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Yield 33.6g (90 %). "H-NMR (200.1 MHz, [Dg]-benzene : [Dg]-thf = 10 : 1, 300 K): 6 = 5.97,
5.89 (each pt, each 2H, Cp-H), 2.40 (s, 3H, CHj).
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Yield 4.04g (77 %). "TH-NMR (200.1 MHz, [Ds]-thf, 300 K): & = 5.41 (broad s, 4H, Cp), 2.72
(sept, 1H, *Jyy = 7.2 Hz, CH), 1.13 (d, 6H, *Jyu = 7.2 Hz, CH3).
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BC{'H}-NMR (50.1 MHz, [Ds]-thf, 300 K): & = 128.3, 102.5, 101.4 (Cp), 30.0 (CH), 26.3
(CHa).
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Yield 3.76 g (72 %). "H-NMR (200.1 MHz, [Ds]-thf, 300 K): & = 5.47 (broad s, Cp), 2.39-
1.25 (11H, cy-H). *C{'H}-NMR (50.1 MHz, [Ds]-thf, 300 K): & = 129.5, 106.2, 103.6 (Cp),
42.7,39.7,30.9, 30.4 (cy).
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Yield 3.41 g (71 %). 'H-NMR (599.9 MHz, [Ds]-thf, 298 K): & = 5.45, 5.38 (each pt, each

2H, Cp), 1.20 (s, 9H, tBu). *C{'H}-NMR (150.8 MHz, [Ds]-thf, 298 K): & = 130.9 (ipso-Cp),
101.9, 100.4 (each Cp), 33.7 (tBu-CHs), 32.3 (tBu-C(CH)3).

(4b) Yield (3.55 g, 88 %, yellow oil). "H-NMR (599.9 MHz, [D¢]-benzene, 298 K): & = 6.40
(br, 1H, 3-H), 6.37 (br, 1H, 4-H), 5.99 (br, 1H, 6-H), 3.43 (br, 1H, 2-H), 1.89 (s, 3H, 7-H),
0.09, 0.05 (each s, each 3H, 1’-H, 1-H). *C{'H}-NMR (150.8 MHz, [D¢]-benzene, 298 K): &
= 148.5 (C5), 135.8 (C3), 132.7 (C4), 128.5 (C6), 52.3 (C2), 15.0 (C7), 0.1 (C1"), -0.3 (C1).
GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): 8'H/ 8'H = 6.40 / 6.37 (3-H / 4-H),
6.37 /1 5.99 (4-H / 6-H), 5.99 / 3.43 (6-H / 2-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
benzene, 298 K): §"C / §'H = 135.8 / 6.40 (C3 / 3-H), 132.7 / 6.37 (C4 / 4-H), 128.5 / 5.99



S3

(C6 / 6-H), 52.3 /3.43 (C2 / 2-H), 15.0 / 1.89 (C7 / 7-H), 0.1 / 0.09 (C1’ / 1’-H), -0.3 / 0.05
(C1/ 1-H).

(4d) Yield 2.36 g (78 %, yellow oil). "H-NMR (599.9 MHz, [D¢]-benzene, 298 K): & = 6.52
(br, 1H, 3-H), 6.40 (br, 1H, 4-H), 6.03 (br, 1H, 6-H), 3.37 (br, 1H, 2-H), 2.59 (sept, 1H, *Jyy =
6.9 Hz, 7-H), 1.08, 1.07 (each d, each 3H, 3JHH = 6.9 Hz, 8’-H, 8-H), 0.09, 0.06 (each s, each
3H, 1’-H, 1-H). BC{'"H}-NMR (150.8 MHz, [D¢]-benzene, 298 K): & = 145.4 (C5), 133.6
(C3), 132.6 (C4), 123.2 (C6), 51.8 (C2), 29.2 (C7), 23.0 (C8’), 22.5 (C8), 0.1 (C1’), -0.2 (C1).
GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): §'H/ 8'H = 6.52 / 6.40 (3-H / 4-H),
6.40/6.03 (4-H/ 6-H), 6.03 / 3.37 (6-H / 2-H), 2.59 / 1.08 (7-H, 8’-H, 8-H). GHSQC (150.8
MHz / 599.9 MHz, [Dg]-benzene, 298 K): §°C / 8'H = 133.6 / 6.52 (C3 / 3-H), 132.6 / 6.40
(C4/4-H), 123.2/6.03 (C6/ 6-H), 51.8 / 3.37 (C2 / 2-H), 29.2 /2.59 (C7/ 7-H), 23.0/ 1.08
(C8/8-H),22.5/1.07 (C8/8-H), 0.1/0.09 (C1°/1’-H), -0.2 /0.06 (C1 / 1-H).

(4c) Yield (2.43 g, 74 %, yellow oil). "H-NMR (599.9 MHz, [D¢]-benzene, 298 K): 6 = 6.55
(br, 1H, 3-H), 6.41 (br, 1H, 4-H), 6.05 (br, 1H, 6H), 3.40 (br, 1H, 2-H), 2.26 (m, 1H, cy-CH),
1.82, 1.64, 1.61, 1.23, 1.11 (each m, each 2H, cy-CHy), 0.10, 0.08 (each s, each 3H, 1’-H, 1-
H). BC{'H}-NMR (150.8 MHz, [Ds]-benzene, 298 K): & = 145.5 (C5), 133.8 (C3), 132.3
(C4), 123.5 (C6), 51.9 (C2), 39.0 (cyclohexyl-CH), 33.8, 33.6, 33.4, 26.7, 26.5, (cy-CH>»), 0.0,
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-0.1 (C1°, C1). GCOSY (599.9 MHz / 599.9 MHz, [D¢]-benzene, 298 K): 8H/ 8'H = 6.55 /
6.41 (3-H/4-H), 6.41 / 6.05 (4-H/ 6-H), 6.05/ 3.40 (6-H / 2-H), 2.26 / 1.82, 1.23 (each cy-
CH/cy-CHy), 1.82/1.64;1.64/1.61, 1.64, 1.11; 1.61 / 1.23; 1.23 / 1.11 (each cy-CH, / cy-
CH,). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-benzene, 298 K): §°C / 8'H = 133.8 / 6.55 (C3
/3-H), 132.3/6.41 (C4 /4-H), 123.5/6.05 (C6/ 6-H), 51.9/3.40 (C2 / 2-H), 39.0/ 2.26 (cy-
CH / cy-CH), 33.8 / 1.82, 33.6./1.23,33.4/1.61,26.7/ 1.64, 26.5/ 1.11 (each cy-CH,/ cy-
CH,), 0.0/0.08,-0.1/0.10 (C1’/1’-H, C1/ 1-H).

