were taken from Cromer and Waber5  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 coefficients are those of Creagh and Hubbel'. All calculations were performed using the
teXsang crystallographic software package of Molecular Structure Corporation.

References
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R.O., Smits, J.M.M. and Smykalla, C. (1992). The DIRDIF program system, Technical Report of the
Crystallography Laboratory, University of Nijmegen, The Netherlands.

(2) DIRDIF92: Beurskens, P.T., Admiraal, G., Beurskens, G., Bosman, W.P., Garcia-Granda, S.,
Gould, R.O., Smits, J.M.M. and Smykalla, C. (1992). The DIRDIF program system, Technical Report of
the. Crystallography Laboratory, University of Nijmegen, The Netherlands.

(3) Least-Squares:

Function minimized: Ew(|Fo| - |Fc|)2

1 4Fo2where w = = 2 Fo
2

-
2

F7) -7~(F 2

or2 F2 S(C+R=B (pFo

S = Scan rate

C = Total Integrated Peak Count

R = Ratio of Scan Time to background counting time

B = Total Background Count

Lp = Lorentz-polarization factor

p = p-factor

3
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula

Formula Weight

Crystal Colour, Habit

Crystal Dimensions

Crystal System

Lattice Type

No. of Reflections Used for Unit
Cell Determination (20 range)

Omega Scan Peak Width
at Half-height

Lattice Parameters

Space Group

Z value

Dcate

Fooo

pu(CuKa)

C2 1 H2 9O3PRu

461.50

pale yellow, prism

0.24 x 0.18 x 0.16 mm

monoclinic

Primitive

25 ( 94.9 - 99.20

0.330

a = 13.350(2) A
b = 7.425(3) A
c = 19.847(3) A
9 = 98.53(1)

V = 1945.5(8) A3

P21 /c (#14)

4

1.576 g/cm 3

952.00

74.52 cm- 1

5
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B. Intensity Measurements

Diffractometer

Radiation

Take-off Angle

Detector Aperture

Crystal to Detector Distance

Temperature

Scan Type

Scan Rate

Scan Width

20maz

No. of Reflections Measured

Corrections

Rigaku AFC6R

CuKa (A = 1.54178 A)
graphite monochromated

6.00

7.0 mm horizontal
7.0 mm vertical

400 mm

-60.0 0 C

w-20

32.0 0 /min (in w) (up to 4 scans)

(1.00 + 0.30 tan 0

120.00

Total: 3249
Unique: 3148 (Ri, = 0.085)

Lorentz-polarization
Absorption
(trans. factors: 0.6609 - 1.0000)

6
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C. Structure Solution and Refinement

Structure Solution Patterson Methods (DIRDIF92 PATTY)

Refinement Full-matrix least-squares

Filif~tion Mi-niffit i Ew(IFol-- Fc )

Least Squares Weights = Fo
2

p-factor 0.009

Anomalous Dispersion All non-hydrogen atoms

No. Observations (I>3.00a(I)) 2417

No. Variables 351

Reflection/Parameter Ratio 6.89

Residuals: R; Rw 0.039 0.042

Goodness of Fit Indicator 2.20

Max Shift/Error in Final Cycle 0.04

Maximum peak in Final Diff. Map 1.12 e-/A 3

Minimum peak in Final Diff. Map -0.87 e- /A

7
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C 21H 290 3 PRu

yatom

Ru(1)

0G1)

0(2)

0(3)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)

C(11)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

((18)

C(19)

x

0.20413(3)

-0.3643(1)

0.3786(3)

0.4420(3)

0.4339(3)

0.1547(5)

0.1889(5)

0.2146(5)

0.2052(5)

0.1607(4)

0.0728(5)

0.0518(4)

0.1190(5)

0.1496(4)

0.1722(4)

0.1884(5)

0.2913(5)

0.3591(5)

0.3194(5)

0.2480(5)

0.1440(5)

0.0861(5)

0.1341(5)

0.3524(6)

