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n

Empirical Formula
Formula Weight

Crystal Color, Habit

Crystal Dimensions

- 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

Dcalc

Fooo

| #(MoKa)

Diffractometer

Radiation

EXPERIMENTAL DETAILS

A. Crystal Data -

C20H2605Ru

{195.49

yellow, prismatic

0.10 X 0.10 X 0.05 mm
monoclinic

Primitive
25 (294 - 30.0°)

0.22°

a= 7.816(5)4
b= 25.190(5) A
c = 11.050(6) A
B = 109.01(4)°
V = 2056(1) A3
P2, /c (#14)

4

1.600 g/cm?

1016.00

8.06 cm~!

B. Intensity Measurements

Rigaku AFCTR

MoKe (A = 0.71069 A)
graphite monochromated

S42?
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Attenunator
Take-off Angle

Detector Aperture

| Crystal to Detector .Dista.nce.
Voltage, Current
Temperature -
Sc;m Type
Scan Rate
Scan Width
20 max

No. of Reflections Measured

Corrections

Structure Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>3.000(1))
No. Variables

Reﬂection /Parameter Ratio
Residuals: R; Rw
Residuals: R1

No. of Reflections to calc R1

Zr foil (factor = 8.40)

6.0°

‘3.0 mm horizontal

3.0 mm vertical
235 mm

50kV, 200mA
23.0°C

w

16.0° /min (in w)

(0.52 + 0.30 tan 6)°

~55.0°

Total: 5088
Unique: 4852 (R;,; = 0.026)

Lorentz-polarization

C. Structure Solution and Refinement

Direct Metvhods (SHELXS-86)
Full-matrix least-squares -
Sw(|Fo| - |Fe])?

w = gatesy = [0(Fo) + 5 Fo’]~
0.0020

All non-hydrogen atoms

2892

288

10.04

0.040'; 0,041

0.000

0

S435
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Goodness of Fit Indicator 0.66

Max Shift/Error in Final Cycle ‘ 0.00
Maximum peak in Final Diff. Map . ) 0.40 ¢~ /A3
Minimum peak in Final Diff. Map -0.40 e~ /A3

SUbE
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Table 1. Atomic coordinates and Biso/Beg

atom x | y | z B.,
Ru 0.34750(5) 0.36820(2) 0.83668(4)  2.609(7)
o(1) 0.7587(6) 0:3916(2) 1.1207(4) 4.8(1)
0(2) 0.8349(6) 0.3207(2) C1.0277(4) 45(1)
0(3) ’ 0‘6345(6) 0.4519(2) 0.6810(4) . 4.6(1)
0(4) 0.4501(6) 0.5056(2) 0.7431(4) 1.4(1) |
o) 0.2238(6) 0.4158(2) 0.4933(4) 5.4(1)
0(6) 0.0709(7) 10.3411(2) O 04932(5) 7.1(1)
0(7) 0.6714(6) 0.2760(2) | 0.'}349(5) 5.1(1)
0(8) | 0.5055(7) 023220 0.8350(5) 5.6(1)
C(1) | - 0.6379(7) 0.5800(2) 0.8927(5) 2.8(1).
c@) 0.5471(7) 0.4301(2) . 0.8636(5) | 2.8(1)
C(3) ' 0.7441(6) 0.3661(3) . 1.0244(5) 3.5(1)
C(4) 0.5507(8) 0.4618(2) 0.7529(6) 3.4(1)
C(5) C 0.9553(10) 0.3033(3) 1.1510(7) 6.0(2)
. C(6)  0.439(1) 0.5408(3) 0.6381(8) 5.8(2)
(1) 0.36(;7(7) | 0.3526(2) 0.6453(5) 3.3(1)
C(8) 0.3690(8) 0.3040(2) 0.7090(6) 3.7(1)
C(9) ~0.2051(8) 0.3677(3) 0.5376(6) 4.4(1)
C(10) 0.5335(9) | .0.2706(2)' 0.7593(6) 4.1(1)
c(11) B 0.074(1) 0.4373(4) 0.3887(8) 7.9(3)
C(12) 0.657(1) 0.1977(3) 0.8947(9) )
c(13) O 0.3417(8) 0.3955(3) L0326()  34(L)
c(14) | '0.3524(9) 0.34003)  1.0289(7) - 46(2)
C(15) 0.214(1) 0.3115(3) 0.9362(8) 5.5(2)

457
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Table 1. Atomic coordinates and Biso/Beg (continued) .

atom
a(16)
o)
(1)
C(19)
C(20)
H(1)
H(2)
H(é)
H(4)
H(5)
H(6)
H(7)
H(8)

H(9)

H(10)
H(11)

H(12)

H(13)

H(14)

H(15)

H(16)
H(17)
H(18)

H(19)

x
0.0776(9)
0.0454(7)
0.1279(8)
0.1356(9)
0.1702(9)

0.6983

0.5527

0.8851
1.0092
1.0439
0.3929
0.3669
0.5601
0.4710
0.2575

-0.0324
0.1030 °
0.0470
0.7017
0.6322
0.75.94
0.4530
0.4624

0.2389

Y
0.3313(3)
0.3808(3)
0.4308(3)
0.4626(3)
0.4261(3)

0.3639

- 0.4539

0.2975
0.2705
0.3290
0.5225
05703
0.5530

0.3657

0.2804

0.4402

0.4718
0.4147
0.1814
0.1727
0.2201
0.4124

0.3195

- 0.2749

S46F

z

0.8262(8)

0.7591(7)
0.7906(6)
0.9069(7)
1.0200(6)

0.8345

10.9401

1.2065

1.1401

. 1.1855

-0.5605

0.6413
0.6477
0.6153
0.6938
0.4132
0.3649
0.3152
0.8337
0.9487
0.9493
1.0835
1.0806