(4e) Yield (4.41 g, 88 %, yellow oil). '"H.-NMR (599.9 MHz, [Dg]-benzene, 298 K): 6 = 6.62
(br, 1H, 3-H), 6.40 (br, 1H, 4-H), 6.05 (br, 1H, 6-H), 3.38 (br, 1H, 2-H), 1.12 (s, 9H, 8-H),
0.09, 0.06 (each s, each 3H, 1°-H, 1-H). “C{'H}-NMR (150.8 MHz, [Ds]-benzene, 298 K): &
= 157.8 (C5), 132.5 (C3), 132.3 (C4), 121.9 (C6), 51.3 (C2), 32.0 (C7), 29.9 (C8), -0.3 (C1°),
-0.5 (C1). GCOSY (599.9 MHz / 599.9 MHz, [D¢]-benzene, 298 K): 8'H / §'H = 6.62 / 6.40
(3-H / 4-H), 6.40 / 6.05 (4-H / 6-H), 6.08 / 3.38 (6-H / 2-H). GHSQC (150.8 MHz / 599.9
MHz, [Dg]-benzene, 298 K): §°C / §'H = 132.5 / 6.62 (C3 / 3-H), 132.3 / 6.40 (C4 / 4-H),
121.9/6.05 (C6/ 6-H), 51.3 /3.38 (C2/ 2-H), 29.9 / 1.12 (C8 / 8-H), -0.3 / 0.09 (C1’ / I’-H),
-0.5/0.06 (C1/ 1-H).
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(6a) Yield 5.72 g (94 %). "H-NMR (200.1 MHz, [Dg]-benzene : [Dg]-thf =10 :1, 298 K): § =
6.08, 5.96 (each pt, each 4H, CsH,), 0.51 (s, 6H, Si(CHz),). “C{'H}-NMR (50.3 MHz, [Ds]-
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benzene : [Dg]-thf =10 : 1, 298 K): 6 = 113.9 (ipso-CsHy), 111.2, 106.2 (CsHy), 1.3
(Si(CH3)2).
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(6b) Yield 2.56 g (80 %). Mp 244 °C. IR (KBr): V' = 3076 (vs), 2953 (vs), 1439 (m), 1406
(m), 1355 (m), 1248 (vs), 1182 (s), 1096 (vs), 1038 (vs), 823 (vs), 764 (vs) cm™. "H-NMR
(599.9 MHz, [Dg]-thf, 298 K): 6 = 5.87, 5.75 (each pt, each 2H, Cp), 5.70, 5.61, 5.50 (each m,
each 1H, MeCp), 2.08 (s, 3H, MeCp-CHz), 0.32 (s, 6H, Si(CHz),). “C{'H}-NMR (150.8
MHz, [Dg]-thf, 298 K): 6 = 117.0 (quart. MeCp), 114.5 (quart. Cp-CSi), 113.3 (quart. MeCp-
CSi), 111.8, 111.0, 107.5 (each MeCp), 111.5, 106.4 (each Cp), 15.5 (MeCp-CH3;), 1.8
(Si(CH3),). GCOSY (599.9 MHz / 599.9 MHz, [Dg]-thf, 298 K): 8'H/ 8'H = 5.87/5.75 (Cp /
Cp), 5.70 / 5.61, 5.50; 5.61 / 5.50 (MeCp / MeCp). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
thf, 298 K): §°C /8'H=111.8/5.61, 111.0/5.70, 107.5 / 5.50 (MeCp / MeCp), 111.5/ 5.87,
106.4/5.75 (Cp/ Cp), 15.5/2.08 (MeCp-CH3/ MeCp-CH3), 1.7 / 0.32 (Si(CH3), / Si(CHj3),).
GHMBC (150.8 MHz / 599.9 MHz, [Dg]-thf, 298 K): §°C / 8'H = 117.0 / 5.70, 5.61, 5.50
(quart. MeCp-C / MeCp), 114.5/5.70, 5.61, 5.50, 0.32 (quart. MeCp-CSi / MeCp, Si(CHs),),
113.3/5.87,5.75, 0.32 (quart. Cp-CSi / Cp, Si(CH3),). Anal. Caled for C3H,6SiLi, (207.3):
C 72.88, H 7.53; found C 72.88, H 7.23.
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(6d) Yield 1.53 g, (77 %). Mp 249 °C. IR (KBr): v = 3077 (vs), 2960 (vs), 2871 (s), 1466
(m), 1443 (m), 1408 (m), 1356 (m), 1249 (vs), 1178 (s), 1037 (vs), 955 (m), 813 (vs), 781 (vs)
cm™”. "TH-NMR (599.9 MHz, [Dg]-thf, 298 K): § = 5.96, 5.79 (each pt, each 2H, Cp), 5.82,
5.79, 5.67 (each m, each 1H, iPrCp), 2.81 (sept, 1H, 3JHH =7.2 Hz, iPr-CH), 1.16 (d, 6H, 3JHH
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= 7.2 Hz, iPr-CH3), 0.30 (s, 6H, Si(CHs),). “C{'H}-NMR (150.8 MHz, [Ds]-thf, 298 K): & =
130.4 (quart. iPrCp), 114.4 (quart. iPrCp-CSi), 112.2 (quart. Cp-CSi), 111.5, 106.0 (each Cp),
110.7, 108.6, 103.9 (each iPrCp), 29.9 (iPr-CH), 26.4 (iPr-CHs), 2.0 (Si(CH3),). GCOSY
(599.9 MHz / 599.9 MHz, [Dg]-thf, 298 K): 8'H / 8'H = 5.96 / 5.79 (Cp / Cp), 5.82 / 5.79,
5.67;5.79 / 5.67 (each iPrCp / iPrCp), 2.81 / 1.16 (iPr-CH / iPr-CH;). GHSQC (50.1 MHz /
599.9 MHz, [Ds]-thf, 298 K): §"°C / 8'H = 111.5 / 5.96, 106.0 / 5.79 (each Cp / Cp), 110.7 /
5.82,108.6/5.79, 103.9 / 5.67 (each iPrCp / iPrCp), 29.9 / 2.81 (iPr-CH / iPr-CH), 26.4 / 1.16
(iPr-CH; / iPr-CHz), 2.0 / 0.30 (Si(CH3), / Si(CH3),). GHMBC (150.8 MHz / 599.9 MHz,
[Ds]-thf, 298 K): §"°C / 8'H = 130.4 / 5.82, 5.79, 5.67 (quart. iPrCp / each iPrCp), 114.4 / 5.82,
5.79, 5.67, 0.30 (quart. iPrCp-CSi / each iPrCp, Si(CHz),), 112.2 / 5.96, 5.79, 0.30 (quart. Cp-
CSi / each Cp-CH, Si(CHz),). Anal. Caled for CsHySiLi, (242.3): C 74.36, H 8.32; found C
74.71,H 8.61.
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(6¢) Yield 3.81 g (89 %). Mp 274 °C. IR (KBr): v = 3076 (w), 2926 (vs), 2846 (s), 1458
(m), 1407 (s), 1355 (w), 1251 (s), 1171 (m), 1101 (w), 1033 (s), 833 (vs) cm'. "H-NMR
(599.9 MHz, [Dg]-thf, 298 K): 6 = 5.95, 5.79 (each pt, each 2H, Cp), 5.81, 5.77, 5.65 (each pt,
each 1H, cyCp), 2.41 (m, 1H, cy-CH), 1.91, 1.74, 1.33, 1.28 (each m, each 2H, cy-CH,), 1.66,
1.20 (each m, each 1H, cy-CH>), 0.30 (s, 6H, Si(CH3),). “*C{'H}-NMR (150.8 MHz, [Ds]-thf,
298 K): & = 129.5 (quart. cyCp), 114.2 (quart. cyCp-CSi), 111.7 (quart.Cp-CSi), 111.3, 105.8
(each Cp), 110.3, 108.3, 103.7 (each cyCp), 40.2 (cy-CH), 37.2, 28.2, 27.7 (each cy-CH,), 1.7
(Si(CH3),). GCOSY (599.9 MHz / 599.9 MHz, [Dg]-thf, 298 K) : 8 H/ 8H = 5.95/5.79 (Cp
/ Cp), 5.81/5.77, 5.77 / 5.65 (each cyCp / cyCp). (The cyclohexyl cross resonanzes are not
listed). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-thf, 298 K): §°C /8'H=111.3/5.95, 105.8 /
5.79 (each Cp / Cp), 110.3 / 5.81, 108.3 / 5.77, 103.7 / 5.65 (each cyCp / cyCp), 40.2 / 2.41
(cy-CH / cy-CH), 37.2 /191, 1.28;28.2 / 1.74, 1.33; 27.7 / 1.66, 1.20 (cy-CH, / cy-CH,), 1.7
/0.30 (Si(CH3), / Si(CHs),). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-thf, 298 K): §°C / 8'H
=129.5/5.81, 5.77, 5.65 (quart. cyCp / each cyCp-CH), 114.2 /5.81, 5.77, 5.65, 0.18 (quart.
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cyCp-CSi / each cyCp, Si(CHj),), 111.7 / 5.95, 5.79, 0.18 (quart. Cp-CSi / each Cp,
Si(CHs3),). Anal. Caled for C,3H4SiLi, (288.4): C 76.57, H 8.57; found C 76.85, H 8.83.