8

0.07500(6)

70.0743(2)

0.0623(6)

-0.0848(6)

0.2423(6)

-0.031(1)

-0.180(1)

-0.336(1)

-0.3485(9)

-0.1958(9)

-0.0984(10)

0.0642(9)

0. 1106(8)

-0.0395(9)

-0.2006(8)

0.0003(9)

0.0090(9)

0.159(1)

0.346(1)

0.3479(9)

0.3301(8)

0.293(1)

0.145(1)

0.215(1)

z

0.37350(2)

0.34109(8)

0.2614(2)

0.3675(2)

0.3676(2)

0.1561(4)

0.1229(4)

0.1575(4)

0.2267(4)

0.3334(3)

0.3485(3)

0.3147(3)

0.2669(3)

0.2252(3)

0.2604(3)

0.4785(3)

0.4741(3)

0.5051(3)

0.4822(4)

0.4147(3)

0.4086(3)

0.4678(4)

0.5158(3)

0.2189(4)

Beq

1.600(10)

1.97(3)

2.74(10)

2.77(10)

2.72(10)

3.1(2)

3.6(2)

3.3(2)

2.8(2)

2.1(1)

2.7(2)

2.4(1)

2.2(1)

2.2(1)

2.0(1)

2.6(1)

2.4(1)

3.1(2)

3.2(2)

2.2(1)

2.3(1)

3.2(2)

3.2(2)

3.6(2)
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C 21H 29 0 3 PRU (cont...)

atom

C(20)

C(2t)

H(1)

H(2)

11(3)

H(4)

IH(5)

11(6)

11(7)

H(8)

H(11)

H(12)

H(13a)

H(13b)

H(14a)

H(14b)

H(15)

H(16)

H(17a)

H(17b)

H(18a)

H(18b)

H(19a)

H(19b)

x

0.4169(5)

0.5399(5)

0.133(4)

0.191(6)

0.247(5)

0.227(4)

0.178(4)

0.038(4)

0.004(4)

0.112(4)

0.142(4)

0.322(4)

0.437(5)

0.370(4)

0.375(4)

0.289(4)

0.267(4)

0.104(4)

0.013(4)

0.080(4)

0.195(5)

0.086(5)

0.406(6)

0.297(5)

Y

-0.271(1)

0.246(1)

0.066(8)

-0.17(1)

-0.449(8)

-0.449(8)

-0.306(8)

-0.133(8)

0.149(7)

0.219(8)

-0.123(8)

-0.090(8)

0.139(9)

0.150(8)

0.420(8)

0.400(8)

0.416(7)

0.391(7)

0.270(8)

0.404(8)

0.193(9)

0.085(9)

0.32(1)

0.256(9)

0.3593(4)

0.3601(5)

0.139(3)

0.076(4)

0.136(3)

0.254(3)

0.357(3)

0.379(3)

0.322(2)

0.247(3)

0.474(3)

0.476(3)

0.494(3)

0.554(3)

0.480(3)

0.514(3)

0.379(2)

0.369(3)

0.451(3)

0.491(3)

0.557(3)

0.535(3)

0.232(4)

0.222(3)

Beq

3.2(2)

3:6(2)

2(1)

7(1)

3(1)

1(1)

2(1)

1(1)

1(1)

1(1)

2(1)

1(1)

3(1)

2(1)

1(1)

1(1)

1.4(10)

1(1)

2(1)

1(1)

4(1)

3(1)

6(1)

2(1)

9
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Table 1. Atomic Coordinates and Isotropic Displacement Parameters for C211129 0 3 PRu (cont...)

atom x y z Beq

H(19c) 0.337(5) 0.172(10) 0.173(4) 4(1)
H(20a) 0.339(7) -0.30(1) 0.369(4) 7(1)
H(20b) 0.410(5) -0.300(9) 0.316(3) 2(1)
H(20c) 0.464(5) -0.329(10) 0.384(3) 3(1)
H(21a) 0.576(5) 0.244(10) 0.396(3) 3(1)
H(21b) 0.555(7) 0.37(1) 0.347(5) 7(1)
H(21c) 0.548(7) 0.17(1) 0.326(5) 8(1)

