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Figure S1. ORTEP drawing of 8 with numbering scheme.
Hydrogen atoms are omitted for clarity.

-S1-



© 1998 American Chemical Society, Organometallics, Mashima om9802966 Suppdrting Info Page 2 |

Table 1. Atomic coordinates and B;,./B.q

atom x y z B.,
Ta(1) : 0.79360(3) 0.10195(4) 0.23466(2) 2.292(7)
Cl(1) _ 0.6658(2) 0.2923(3) 0.1472(2) 4.00(6)
ci(2) 0.9155(2) 0.3023(3) 0.2500(2) 3.98(6)
C(1) 0.6965(7) , 0~041(1)" 0.3046(7) 3.7(2)
C(2) 0.7421(7) 0.186(1) 0.3670(6) 3.2(2)
c(3) 0.8460(7) 0.185(1) 0.4.100(6) | 3.4(2)
C(4) ©0.8940(7) 0.046-(1)‘ 0.3857(6) | 3.9(2)
)  0.6905(7) 0.320(1) 03804(T) . 4.1(3)
C(6) 0.7413(8) 0.442(1) | ©0.4381(7) 4.6(3)
c(7) 0.8423(9) 0.444(1) C 04812(7) 1 5.1(3)
C(8) 0.8955(7) 0.32A1(1) 0.4663(6) 4.5(3)
c(i1) 0.8745(7) -0.134(1) © o 0.2047(7) 3.5(2)
c(12) 0.7847(7) -0.1897(10) 0.2060(7) 3.5(2)
c(13)- » 0.7058(6) -0.118(1) 0.1264(6) . 3.2(2)
C(14) 0.7473(7) -0.018(1) 0.0791(6) 3.0(2)
C(15) | 0.8500(6) -0.028(1) 0.1278(6) . 2.9(2)
C(16) 0.9783(8) - -0.193(1) ~0.2692(8) 7.0(4)
| c(17) 0.771(1) -0.321(1) ©02725(8) 7.2(4)
C(18) 0.5974(7) 10.150(1) | 0.0963(8). 6.3(3)
C(19) 0.6903(8) 0.066(1) ' -0.0158(7) 5.1(3)
G(20) ‘ 0.9239(8) 0.042(1) 0.0973(8) - 5.7(3)
H(1) . 06218 0.0493 02648 44706
H() oo  0.0598 0.3371 4.4706
H(4) 0.9623 0.0603 0.4024 - 4.6534

. -S2-



© 1998 American Chemical Society, Organometallics, Mashim;i om9802966 Supporting Info Page 3

Table 1. Atomic coordinates and By,,/B., (continued)

atom x oy z B.,
H(4’) 0.8838 -0.0559 0.4077 4.6534
H(5) ' 06205 0.3236 0.3488 4.8684
H(6) ~0.7062 05292 0.4491 . 5.5164
H(7) 08761 0.5313 4 05218 6.0784
H(8) | 0.9655 03263 04937 54155
1(16) 0.9757 02630 0.3163 8.4062
H(16”) | 10194 -0.1036 0.2996 8.4062
H(16") 10045 -0.2494 02319 8.4062
H(17) 0.7315 -0.2775 03010 8.6860
H(Al7"’) | 0.8337 03505 03210 . 8.6860
H(1T") 0.7394 . -0.4129 0.2357 |  8.6860
H(18) 0.5647 . 00513 0.0946 7.5473
H(18") 0.5899 o -0.2516 3 0.1405 7.5473
H(183 0.5693 0.1979 0.0345 7.5473
H(19) | 0.6444 0.1395 ©o-00102 - 61244
H(19”) 0.6559 00116 -0.0636 6.1244
H(19’) 0.7349 0.1240 -0.0329 6.1244

') H(20) 0.9567 . -0.0428 ~ 0.0814 6.7938
H(20”) 0.9708 . 0.1041 o481 6.7938
H(20%) | 0.8910 0.1092 0.0431 | 6.7938

Beg = -§-7r2(U“(¢‘m‘)2 + Un(bb')’ + U33(cc')2 + 2U;2aa" bb® cosy + 2U;3aa”cc” cos B + 2U23bb" cc® cos o)

-S3.-
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Table 2. Anisotropic Displacement Parameters ~

atom Uy U Uas : Uiz Uis Uazs

Ta(1) 0.0325(2)  0.0278(2)  0.0270(2) 0.0023(2)  0.0131(1)  0.0013(2)
cuy) 0.050(1) 0.050(1) 0.043(1) 0.0231)  0.012(1) ©0.005(1)
CI(2) 0.052(1) 0.042(1) 0.065(2) -0.012(1) ~ 0.032(1) -0.007(1)
c(1) 0.054(6) 0.052(6) 0.054(6) . -0.006(5)  0.041(5) -0.009(5)
C(2) 0.050(6)  0.046(6)  0.032(5) .0.011(5)  0.022(4) -0.002(5)
c@l) 0.062(6) 0.042(5) 6.024(4)' | 0.005(5)  0.016(4) 0.000(4)
C(4) 0.057(6) 0.049(6) 0.028('5) ~0.014(5) 0.006(5)  0.005(4)
C(5) 0.059(6) | 0.057(7) .  0.051(6) -0.001(6)  0.036(5) ~0.008(5)
C(6) 0.082(8) 0.050(7) 0.053(7) ~  0.002(6) 0.039(6)4 -0.007(5)
C(7) 0.110(10)  0.047(7) 0.041(6) -0.009(7) 0.038(7) -0.015(5)
C(8) 0.062(7) 0.074(8) 0.028(5) -0.017(6) 0.011(5) -0.005(5)
C(11) 0.052(6) 0.039(6) 0.043(5) 0.012(5) 0.019(5) -0.011(5)
c(12) 0.070(7) 0.020(4)  0.050(6) 0.007(5) 0.034(5) ' -0.001(4)
casy- 0.047(5) 0.035(5) 0.044(5) -0.011(5) 0.024(5) ;0.018(5)' |
C(14) V0.056(6) 0.032(5) 0.026(4) -0.004(4) 0.020(4) -0.010(4)
c(15) 0.047(5)  0.038(5)  0037(5)  -0.003(4) 0029(4)  -0.009(4)
C(16) 0.078(8) 0.09(1)  0.074(8) 0.063(8)  0.014(7) 0.006(8)
) cQ7) 0.20(1) 0.030(6) 0.081(9) -0.006(8) 0.09(1) 0.006(6)
C(18) 0.054(7) 0.10(1) 0.097(9) -0.040(7) 0.043(7)  -0.058(8) |
C(19) 0.086(8) 0059(7)  0.032(5) 0.012(6) 0.010(5) | o.ooo(sj

C(20) 0.087(8) 0.065(8) 0.107(10)  -0.026(6) 0.083(8) -0.024(7)

. The general temperature factor expression:

exp(—?vr"’('a‘zU“h2 + b°2U92k? + c*2U33l? 4 2a*b* Uy2hk + 2a°¢” Urshl + 2b*¢” Uaakl))
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Table 3. Bond Lengths(A)

atom atom distance atom atom distance
Tal) G 2.400(2) O Ta(1). Ci(2) 2.405(2)
Ta(1) c(y 2.221(8) () G 2.220(8)
Ta(l)  C(11) 2.448(8) Ta(1) C(12)° - 2.448(8)
Ta(1) c(13) 2.445(8) | Ta(1) c(14) 2.420(8)
Ta(1) | C(15) 2.419(8) | cay (;(2) 1.51(1)
c(2) c(@3) 1.41(1) | c(2) C(5) 1.42(1)
c@) C) 1.49(1) c(3) c) 1.42(1)
C(5) o)  1.35(1) ) o) 1.37(1)
() C(8) 1.38(1) culy . cU2) 1.44(1)
c(11) L C(15) 1.39(1) - c@l) c(16) 1.53(1) -
C(12) c(13) 1.42(1) o c12) o) 157(1)
C(13) () 1.42(1) | ca3) c(18) . 1.51(1)
C(14) -C(15) 1.40(1) , Cc(14) C(19) 1.52(1)
c(15) . C(2.0) 1.50(1) ”