0.9536

B.,

5.3(2)

5.3(2)

11(1)

46(2)

4.3(2)
2.3(4)
2.7(4)
8.6(2)
10.1(2)

8.7(2)

83(2)

5.5(3)
6.1(2)
1.0(3)
5.0(3)
10.2(1)
17.54(8)

13.6(1)

6.6(2)

7.5(2)
i2.0(1)
4.8(3)
5.9(3)

6.0(2)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom
H(20)
H(.21)
H(22)
H(23)
H(24)
H(25)

H(26)

8
B, =

0.3012
0.3755
0.4517
0.4884
0.4891

0.4400

- 0.3942

8472

0.7547
0.6521
0.7108
0.9386
0.8655
1.1193

1.0303
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1 9.2(2)

9.1(2)

3.8(3)

'~ 5.5(3)

7.8(2)
3.0(4)

8.7(2)

Uri(aa™)* + Uaa(b6*)% + Uss(cc*)? + 2U15aa™ bb* cosy + 2U13aa*cc*A cos 3 + 2Ua3bb" ce* cos ar)
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Table 2. Anisotropic Displacement Parameters

atom U Uz \ Uss Uia Uis Uz
Ru 0.0288(2) | 0.0321(2) 0.0407(2) -0.0030(2) 0.0147(1)  -0.0062(2)
o(1) 0.053(2)  0.078(3) 0.044(2) 0.010(2) 0.005(2) -0.004(2)
0(2). 0.057(3) 0.053(3) 0.063(3) 0.019(2) 0.024(2) 0.019(2)
0(3) 0.061(3) 0.061(3) 0.061(3) 0.007(2) 0.034(2) 0.011(2)
0(4) 0.066(3) 0.040(2)  0.065(3) 0.008(2) - 0.027(2) 0.009(2)
0(5) 0.056(3) -0.084(4) 0.051(3) 0.003(3) 0.000(2) 0.008(3)
0(6) 0.060(3)  0.124(5) 0.068(3) -0.033(3) -0.004(3) -0.018(3)
0(7)  0.059(3) - 0.059(3) C 0.0880) 0.009(2) 0.042(3) - -0.005(3)
0(8) 0.082(3) 0.048(3) 0.099(4) 0.006(2) 0.05i(3) 0.007(3)
C(1) 0.031(2) 0.036(3) 0.040(3) -0.002(2) 0.014(2) -0.001(2)
@) 0.031(3) 0.036(3) 0.040(3) -0.008(2) 0.011(2) -0.004(2)
C(3)- 0.027(2) | 0.054(3) 0.055(3) 0.007(3) - 0.016(2) 0.005(3)
C(4) 0.040(3) 0.034(3)  0.054(4) -0.008(2) 0.014(3) 0.000(3)
C(5) 0.065(4) | 0.089(6) 0.075(5) ~  0.029(4) 0.026(4) 0.048(4) -
C(6) 0.086(5) 0.059(4) . 0.080(5) 0.015(4) 0.032(4) 0.027(4)
C(7) 0.039(3) 0.048(3) 0.041(3) -0.010(2) 0.016(2) -0.018_(25
C8).  0.047(3) 0.038(3) ©0.062(4) -0.007(3) 0.026(3) E -0.019(3)
c(9) 0.049(3) 0.072(4) 0.043(3) -0.005(4) o 0.012(3) -0.013(4)
C(10) 0.061(4) - 0.041(3) = 0.061(4) -0.:005(3) 0.031(3) -0.019(3)
cay 0.064(5) 0.153(9) 0.065(5) 0.024(5) ~ -0.003(4) 0.030(6)
C(l_é) 0.124(7) 0.054(4) 0.099(7) . 0.033(5) 0.048(6) 0.012(4)
C(13) 0.046(3) ’0.058(4) 0.040(3) 0.004(3)  0.019(3) -0.003(3)
C(14) 0.057(4) 0.057(4) 0.077(5) 0.009(3) 0.046(4) | 0.020(4)
C(15) "0.086(5) 0.042(4) - 0.116(6) -0.008(4)  0.074(5) 0.001(4)

S4873
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Table 2. Anisotropic Displacement Parameters (continued)

atom Uiy : Un Uss Ui Uis Uss
C(16) 0.052(4) 0.062(4) 0.>104(6) -0.025(3) 0.051(4)  -0.036(4)
C(17) 0.022(3) 0.087(6) 0.089(5) -0.002(3) 0.014(3) -0.030(4)
c(18) - 0.037(3) 0.070(4) 0.049(4) 0.012(3) 0.013(3) 0.’001(3)
C(19) 0.053(4) 0.056(4) 0.066(4) 0.010(3) 0.018(3) -0.014(3)
C(20) - 0.054(4) 0.059(4) 0.061(4) 0.005(3) . 0.030(3)  -0.012(3)

The general temperature factor expression:

exp(—?ﬂ'z(a*?Ullhz =+ b*2U22k2 + C*2U3312 + 2a*b*Ui2hk + QG*C*U13hl + 2b*C*U23kl))
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o .