(6e) Yield 4.61 g (86 %). Mp 265 °C. IR (KBr): ¥ = 3080 (w), 2962 (vs), 2873 (s), 1465 (s),
1370 (s), 1352 (m), 1252 (vs), 1104 (vs), 1039 (vs), 956 (s), 814 (vs) cm™. "H-NMR (599.9
MHz, [Dg]-thf, 298 K): & = 5.96, 5.79 (each pt, each 2H, Cp-CH), 5.83 (m, 2H, tBuCp), 5.73
(m, 1H, tBuCp), 1.21 (s, 9H, tBu-CHs), 0.31 (s, 6H, Si(CHs),). “C{'H}-NMR (150.8 MHz,
[Dg]-thf, 298 K): 6 = 133.5 (quart. tBuCp), 114.2 (quart. tBuCp-CSi), 111.4 (quart. Cp-CSi),
111.5, 105.8 (each Cp), 110.6, 107.2, 103.6 (each tBuCp), 33.9 (tBu-CHj3), 32.4 (C(CHj3)3),
1.9 (Si(CH3),). GCOSY (599.9 MHz / 599.9 MHz, [Dg]-thf, 298 K) : 8 H/ 8'H = 5.96 / 5.79
(Cp/Cp), 5.83/5.73 (tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-thf, 298 K):
8"C/8H=111.4/5.96,105.8/5.79 (each Cp/ Cp), 110.6 / 5.83,107.2 /5.83, 103.9 / 5.73 (
each tBuCp / tBuCp), 33.9 / 1.21 (tBu-CH; / tBu-CH3), 1.9 / 0.31 (Si(CH3), / Si(CH3),).
GHMBC (150.8 MHz / 599.9 MHz, [Dg]-thf, 298 K): §°C / 8'H = 133.5 / 5.83, 5.73 (quart.
tBuCp / each tBuCp), 114.2 / 5.83, 5.73, 0.31 (quart. tBuCp-CSi / each tBuCp, Si(CHs),),
111.4 / 5.96, 5.79, 0.32 (quart. Cp-CSi / each Cp, Si(CHs3),). Anal. Calcd for C;¢H»,SiLi,
(256.5): C 74.98, H 8.65; found C 75.69, H 9.08.
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(7b) IR (KBr): V' = 3062 (w), 2951 (s), 2919 (s), 1454 (s), 1397 (vs), 1258 (vs), 1182 (vs),
1050 (vs), 993 (s), 923 (vs), 828 (vs) cm™'. GCOSY (599.9 MHz / 599.9 MHz, [Ds]-benzene,
298 K): 8'H/ 8'H = 6.87/6.75, 5.35;6.75/ 5.58, 5.58 / 5.35 (each Cp / Cp) 6.44 / 5.54, 5.06
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(MeCp / MeCp). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K) : §°C / 8'H =
128.2 /1 6.44, 115.5 / 5.54, 114.0 / 5.06 (MeCp / MeCp), 127.9 / 6.87, 127.1 / 6.75, 114.2 /
5.58, 113.0 / 5.35 (each Cp / Cp), 15.5 / 2.21 (MeCp-CH3 / MeCp-CH3), -5.6 / 0.12, -6.0 /
0.14 (each Si(CHs), / Si(CH3),). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K):
8°C / 8'H = 138.9 / 6.44, 5.54, 5.06 (quart. MeCp / each MeCp), 107.6 / 6.44, 5.54, 5.06,
0.14, 0.12 (quart. MeCp-CSi / each MeCp, each Si(CHs),), 107.5 / 6.87, 6.75, 5.58, 5.35,
0.14, 0.12 (quart. Cp-CSi / each Cp, each Si(CHj3),).

(7d) IR (KBr): ¥ = 3075 (m), 2964 (vs), 2873 (s), 1461 (s), 1402 (m), 1363 (s), 1298 (m),
1264 (vs), 1167 (vs), 1114 (s), 1043 (vs), 918 (s), 820 (vs) cm™. GCOSY (599.9 MHz / 599.9
MHz, [Dg]-benzene, 298 K): 8'H/ 8'H = 6.83 / 6.80, 5.45; 6.80 / 5.54; 5.54 / 5.45 (each Cp /
Cp), 6.67 / 5.53, 6.67 / 5.29, 5.53 / 5.29 (each iPrCp / iPrCp), 3.29 / 1.32, 3.29 / 1.09 (each
iPr-CH / iPr-CHs). GHSQC (150.8 MHz / 599.9 MHz, [De]-benzene, 298 K): §°C / §'H =
128.8/6.80, 126.6 / 6.83, 114.3 /5.45, 112.9/ 5.54 (each Cp / Cp), 126.4 / 6.67, 113.9/ 5.53,
113.1/5.29 (each iPrCp / iPrCp), 29.0 / 3.29 (iPr-CH / iPr-CH), 24.8 / 1.09, 21.4 / 1.32 (iPr-
CH; / iPr-CH3), -5.5 / 0.17, -6.0 / 0.09 (each Si(CHs), / Si(CHz),). GHMBC (150.8 MHz /

599.9 MHz, [D¢]-benzene, 298 K): 8°C / 8'H = 148.8 / 6.67, 5.53, 5.29 (quart. iPrCp / each
iPrCp), 107.7 / 6.67, 5.53, 5.29, 0.17, 0.09 (quart. iPrCp-CSi / each iPrCp, each Si(CHj3),),
107.576.83, 6.80, 5.54, 5.45, 0.17, 0.09 (quart. Cp-CSi / each Cp, each Si(CHs),).

X-ray crystal structure analysis of 7d: formula Cj5H»ClpSiZr, M = 390.52, colourless
crystal 0.20 x 0.20 x 0.15 mm, a = 7.946(1), b = 9.841(1), ¢ = 12.337(1) A, oo = 73.36(1), B =
77.47(1), y = 68.24(1)°, V = 851.8(2) A3, peale = 1.523 g cm3, p = 10.15 cm-1, empirical
absorption correction (0.823 < 7 < 0.863), Z = 2, triclinic, space group Plbar (No. 2), A =
0.71073 A, T =198 K, ® and ¢ scans, 9237 reflections collected (+h, £k, £/), [(sin0)/A] = 0.66

A1 4025 independent (Rjn¢ = 0.036) and 3279 observed reflections [/ = 2 o(/)], 176 refined
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parameters, R = 0.033, wR2 = 0.059, max. residual electron density 0.34 (-0.37) e A'3,

hydrogens calculated and refined as riding atoms.
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(7c¢) IR (KBr): V" =3078 (s), 2923 (vs), 2843 (s), 1449 (vs), 1400 (s), 1308 (m), 1258 (vs),
1167 (vs), 1107 (vs), 1053 (vs), 920 (s), 830 (broad), 677 (vs) cm'. GCOSY (599.9 MHz /
599.9 MHz, [Dg]-benzene, 298 K): 8H/ 8'H = 6.83 / 6.81, 5.47; 6.81 / 5.55, 5.55 / 5.47 (each
Cp / Cp), 6.69 /5.54, 5.30; 5.54 / 5.30 (each cyCp / cyCp). (no assignment of the cyclohexyl
fragment) GHSQC (150.8 MHz / 599.9 MHz, [D¢]-benzene, 298 K): §°C / §'H = 128.9 /
6.81,126.5/6.84,114.2/5.47,113.2/5.55 (each Cp / Cp), 126.6 / 6.69, 113.9/5.54, 112.8 /
5.30 (cyCp / cyCp-CH), 38.6 / 2.99 (cy-CH / cy-CH), 35.9/1.89,35.9/1.14,31.8 /2.32, 31.8
/1.32,269/1.67,26.9/1.43,26.5/1.70,26.5/1.38, 26.4 /1.60, 26.4 / 1.06 (cy-CH, / cy-
CH,), -5.5/0.18, -6.0 / 0.11 (Si(CHs), / Si(CH3),). GHMBC (150.8 MHz / 599.9 MHz, [Ds]-
benzene, 298 K): §°C / 8'H = 147.8 / 6.69, 5.54, 5.30 (quart. cyCp / each cyCp), 107.6 / 6.69,
5.54,5.30, 0.18, 0.11 (quart. cyCp-CSi / each cyCp, each Si(CHs),), 107.3 / 6.83, 6.81, 5.55,
5.47,0.18, 0.11 (quart. Cp-CSi / each Cp, each Si(CH3),).
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(7¢) IR (KBr): ¥V = 3072 (vs), 2950 (vs), 2870 (s), 1490 (s), 1460 (vs), 1398 (vs), 1362 (vs),
1270 (vs), 1184 (vs), 1087 (vs), 1050 (vs), 909 (vs), 836 (vs) cm™'. GCOSY (599.9 MHz /
599.9 MHz, [D¢]-benzene, 298 K): 8 H/ 8'H = 6.84 / 6.65, 5.45; 6.65 / 5.65, 5.65 / 5.45 (each
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Cp/Cp), 6.82/5.72,5.54; 5.72 / 5.54 (tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz,
[De]-benzene, 298 K): 8°C / 8'H = 130.9 / 6.84, 124.9 / 6.65, 117.5 / 5.65, 111.4 / 5.45 (each
Cp/Cp), 129.5/6.82, 113.8/5.45, 113.7/ 5.54 (each tBuCp / tBuCp), 30.9 / 1.42 (tBu-CH3 /
tBu-CHs3), -4.5/0.22, -6.6 / 0.09 (each Si(CH3), / Si(CH3),). GHMBC (150.8 MHz / 599.9
MHz, [Dg]-benzene, 298 K): §°C / §'H = 150.4 / 6.82, 5.72, 5.54 (quart. tBuCp / each tBuCp),
107.9 /1 6.82, 5.72, 5.54, 0.22, 0.09 (quart. tBuCp-CSi / each tBuCp, each Si(CHs),), 105.7 /
6.84,6.65, 5.65,5.45,0.22, 0.09 (quart. Cp-CSi / each Cp, each Si(CH3),).