-S85-
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Table 4. Bond Lengths(A)

atom atom distance . atom atom distance
c(1) H(1) 005 : c) HQ) 0.95
cH) H(4) 0.95 . . CH) H@é4) . 095
C(5) | HG) - 095 C(6) H(6) 0.95
(1) H(7) 0.95 - C(8) HE) 0.95
C(16) H(16) 0.95 - c(e) - H(6") 0.95
c(16) - H(16") 0.95 | , c(17) H(IT) 0.95
cam) H(17") 0.95 c(r) na7) 0.95
c(18) H(18) 0.95 ©cus  HO®) 095
C(18) H(18) . 0.95 c(le)  HQ9) 0.95
c(19) H(19”) 0.95 c9) . HQY) 0.95
C(20) H(20) 0.95 - C(20) H(20") 0.95
C(20) H(207) 0.95 |

. -S6-
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Table 5. Bond Angles(®)

atom atom atom  angle  atom atom atom angle -
o) Ta()  Ci2) © 89.53(9) B a@)  Ta)  C(1) 83.8(3)
cl)y  Ta(l)  C(4) 138.2(2) | cily  Ta(l)  c(11)  130.3(2)
c()  Ta(l) | c12)  125.3(2) am Ty o) 9230)
cll)  Ta(l)  C(4)  83.7(2) | o) Ts(l)  C(5)  109.7(2)
Cci(2) Ta(l)  C(1)  137.9(2) Q2 Ta(l)  C(H).  84.1(3)
c2)  Ta(l)  CO1)  98.6(2) | S oC?)  Te(1)  c(12)  1326(2)
c2)  Ta(1)  CU3)  1381(2) Q@ T o) 1051()
Cl(2) Ta(l)  C(15) 84.1(2) o) Ta(l). C(4) 74.1(3) -
0(1)‘ Ta(l)  C(1)  113.4(3) oy Tal)  C(12) 82.5(3)
c(1) Ta(1) C(13) 83.9(3) | c() Ta(1) C(14) 115.4(3)
c(1) T;(i) c(15) - 137.1(8) C(4) Ta(1) c(i1)  825(3)
C(4) Ta(l)  C(12)  86.9(3) - C() Ta(l)  C(13)  193E)
C4) Ta(1) C(14) 137.7(3) o) Ta(1) C(15) 110.6(3)
c(1y-  Ta(1) c(12)  34.1(3) | cal  Ta(l)  C(13)  55.9(3)
C(11) Ta(1) C(14) 55.6(3) c(11) Ta(1) c(15) - 33.3(3)
c(12)  Ta(1) C(13) 33.7(3) - c(12) . Ta(1) C(14) 56.2(3)
S c12)  Ta() C(15) 56.2(3') ' c(13)  Ta(1) C(14) 33.9(3)
1 c(13)  Ta(1)  C(15)  56.0(3) cl)  T() OS5 35
Ta1)  C(1) C(2) 85.5(5) o) c) c@)  1137(8)
) c@) cs) 1638 . CO) C(z) C(5) 120.0(9)
c() Cc(3) C(4) 116.5(8) @ C(3) C(8) 117.6(9)
C(4) c(:i) Cc(8)  125.7(9) , Ta(1) C(4) C@3) 85.7(5)
C(2) C(5) C(6) 119.8(9) C(5) C(6) c(1) - 121.4Q0)
C(é) 6(7) C(8) 120.8(10) c(3) C(8) oy 120.2(9)

. -87-
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Table 5. Bond Angles(®) (continued)

atom
Ta(1)
Ta(1)
c(12)
Ta(1)

Ta(1)

ca1)

Ta(1)
Ta(1)
c(12)
Ta(1)
Ta(1)
C(13)

Ta(l)

Ta(.l ¥

C(11)

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

C(15)

c(15)

C(15)

atom
C(12)
C(16)
C(16)
c(11)
c(17)
c(17)
C(12)
C(18)
c(18)
c(13)
C(19)
C(19)
c(11)
C(20)

C(20)

angle
73.0(5)
125.7(7)
125.9(10)
72.9(5)
125.0(6)
128.7(9)
73.3(5)
122.1(6)
125.4(9)
74.0(5)
125.2(6)
125.6(9)
74.5(5) |

124.7(6)

123.7(9)

. -S8-

atom

Ta(1)

c12)

C(15)
Ta(1)
C(11)

C(13)

"Ta(1)

c(12)

C(14)
Ta(1)
C(13)
C(15)
Ta(1)
C(11)

c(14)

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

c(12)

c(12):

C(13)

C(13)

C(13)

c(14)

C(14)

C(14)

- C(15)

C(15)

C(15)

atom
C(15)

C(15)

C(16) .

C(13)
C(13)
c(17)
C(14)
C(14)
C(18)
C(15)
C(15)
C(19)
C(14)
C(14)

C(20)

angle

72.9(5)

108.2(8)

125.6(10)
73.0(5)
106.8(8)
124.1(9)
72.1(5)
107.8(8)
126.8(9)
73.2(5)
108.3(8)
125.5(8)
73.3(5)
108.9(8)

126.9(9)
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Table 6. Bond Angles(®)

atom atom atom angle ~ atom atom atom angle
Ta(l)  C(1) H(1) 115.1 . Ta(1) C(1)  H(Y) 115.1
c(2) c(1) H(1) 115.1 C(2) c(1) H(1’) 115.1
H(1) 0(1) H(1) 109.5 Ta(1) C(4) H(4) 115.0
Ta(1)  C(4) H@4) 1150 @) c(4) H(4) 115.0
c(3) c(y  H@) 115.0 o H(4) C(4) H(4’) 109.5
'0(2) C(5) 11(5) 120.1 C(6) C(5) HE) 1201
C(5) | C(6) H(6) 1193 C(7) C(s_) B il(s) 119.3
C(6) c(7) H(7) 119.6 : C(8) c(r)  H() 119.6
c(3) C(8) 1(8) 199 ) c@):  H@E) 1199
c(11) C(16)  H(16) 109.5 c(11) C(16)  H(16") 1095
C(11) C(16) © H(16)  109.5 | H(16)  C(16) H(16")  109.5
H(16) C(16) H(16")  109.5 11(16”j C(16) H(16’) 109.5
C(12) c(17) H(17) 109.5 C(12) c(17) H(17") © 109.4
cap  can HQT) 1095 H(17)  C(17) H(l;l”) 109.4
H(17) c(17) HAT) 1096 - .H(17”) c(17) H(17)  109.4
C(13) C(18) H(18) 109.5 cas)  cs) H(18")  109.6
C(13) C(18) H(18) 1095 . H(18)  C(18) H(18")  109.5
 H(18) - C(18) H(18) 1093 H(18")  C(18) H(18")  109.5
c(4)  C(19) H(19) 1095 ca4)  c9) H(l9") 1095
C(14) C(19) H(19)  109.5 H(19)  C(19) H(19")  109.4
H(19) C(19) nH(19) 1095 | COH(19")  C(19)  H(19)  109.5
C(15) C(20) 1(20) 1095 C(15) | C(0)  HWE20’) 1095
C(15) C(20) 1(20) 1095 H(20) | C(20) H(20")  109.5
H(20)  C(20) H(20) 1095 OH(20")  C(20) H(20)  109.5

. -S9-
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Table 9. Least Squares Planes