Table 3. Bond Lengths(A)

atom atom ~ distance atom atom distance
Ru C(1) 2.169(5) ‘ Ru o 2.155(5)
' Ru () 2.204(5) » Re C(8) 2.190(5)
Ru c(13) 2.285(6) Ru C(14) 2.229(6)
Ru C(15) 2.256(6) Ru C(16) 2.274(6)
Ru car) 2.256(6) Ru - CU8)  2361(6)
o(1) C(3)l 1.216(7) B '(_)(2)  | C(3) 1.341(7)
0(2) () ' 1.449(8) 0(3) C(4) 1.200(7)
0(4) C(4) 1.337(7) | L 0(4) C(6)  1aa1(8)
0(5) C(9) 1334(8) 0(5) C1) . 1.454(8)
0(6) o) 1.207(7) 0(7) C(10) 1.201(7)
0(8) C(10) 1.343(8) oW  ca) 1.440(9)
C(1) C(2) 1.431(7) 0(15 C(3) 1.464(7)
o) 'H(l) 1.0005) - C(2) C(4) i.469(8)
C(2) CH(2) 1.026(5) C(5) | H(3) 0.957(7)
C(5) H(4) 0.953(8) C(5) H(5) 0.934(9)
C(6) H(6) 0.936(8) C(6) . H(7) 0.942(7)
C(6) H(8) 0.966(8) e () 1.408(8)
(1)’ C(9) 1.475(8) | cn H) 1.030(5)
c@E) C(10) 1.486(8) C(8) H(10) 1.023(6)
c(11) H(11)  0.9058(9) | c(11) H(12) 0.96(1) |
ca1)  H(13) 0.96(1) ~ C(12) H(14) 0.950(8)
C(12) H(15) 0.929(9) c(12) H(16) 1.005(10)
C(13) C(14) 1.401(8) / C(13) C(20) 1.513(8)
C(13) H(17) 0.968(6) B 'V | c(15) 1.42(1)

S5O
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Table 3. Bond Lengths(A) (continued) -

atom _atom  distance ' - atom atom distance
C(14) H(18) 1.006(7) - C(15) C(16) 1.42(1)
C(15) H(19) 0.949(7) - C(16) () 1.43(1)
C(16) H(20)  L96L(T) C(17) C(18) 1.407(9)
oy HEY 1.243(7) | C(18) C(19)  1.498(9)
C(18) H(22) 1.029(6) c(19)  C(20) 1.503(9)
C(19) H(23)  1.016(7) c(19) H(24) 1.227(6)
c(20) H(25) 1.106(6) C(20) H(26) 1.149(7)"

S5
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Table 4. Bond Angles(°®)

. atom atom atom angle | atom atom  atom angle |
c(1). Ru C(2) 38.7(2) o) Ru C(7) 8462
c() Ru C(8) 89.5(2) c(1) Ru C(13)  91.8(2)
c(1) Ru C(14)  946(2) ) Ru  C(15)  123.9(3)
C(1) Ru C(16) 159.6(3) C(1) Ru . C(17) 163.2(2)
) Ru C(18)  128.0(2) | C2) Ru  C(7) 89.4(2)
¢(2)  Ru C(8) 1148(2) C(2) Ru  CU13)  83.7(2)
c(2) Ru C(14)  108.2(2) o Ru C(15) '145.1(3)
c}(z) Ru C(16) 157.1(2) C(2  Ru C(17) 124.9(2)
C(2) Ru C(18) 89.4(2) | C(7) Ru C(8) 37.4(2)
o) Ru ca3) 17252 (1) Ru C(14) - 150.6(2)
C(7)  Ru cas)  1227(2) c(7) Ru cas) 103.3(2)
() Ru cary 929 . C() Ru - CU8)  10112)
() Ru C(13) - 149.5(2) C(8) Ru C(14)  1134(3)
C(8) Ru C(15) 89.4‘(2) C(8) Ru . C(16) 85.9(2;
C(8) Ru can . 985(2) C(8) Ru C(18)  125.6(2)
C(13)  Ru c(14)  36.1(2) 1) R cs) o 64(2)
C(13)  Ru C(16)  82.3(2) C13)  Re €T $8.7(2)
C(13) " Ru c1s)  759(2) C(14) ©  Ru C5)  36.9(3)
C(14)  Ru Ca6)  69.2(3) | C(14)  Ru can | 956(3)
C(14)  Ru c18)  102.3(2) - C(15)  Ru C(16)  36.5(3)
C(15)  Ru C(17)  T1A(3) C(15)  Ru C(18) 96.5(3)
C(16)  Ru can  36.8(3) C(16)  Ru C(18)  69.6(3)
C(17)  Ru C(18)  36.3(2) L CE) 0(2) c(5) 117.4(5)

C(4) 0(4) C(6) 116.8(5) cO o) c(1l)  118.3(6)

S522
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Ch

Table 4. Bond Angles(°) (continued)

atom atom atom angle . atom atom  atom angle
C(10)  O(8) C(12)  116.4(6) Re  C(1)  C(2) 70.1(3)
Ru C(1) C(3) 116.9(3) | Ru C(1) H(1) 115.5(4)
() cy  CE) 120.9(5) et (1) H(1) 191.1(5)
c3) (1) H()  108.0(5) Ru . C(2) c)  7120)
Ru C(2) C(4) | 119.2(4) - Ru  C(2) H(2) 111.8(3)
10(1) C(é) O CM@) - 1216(5) | (1) C(2  H(2) 116.4(5)
C(4) C(2) H(2) nLis) 0(1) C(3) 0@)  121.9(5)
o(1) c(3) c(1) 127.2(6) 009 c(3) c(l) 110.8(5)
0(3) c4) - 0O4) 123:2(6) o) C(4) C(2) 126.5(5)
0(4) C(4)  C@ 110305 0(2) o(5) H(3) 108.4(6)
0(2) C(5) H(4) 108.8(7) 0@2) C()  H(B) - 110.0(6)
H(3) c(5) H(4) 108.6(7) H(3) — C(5) H(5) 110.3(9)
-H(4) C(5) H(5) 110.7(7) 0(4) C(6) H6)  109.8(6)
0(4) C(6) H(7) 109.5(7) ©0(4)  ©(6) H(8) 108.0(6)
HE)  C(6) H(7) 111.4(8) CHEB)  C(6) H(8) 109.3(8).
H(7) C(6) H(8) 108.8(7) Ru o(7) Cc8) - T0.8(3)
Ru cm - C9) 114.8(4) Ru () HE)  194.0(4)
C(8) ) . C) 119.7(5) C(8) C(r)  H(9) 123.9(5)
C(9) c) H(9) 1025(5)  Re c(®) (1) 71.9(3)
Ru C(8) C(10)  114.6(4) R c@®)  H(10)  107.2(4)
c(7) C(8) c(10)  1232(5) C(7) "C(8) H(10) - 123.5(6)
C(10)  C(@8) H(10)  108.6(5) 0(5) C(9) 0(6) 122.7(6)
oG)  C9) c(m). 1113(5) 06 e o 125.9(7)
o(7) c(o) 0F). . 1242(6) om’  cao)  C(s) 125.6(6)
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= N