X-ray crystal structure analysis of 7e: formula C1gH2ClpSiZr, M = 404.55, light-yellow

crystal 0.35 x 0.15 x 0.10 mm, a = 9.939(1), b = 12.730(1), ¢ = 15.109(1) A, B = 106.39(1)°,
V = 1834.0(3) A3, Pcalc = 1.465 g em-3, u = 9.45 cm-l, empirical absorption correction
(0.733 < T<0.911), Z = 4, monoclinic, space group P21/n (No. 14), A = 0.71073 10\, T=198

K, ® and ¢ scans, 7698 reflections collected (+h, tk, £I), [(sinB)/A] = 0.68 A‘l, 4518
independent (Rjp¢ = 0.031) and 3404 observed reflections [/ = 2 6(1)], 269 refined parameters,

R =0.071, WR2 = 0.166, max. residual electron density 0.66 (-1.00) e A'3, asymmetric unit
contains both enantiomers in a ratio of 0.72(1) to 0.28, refined with the PART command,
carbon atoms of the minor enantiomer are treated with isotropic thermal displacement
parameters, in addition geometrical restrains are used for the the Cp-rings (AFIX command)

and the whole molecule (SAME command), hydrogens calculated and refined as riding atoms.

~

H, C/Zr\ CH,
2 i\ tl Ja 7
(- 6
3 3a

4 5

(2) 'TH-NMR (599.9 MHz, [Dg]-benzene, 298 K): & = 7.42 (d, 1H, *Juy = 8.6, 4-H), 7.20 (d,
1H, *Jyy = 8.9 Hz, 7-H), 7.07 (dd, 1H, *Jyy = 8.6 Hz, Ty = 7.5 Hz, 5-H), 6.73 (dd, 1H, Ty
=8.9, *Juy = 7.5 Hz, 6-H), 6.59 (dd, 1H, °J = 3.5 Hz, “T = 0.9 Hz, 3-H), 6.25 (m, 1H, 4’-H),
6.18 (m, 1H, 3*-H), 5.50 (d, 1H, °J = 3.5 Hz, 2-H), 5.23 (m, 1H, 2’-H), 5.10 (m, 1H, 5’-H),
1.52 (s, 3H, C-CHi(syn)), 1.29 (s, 3H, C-CHs(anti)), 0.05 (s, 3H, Zr-CHs(anti)), -1.01 (s, 3H,
Zr-CHs(syn)). “C{'H}-NMR (150.8 MHz, [D¢]-benzene, 298 K): § = 127.1, 119.3 (C3a,
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C7a), 125.9 (C4, 'Tcy = 159.9 Hz), 124.1 (C6, 'Tey = 158.7 Hz), 123.8 (C7, 'Jcy = 160.5 Hz),
123.7 (C5, 'Tey = 159.3 Hz), 114.7 (C4°, 'Joy = 173.8 Hz), 113.8 (C1”), 113.4 (C3", Jey =
177.2 Hz), 113.0 (C2, 'Jen = 165.4 Hz), 104.6 (C3, 'Jey = 173.7 Hz), 103.9 (C5°, 'y = 168.8
Hz), 103.6 (C2’, 'Joy = 170.4 Hz), 98.0 (C1), 38.4 (C(CH3),), 34.4 (Zr-CHs(syn), 'Tey = 117.0
Hz), 30.7 (Zr-CHsx(anti) , 'Jen = 115.6 Hz), 26.2 (C-CHj(anti) , 'Tey = 125.9 Hz), 25.3 (C-
CHs;(syn) , 1JCH = 126.4 Hz). (The 1JCH—coupling constants are obtained with a 13C{ gated }
NMR experiment.)

X-ray crystal structure analysis of 2: formula C19H»>Zr, M = 341.59, yellow crystal 0.15 x

0.10 x 0.10 mm, a = 7.504(1), b = 7.611(1), ¢ = 13.860(1) A, o = 84.10(1), B = 88.18(1), Y =
80.42(1)°, V = 776.3(2) A3, peale = 1.461 g cm3, u = 6.96 cm-1, empirical absorption
correction (0.903 < T< 0.934), Z = 2, triclinic, space group Plbar (No. 2), A =0.71073 A, T =

198 K, ® and @ scans, 5632 reflections collected (th, tk, /), [(sin6)/A] = 0.68 Al 3774
independent (Rjp¢ = 0.024) and 3276 observed reflections [/ = 2 o(1)], 185 refined parameters,

R = 0.035, wR2 = 0.079, max. residual electron density 0.43 (-0.49) e A-3, hydrogens

calculated and refined as riding atoms.

QC/D
~ \S ./
H,c— 47 CH,
S

CH,

(8b) IR (KBr): ¥ = 2960 (s), 2923 (m), 1446 (w), 1409 (s), 1311 (m), 1257 (vs), 1196 (s),
1099 (vs), 1026 (vs), 916 (w), 812 (vs) cm. GCOSY (599.9 MHz / 599.9 MHz, [Dg]-
benzene, 298 K): 8'H/ 8'H = 6.74 / 6.70, 5.34; 6.70 / 5.49, 5.49 / 5.34 (each Cp / Cp), 6.37 /
5.39, 5.08; 5.39 / 5.08 (each MeCp / MeCp). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-
benzene, 298 K): 8°C / 8'H = 121.4 / 6.37, 112.9 / 5.39, 112.6 / 5.08 (each MeCp / MeCp),
120.4 / 6.74, 120.3 / 5.34, 112.4 / 5.49, 112.0 / 5.34 (each Cp / Cp), 32.7 /-0.16, 29.0 / -0.08
(each Zr(CHs), / Zr(CHs)y), 14.8 / 2.16 (MeCp-CH; / MeCp-CHs), -5.3 / 0.15, -5.5 / 0.14
(each Si(CHs), / Si(CHs),). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K): §°C /
8'H = 130.1 / 6.37, 5.39, 5.08 (quart. MeCp / each MeCp), 100.2 / 6.37, 5.39, 5.08, 0.15, 0.14
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(quart. MeCp-CSi / each MeCp-CH, each Si(CHs),), 100.1 / 6.74, 6.70, 5.49, 0.15, 0.14
(quart. Cp-CSi / each Cp-CH, each Si(CHs),).

@

s
H3C \ CH3

s

(8d) IR (KBr): V' =2932 (vs), 2847 (vs), 1447 (vs), 1402 (s), 1381 (m), 1263 (vs), 1172 (s),
112 (vs), 1047 (vs), 955 (s), 915 (m), 817 (vs) cm™. GCOSY (599.9 MHz / 599.9 MHz, [Ds]-
benzene, 298 K): 8 H/ 8'H = 6.74 / 6.70, 5.44; 6.70 / 5.42, 5.44 / 5.42 (each Cp / Cp), 6.57 /
5.36, 5.27, 5.36 / 5.27 (each iPrCp / iPrCp), 3.00 / 1.28, 1.20 (iPr-CH / iPr-CH3). GHSQC
(150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K): 8°C/ 8'H = 121.3 / 6.74, 120.0 / 6.70, 112.7
/544, 111.5/ 542 (Cp/ Cp), 118.6 / 6.57, 117.7 / 5.36, 110.8 / 5.27 (each iPrCp / iPrCp),
32.1/-0.13, 28.9 / -0.05 (each Zr(CHs), / Zr(CH3),), 28.6 / 3.00 (iPr-CH / iPr-CH), 25.3 /
1.20, 22.4 / 1.28 (each iPr-CHj / iPr-CHj3), -5.1 / 0.18, -5.7 / 0.12 (Si(CH3), / Si(CHs),).
GHMBC (150.8 MHz / 599.9 MHz, [D¢]-benzene, 298 K): §°C / §'H = 141.7 / 6.57, 5.36,
5.27 (quart. iPrCp / each iPrCp), 100.3 / 6.57, 5.36, 5.27, 0.18, 0.12 (quart. iPrCp-CSi / each
iPrCp, each Si(CH3),), 99.8 / 6.74, 6.70, 5.44, 5.42, 0.18, 0.12 (quart. Cp-CSi / each Cp, each
Si(CH;)).