Plane number 1

Atoms defining plane Distance
Ta(1) 0.0
C(1) 0.0
C(4) 0.0

Additional Atoms o Distance
C(2) 1328

Plane number 2

Atoms defining plane Distance
C(Q1) 0.005(9)
C(2) -0.008(8)
C(3) ©0.008(8)
C4) -0.005(9)
Additional Atoms .Distance
Ta(1) BRIV

Plane number 3

Atoms defining plane Distance
_ ' . C(2) : ' 0.010(8)
i C(3) ~ - 0.008(8)
C(5) ' -0.023(9)
C(6) N 0.01(1) -

C(7) 0.02(1)
C(8) . . - -0.023(9)

Additional Atoms o ' Distance

Ta(1) _ © -1.788

Plane number 4

Atoms defining plane . Distance
C(11) . -0.008(8)
C(12) 0.008(8)
C(13) -0,006(8)
C(14) . 0.001(8)
C(15) 0.004(8)
Additional Atoms Distance
Ta(l) S 2119

. -S10-
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Summary

plane mean deviation x?
1 0.0000 0.0
2 0.0064 2.3
3 0.0150 _ 16.4
4 0.0054 2.6
Dihedral angles between planes (°)
plane 1 2 3
2 75.67
3 78.28 2.70
4 156.31 80.66 78.06

%3

. -S1l-
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J).-‘

Figure S2. ORTEP drawing of 12 with numbering scheme.
Hydrogen atoms are omitted for clarity.
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Table 1. Atomic coordinates and Bjso/Beq

atom: X ‘ y z B,
Ta(1) o as@) 0.16346(1) - 0.701(2) . 3.080(4)
c(1) 0.328(2) 0.1272(5) 0.809(3) 3.6(2)
C(2) 0.393(2j , 0.1822(5) '0.925(3) 3.3(1)
C(3) - 0.514(2) 0.1892(6) 0.980(3) 3.7(2)
C(4) 0.574(2) 0.1408(5)- o.’915(3)_ . 4.4(2)
C(5) 0.336(2) 0.2364(4) 0.974(3) 3.8(2)
C(6) 0.394(2) 0.2934(5) 1.064(3) o 4.5(2)
C(7) 0.512(2) 0.2990(5) 1.117(3) 5.0(2)
C(8) 0.567(2) | 0.2497(6) L 1.073(3) 4.3(2)
c(11) 0.426(2) - 0.2701(4) 0.663(3) 13.5(2)
C(12) 0.429(2) 0.3458(4) 0.602(3) 4.1(1)
6(13) 0.381(2) 04078(4)  0637(3) . 4.32)
C(14) 0.387(2) 0.4776(5) | 0.583(3) 5.2(2)
C(15)7- ' 0.439(2) 0;.4891(6) 0.495(3) 5.8(2)
C(16) 0.485(2) ' 9.4297(6) 0.460(3) 6.0(2)
can 0.481(2) 0.3578(5) 0.509(3) 5.2(2)
C(21) 0.406(2) -~ 0.0369(5) ~ 0.596(3) 4.3(2)
;C(22) 0.319(2) " 0.0841(5) 0.491(2) 3.6(1)
C(23) 0.372(2) . 0.1401(5) 0.443(3) 3.6(1)
C(24) 0.494(2) 0.1294(7) 0.516(3) - 5.3(2)
C(25) N 0.512(2) 0.0653(5)  0.612(3) 5.3(2)
C(26) 7 0.385(2) -0.0311(5) 0.667(3) 10.0(6)
C(27) 0.191(2) ~ 0.0752(0) 0.433(3) 6.2(2)
C(28) 0.304(2) 0.1967(6) 0.321(3) 5.3(2)

L -SI13--
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Table 1. Atomic coordinates and By;,/B., (continued)

atom X . y 4 Beq
C(29) 0.581(2) | 0.1691(7) 0.488(3) 8.3(4) |
c(30) 0.628(2) 0.0287(8) - 0.703(3) | 4 9.5(3')
H(1) ' 0.2494 0.1374 0.7556 4.2935
() 0.3404 0.0760 0.8404 | 4.2935
11(4) | 0.6476 o597 © 0.9282 | 5.2853
H(4’) - 0.5833 | 0.0894 -~ 0.9446 5.2853
H(6) © 0.361(5) 0.327(3) 1.109(7) 2.3(8)
H(7) 0.554(8) 0.336(5) 1.19(1) | 5.7(6)
nE) 0.651(6) 0.251(4) 1.114(8)  se()
n( 0.415(5) ' 0.285(3) 0.754(7) 10.2(8)
H(14) 0.3552 0.5194 ’ 0.6081v 6.21{64
H(15) | 0.4444 0.5380 0.4602 i 6.9554
H(26) © . 0.3461 ©0.0166 0.7210 11.9900.
H(26%) 0.4585 -0.0531 10.7329 11.9900
H(26") 0.3424 -0.0667 . 0.5940 11.9900
H(27) ~ 0.1614 0.1200 - 0.4509 7.4014
1(@27) ’ 0.1774 ©0.0340 0.4813 7.4014
H(27) 0.1592 0.0657 : '0.3303 ' - 74014
H(28) 0.3584 . 0.2289 . 0.3069 6.3018
H(28") 0.2575 . 0.2260 10.3486 6.3018
1(28") _ 0.2601 0.1704 6.2326 6.3018
1(29) | 0.6573 0.1508 05534 9.9678
1(29”) 05789 0.2216 0.5037 9.9678
11(29") 0.5687  0.1605 0.3804 | 9.9678

. -S14-
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Table 1. Atomic coordinates and B,,/B., (continued)

atom X C y . Z B,

H(30) . 06306 -0.0204 0.6671 111137
H(30") 0.6435 0.0255 0.8034 11.1137
H(30) 0.6889 . 0.0583 0.6982 11.1137
nE31) 02572 - 0.2319 0.9426 4.5280
H(32) 05242 0.4374 04000 7.2019

 H(33) 0.5146 0.3166 0.4804 6.2760
H(34) 0.3454 04018 0.6984 5.1222

Beg = —g-yrz(U“(aa“)2 + Uaga(bb*)? + Ua;,(cc‘)2 + 2U1?aa‘bb' cosy + 2Uzaa’ cc” cos 8 + 2U,3bb cc” cos «)

Wy

. -S15-
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Table 2. Anisotropic Displacement Parameters