8
.Beq + U 22(bb) 2 + U3 3(cc*)

2 + 2U 2aa*bb* cosy + 2U3 aa*cc* cos# + 2U 23bb*cc* cosa

10
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Table 2. Anisotropic Displacement Parameters for C 21112 9 03 PRu

atom

Ru(1)

0(1)

0(2)

0(3)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)

C(11)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

C(18)

C(19)

U"1

0.0162(2)

~0:0199(8)

0.030(2)

0.025(2)

0.022(2)

0.035(4)

0.040(4)

0.027(4)

0.025(3)

0.024(3)

0.018(3)

0.013(3)

0.025(3)

0.019(3)

0.013(3)

0.045(4)

0.030(4)

0.037(4)

0.032(4)

0.028(3)

0.031(3)

0.033(4)

0.032(4)

0.044(5)

U22

0.0236(3)

0.0263(8)

0.042(3)

0.031(2)

0.034(3)

0.044(5)

0.066(6)

0.052(5)

0.032(4)

0.026(3)

0.051(5)

0.042(4)

0.024(4)

0.038(4)

0.031(3)

0.036(4)

0.037(4)

0.053(5)

0.046(5)

0.022(3)

0.023(3)

0.044(4)

0.059(5)

0.050(5)

U33

0.0216(2)

0.0300(8)

0.036(2)

0.049(3)

0.050(3)

0.036(4)

0.032(4)

0.046(4)

0.048(4)

0.030(3)

0.034(4)

0.036(4)

0.032(3)

0.026(3)

0.034(3)

0.019(3)

0.024(3)

0.026(4)

0.045(4)

0.036(4)

0.032(3)

0.044(4)

0.033(4)

0.044(5)

U 1 2

0.0019(2).

-0.0009(7)

0.005(2)

0.004(2)

-0.006(2)

-0.003(3)

-0.009(4)

-0.007(3)

-0.001(3)

0.000(3)

-0.016(3)

0.003(3)

0.006(3)

0.001(3)

-0.005(3)

0.004(3)

0.017(3)

0.004(4)

-0.003(4)

0.011(3)

0.011(3)

0.012(4)

-0.001(4)

0.005(4)

U 1 3

0.0050(2)

0.0087(6)

0.016(2)

0.005(2)

0.014(2)

0.000(3)

0.013(3)

0.008(3)

0.003(3)

0. 005(3)

0.009(3)

0.002(3)

-0.003(3)

0.003(2)

0.005(2)

0.006(3)

0.001(3)

0.000(3)

0.005(3)

0.009(3)

0.000(3)

0.011(3)

0.015(3)

0.015(4)

U 2 3

0.0020(2)

0.0005(7)

0.002(2)

0.006(2)

-0.004(2)

-0.001(4)

-0.014(4)

-0.025(4)

-0.010(3)

0.006(3)

0.001(3)

-0.008(3)

0.006(3)

-0.003(3)

-0.007(3)

0.003(3)

0.006(3)

-0.007(3)

-0.019(4)

-0.001(3)

-0.003(3)

-0.008(4)

-0.005(4)

0.010(4)

11
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Table 2. Anisotropic Displacement Parameters for C 2 1H 29 0 3PRu (cont...)

atom

C(20)

C(21)

U11

0.027(4)

0.022(4)

U 2 2

0.034(4)

-0.053(5)

U3 3

0.060(5)

0.062(6)

U12

0.006(3)

-0.005(4)

U13

0.002(4)

0.009(4)

U 23

-0.004(4)

-0.004(5)

The general temperature factor expression:

exp(-27r 2 (a*2 Unh 2 + b*2U2 2k2 + c*2 U331 + 2a*b*Ul2 hk + 2a*c*Ul3hl + 2b*c*U23 kl))
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