@

H C/\Zr\ ST
3

T —CH,
-

(8c) IR (KBr): ¥ = 2947 (w), 2864 (w), 1458 (m), 1406 (m), 1354 (s), 1149 (m), 1114 (s),
1044 (vs), 968 (w), 845 (vs) cm™. GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K):
8'H/8H=6.75/6.71,5.45;6.71 / 5.44, 5.45 / 5.44 (each Cp / Cp), 6.59 / 5.38, 5.25;5.38 /
5.28 (each cyCp / cyCp). (no assignment of the cyclohexyl fragment). GHSQC (150.8 MHz /
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599.9 MHz, [Dg]-benzene, 298 K): §°C /8'H=121.3/6.75,120.0/6.71, 112.8 / 5.44, 111.4 /
5.45 (each Cp / Cp), 118.8/6.59, 111.6 / 5.38, 110.9 / 5.28 (each cyCp / cyCp), 38.5 / 2.71
(cy-CH / cy-CH), 32.1/-0.12, 28.9 / -0.03 (each Zr(CHj3), / Zr(CH3),, 36.4/ 1.98, 36.4 / 1.31,
32.8/2.12,32.8/1.47,27.0/1.72,27.0/1.38,26.7/1.71,26.7/ 1.36, 26.5/ 1.63, 26.5 / 1.15
(cy-CH, / cy-CH,), -5.1/0.19, -5.7 / 0.14 (each Si(CHs), / Si(CH3),). GHMBC (150.8 MHz /
599.9 MHz, [Dg]-benzene, 298 K): 8°C / 8'H = 140.7 / 6.59, 5.38, 5.28, 0.19, 0.14 (quart.
cyCp / each cyCp), 100.3 / 6.59, 5.38, 5.28, 0.19, 0.14 (quart. cyCp-CSi / each cyCp-CH, each
Si(CHs),), 99.7 / 6.75, 6.71, 5.45, 5.44, 0.19, 0.14 (quart. Cp-CSi / each Cp-CH, each
Si(CH3)y).

?

~Si—
H3C/Zr\CH3

)

(8e) IR (KBr): v = 2965 (w), 2877 (w), 1468 (m), 1407 (w), 1374 (m), 1252 (s), 1193 (s),
1089 (s), 1055 (s), 961 (w), 805 (vs) cm™. GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene,
298 K): 8 H/ 8'H = 6.74 / 6.56, 5.36, 6.56 / 5.58, 5.58 / 5.36 (each Cp / Cp), 6.67 / 5.62, 6.67
/5.32,5.58 /5.32 (each tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz, [D¢]-benzene,
298 K): 8°C/8'H=121.2/6.74,119.6 / 6.56, 114.4 / 5.58, 110.4 / 5.36 (each Cp / Cp), 120.1
/6.67,111.9/5.32,110.2 /5.62 (each tBuCp / tBuCp), 31.6/0.01, 28.2 / 0.00 (each Zr(CHj3),
| Zr(CH3),), 31.3 / 1.37 (tBu-CH3 / tBu-CHs),-4.3 / 0.21, -6.1 / 0.12 (Si(CH3), / Si(CHs3)s).
GHMBC (150.8 MHz / 599.9 MHz, [D¢]-benzene, 298 K): §°C / §'H = 145.1 / 6.67, 5.62,
5.32 (quart. tBuCp / each tBuCp), 100.5/6.67, 5.62, 5.32, 0.21, 0.12 (quart. tBuCp-CSi / each
tBuCp-CH, each Si(CH3),), 98.6 / 6.74, 6.56, 5.58, 5.36, 0.21, 0.12 (quart. Cp-CSi / each Cp,
each Si(CH3),).
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Zr

=

CH,

B

5
H;C_

6
__CH,
1

General
IR (KBr): ¥ =2959 (s), 2896 (s), 1499 (m), 1441 (s), 1404 (s), 1303 (w), 1251 (vs), 1191 (s),
1094 (vs), 1031 (s), 822 (vs) cm™.

(s-cis-17b) Main s-cis isomer:

GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 268 K): 8 H/8'H =5.92/5.42,4.21;5.42/
4.21 (each MeCp / MeCp), 5.19 / 4.98, 491; 4.98 / 491 (each Cp / Cp), 4.79 / 4.69, 3.37, -
1.50 (3-H/ 2-H, 44n-H, 4.ni-H), 4.69 / 3.36, -0.76 (2-H / 14yn-H, 14ni-H), 3.37 / -1.50 (45yn-H /
4ani-H), 3.36 / -0.76 (1syn-H / 14ni-H). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 268
K): 8°C/8H =109.9/4.92 (Cp/Cp), 112.4/4.79 (C3/ 3-H), 110.1 / 4.69 (C2 / 2-H), 109.0
/5.19 (Cp / Cp), 109.0 / 4.21 (MeCp / MeCp), 103.2 /491 (Cp / Cp), 101.2 / 5.92 (MeCp /
MeCp), 100.8 / 4.98 (Cp / Cp), 99.9 / 5.42 (MeCp / MeCp), 54.1 / 3.37, -1.50 (C4 / 4y-H,
4ni-H), 49.5 7 3.36, -0.76 (C1 / 14n-H, 1404-H), 14.7 / 1.70 (MeCp-CH3 / MeCp-CHj3), -3.6 /
0.42 (C6/6-H), -6.5/0.29 (C5/5-H). GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 268
K): 8°C / 8'H = 142.8 / 5.92, 5.42, 4.21 (quart. MeCp / each MeCp), 99.7 / 5.92, 5.42, 4.21
(quart. MeCp-CSi / each MeCp), 94.1 / 5.25, 4.92, 4.88 (quart. Cp-CSi / each Cp), 102.9,
93.2, -3.6 / 0.42 (quart. MeCp-CSi, quart. Cp-CSi, C6 / 6-H), 102.9, 93.2, -6.5 / 0.29 (quart.
MeCp-CSi, quart. Cp-CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 268 K): &y /

Sres = 5.92/5.42, 421 (MeCp); 5.19 / 4.98, 4.91 (Cp); 4.79 / 4.69, 3.37, 3.36, -0.76, -1.50 (3-
H/ 2'H’ 4syn'H, lsyn'H’ 4anti'H, lanti'H)-
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2
2 Z 5

i

>

~—\ 4
CH,4
6

1
5
H,C_ _CHj

=51
(s-cis-17°b) Second s-cis isomer
GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 268 K): 8'H/ 8'H = 5.48 / 5.22, 4.56, 4.25;
5.22 /1 4.56, 4.25; 4.56 / 4.25 (each Cp / Cp), 5.41 / 4.98, 3.75; 4.98 / 3.75 (each MeCp /
MeCp), 4.80 / 4.71, 3.12, -0.88 (3-H / 2-H, 4s-H, 4.i-H), 4.71 / 3.4, -0.83 (2-H / 14-H,
Lang-H), 3.43 / -0.83 (1gyn-H / 14ni-H), 3.12 7 -0.88 (44yn-H / 4404-H). GHSQC (150.8 MHz /
599.9 MHz, [Dg]-toluene, 268 K): 8°C / 8'H = 112.7 / 4.80 (C3 / 3-H), 112.0 / 4.71 (C2 / 2-
H), 111.2/4.25,111.0/4.56,95.5 /5.22,95.0 / 5.48 (each Cp / Cp), 109.2/3.75,97.3 / 4.98,
96.4 / 5.41 (each MeCp / MeCp), 51.9 / 3.12, -0.88 (C4 / 44-H, 4,04-H), 50.6 / 3.43, -0.83
(C1/ 14y-H, 1444-H), 13.8 / 1.26 (MeCp-CH3 / MeCp-CH3), -4.8 / 0.41 (C6 / 6-H), -6.0/ 0.20
(C5 / 5-H). GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 268 K): 8°C / §'H = 130.0 /
5.41, 4.98, 3.75 (quart. MeCp / each MeCp), 102.4 / 5.41, 4.98, 3.75 (quart. MeCp-CSi / each
MeCp), 94.0/5.48, 5.22, 4.56, 4.25 (quart. Cp-CSi / each Cp), 102.4, 94.0, -4.8 / 0.44 (quart.
MeCp-CSi, quart. Cp-CSi, C6 / 6-H), 102.4, 94.0, -6.0 / 0.28 (quart. MeCp-CSi, quart. Cp-
CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 268 K): O / drs = 5.48 /1 5.22, 4.56,
4.25 (Cp); 5.41/4.98, 3.75 (MeCp); 4.80 /4.71, 3.43, 3.12, -0.83, -0.88, (3-H / 2-H, 1y-H,
4eyn-H, 1oni-H, 44n5-H).