atom Un Uz Uss Uiz Uis Uzs
Ta(l) | 0.0394(1)  0.0386(1)  0.0384(1) 0:0012(4)  0.01705(8)  -0.0001(4)
c(1) - 0.049(4) 0.050(5) 0.046(4) -0.009(3) 0.029(3) -0.004(4)
C(2) " 0.041(3) 0.049(4) 0.040(4) -0.001(3) 0.021(3) 0.007(3)
G(3) 0.039(3) 0.054(4) 0.043(5) 0.012(3) -~ 0.015(3) 0.009(3)
C(4) 0.042(4) . 0.077(6) 0.046(_3) 0.023(4) 0.017(2) 0.007(4)
G(5) 0.051(4) 0.044(4)  0060(4)  0.002(3) 0.035(4) 0.000(3)
ce) - 0.070(4) 0.047(4)  0.064(5) o..002(4) 0.039(4)  -0.011(3)
C(7) | 0.069(4) 0.064(5) 0.060(5) -0.007(4) | 0.032(4) -0.021(4)
c(8) 0.042(4) 0.069(5) 0.046(4) .-0.011(4) 0.016(3) . -0.005(4)
c(11) 0.046(4)  0.042(2) 0.050(6)  -0.005(4) 0.025(6),  0.004(3)
c(12) - | 0.046(4) 0.037(3)' " 0.042(3) -0.005(3) -0.007(2)- '-0.062(3)
c(13) 0.059(5) 0.043(3) 0.059(5) 0.003(3) 0.026(4) 0.003(3)
c(1a)  0.080(6) 0.039(4) 0.069(5) -0.003(4)  0.026(4) -0.002(4)
C(15)3- 0.083(6) 0.057(5) 0.070(7)  -0.024(5) 0.025(5) 0.011(5)
G(16) 0.112(8) 0.064(4) | 0.075(6) -0.023(5) 0.062(6) o.ooi(s)
c(17) 0.095(7) 0.060(4) 0.080(6) -0.017(5) 0.071(5) -0.004(4)
c(21) 0.080(4) 0.048(4) 0.048(4) 0.008(3) 0.021(4) -0.014(3)
"0(22) 0.057(3) 0.044(4) 0.037(4) -0.017(3) 0.021(3) - -0.016(3)
C(23) 10.061(4) 0.045(4) 0.028(4) -0.013(3) 0.017(3).  -0.012(3)
C(24) 0.064(4) 0.078(6) 0.047(5) . 02015(4) - 0.015(4) O -0.022(4)
C(25) 0.069(4) 0.070(6) ©  0.057(5) 0.028(4) 0.025(4) -0.019(4)
C(26) - 0.28(3) 0.026(4) | 0.11(1)  -0.005(7) | - 0.13(2) 0.013(5)
C(27) 0.060(4)  0.112(8) - 0.068(6) = -0.039(6) o.'033(4) 0.031(6)
C(28) 0.093(7) 0.058(6)  0.040(5) 0.007(5) 0.022(5)  0.007(4)

-S16-



© 1998 American Chemical Society, Organometallics, Mashima om9802966 Supporting Info Page 17

Table 2. Anisotropic Displacement Parameters (continued)

atom Uy U Uss ~ Uts Uia Uz

C(29) 0.102(8) 0.119(10) 0.15(1) -0.070(7) 0.110(8) -0.076(9)
C(30) 0.075(6) 0.15(1) 0.083(7) 0.071(7) 0.000(5) -0.030(7)

The general temperature factor expression:

exp(—272(a*2Un W% + b*2Ug0k? + c*2U3al? + 2a”0* Ur2hk + 2a°c* Uyahl + 26" ¢* Uaskl))

Wy

. -S17-
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Table 3. Bond Lengths(A)

atom atom distance atom atom distance
Ta(1) C(.l) 2.180(9) Ta(1) C(4) 2.169(8)
Ta(1) T C(11) 1.925(9) Ta(1) C(21) - 2.445(9)
Ta(1) 6(22) 2.419(8) Ta(1) C(23) 2.415(8)
Ta(1) C(24) 2.44(1) Ta(l) . C(25) 2.416(8)
C(1) C(2) 1.47(1) | Cc(2) C(3) o 1.42(0)

C(2) C(5) | 143(1) ' c(3) C(4) 1.50(1)

C(3) C(8) 1.39(1) , c() c(6) - 1.34(1)
C(6) C(7) 1.38(1) C(7) C(8) 1.33(1)

cany ¢ 1.49(1) | c(12) c(13) 1.39(1)

c(12) C(17) 1.41(1) C(13) c(i4)  1.37(1)

C(14) C(15) 1.36(1) cs) C(16) 1.34(2)

| C(16) car) 1.38(1) ‘ C(21) C(22) - 143(1)

C(21) C(25) 1.40(2) ‘ C(21) C(26) - 1.50(2)

C(22)7. C(23) 1.41(1) c22) - C@en - 150(1)

C(23) C(24) 1.43(1) | C(23) C(28) 1.53(1)

C(24) C(25) 1.45(2) - - C(24) C(29) 1.47(2)

C(25) . C(30) 1.52(1)

_-S18-
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Table 4. Bond Lengths(A)

atom atom distance atom atom  distance
c) H(1) 0.93 o c(1) (1) 095
C(4) 1i(4) 0.97 C(4) H(4) 0.95
Cc(5) H(31) 0.93 ce)  H@E)  096(7)
C(7) H(7) ©0.95(10) | C(8) 1(8) 0.97(8)
c(11) ﬁ(u) 103(6) c(13) 1(34) 0.94
c(14) H(14) 0.94 | - C(15) 1(15) 0.95
C(16) H(32) 0.96 - ) H(33) 0.96
C(26) H(26) 0.94 c(26) 1(26”) 0.97
C(26) H(26") 0.94 | ‘ C(27) | 11(27) 0.94
C(27) COI(27) 0.94 | ‘ czr) ~ HE@T) . - 095
c(28) - H(28) 0.96 C(28) n(28”) . 0.94
C(28) H(28") 0.94 © C(29) H(29) - 0.97
C(29) H(29") 0.95 C(29) H(29") 0.95
C(30)3. H(30) 09 By HE) 0.95
C(30) H(30°) 0.96

. -S19-
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Table 5. Bond Angles(®)

atom . atom atom  angle : atom atom atom angle
c(1) Ta(1) '0(4) 83.0(4) c(l) - Ta(l)  C(11) 114.6(4)
c(1) | Ta(1) C(21)  87.8(4) c(1) Ta(1) C(22) 90.7(3)
cay Ta(l)‘ c(23)  122.1(8) c(1) Ta(1) C(24) 144.3(4)
c(1) Ta(1) C(25) 116.7(4) C(4) Ta(1) c(11) 108.7(4)
C@)  Tal)  C(21)  98.8(4) . ) “Ta(l)  C(22)  132.8(4)
C(4) Ta(1) C(23) 140.3(3) C(4) Ta(1) C(24) 107.3(4)
CcE)  Ta(l) C(25) 85.6(3) C(11) Ta(1) C(21) 146.0(3)
| c(11) Ta(1) C(22) 116.2(4) c(11) Ta(1) C(23) 89.2(3)
c(il)  Ta(1) C(24)  94.7(4) | cai1)  Ta(l) C(25) 127.9(4)
C(21)  Ta(l) C(22)  341(3) Cl21)  Ta()  C(23)  568(3)
C(21) Ta(1) C(24) 57.2(4) T C(21)  Tu(1) C(25) | 33.6(4)
C(22) Ta(1) C(23) 34.0(3) | C(22) =~ Ta(l) - C(24) 56.8(4)
C(22)  Ta(l) C(25)  56.0(3) 6(23) Ta(1) C(24) 34.2(3)
C(23)-  Ta(l) C(25) 56.5(4) C(24)  Ta(1) C(25) 34.6(4)
Ta(l)  C(1) c(2)  873(5) c(1) () c3) 120.4(9)
c(1) .0(2) C(s)  12L.7(7) C(3) c(2) C(5) 117.4(9)
C(2) c(3) C(4) 118.7(10) c2)  -CE) C(8) 117.4(9)
| C(4) C(3) C(8) 122.9(9) | Ta(1) C(4) c(3) 87.8(5)
c(2) C(5) C(6) 121.6(8) C(5) C(6) o(7) 120.2(9)
C(6) C(7) C(8) 119.6(10) C(3) C(8) cry . 123.7(9)
Ta(1) c(11) C(12) ~164.8(7) c(11) C(12) C(13) 120.4(9)
c(11) c(12)  cQ) 122.0(9) c(13)  C(12) c(17) 117.6(8)
C(12) c(13) C(14) 119.8(9) | C(13) C(14) C(15) 122.3(10)
C(14) c(15)  C(16) 118.4(9) c(1s)  C(106) c7) 122.3(9)
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Table 5. Bond Angles(®) (continued)