Table 4. Bond Angles(®) (continued)

atom atom atom angle atom . atom atom angle
0(8) c(10)  C(@8) 110.2(6) | 0(5) cany  H@)  110.6(7)
0(5) c(11)  H(12)  110.9(8) “ - 0(5) C(11)  H(13)  110.6(8)
H(11)  Ca1)  H(12) 1‘08.2(9.)‘ | H(11)  C(1)  H(13)  108.1(9)
CH(12) c(l)  H(13) 108.3(8). O(S) c(12)  H(14)  111.9(8)
0(8) c(12)  H(15)  113.2(8) 0(8) caz)  H(16) 108.3(6)
H(14)  C(12)  H@5)  1113(7) H(14)  C(12)  H(16) | 105.0(9j
H(15) C(12) H(16)  1066(9) Ru‘ C(13) C(14) 69.7(4) .
Ru C(13)  C20)  110.8(4) | Ru Cc13)  H(IT)  113.0(4)
ca)  ©13)  C@0)  12456) c(14)  C(13)  HQ17) - 114.0(6)
C(20)  C(13)  H(IT)  115.4(6) " Ru c(14)  CQA3)  T741(4)
Ru C(14) C(15) 72.6(4) | Ru C(14) H(18) 116.9(4)
ca3)  C(14)  C(15)  119.1(6) C(13)  C(14)  H(18)  123.0(7)
C(15)  C(14)  H(18)  117.3(7) Ru C(15) o4 T05(3)
Ru - C(15) C(16) 72.4(4) " Ra €15  HQ9) . 128.2(5)
C(14)  ©(15)  C(16)  128.6(6) o C(14)  ©(s) ©  H(19)  106.7(8)
c(16)  C(15)  H(19)  124.1(8) Ru 0(16) c(15)  71.0(3)
Ru C(16) C(17) 70.9(3) | "~ Ru C(16) H(20) 139.7(4)-
C(15)  C(16)  CO7) . 134.9(6) : C(15)  C(16)  H(20)  121.5(7)
c(l7)  C(6)  H(20)  103.3(7) . Ru cary  c@e)  T2.3(4)
Ru can  c(8) 72.1(3) - C(17T)  H(21)  134.4(4)
c(16)  C(17)  C(18)  131.5(6) 0(16)  c(1)  H(21) | 110.6(6)
casy  cam H(21) 117.8(7) R c(18) . C(17)  TL6(4)
Ru c(18)  C(19)  111.4(4) | Ru c(18)  H(22)  109.4(4)
curny  cs) ¢(19) 125.4(6) © o) c(8) H(22)  112.0(6)

S5 @
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Table 4. Bond Angles(®) (continued)

atom  atom atom angle atom atom atom angle
c(19) . Cc(18)  H(22)  116.9(6) | C(18) . €19 CE0)  109.4(5)
cus)  cue) . HE3)  neoE C(18): c(19)  H(EZ4)  1008()
c20) €19 H(23) 101.4(6) c(0)  C(19)  H(24)  1227(6)
H(23) C(19)' | H(24) 10.7.4(5) C(13) C(20) C(19) 107.6(5)
C(13) 6(20) H(25)  101.6(5) C(13)  ©(20) - H(26)  103.8(5)
C(19) C(on H(25)  123.9(6) c(19)  C(0)  H(26)  1245(6)