Z</D> ZC/D>

= =

CH; CH,
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(s-trans-17b) Main s-trans isomer

GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 268 K): §°C / 8'H = 96.5 / 2.89, 95.0 / 2.35
(each Butadien-CH / Butadien-CH), 60.5 / 3.08, 1.23; 59.8 / 2.61, 1.30 (each Butadien-CH, /
Butadien-CH,). 1D-TOCSY (599.9 MHz, [Dg]-toluene, 268 K): &; / d.s = 3.08 / 2.89, 2.61,
2.35, 1.30, 1.23 (Hsyn / Himeso» Hsyn, Hmeso» Hanti» Hanti)-

(s-trans-17°b) Second s-trans isomer
1D-TOCSY (599.9 MHz, [Dg]-toluene, 268 K): 0y, / Owes = 3.16 / 2.90, 2.77, 2.55, 1.33, 1.29
(Hsyn / Hmeso’ Hsyn’ Hmeso, Hanti’ Hanti)-

e

iy
2 3
S
5 6
H,C_ __CH;
o = Sl

General
IR (KBr): vV =2960 (s), 2865 (w), 1456 (w), 1420 (w), 1361 (w), 1260 (vs), 1164 (s), 1099
(m), 1033 (s), 967 (w), 916 (w), 807 (vs) cm’,

(s-cis-17d) Main s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 248 K): 8 H/8'H =5.99/5.61, 4.10; 5.61 /
4.10 (each iPrCp / iPrCp), 5.25 / 4.92, 4.88; 4.92 / 4.88 (each Cp / Cp), 4.78 / 4.6, 3.40, -1.45
(3-H/ 2-H, 4y-H, 4404-H), 4.66 / 3.36, -0.78 (2-H / 14y4-H, 1,04-H), 3.40 / -1.45 (4gyu-H / 4n4-
H), 3.36 / -0.78 (15y-H / 1,44-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 248 K):
8°C/8'H=112.7/4.78 (C3/3-H), 110.4 /4.88, 109.1 / 5.25, 102.3 / 4.92, 100.1 / 4.92 (each
Cp/Cp), 109.8/4.66 (C2/2-H), 1059 /4.10, 102.7 / 5.99, 96.1 / 5.61 (each iPrCp / iPrCp),
54.0 / 3.40, -1.45 (C4 / 44n-H, 4.ni-H), 50.1 / 3.36, -0.78 (C1 / 14n-H, 1ani-H), 28.3 / 2.10
(iPr-CH / iPrCp-CH), 25.6 / 1.22,22.1 / 0.90 (iPr-CH3 / iPr-CH3), -3.2/ 0.43 (C6 / 6-H), -6.6 /
0.30 (C5/5-H). GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 248 K): §°C / 8'H = 143.1
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/5.99,5.61, 4.10 (quart. iPrCp / each iPrCp), 101.4 / 5.99, 5.61, 4.10 (quart. iPrCp-CSi / each
iPrCp), 94.1 / 5.25, 4.92, 4.88 (quart. Cp-CSi / each Cp), 101.4, 94.1, -3.2 / 0.43 (quart.
iPrCp-CSi, quart. Cp-CSi, C6/ 6-H), 101.4, 94.1, -6.6 / 0.30 (quart. iPrCp-CSi, quart. Cp-CSi,
C5 / 5-H). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 248 K): Oy / Ores = 5.99 / 5.61, 4.10
(iPrCp); 5.25/4.92, 4.88 (Cp); 4.78 / 4.66, 3.40, 3.36, -0.78, -1.45 (3-H / 2-H, 44-H, 14n-H,
Lani-H, 4ani-H).

)

(s-cis-17°d) Second s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 248 K): 8'H/ 8'H = 5.48 / 5.22, 4.56, 4.25;
5.22,4.25;4.56 / 4.25 (each Cp / Cp), 5.41 / 4.98, 3.75; 4.98 / 3.75 (each iPrCp / iPrCp), 4.80
/4.71,3.12, -0.88 (3-H / 2-H, 44n-H, 4ui-H), 4.71 /3.43, -0.83 (2-H / 14yn-H, 1uni-H), 3.43 / -
0.83 (1syn-H / 1ani-H), 3.12 / -0.88 (4¢yn-H / 44i-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
toluene, 248 K): 8°C / 8'H = 118.5 / 5.89, 105.0 / 4.24, 104.5 / 6.04, 99.0 / 5.67 (each Cp /
Cp), 112.3/4.83 (C3/3-H), 111.5/4.77,105.4 / 5.28, 98.7 / 4.87 (each iPrCp / iPrCp), 111.2
/479 (C2/2-H),, 52.5/3.20, -0.91 (C4 / 44pn-H, 4,i-H), 50.6 / 3.41, -0.79 (C1 / 14yn-H, Lans-
H), 28.2 / 1.87, 26.5 / 1.02 (each iPr-CH; / iPr-CH3), 21.9 / 0.86 (iPr-CHj3 / iPr-CHj3), -3.1 /
0.44 (C6/6-H), -6.7 / 0.29 (C5 / 5-H). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 248
K): 8°C / 8'H = 130.4 / 5.28, 4.87, 4.77 (quart. iPrCp / each iPrCp), 101.3 / 5.28, 4.87, 4.77
(quart. iPrCp-CSi / each iPrCp), 93.8 / 6.04, 5.89, 5.67, 4.24 (quart. Cp-CSi / each Cp), 101.3,
93.8, -3.1 / 0.44 (quart. iPrCp-CSi, quart. Cp-CSi, C6 / 6-H), 101.3, 93.8, -6.7 / 0.29 (quart.
iPrCp-CSi, quart. Cp-CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Dg]-toluene, 248 K): &;;; / Oes
=6.04 /5.89, 5.67, 4.24 (Cp); 5.28 / 4.87, 4.77 (iPrCp); 4.83 / 4.79, 3.41, 3.20, -0.79, -0.91
(3-H/ 2-H, 14n-H, 44n-H, lani-H, 4ani-H).
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(s-trans-17d) Main s-trans isomer

GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 248 K): §°C / 8'H =98.1 / 2.88,97.9 / 2.55
(each Butadien-CH / Butadien-CH), 61.2 / 2.61, 1.38; 60.8 / 3.16, 1.23 (each Butadien-CH, /
Butadien-CH,). 1D-TOCSY (599.9 MHz, [Dg]-toluene, 248 K): &y, / d.s = 3.16 / 2.88, 2.61,
2.55,1.38, 1.23 (Hsyn / Himeso» Hsyn, Hmeso» Hantis Hanii)-

(s-trans-17°d) Second s-trans isomer
1D-TOCSY (599.9 MHz, [Dg]-toluene, 248 K): &;; / Ores = 3.24 / 3.30, 2.97, 2.68, 1.43, 1.32
(Hsyn / HmCSO’ Hsyn, Hmeso, Hanti, Hanti)-

\r /.
2 \ 3
[
5 6
H;C__ _/CH3
e=3Si

General
IR (KBr): ¥ =2910 (s), 2853 (s), 1447 (s), 1408 (w), 1369 (w), 1251 (vs), 1178 (m), 1099
(m), 1047 (s), 955 (w), 922 (w), 817 (vs), 731 (m) cm’l
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(s-cis-17¢) Main s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 228 K): 8 H/ 8'H = 6.02 / 5.60, 4.02; 5.60 /
4.02 (each cyCp / cyCp), 5.28 / 4.92, 4.86; 4.92 / 4.86 (each Cp / Cp), 4.76 / 4.66, 3.44, -1.45
(3-H/ 2-H, 44yn-H, 4404-H), 4.66 / 3.35, -0.73 (2-H / 14yn-H, 1ani-H), 3.44 / -1.45 (4syn-H / 4ansi-
H), 3.35/-0.73 (14n-H / 1ani-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 228 K):
8°C /8'H=112.3/4.76 (C3/3-H), 110.4 / 4.86, 109.1 / 5.28, 102.0 / 4.92, 99.8 / 4.92 (each
Cp/Cp), 109.5 /4.66 (C2/ 2-H), 105.2 / 4.02, 102.8 / 6.02, 96.3 / 5.60 (each cyCp / cyCp),
60.8 / 3.21 (cy-CH / cy-CH), 54.1 / 3.44, -1.45 (C4 / 44y-H, 4.mi-H), 50.1 / 3.35, -0.73 (C1/
Lyn-H, 1.ni-H), 38.2, 36.7, 32.5, 26.9, 26.6 / 1.80-1.00 (cy-CH, / cy-CH>), -3.2 / 0.48 (C6 / 6-
H), -6.7 / 0.30 (C5 / 5-H). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 228 K): §"°C /
8'H =143.4/6.02, 5.60, 4.02 (quart. cyCp / each cyCp), 101.4 / 6.02, 5.60, 4.02 (quart. cyCp-
CSi / each cyCp), 95.4 / 5.28, 4.92, 4.86 (quart. Cp-CSi / each Cp), 101.4, 954, -3.2/0.48
(quart. cyCp-CSi, quart. Cp-CSi, C6 / 6-H), 101.4, 95.4, -6.7 / 0.30 (quart. cyCp-CSi, quart.
Cp-CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 228 K): Oy / Ores = 4.76 / 4.66,
3.44, 3.35, -0.73, -1.45 (3-H / 2-H, 4u-H, lgu-H, 1ui-H, 4ani-H); 6.02 7 5.60, 4.02 (cyCp);
5.2817/4.92,4.86 (Cp).