atom atom atom angle atom alom atom  angle
caz)  cOum) €6 . 119.509) Ta1) Ol C(22)  T72.0(05)
Tal)  C(21) Cces) T210) Ta(l)  C@1)  C(26)  122.9(9)
c(22)  C(21)  C(25)  106.5(9) oy c@y  c(s) 1251
c(s)  C(21) - C@26)  128(1) Ta(l)  C(22)  C(2)  73.90)
'ih(l) C(22) C(23) 72.9(4) Ta(l) - C(22) C(27) 121.8(6)
c21)y  C22)  C(23) 1095(3) oy c2) Cc@1) - 126.8(9)
c@3)  C(22) o 1240(9) CTa(l)  C(3) . C(22)  13.20)
Ta(l)  C(23)  C(24)  74.0(6) Ta(l)  C(23)  C(28)  123.7(7)
ce2)  C@)  C(4)  108(1) c(22)  C(23)  C(28)  123.7(9)
c24)  C(23)  O(28) 127(1)- i;(l) C(24)  C(3)  TL8(6)
Ta(l)  C(24)  C(25)  7L7(6) Ta(l)  C(24)  C(20)  126.1(8)
c(23)  C(24)  C(25).  105(1) e c). c@e)  127(1)
cs)  C(4)  C(9)  126(1) w1y c@)  oe 74.3(5)
Ta(1)7* C(25) - C(24)  73.7(6) ' Ta(1) -0(25) C(30) 124.2(7)
c(21) C(25) C(24) 110.3(9) . | c(21) C(25) c(30) ~ 124(1)

Cl4)  C(25)  CE0)  124(1)

-s21-
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Table 6. Bond Angles(°®)

atom atom atom angle ~ atom atom atom angle
‘Taly . C(1) - H(L) 114.4 Ta(1) c(1) H(1") 113.8
c(2) c(1) H(y) 1147 | @ c(1) H(U) 1141
H(1) c(1) | H(l;) 1109 Ta1)  OM)  H(4) 114.9
Ta(1) c4) H(4") 115.4 BC) ) O H@E) 114.8
C(3) - C(4) H(4") 115.3 o H(4) C(4) H(4) 107.9
c(2) C(5) H(31)  119.1 ‘ C(6) C(5) H(31) 1193
C(5) c(6) H(6) 124(4) (1) c(6) H(6) 114(4)
C(6) C(7) 1(7) 119(6) c/) - cm 1(7) 120(6)
'0(3) - C(8) 1(8) 115(4) C(7) C(8) H(8) 120(4)
Ta(1) cal)  om(y o e4@) ca2)  c(l) - H(I)  101(3)
c(12)  ©a3)  H(34) 1198 | c(4)  C(3)  H(34) 1203
6(13) C(14) H(14) 119.3 C(15) C(14) H(14) 118.4
c(i4)  c(s)  H(15) o5 © cpie) c@s)  m(1s) 1201
cusy.  C(16)  H(32) 1191 c(7)  C(ie)  H(32) 1186
c12)  cu?  H(33) 1207 AC(IG) . c(m)  H(33)  119.8
c(21)  C(26)  H(26) 1094 g1 - c(6)  H(26") 1088
c(21)  C(26)  H(20°)  109.4 H(26) - C(26)  H(26") _ 109.1
| H(26)  C(26)  H(26) 112 H(26")  C(26)  1(26')  108.9
c(22)  C(21)  H(21) 1084 C(22)  C(27)  H(21") 1084
- C(22) C(27) H(27’) 108.3 | H(27)  C(27) (1) 1107
H(T)  CQn)  HET) 106 HE2e)  Cr)y  HET) 1104
C(23) . C(28)  I(28) 1087 ©Cc(@3)  C(28) - H(28) 109.2
c(23)  C(28) (28"  109.1  n(es)  C(s)  H(®) 1094
H(28)  C(28)  li(28")  109.0 - n(es")  c(8)  H@8) 1113

L -S22-
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Table 6. B.ond.Angles(°) (continued)

atom atom atom angle atom atom " atom angle
C(24) C(29) H(29) & 110.1 ' C(24) C(29) H(29") 1104
C(24)  C(29)  HM(29) 1104 H(29)  C(29)  H(29”) 1082
H(20)  C(29)  H(29") 1081 . H(29") - C(29)  H(29)  109.6
C(25)  C(30)  H(30) 1105 C(25)  C(30)  H(30") - 110.5
ces)  C(30)  H(G0) 102 ~H(30) C(30)  H(30")  109.3
H(30)  C(30)  HE30) 1081  H(30%) C(30)°  H(30’)  108.2
2

- -823-




Table 9. Least Squares Planes

Atoms defining plane
Ta(l)
C(1)
C(4)

Additional Atoms
C(21)

Atoms deflining plane
C(1)
C(2)
- C(3)
C(4)

Additional Atoms
Ta(l)

Atoms defining plane
| c(12)
7 C(13)
. C(14)
C(15)
C(16)
c(17)

Additional Atoms
C(1)

" Atoms defining plane
C(21)
C(22)
C(23)
C(24)
C(25)

Additional Atoms
Ta(1)
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Plane number 1

Distance
0.0
0.0
0.0

Distance
2.412

Plane numbef 2

Distance
© 0.00(2)

0.00(2)

0.01(2)
. 0.00(2)

Distance

-1.466

Plane number 3

Distance
0.00(2)
0.00(3)
0.00(3)
0.00(3)
0.00(3)
-0.01(3)

Distahce

-0.419

Plane number 4

Distance

-0.01(2)
0.00(2)
0.00(2)

-0.01(2)
0.01(2)

Distance
2.103

.- S24 -
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Summary
plane mean deviation . x?
1 0.0000 00
2 0.0047 1.1
3 0.0052 1.9
4 0.0049 1.7
Dihedral angles between planes (°)
plane 1 2 3

2 64.22

3 ©106.08 70.55

4 146.07 81.86 58.73

LY

.- 825 -
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H16 -.‘u_‘b
C1 '
O H18
O H17 '

Figure S3. ORTEP drawing of 14 with atom numbering
scheme.
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Positional parameters and B({eq) for Cp*Nb(BD)(—CHZ—ace—)

atom X Y z Bleq)
Nb(1) 0.0566 0.2129 7 0.9791 6.0122
c(1) -0.0275 0.2327 1.1317 21.7823
c(2) 0.0163 0.2958 - 1.1019 8.4361
c(3) 0.1689 0.3023 1.0714 9.1382
C(4) 0.2641 " 0.2460 1.0860 - 14.3707
c(11) 0.2218 '0.2672 0.8747 12.50653
T C(12) 0.0406" 0.2900 0.8370 - 10.3453
Cc(13) <0.1179 - 0.2659 0:8799 : 9.3992
C{14) -0.2105 . 0.3306 0.8960 7.0837
C(15) -0.3519 0.3423 0.9237 12.4469
C(16) -0.3974 0.4048 0.9396 15.1950
c(17) -0.3065 0.4663. . 0.9192 : 16.6900
C(18) -0.0252 0.4956 0.8562 14.4604
c(19) 0.1140 0.4670 0.8256 18.2664
C{20) 0.1455 0.4079 0.8177 15.1904
Cc(21) 0.0351 0.3625 0.8390 7.1295
C(22) -0.1102 0.3843 0.8747 5.3617
Cc(23) -0.1487 0.4497 0.8824 11.6437
C{31) 0.1987 0.1150 . 0.9193 10.3734
c(32) - 0.1672 0.1048 1.0165 ©17.0088
C{(33) 0.0065 0.0959 1.0203 14.1046
c(34) -0.0578 0.1105 0.9188 8.5921
Cc(35) 0.0702 0.1213 0.8591 . 6.3681
C(36) 0.3618 0.1181 0.8789 23.1986
c(37) 0.2946 0.0879 1.0981 32.3881
C(38) -0.0910 0.0752 1.1037 41.0621
. C(39) -0.2185 0.1083 0.8565 21.3049
7 C({40) 0.0722 0.1301 0.7397 . 17.7418