H(25) C(20)  H(26) 91.9(5)
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Table 5. Torsion Angles(®)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
Ru C1) @ CM)  -113.3(5) Ru 0(1‘) L CB) o) -16.9(7)
Ru - C) C(3) 0(2) 105.7(4) Ru C(2) C(1) C(3) -110.2(4)
Ru € c)  o@E)  -89.3(7) i{u C2) C) 0@ - 9250)
Ru C(r)  C(@B) - C(10) -108.1(5) Ru C(y  CO o) 95.8(5)
R C(T)  C(O) OF)  -83.97) Ri  oE)  C@) Co)  -108.(5)
Ru  C() ©10) O)  -9637) Ru ~ C(8)  C(10) . 0(3) 85.0(5)
Ru C(13) C(14) C(15)  -59.1(5) Ru C(13)  C(20) C(19)  -42.3(6)
‘Ru C(14)  C(13)  C(20)  101.9(6) Ru  CO4) G5 C(i6) -46.2(6)
Ru  G(5)  C(4)  C1) 5980 Re o cU5) o) oun 339(8)
Ru C(16)  C(15) C(14)  45.5(6) Ru C(16)  C(17) C(18)“ -44.4(7)
Ru C(17T)  C(16) - C(15)  33.9(8) Ru C(17)  C(18)  C(19)  -103.6(6)
| Ru C(18) C(17)  C(16) ‘44.5(7) | Ru C(18)\ C(19) C(20)  -42.1(6)
oy (3 0@ B -12s) o)  C@3) ca) @ 5.1(8)
0) CB) 1) 2  -1724(4) '0(3) C4) O  C(@6) 2.1(9)
0B  CH)  C@ ) -449) o) O C©@ 1) 177405
0B) C9) CT  C©B) = 177.005) o) CO OFB)  cay 1
o(6)  C(9) C(7) C(8) -2.8(10) o7 €10y o) ' ca12) 3.5(9)
O(7)  C(10) C(8) CT)  -12.5(10) | | 0(8)  C(10) C(B)  C(7) 168.7(5)l
C(1)  Ru Cc2)  Cc) | 116.4(5) C(1)  Ru cm @) 96.3(3)
C() Ru  C(T)  CO)  -149.1(5) C(1) Ru  C@®) C(7)  -8L7(3)
C)  Rau  C(B) C10)  37.25) - C(1)  Ru C(13) C(14)  -95.4(4)
C(l)  Ru  C(13) C(20) 144.3(4) C(1)  Ru  CO14) ©O13)  86.7(4)
C  Ru ) 15 -145.(1) C(1)  Ru C(15)  C(14) 43‘.3(5)
C1) R C(15) C(16) -173.0(3) C1)  Ru  C(16) 6(15) 17.0(8)
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Table 5. Torsion Angles(°) (continued)

‘atom  atom  atom atom  angle atom  atom. atom  atom  angle
Cl)  Ru C(16)  C(17)  172.3(5) C(1)  Ru C7)  C(16)  -170.6(7)
C1)  Ru C(17)  C(18)  -24(1) c)  Re  C(18) ©(7) 171.4(4)

C(1)  Ru C(18) ‘0(19) -66.9(5) c(1) C(é) Ru ' C(7)  -82.1(3)
C(1) €@ Ru‘ C(8) -53.8(l4) C(1) €2 Ru C(13)  100.8(3)
C1l) €2 Ru C(14)  73.9(3) C(1) @  Ru C(15)  76.1(5)

O C@  Ru C(16) . 153.5(6) C(1) C(2) Ru C(17)  -175.2(3).
C). C@® Ru  C(18) 176.7(3) (1) | CB) 0@ C6)  1764(5)
C(2) Ru C(1)  C(8) 115.4(5) C(2) Ru  C(T) . C(@8) 134.7(3)
C® Ru oM CO -11066) €2 Re Ci‘(8) C(T)  -515(4)
C(2)  Ru C(8)  C(10) 67.5(5) '} C(2) Ru | C(13)  C(14)  -133.2(4)
C(2) Ru C(13)  C(20) 106.4(4) C(2)  Ru C(14) C(13)  49.7(4) |
C(2) Ru  C4) C©(5)  177.9(4) C(® Ra  C@5) C(4)  -356)

C(2)  Ru | C(15)  C(16)  140.3(4) C(2)  Ru C(16) | C(15)  -110.1(7)
€2 Ru C(16)  C(17)  45.2(9) C Ru  Ca7) a6 _--160.3(4)
C(2) Ru C(17)  C(18)  -13.7(5) C(2) " Ru C(18) a7 168.é(4).
C(2) Ru C(18) 0(19) -69.5(5) C(?» C1) Ru o) 95.8(3)
C €1 Ru  CB)  132.903) C(2) C1) Ru C(13) . -77.6(3)
C(2) CO) Ru  CO4) -113.7(3) C2) (1) Ru C(15)  -138.1(3)

C(2). 1) Ra C(16) -150.16) ~  C(2) C(1) Ra C(17)  13.6(9)
Cc@2) ¢ ' Ru C(18) - -4.2(4) | C2) CM4) 0@ CE6) - -1796(5)
C(3) C(1) Ru C(7)  -148.8(4) C(3) C(1) Ru C(8) . -111.7(4)

CB)  C(1)  Ru ca3)  378(4) o3) C(1) Ru C(14) 1.7(3)
C(3) C(1) Ru - C(15) -227(5) C(3) C(1) Ru . C(16)  -34.8(8)
C(3) C(1) Ru can  1200(8) C() C(1) Ru C(18)  111.2(4)
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Table 5. Torsion Angles(®) (continued)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
CB) C1) C©@) CM4 1365(5) | o c@ Ru C(7) 34.3(4)
C4) €@ Ru C(8), 62.6(5) C4)  c(2) Ru  C(13)  -1428(4)
C4) C(2) Ru C(14)  -169.7(4) C(4)  C(2 Ru . (15 -167.5(4)
C(4) C(2) Ru C(16)  -90.1(8) C4) €@ Ru  CU7) -58.8(5)
| C4) C Ru  C(18)  -66.9(4) C(7)  Ru C(8)  C(10)  119.0(6)
C(7)  Ru C(13)  C(14) '-156(1)“ ~C(n) Ru o C(13) C(20)  83(1)
C(7)  Ru C(14)  C(13)  173.9(4) on  Re  c(4) C(15)  -57.9(6)
C(7) Ru | C(15)  C(14)  150.4(4)- -C(7)  Ru C(15) C(.16) -65.8(4)
C(7)  Ru C(16) C('15) _127.9.(4) ~C(M) . Ru C(16) CQ7)  -76.8(4)
C(7)  Ru can) C(16)  108.4(4) C(7)  Ru C(17)  C(18)  -105.0(4)
C(7)  Ru C(18) C(7)  79.5(4) C(7)  Ru C(18)  C(19)  -158.8(4)
C(T) CB) Ru  C(13) -1744(4) C(7) CB) Ru C(14)  -176.5(3)
.C(7)  C(B)  Ru C(15) - 154.6(4) Q) (8  Ru C(16)  118.2(4)
C(7)  C(8) Ru C(17)  83.5(4) C(T) C(8)  Ru C(18)  57.0(4)
Cm Ce)  OF)  cal)  -17856) C8 Ru  C(T) OO  1146(6)
C(®8)  Ru C(13)  C(14)  -33(6) C(8)  Ru C(13) C(20) -123.6(5)
C(8)  Ru C(14)  C(13)  178.2(4) C(8)  Ru C(14)  C(15) | -53.6(4)
CB) Ru  C(15) C(14)  1324(4) C(8) Ru C(15)  C(16)  -83.9(4)
C(8) Ru C(16) C(15)  94.6(4) C(8)  Ru C(16j c(17) | -110.1(4)
C(8)  Ru C(17)  C(16)  71.3(4) | C(8)  Ru o) cas) -142.1(4)
C(8) Ru C(18) C17)  48.3(5) C(8) Ru C(18) .C( 19j 17;)_.0_(4)
L o®)  om R o) 1) C®) C7  Ru C(4) 656
C(8) C(7) Ru C(15)  -30.7(5) ~ C(B) C(7) Ru 0(16) : -64.6(4)