()
. Zr 4

)

5 6
H,C__ _CH;
i

(s-cis-17’c) Second s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 253 K): 8'H/ 8'H = 6.07 / 5.93, 5.69, 4.17,;
5.69/4.17 (each Cp / Cp), 5.53/5.16, 4.08, 5.16 / 4.08 (each cyCp / cyCp), 4.83 / 4.70, 3.46,
-0.88 (3-H/ 2-H, 44n-H, 4.ni-H), 4.70 / 3.22, -0.77 (2-H / 14y-H, 1ani-H), 3.46 / -0.88 (45yn-H /
4ani-H), 3.22 /1 -0.77 (14y0-H / 140-H). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 253
K): 8°C/8H=118.6/5.9,104.9/6.07,104.5/4.17,99.1 / 5.69 (each Cp / Cp), 112.1/ 4.83
(C3/3-H), 111.6 / 4.70 (C2 / 2-H), 108.6 / 4.08, 95.5 / 5.53, 94.1 / 5.16 (each cyCp / cyCp),
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61.1/2.61 (cy-CH / cy-CH), 52.3 / 3.4, -0.88 (C4 / 44n-H, 4.ni-H), 50.7 / 3.22, -0.77 (C1 /
Lyn-H, 1ani-H), 37.7, 32.1, 26.7, 26.5, 26.4 / 1.80-1.00 (cy-CH, / cy-CH,), -3.2/ 0.49 (C6 / 6-
H), -6.8 / 0.29 (C5 / 5-H). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 253 K): §"°C /
8'H = 137.6 / 5.53, 5.16, 4.08 (quart. cyCp-C / each cyCp), 99.7 / 5.53, 5.16, 4.08 (quart.

cyCp-CSi / each cyCp), 94.5 / 6.07, 5.93, 5.69, 4.17 (quart. Cp-CSi / each Cp), 99.7, 94.5, -
3.0/0.49 (quart. cyCp-CSi, quart. Cp-CSi, C6/ 6-H), 99.7, 94.5, -6.8 / 0.29 (quart. cyCp-CSi,
quart. Cp-CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Dg]-toluene, 253 K): Oiy / Ores = 4.83 /
470, 3.46, 3.22, -0.77, -0.88 (3-H / 2-H, 44,-H, 1n-H, 1i-H, 4a¢-H); 5.53 / 5.16, 4.08
(cyCp); 6.07/5.93,5.69, 4.17 (Cp).

5 6
H,C__ __CH;j

e=3Si
General
IR (KBr): V" =2958 (vs), 2873 (vs), 1493 (m), 1467 (s), 1408 (s), 1369 (s), 1257 (vs), 1178
(vs), 1086 (vs), 1047 (vs), 942 (m), 923 (s), 810 (vs) cm™.

(s-cis-17€) Main s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 253 K): 8 H/8'H =5.99/5.65, 4.41; 5.65/
4.41 (each tBuCp / tBuCp), 5.31 / 4.99, 4.89, 4.81; 4.99 / 4.89, 4.81 (each Cp / Cp), 4.73 /
4.62,3.27,-0.86 (3-H / 2-H, 4,,-H, 4,4i-H), 4.62/ 3.42,-0.72 2-H / 1n-H, 13p4-H), 3.42/ -
0.72 (1syn-H / 1ani-H), 3.27 / -0.86 (4syn-H / 4:i-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
toluene, 253 K): 8°C/ 8'H = 112.1 /4.73 (C3 / 3-H), 110.9 / 4.89, 108.9 / 5.31, 101.7 / 4.99,
99.1 / 4.81 (each Cp / Cp), 110.1 / 4.62 (C2 / 2-H), 103.9 / 5.99, 103.3 / 4.41, 97.3 / 5.65
(each tBuCp / tBuCp), 51.6 / 3.27, -0.86 (C4 / 44yn-H, 44ni-H), 51.4 7/ 3.42, -0.72 (C1 / 14-H,
lani-H), 32.1 / 1.09 (tBu-CH; / tBu-CHs), -3.1 / 0.44 (C6 / 6-H), -6.6 / 0.29 (C5 / 5-H).
GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 253 K): §°C / 6'H = 148.0 / 5.99, 5.65,
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4.41 (quart. tBuCp / each tBuCp), 101.1 / 5.99, 5.65, 4.41 (quart. tBuCp-CSi / each tBuCp),
95.3/5.31, 4.99, 4.89, 4.81 (quart. Cp-CSi / each Cp), 101.1, 95.3, -3.1 / 0.44 (quart. tBuCp-
CSi, quart. Cp-CSi, C6/ 6-H), 101.1, 95.3, -6.6 / 0.29 (quart. tBuCp-CSi, quart. Cp-CSi, C5 /
5-H). 1ID-TOCSY (599.9 MHz, [Ds]-toluene, 253 K): Oir / Ores = 4.73 / 4.62, 3.42, 3.27, -0.72,
-0.86 (3-H / 2-H, 14n-H, 4syn-H, lani-H, 4ani-H); 5.99 7 5.65, 4.41 (tBuCp); 5.31 / 4.99, 4.89,
4.81 (Cp).

(s-cis-17e) Second s-cis isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 253 K): 8 H/ 8'H = 6.19/ 6.10, 5.72, 4.00;
6.10 / 5.72, 4.00; 5.72 / 4.00 (each Cp / Cp), 5.32 / 4.90, 4.68; 4.90 / 4.68 (each tBuCp /
tBuCp), 5.14 / 4.67, 3.47, -0.96 (3-H / 2-H, 44n-H, 4.,4-H), 4.67 / 3.25, -0.70 (2-H / 14y,-H,
Lanig-H), 3.47 / -0.96 (4¢yn-H / 4,ni-H), 3.25 7 -0.70 (14y0-H / 1404-H). GHSQC (150.8 MHz /
599.9 MHz, [Dg]-toluene, 253 K): 8°C/8'H=117.6/6.19, 110.7 / 6.10, 102.8 / 4.00, 101.4 /
5.72 (each Cp / Cp), 113.4 / 5.14 (C3 / 3-H), 109.1 / 4.67 (C2 / 2-H), 109.0 / 4.90, 106.1 /
5.32,96.5 / 4.68 (each tBuCp / tBuCp), 52.1 / 3.47, -0.96 (C4 / 44y-H, 4an4-H), 50.3 /3.25, -
0.70 (C1 / 14pn-H, 1ani-H), 31.4 / 0.96 (tBu-CH3/ tBu-CHj3), -2.2 / 0.47 (C6 / 6-H), -6.9 / 0.28
(C5 / 5-H). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 253 K): §°C / 8'H = 135.2 /
5.32,4.90, 4.68 (quart. tBuCp / each tBuCp), 99.9 / 5.32, 4.90, 4.68 (quart. tBuCp-CSi / each
tBuCp), 98.8 / 6.19, 6.10, 5.72, 4.00 (quart. Cp-CSi / each Cp), 99.9, 98.8, -2.2 / 0.47 (quart.
tBuCp-CSi, quart. Cp-CSi, C6 / 6-H), 99.9, 98.8, -6.9 / 0.28 (quart. tBuCp-CSi, quart. Cp-
CSi, C5 / 5-H). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 253 K): Qi / &res = 5.14 /1 4.67, 3.47,
3.25,-0.70, -0.96 (3-H / 2-H, 4y-H, 14n-H, lani-H, 4ani-H); 5.32 7/ 4.90, 4.68 (tBuCp); 6.19 /
6.10,5.72, 4.00 (Cp).
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(C¢Fs);BCH, ~ 4 —CH,
© \ L 72 7
2@3 6
3 3a

4 5

Main isomer (anti-betaine)

GCOSY (599.9 MHz / 599.9 MHz, [D,]-dichloromethane, 253 K): 8 H/ 8'H = 7.66/7.47
(4-H / 5-H), 7.47 /1 7.10 (5-H / 6-H), 7.10 / 7.52 (6-H / 7-H), 6.52 / 6.27 (3-H / 2-H), 6.85 /
6.17 (5’-H/4°-H), 6.17/5.82 (4’-H / 3’-H), 5.81 /5.52 (3’-H / 2’-H). GHSQC (150.8 MHz /
599.9 MHz, [D;]-dichloromethane, 253 K): 8"C / 8'H = 127.5 / 7.47 (C5 / 5-H), 127.0 / 7.10
(C-6/6-H), 126.4/7.66 (C4 / 4-H), 126.1 / 7.52 (C7/7-H), 119.8 / 6.85 (C5’ / 5°-H), 115.3 /
6.17 (C4’ / 4’-H), 113.2/ 6.27 (C2 / 2-H), 108.6 / 5.52 (C2’ / 2’-H), 105.5 / 6.52 (C3 / 3-H),
104.2 / 5.81 (C3’ / 3’-H), 42.7 / -0.75 (Zr-CH; / Zr-CH3), 25.8 / 1.89 (C(CHj3), / C(CHj3),-
anti), 24.6 / 1.99 (C(CHs),/ C(CH3),-syn).