H(1) -0.1361 0.2251 1.1383 22.9772
H(1l") 0.0324 0.2128 1.1873 22.9772
H(2) -0.0471 0.3371 1.0950 10.2973
H{(3) 0.2208 - . 0.3388 1.0440 - 12.0606
"H(4) 0.3641 0.2457 1.0612 17.2550
H(4"') 0.2680 0.2275 1.1555 17.2550
H(1l1) 0.2785 0.2416 0.8276 15.4486
H(11") 0.2893 0.3007 0.9048 ) 15.4486
H(12) 0.0335 0.2786 0.7635 12.0762
H(13) -0.1755 0.2366 0.8336 11.6740
H{15) -0.4216 | 0.3065 0.9311 14.9318
H(16) -0.4972 0.4107 0.9687 18.5293
H(17) -0.3404 0.5103 0.9284 - 19.6020
H(18) -0.0486 0.5415 0.8597 14.0722
H(19) 0.1865 0.5052 0.8171 18.2122
H(20) 0.2430 0.4021 0.7853" 7.2000
H(36) 0.4368 0.1135 0.9368 27.8357
H(36") 0.3792 0.1594 0.8459 ©27.8357
H(36"') 0.3760 0.0826 0.8322 27.8357
H(37) 0.2406 0.0799 1.1622. 39.2278
H(37") 0.3619 0.1240 1.1085 39.2278
H(37"') 0 0.0490 1

.3466 .0810 39.2278
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Positional parameters and B(eq) for Cp*Nb(BD) (-CH2-ace-)

atom X Y z B(eq)

H({38) -0.1116 0.1039 1.1500 39.9563
H(38") -0.0987 0.0309 1.1121 - 39.9563
H(38"') -0.2168 0.0795 1.0556 39.9563
H(39) -0.2363 0.1482 0.8214 : 22.4366
H(39") -0.3009 0.1017 0.9047 22.4366
H(38"') -0.2201 0.0716 0.8109 22.4366
H(40) 0.1775 0.1336 0.7213 21.2279
H(40") 0.0146 0.1687 0.7198 21.2279
H(40") 0.0238 0.0919 0.7076 21.2279

Wy
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Anisotropic Displacement Parameters for Cp*Nb(BD) (-CHZ2-ace-)

atom U1l u22 U33 Uiz Ul3 U23
Nb(1) 0.1000 0.0556 0.0684 0.0100 -0.0337 -0.0111
C(1) 0.5369 0.0808 0.2356 -0.0164 0.2477 -0.0631
C(2) 0.1847 0.0514 0.0872 0.0134 0.0322 -0.0153
C(3) 0.1588 0.0607 0.1220 -0.0368 -0.0415 -0.0394
Cc(4) 0.1531 0.1117 0.2719 0.0106 -0.0696 -0.1031
C(11) 0.1223 0.1492 - 0.2135 -0.0405 0.0967  0.0478
c(12) 0.1921 0.1132 0.0791 0.0295 -0.0690 0.0329
C(13) 0.1772 0.0381 0.1265 -0.0101 -0.1266 0.0286
c(14) 0.0595 0.0988 0.1066 ~0.0055 -0.0329 0.0104
C(15) 0.0616 0.2030 06.2079 0.0099 0.0039 -0.0118
C(1s6) 0.1065 0.2550 0.2158 0.0888  0.0085 -0.0503
C(17) 0.3113 0.1788 0.1318 0.1772 --0.0950 -0.0644
c(18) 0.3552 0.0383 0.1415 -0.0387 -0.1129 - 0.0347
C(19) 0.2904 0.2029 0.1896 -0.1024 -0.0840 0.1122
C(20) 0.1587 0.2979 0.1245 -0.1065 0.0425 0.0740
-C(21), 0.1055 0.1137 0.0490 0.0381 -0.0188 0.0088
C(22) 0.0870 0.0585 0.0446 0.00%8 -0.0277 -0.0015
C(23) 0.2847 0.0578 0.0878 ~ 0.0426 -0.0953 --0.0184
C(31) 0.0345 " 0.090s6 0.2656 0.0116 -0.0219 -0.0766
C(32) 0.3769 0.0753 0.1770 0.0773 - -0.1335 -0.0956
C(33) 0.3930 0.0362 0.1152 -0.0017 0.0893 . 0.0403
C(34) 0.0279 0.0413 0.2606 0.0028 0.0379 -0.0383
C(35) 0.0921 0.0782 0.0715 " 0.0237 0.0033 -0.0225
C(36) 0.0931 0.1624" 0.6397 -0.0103 0.1414 -0.1202
C(37) 0.7036 0.1758 0.2995 0.2218 -0.4249 -0.1039
C(38) 1.0829 0.0759 0.4712 -0.0041 0.6575 0.0445
C(39) 0.1149 0.0904 0.5899 -0.0081 -0.1057 -0.0460
C(40) 0.4174 0.1429 0.1161 0.0175 0.0352 -0.0424

Wy
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Intramolecular Distances Involving the Nonhydrogen Atoms

atom atom distance . atom atom distance
Nb(1l) C(1) 2.18(3) C(1l4) C(22) . 1.41(2)
Nb(1l) C(2) 2.34(2) - C(15) C(16) 1.33(4)
Nb(1l) C(3) 2.33(2) C(1§) C(17) ‘ 1.49(5)
Nb{1l) C(4) | 2.28(2) . C(17) <C(23) 1.49(4)
Nb{1l) C(11) 2.28(2) . -C(18) c(19) - 1739(6)
Nb(1) C(12) 2.40(2) c(18) C(23) 1.45(4)
Nb(1) C(13) . 2.18(1) 4 » C{19) <C(20) 1.22(5)
" Nb(l) C(31) 2.45(2) - C(20) 6(21) 1.35(3)
Nb(i) c(32) - 2.40(3) - C(21) C(22) 1.41(2)
Nb(1l) C(33) 2.45(2) - C(é2) C(23) 1:36(2)
Nb (1) C(34) 2.39(2) | . C(31) <C(32) v'1.32(4)
Nb(1) C(35) 2.41(2) ’ c(31) C(35) - 1.31(2)
c(1) C(2) 1.38&3) : C{31) C(36) 1.51(3)
c(2) Cc(3) l.38(3)~ C(32) C(33) 1.38(4)
;; c(3) C(4) 1.40(3) : C(32) C(37) 1.51(3)
Cc(1l1) C(12) 1.65(3) : C(33) C(j4) 1.43(3)
c(12) —C(13) 1.56(3)* C(33) C(38) 1.46(3)
C€12) Cc(21) 1.46(3) C(34) C(35). 1.39(3)
Cc(13) <C(14) 1.54(3)4 . C(34): C(39) 1.54(3)

" C(14) C(15) 1.29(3)* C(35) "C(40) 1.56(3)

* restrained during refinement

Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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Intramolecular Distances Involving the Hydrogen Atoms

atom atom distance atom atom distance
C(1) ﬁ(l) 0.943 | C(36) H(36) 0.960
Cc(1) H{1') 0.946 C{36) H(386") 0.948
c(2) H(2) 0.990 C(36) H(36"') 0.947
c(3) H(3)  0.934 C(37) H(37)  0.984
C(4) H(4) 0.925 C(37) H(37") 0.928
C(4) H(4") 0.973 C(37)y H(37") 0.930
C(1l1) H(11) 0.949 -C(38) H(38) 6.857
c(1l1l) H(11') 0.953 C(38) H(38") 0.898
C(12) H(12) 0.978 C(38) H({38') 1.208
C(13) H(13) 0.955 ' C(39) HI(39) 10.930
C(15) H(15) 0.940 C(39) H(39") 0.973
C{1l6) H(1lse) 0.954 C(39) H(39") 0.944
C(17) H(1T) 0.940 C(40) H(46) 0.941
C(18) H(18) 0.945 | C(40) H(40") 0.944

i C{19) H{19) ' 0.993 A C(40) H(40') 0.954
C(20) H({20) 0.956

Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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g