C8) C(T) Ru  CQ7)- -100.3(4) C®) C(M Ru  CU18) -136.0(3)
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_Table 5. Torsion Angles(®) (continued)

atom  atom atom  atom angle \ atom  atom  atom  atom  angle
C(8)  co) o) c12)  -177.7(6) C(9 C7) Ru c(13)  -87(1)
C(®) ©@F Ru  C(14)  121.1(6) C(®) C(7) Ran  C(15)  84.0(5)
C(9) C(7) Ru 6(16) 50.1(5) B c(9) C(7) Ru c(17y  14.3(5)
c9) O Ru c(18) | 91.3(5) cO o CE) C(10)  143.7(6)
C(10) C(8) Ru C(13)  -55.5(6) C(10) - C@B) Ru C(14)  -57.6(5)
C(10) ©@B) Ru  C(15)  -86.4(5) C(10) C@8) Ru c’(lé) 122.8(5)
C(10) C@) Ru cum  -1575(5) co) C8) Ru o C(18)  175.9(4)
C(13) Ru C(14) ©(15) 1282(6) . C(13) Ru C(15) C(14)  -30.8(4)
C(13) Ru . C(15) C(16)  1129(4) C(13) Ru -C(16) 0(15j . -57.2(4)
c13) Ru  C(6) C(T)  98.1(4) ci3) Ra  CO7) C36)  -189(4)
cas Re  can c(1s)  67.7(4) c(13) Ru  C(8) C(T)  -107.5(4)
C(13)  Ru o cas)  C(19)  141(4) c(3) C(14) Ru  €(15)  -128.2(6)
c(13) C(14) Ru  C(16) --106.1(4) C(13) C(14) Ru - CQ17)  -80.0(4)
(3&13) ~ C(14) Ru C(18)  -43.8(4) | - C(13)  C(14) C(15) C(16) 13(1)
Cc(13) ©(20) C(19) C(18)  556(7) .0(14) Ru c(13)  C(20) -120.3(65
C(14) Ru C(15) C(16)  143.7(6) C(14) Ru C(16) C(15)  -22.3(4)
C(14)  Ru C(16) C(17) ~ 133.0(4) C(14) Ru C(17)  C(16)  -43.4(4)
C(14) Ru c(17)  C(18)  103.2(4) C(14) Ru cas)y  C(r)  -826(5) -
C(14) Ru C(18)  C(19)  39.0(5) C(14) C(13) Rau C(15) " 31.4(4)
c(14) C(13) Ru  C(16)  65.0(4) c(14)” C13) Ru COT)  101A4(4)
C(14) C(13) Ru C(18)  135.8(4) C(14) C(3) C(20) C(19) = -12L.5(7)
C(14) C(15) Ru C(16)  -143.7(6) Cc(4)  ©(15) Ru  C(IT)  -128.4(9)
C(14) C(15) Ru cas) -1019(4) - C(14) Ccs) cae) can 1)
C(15) Ru C(13)  C(20)  -88.9(5) C(15)  Ru C(16) C(7)  155.3(6)
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Table 5. Torsion Angles(®) (continued)

atom atom atom - atom angle atom atom  atom atom angle

C(15) . Ru c(17y  C(6)  -15.2(4) o C(15) Ru C(Ty  C(18)  131.4(5)
C(15) Ru  C(18) C(7T) -45.7(5) C(15) Ru 6(18) C(19)  76.0(5)
C(15) C(14) Ru C(16)  22.1(4) C(15) C(14) Ru C(17T) ~ 48.2(4)
C(15) C(14) Ru  C(18)  84.4(4) C(15) C(14) C(13) C(20) 42.9(9)
C(15) C(16) Ru C(17)  -155.3(6) C(15)  C(16) Ru C(18)  -134.9(4)
‘ C(15j c(16) ©(17)  C(18) -10(1) | C(16) Ru C(13)  C(20)  -55.3(5)
C(16) Ru C(17) C(18) 1466(6) - C(16) Ru C(18)  C(IT)  -20.6(4)
C(16) Ru C(18)  C(19)  10L1(5) - C(16) CU5 Ru  CU7)  15.3(4)
C(16) C(15) Ru C(18)  41.9(4) C(16) C(17) Ru C(18)  -146.6(6)
C(16) C(17) C(18) C(19)  -59.1(10) C(17) Ru C(13) C(20)  -18.9(5)
C(17) Ru C(18)  C(19) 121.7(7) . c(n) ce) " Ru C(18)  20.3(4)
C(17)  C(18) C(19) C(20)  40.0(8) C(18) Ru | C(13)  C(20) i5.4(4)
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Table 6. Non-bonded Contacts out to 3.60 A