Intramolecular Bond Angles Involving the Nonhydrogen Atoms

atom
C(1)
c(l)
C(1)
Cc(1)
c{1)

C(1)

- C(1)

c(1)
C(l)
c(1)
C(1)
c(2)
C(2)

C(2)

c(2)

C(2f

Cc(2)
c(2)
C(Z)
c(2)
C(2)
C(3)
c(3)
C(3)
C(3)

Cc(3)

atom

Nb(1)

Nb (1)
Nb (1)
Nb(1)

Nb{1)

Nb(1)

Nb(1)
Nb (1)
Nb(1)

Nb(1)}

Nb(1)

Nb{1)
Nb (1)
Nb(1)
Nb(1)
Nb(1)
Nb(1)
Nb (1)

Nb(1)

“Nb(1)

Nb (1)
Nb (1)
Nb(1)
Nb (1)
Nb(1)

Nb(1)

atom
C(2)

C(3)

C(4)

c(11)
C(12)
c(13)
c(31)
C(32)
C(33)
C(34)
C(35)
C(3)

C(4)

c(11)
c(12)
C(13)
C(31)
C(32)
C{33)
C(34)
C(35)
c(4)

Cc(11)
c(12)
6(13)

C(31)

angle
35.3(8)
62(1)
71(1)

134 (1)

124(1)

101 (1)
128(1)
97 (1)
84.7(10)
107(1)
139.0(9)
34.4(7)
61.1(9)
100.5(9)

93.3(8)

86.1(8)

151.3(8)
125.1(9)
119.9(8)
139.7(8)
173.2(8)
35.3(7)
71.9(10)
84.3(8)
99.8(7)

125.8(8)

atom
Cc(3)
c(3)
c(3)
C(3)
Cc(4)
C(4)
Cc{4)
Cc(4)
C(45
Cc(4)
C(4})
c(4)
C(11)
C(11)

c(11)

c(11)

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

C(13)

atom
Nb(1)
Nb(1l)

Nb(1)

Nb(1l)-

Nb(1l)

Nb (1)
Nb (1)
Nb(1)
Nb(1)
Nb{1)
Nb (1)
Nb (1)
Nb (1)
Nb (1)
Nb(1)

Nb(1)

Nb(1)

Nb(1l)
Ng(l)
Nb (1)
Nb (1)
Nb (1)
Nb(1l)
Nb (1)
Nb (1)

Nb (1)

atom

C(32)

C(33)-

c(34)
C(35)
c(11)
c(12)
C(13)

C(31)

'C(32)

C(33)

C(34)-

C(35)
c(12)
c(13)
C(31)
C(32)

C(33)

“C(34)

C(35)
C(13)
C(31)
c(32)
C(33)

C(34)

.C{35)

C(31)

angle
116.6(9)
134(1)
168.1(10)
152.1(9)

74 (1}

1 106(1)

- 133.7(9)

92.8(8)
82.0(10)

106(1) -

137.5(9)

123.4(8)
41.2(8)
80.6(9)
82.3(9)
107(1)
135.0(9)
118.1(10)
85.9(8)
39.5(7)
106.4(10) .
137(1)
141(1)
107.5(9)
50.0(8)

122.3(9)

Angles are in .degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms

cont
atom atom atom angle atom atom atom angle
C(13) Nb(l) C(32) 143.5(7) C(11) <C({12) C(13) 127(1)
C{13) Nb{l) C(33). 1i8(1) Cc(11) C(12) C(21) 107 (2)
C(13) Nb(l) C(34) 88.7(7) C(13) C(12) 'C(21) 105(2)
C(13) Nb{l) C{(35) 92.8(7) Nb{1) C(13) C(lé) 77(1)
C(31) Nb(l) C(32) 31.5(9) Nb(1) C(13) C(14)  131(1)
C(31) Nb(l) C(33) 52.9(95 C(12) C(13) C(14) 104 (1)
C(31) Nb(1l) C(34) 53.5(6) C(13) C(14) C(15) 132(2)
C(31) Nb(l) <C(35) 31.2(6) ~ C(13) C(14) C(22)  107(1)
Cc(32) ﬁb(l) C(33) 33.0(9) c(15) «C(14) 'C(22) 119(2)
C(32) ©Nb{(l) C(34) 55.6(8) c{14) C(15) C(16) -119(3)
C(32) Nb(l) C(35) 53.9(8) C(15) cC(16) C(17) 1126(3)
C(33) Nb(l) C(34) 34.2(9) -_C(16) C(17) <C(23) 110(2)
C{33) Nb(l) <C(35) 55.0(8) C(19) cC{18) C(23}) 116(2)
. C(34) Nb(l) C(35) '33.6(6) Cc(18) c{19) <C(20) 128 (4)
’ Nb{1l) C(1) c(2) 78(1) C(19) C(20) C(21) 118(4)
Nb(1l) C(2) . C(1) 65(1) C(12) C(21) C(20) 130(2)
Nb(l) C(2) C(3) 72(1) - C(12) C(21) <C(22) 110(2)
C(l). c(2) C(3) 116(2) C(20) C(21). C(22) 119(2)
. Nb(1l) C(3) C(2) 73(1) C(14) C(22) C{21) 112(1)
Nb(1) C(3) C(4) 70{(1) C(14)“C(22) C(23) 125(2)
c(2) C(3) C(4) 115(2) 6(21) C(22) C(23) 122(2)
Nb(1) C(4) C(3)  74(1) C(17) C(23) C(18) 127(2)
Nb(1) C(ll) c(12) 73(1) C(17) C(23) C(22) 117 (3)
Nb{(1l) C(12) C{11) 65.4(10) C(18) C(23) cC(22) 114 (2)*
Nb(1) C(12) C(13) 62.6(10) Nb(1) C{31) C(32) 72(1)
Nb(l) c(12) c{21) 129(1) Nb (1) Cc(31) cC(35) 72(1)

* restrained during refinement

Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms cont

atom
Nb (1)
C(32)
C(32)
C(35)
Nb(l)
Nb (1)
Nb (1)
C(31)
C(31)
C(33)
Nb (1)

Nb (1)

Nb(1)

c(32)
Cc(32)

C(34)

Nb(1)

Nb(1)
Nb(1)

C(33)

©C(33)

C(395)
Nb (1)
Nb (1)
Nb(1)

C(31)

atom

C(31)

c(31)

C(31)

c(31)

Cc(32)
C(32)
C(32)

C(32)

C(32)

C(32)

C(33)

C(33)

C(33)
C(33)
C(33)
C(33)
C(34)
C(34)

C(34)

C(34)

C(34)
C(34)
C(35)
C(35)
C(35)

C(35)

atom

c(36)"

C(35).

C(36)

C(36)

C(31)
C(33)

C(37)

¢(33)

C(37)
C(37)
C(32)
C(34)
C(38)
C(34)

c(38)

C(38)

C(33)
C(35)
c(39)
C(35)
C(39)
C(39)
c(31)
C(34)
C(40)

C(34)

angle
123(1)

112(2)

- 125(3)

122(3)
76(1)
75(1)
126(1)
107(2)
121 (4)
128(45
71(1)
70(1)
L23(i)
105(2)
131 (4)
122 (4)
75(1)
74 (1)
121(1)
105(1)
139(2)
114(2)

76(1)

72(1)

123(1)

107(2)

. atom atom atom angle
C(31) C(35) C(40) 123(2)

C(34) C(35) C(40) 128(2)

Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Hydrogen Atoms

atom atom atom angle "atom atom atom angle
Nb(1) C(1) H{1l) 115.21 C(12) C({13) H({13) 112.82
Nb(1) C(1) H(1') 115.08 C(1l4) <C(13) H(13) 110.§1
c(2) . C(1) H(1) ‘ 116.96 . C{14) C(15) H(15) 119.32
c(2)  c(1) H(1')  117.31 c(16) VC(lIS) H(15)  120.95
H(ij C(1) H(1') 110.38 C(15) <C(16) H{1ls) 116.80
Nb(1l)  C(2) H(2) 1129.30 é(l?) C‘l6) H(16) 116.61
C(1) C(2) H(2) 129.84 C(16) C(l7$_ H(17) 126.34
C(3) C(2) H(2) 114.02 ¢(23) C(17) H(17)- 122.73
Nb(1) C(3) H(3) 126.65 C(19) C(18) H(18) . 126.87
C(2) c(3) H(3) 130.74 < C(23) C(18) H(18) 116.90
c{4) . C(3) H(3.) 113.89 c{18) C(19) H(191)V 104.83
Nb(l) C(4) ‘H(4) 118.74 C({20) <C(19) H(19) 126.87
Nb(1l) C(4) H(4') 115.90 C(19) C(20) AH(ZO) 110.74
C(3) .C(4) H(4) 119.49 | C(21) C(20) H(20) 129.56
7 C(3) c(4) H(4"') 115.06 ‘C(31) C(BG). H(36f 107.83
H(4) C(4) H(4"') 109.61 C(31) C(36) H(36") '111.27
Nb(l) .C(11) H(11) 118.30 ] C(31) _C(Bé) H(36") ilO;OB
Nb(1) C({(11) H(11l') 118.04 ~H(36) C(36) H(BE"). 108.82
Cc(12) C(11) H(11) 117.30 . H(36)- C(36) H(3é') 108.87
c(l2) C{11) H(11') 116.92 H(36") C(36) H(36') 109.96
H(11) C(11) H(11') 109.27 C(32)‘ 6(37) H(37) 106.12
Nb(1) - C(12) H(12) 126.22 ' C(32) C(37)- H(37") 109.71
C(1l1) C(12) H(12) 103.07 ' C(32). C(3;/) H(37') 110.76
6(13) C(12) H(12) 105.49 H(37) _C(37) H(37") 108.41
C(21) C(12) H(12) 104.62 3(37) C(37) iH(37') 108.32
Nb(l) C(13) H(l}) 112.11 H(37") C{(37) H(37') 113.24
Angles are in degrees. Estimated standard deviations in the least

significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Hydrogen Atoms

cbnt‘
atom . atom atom angle atom atom atom angle
C(33) C©(38) H(38) 118.23
C(33) C(38) H(38") 114.78
C(33) C(38) H(38') 96.87
H(38) C(38) H(38") 124.26
‘H(38) C(38) ‘H(38') 95.91
H(38") C(38) H(38') 93.74
C(34) C(39) H(39) 110.18
C(34) C(39) H{39") 108.38
C(34) C(39) H(39') 109.25
H(39) Ac(39) H(39"f' 109.17
| H(39) <C(39) H(39') 111.73
H(39") C(39) H(39') 108.06
C(35) <C(40) H(40)  108.90
. C(35) .C(40) H(40") 109.21
z

C(35) C(40) -ﬁ(40') 108.28
H(40) C(40) H({40") 110.78
H(40) C(40) H(40') 109.94

H(40") C(40) H(40') 109.68

Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Table of Least-Squares Planes

—————————————— Plane number 1 -------s-----=-

Atoms Defining Plane Distance esd
Nb(1l) ( 1) 0.0000
Cc{1) ( 1) 0.0000
C(4) ( 1) ~ -0.0000
Additional Atoms Distance
‘ c(2) | 1) -1.2410

Mean deviaﬁion from plane is 0.0000 angstroms
Chi-squared: 0.0

—————————————— Plane number 2 remfmmmmmmomlo

Atoms Defining Plane Distance ‘esd
Cc(l) { 1) -0.0393 0.0370
c(2) ( 1) 0.0254 0.0205
C{3) ( 1) -0.0230 0.0195
C(4) { 1) 0.0239 . 0.0279
Additional Atoms Distance
Nb(1l) ( 1) -1.8190

Mean deviation from plane‘is 0.0279 angstroms

Chi-squared: 3.9
Dihedral angles between least-squares planes
plane plane angle
2. 1 88.66

B ettt Plane number 3 SR S :

Ny

Atoms Defining Plane Distance esd
Cc(31) ( 1) 0.0238 0.0216
C(32) ( 1) -0.0495 0.0281
c(33) 1). 0.0399 0.0259
c(34) | 1) . -0.0065 0.0173
C(35) ( 1) -0.0016 0.0172
Additional Atoms Distance

Nb(1l) ( 1) -2.1232

Mean deviation from plané is 0.0242 angstroms
Chi-squared: . 4.8 ’

Dihedral angles between least-squares planes
plane 'plane angle
3 1 27.50
3 2 116.15

-837-



Table of Least-Squares Planes

—————————————— Plane numpber 4 ------

Atoms Defining Plane : Distance
Nb (1) ( 1) 0.0000
c(11) | 1) 0.0000
C(13) ( 1) 0.0000
Additional Atoms Distance
c(12) | 1) -0.0347

Mean deviation from plane is 0.0000

Chi-squared: . 0.0

© 1998 American Chemical Society, Organometallics, Mashima om9802966 Supporting Info Page 38

(continued)

angstroms

Dihedral angles between least-squares planes

plane plane angle

4 1 55.23
4 2 143.53
4 3 27.84

—————————————— Plane number 5 ------

Atoms Defining Plane Distance
c(1)y 1) 0.0000

c(12) | 1) 0.0000

SCc(13) (1) 0.0000
Additional Atoms Distance
Nb(1l) ( 1) -0.0837

Mean deviation from plane is 0.0000

Chi-squared: 0.0

angstroms

Dihedral angles between least-sguares planes

plane plane angle

5 1 58.00
5 2 146.18
5 3 30.65
5 4 2.82

- S38 -



© 1998 American Chemical Society, Organometallics, Mashima om9802966 Supporting Info Page 39 .

Table of Least-Squares Planes (continued)

—————————————— Plane number 6 ------—---------

Atoms Defining Plane Distance esd
Nb(1l) . ( 1) 0.0000
c(1l2) ( 1) 0.0000
Cc(13) ( 1) 0.0000
Additional Atoms ' Distance
c(22) ( 1) -1.7728

Mean deviation from plane is 0.0000 angstroms
Chi-squared: 0.0

Dihedral angles between least-squares planes
plane plane  angle

6 1 55.86
6 "2 143.95
6 3 28.56
6 4 1.30
6 5 2.25

e Plane number 7 ------------- -~

Atoms Defining Plane " Distance esd

Cc(12) ( 1) -0.0215 0.0174

C(13) ( 1) 0.0280 0.0163

c(14) | 1) -0.0334 0.0175 .

c(21) ( 1) 0.0027. 0.0158

C(22) ( 1) 0.0147 0.0140
i Additional Atoms . Distance

Nb{1l) 1) 1.7000

Mean deviation from plane is 0.0200 angstroms
Chi-squared:- 7.9

Dihedral angles between least-squares planes
plane plane angle

! 73.20

2 16.38

3 100.52

4 127.40

5  129.97

6 127.73

NN
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EOY

Figure S4. ORTEP drawing of 15 with numbgring scheme.
Hydrogen atoms are omitted for clarity.
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