atom atom distance  ADC atom atom  distance ADC
o(1) H(13)  2.623(4)- 65601 0(1) H(26)  2.924(5) 65501
0(1)  H(23)  3.094(5) 66703 0(1) H(14) 3.132(5)' 1
o(1) H(7) 3.238(4) 66703 o) HOL)  3.342(4) 65601
0o(1) C(11)  3.379(10) 65601 - o(1) 'H(24) 3.537(5) 66703
0(2) H(26)  2.607(4) 65501 0(2) C(16) 3.373.(8) 65501
0(2) C(15) 3.436(8) 65501 , ‘0(2) | Ii(QO) 3.488(4) 65501
0(3) H(6) 2.685(4) 66603 | 0(—3) CH(12)  2.973(4) 66603
o) mHE@ 3.049(5) 65501 o3  HEY 3.053(4) 65501
0(3) C(6) 3.387(9) 66603 ‘ 0(3) H(8) 3.453(4) 66603
0(3) H(25)  3.485(5) 66703 0B3)  CaT 35%0(8) 65501
0(4) H(17) ‘2.751(4)" 66703 ow H(25)  3.018(5) 66703
0(4) H()  3440(5) 56603 o) C13)  3518(7) 66703
0(4) | H(23)  3.563(5) 66703 ] 0(5) H(8) 2.758(5) 66603
0(5) C(6) 3.567(9) 66603 ' ©0() . H(6) 3.591(5) 66603
0(6) H(16)  2786(5) 45404 o) H(14) 2.905(5) 45404
0(6) C(12)  321(1) 45404 0(6) HB3)  3207(5) 45401
o)  H(19) 3.290(6) 55404 0(6) H(15)  3.319(6) 45404
o)  H(5) 3.351(5) 45401 o 0(6) H(4) 3.357(6) 45404
O(7) H(20) 2.271(5) 65501 07 H(3) - 2.5580(4) 55404
o(7) H(18)  3.088(5) 55404 o C(16)  3.309(8) 65501
) oT ) 3.332(9) - 55404 o(7) H(15)  3.337(5) 55404
o(7) H(4) 3.352(4) 55404 o) H(16)  3.443(5) 55404
o(7) H(21) 3516(5) 65501 0(8) H(18) = 3.015(5) 55404
G() . H(26)  3248(5) 65501 C(2) H(23)  3.064(5) 66703
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Table 6. Non-bonded Contacts out to 3.60 A (continued)

atom - atom - distance ADC atom atom distance ' ADC
C(3) H(26) - 2.631(5) 65501 | C(3) H(13)  3.531(6) 65601
C(4) H(25) 3.196(5) 66703 C(4) H(24) 3.370(6) 65501
C(4) H(23)  3.497(6) 66703 | C(5) H(20)  2867(7) 65504
C(5) H(26)  2.937(7) 65501 C(5) H(10)  3.085(7) 65504
C(5) H(14) 3.280(8) 4 ) H(13)  3.292(9) 65601
C(5) '0(15) 3.591(‘10) 65501 C(6) H(11)  3.081(8) 56603
C(6) H(17) 3.143(8) 66703 C(6) H(25) 3‘.2'52(8) 66703
C(6) H(6) 3.308(8) 66603 | C(6) H(15)  3.453(7) 65602
C(7) H(15) = 3.518(5) 55404 - C(8) H(4‘) 3.258(6) 45404
C(8) H(19)  3.320(6) 55404 C(8) H(18)  3.591(5) 55404
C(10) H(18)  2.938(6) 55404 ~010) H(20)  3.424(T) 65501 .
C(10) H(3) 3.447(6) 55404 C(10)  H(19)  3.600(6) 55404
C(11) H(8) 3.023(9) 66603 - c() H(22)  3.227(9) 56603
C(11) H(24)  3.260(9) 56603 C(11)  H(7)  3.359(9) 56603
C(11) H(25)  3.409(9) 55401 c(11) H(5) 3.49(1) 45401
'0(12) . H(3)  3.155(9). 55404 .i C(12) H(7) 3.233(8) 64602
C(12) H(18)  3.332(9) 55404 - C(12) H(21)  3475(8) 65504
C(12)  H(9) 3.502(9) 4 | Cc4)  H(5) 3.407(6) 45501
C(15) H(4) 3.326(6) 45501 - C(15) H(5) 3.455(7) 45501
C(15) H(10) 3.599(7) 4 ' C(16) H(1) 3.106(7) 45501
C(16) H(4)  3.220(6) 45404 C(17) H(1) 3.116(6) 45501
C(18) H(12)  3.195(6) 56603 C(19)  H(2) | 3.245(7) 66703
C(19) H(24) 3.252(7j 56703 C(19y  H(12)  3.402(7) 56603
0(19) H(25)  3512(6) 56703 C(20) H(24)  2991(6) 56703
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Table 6. Non-bonded Contacts out to 3.60 A (continued)

atom atom distance ~ ADC atom atom distance  ADC

- C(20) H(5) 3.389(7) - 45501 o H(1)  H(20) 2.926(1) - 6550i ‘
H(i) H(26) 3.106(1) 65501 © HQ)  H®Y 3.1226(9) 65501
ﬁ(é) H(23) 2.2508(5) 66703 H(2) ﬁ(2) 2.9208(2) 66703
H(2) H(17) 3.38 66703 . H(2) H(25) 3.50?;6'(8) 66703
H(3) H(14) 2.3716(7) - 4 - H(3) H(20) 2.5685(1) 65504
H(3) H(16) 3.1752(4) 4 ' - H(3) H(13) 3.2802(2) 65601 |
H(3) H(1oj 3.‘551(‘2) 65504 H(4) H(10) = 2.239(1) 65504
H(4) CH(20) 2.3128(1) 65504 ’ H(4) H(19) 3.1455(9) 65501
H(4) H(26) 3.4343(1) 65501 " H@)  HQ19) 3.5323(2) 65504
H(5) H(26) 2.43 65501 - . H(b) H(13)’ 2.59 65601

" H(5) H(10) 3.2071(6) 65504 | H(5) H(25) 3.2145(3) 65501
H(5) H(20) 3.4805(1) 65504‘ H(5) H(14) 3.572(2) 4

H(6) H(6) 2.7073(9) 66603 - H(6) H(11) 3.073(2) 56603
H(6) H(8) | 3.0967(1) 66603 . CH(T)  HQ1) 2.498(2) 56603
H(7) | H(15) ~ 2.77 65602 H(T7) H(14) 2.8813(1) 65602
H(7) H(17) | 2.9380(1) 66703 ﬁ(7)  H(13) 3.442(2) 56603
H(7) - .H(21) 3.5822(5) 56603 H(7) H(25) 3.585(2) 66703
H(8) H(25) - 2.6645(5) 66703 B H(8). H(12)  2753(2) 66603 |
H(8) H(13) 3.073(2) 66603 o H(8) H(17) | 3.13 66703
H(8) H(15) 3.3825(3) 65602 H(8)" H(9) 350 66603
H(9) ‘H(15) 2.7254(6) 55404 ’ H(9) H(21j 3.474(2) 65501
H(10) H(19) 2.96 55404 H(10) H(18) 3.4299(6) 55404
H(11) H(22) 3.03 56603 _ ﬁ(n) H(12) 3.48'11(1)‘ 56603
H(11) H(11) 352 56603 | H(12) H(22) 2.5904(7) 56603

863
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Table 6. Non-bonded Contacts out. to 3.60 A (continued)

atom atom distance ~ ADC atom = atom distance ADC
H(12) H(24) 2.60 56603 H(12)  H(25) 3.1332(2) 55401
H(13) H(25) 2.8444(5) 55401 | H(13) H(24) 3.09 A 56603
H(13) H(26) . 3.26 55401 H(14) H(18) 2.8131(4) 55404
H(15) | H(21) 2.9158(8) 65504 H(15) H(20) 3.5704(7) 65504
H(16) H(21) 3.2616(2) 65504 , H(16) H(20) 3.2670(1) 65504
H(17) H(23) 3.523(1) 66703 | H(23) H(24) 3.3290(9) 56703
H(24) H(25) 2.3791(6) 56703 ' H(24) H(24) 3.01 56703

H(24) H(26) 3.2644(1) 56703
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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 tablé is a composite of three one-digit nilfnbers 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 ¢. A tranélation digit of 5 indicates the origin unit cell. If TA = 4,
this indicates a translation of one unit cell length along the é—axis in the nggative 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 nﬁmber, 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 ‘thl_'c;ugh
symmetry operator two, then translated -1 cell translations along the a axis, +2 cell trapslations along the

b axis, and 0 cell translations along the ¢ 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:
a X, Y, / ) X, 1/2+Y,  1/2-Z

(3) X, Y,z (1) X, 1/2Y, 1/24%
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“Novel Ruthenium Complex-Catalyzed Dimerization of 2,5- Norbomadlene to Pentacyclo[6.6.0. 026,013 10, 1"']tetradeca-4 11-diene

Involvmg Carbon- Carbon Bond Cleavage”

30
25-
N .
b 204
~
O
=
= 154
>
= 104
54
0 i 1 : 1 i
0 1000 2000 3000 4000

Time/s

Figure 7. The kinetic analysis of Ru(cod)(cof)-catalyz’ed dimerization of 1a. The
reaction was carried out at 120 °C in sealed tubes, where the amounts of 1a,
Ru(cod)(cot), N, N-dimethylacrylamide and toluene were 5.0 mmol, 0.10 mmol, 1.0
mmol and 3.0 mL, respectively. The line is the linear fit. Slépe =7.38x 10> M %!
linear correlation coefficient = 0.999. ‘




© 1999 American Chemical Society, J. Am. Chem. Soc., Mitsudo ja9835741 Supporting Info Page 68
q\

A

Take-aki ‘Mitsudo, Toshiaki Suzuki, Shi-Wei Zhang, Daisuke Imai, Ken-ichi Fujita, Takao Manabe, Masashi Shiotsuki, Yoshihisa
< Watanabe, Kenji Wada, and Teruyuki Kondo

f “Novel Ruthenium Complex-Catalyzed Dimerization of 2,5- Norbornadlene to Pentacyclo[6.6.0. 02 60313 010, 14]tetradeca 4,11-diene
Involving Carbon-Carbon Bond-Cleavage” .

o

di2a)/dt/ 1073Ms ™

0.00 0.01° 002 - 0.03

v [Ru(cod)(qof)]o /M

Figure 8. Plot of d[2a]/d¢. vs Ru(cod)(cot) concentration for the dimerization of 1a.
The reaction was carried out at 120 °C in sealed tubes, where the amounts of 1a,
Ru(cod)(cot), N,N- -dimethylacrylamide and toluene were 5.0 mmol, 0.010 - 0.10
mmol 1.0 mmol and 3.0 mL, respectlvely The line is the linear fit. Intercept =-7.64
x 100 M5! ; slope = 4.88 x 10 s’!; linear correlation coefficient = 0.999,