4 3
LD
5 /1' 2
75— HiCB(CoFs);
H,C— 1\ ©® ©
T
6
3 3a 5
4

Minor isomer (syn-betaine)

GCOSY (599.9 MHz / 599.9 MHz, [D;]-dichloromethane, 253 K): 8'H/8'H = 7.62 / 6.48 (4-
H/5-H), 6.48/6.73 (5-H/ 6-H), 6.73 /7.62 (6-H / 7-H), 5.80 / 7.32 (3-H / 2-H), 5.43 / 5.80,
5.80 / 5.87, 5.87 / 6.81 (each Cp’ / Cp’). GHSQC (150.8 MHz / 599.9 MHz, [D,]-
dichloromethane, 253 K): §°C / §'H = 126.8 / 6.73, 125.7 / 6.48 (C6 / 6-H, C5 / 5-H), 124.8 /
7.62, 121.7 /1 7.62 (C4 / 4-H, C7 / 7-H), 121.0 / 6.81 (Cp’ / Cp’), 114.9 / 5.80 (C3 / 3-H),
113.4/5.80 (Cp’ / Cp’), 112.3 /7.32 (C2 / 2-H), 108.5 / 5.43, 104.0 / 5.87 (each Cp’ / Cp’),
447 1 0.66 (Zr-CHsz / Zr-CH3), 25.9 / 1.78 (C(CH3)-anti / C(CHj),-anti), 24.8 / 2.07
(C(CH3)>-syn/ C(CHs)y-syn).
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Anion

"H-NMR (599.9 MHz, [D,]-dichloromethane, 253 K): 8 = 0.61 (broad s, 3H, (CH3)B(CgFs)3).
BC{'H}-NMR (150.8 MHz, [D,]-dichloromethane, 253 K): & = 147.5 (dm, 'Jcr = 233 Hz, o-
B(CeFs)3), 138.5 (dm, 'Jcp = 256 Hz, p- B(CsFs)3), 136.7 (dm, 'Jcp = 251 Hz, m- B(CeFs)3),
129.2 (broad, ipso-B(C¢Fs)3). (Me-[B] was not observed). PE.NMR (563.7 MHz, [D,]-
dichloromethane, 253 K): 8= -133.9 (broad s, 6F, 0-B(C¢Fs)3), -160.0 (broad s, 3F, p-
B(C¢F’s)3), -164.8 (broad s, 6F, m-B(C¢F5s)3).

(C4Fs);BCH; </>;

=

"H-NMR (599.9 MHz, [D¢]-benzene, 298 K): 6 = 6.34, 6.23, 5.28, 4.88 (each m, each 2H,
Cp), 0.46 (br, 3H, (H5C)B(C¢Fs)3), 0.31 (s, 3H, Zr-CH3), -0.02, -0.20 (each s, each 3H,
Si(CHs),).

@

(C4Fs);BCH, C/D;

RSt

@écm

CH,

(9b) GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): §'H/ 8'H = 6.44 / 6.25, 4.80;
6.25 / 5.37, 5.37 / 4.80 (each Cp / Cp), 6.00 / 5.31, 4.57; 5.31 / 4.57 (each MeCp / MeCp).
GHSQC (150.8 MHz / 599.9 MHz, [Ds]-benzene, 298 K): §°C / §'H = 124.8 / 6.44, 121.9/

6.25,117.6 / 4.80, 111.5 / 5.37 (each Cp / Cp), 122.3/6.00, 118.2 / 4.57, 112.4 / 5.31 (each
MeCp / MeCp), 42.1 / 0.23 (Zr-CH; / Zr-CHs), 14.3 / 1.85 (MeCp-CHs / MeCp-CHs), -5.5
/0.02, -6.6 / 0.18 (each Si(CHs), / Si(CHs),). F-NMR (563.7 MHz, [Dg]-benzene, 298 K): &
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= -130.1 (broad, 6F, 0-B(C¢Fs)3), -161.6 (broad, 3F, p-B(CeFs)s), -164.0 (broad, 6F, m-
B(CeFs)s). "B{'"H}-NMR (64.2 MHz, [Ds]-benzene, 298 K): & = -14.2.

>
(CoF);BCH, / ;

PSS
®4"7CH,

5

(9d) GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): 8'H / §'H = 6.43 / 6.30, 4.82;
6.30/5.36, 5.36 / 4.82 (each Cp / Cp), 6.23 / 5.38, 4.78; 5.38 / 4.78 (each iPrCp / iPrCp), 2.66
/ 0.90, 0.88 (iPr-CH / iPr-CH;). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K):
§"C/8'H=1249/6.43,1222/6.30,117.6 / 4.82, 111.1 / 5.36 (each Cp / Cp), 119.3 / 6.23,
115.9/4.78, 111.4 / 538 (iPrCp / iPrCp), 42.1 / 0.29 (Zr-CH; / Zr-CHs), 28.5 / 2.66 (iPr-CH /
iPr-CH), 24.8 / 0.90, 20.5 / 0.88 (each iPr-CH; / iPr-CH3), -5.8 / 0.02, -6.8 / 0.21 (each
Si(CH3), / Si(CHs),). ’F-NMR (563.7 MHz, [Dg]-benzene, 298 K): § = -130.6 (broad, 6F, o-
B(CgFs)s3), -161.9 (broad, 3F, p-B(CeFs)3), -164.9(broad, 6F, m-B(CsFs)3). ""B{'H}-NMR
(64.2 MHz, [Dg]-benzene, 298 K): 6 = -14.1.

(C6F5)315CH3@

7eSi
@4 CH,

)

(9¢) GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-benzene, 298 K): 8 H/ 8'H = 6.42 / 6.34, 4.90;
6.40/5.33, 5.33/4.90 (each Cp / Cp), 6.30/5.40, 4.84; 5.40 / 5.33 (each cyCp / cyCp). (Die
Kreuzsignale der cyclohexylgruppe wurden nicht gelistet.) GHSQC (150.8 MHz / 599.9
MHz, [Dg]-benzene, 298 K): §°C/ §'H = 124.2/6.42, 122.6 / 6.34, 118.0 / 4.90, 110.8 / 5.33
(each Cp / Cp), 119.8 / 6.30, 116.4 / 4.84, 111.0 / 5.40 (each cyCp / cyCp), 40.8 / 0.32 (Zr-
CH3), 38.2/2.45 (cy-CH / cy-CH), 36.0 / 1.68, 0.98; 31.6 / 1.57, 1.13; 26.5 / 1.54, 1.21; 26.0
/1.66, 1.18;25.8 /1.48, 0.95 (each cy-CH, / cy-CH>), -5.6 / 0.04, -6.9 / -0.19 (each Si(CH3), /
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Si(CHz),). YF-NMR (563.7 MHz, [Ds]-benzene, 298 K): & = -129.7 (broad, 6F, 0-B(C4Fs)s3),
-161.0 (broad, 3F, p-B(CeFs)s3), -163.9(broad, 6F, m-B(C¢Fs)s). ""B{'H}-NMR (64.2 MHz,
[Dg]-benzene, 298 K): 6 = -14.3.

(C6F5)3BCH3?

S ./
© % lcw,

5

(9e) GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): §'H/ §'H = 6.40 / 5.37, 5.27;
5.37 / 5.27 (each tBuCp / tBuCp), 6.33 / 6.29, 5.20; 6.29 / 5.07, 5.27 / 5.07 (each Cp / Cp).
GHSQC (150.8 MHz / 599.9 MHz, [Dg]-benzene, 298 K): §°C / 8'H = 123.3 / 6.33, 123.2/
6.29, 119.7 / 5.07, 109.7 / 5.20 (each Cp / Cp), 121.4 / 6.40, 115.9 / 5.27, 111.1 / 5.37 (each
tBuCp / tBuCp), 42.1 / 0.46 (Zr-CHs / Zr-CH3), 30.5 / 0.98 (tBu-CH; / tBu-CHj), 4.9 /0.03, -
7.4 / -0.24 (each Si(CHs), / Si(CHz),). F-NMR (563.7 MHz, [Dg]-benzene, 298 K): § =
-130.4 (broad, 6F, 0-B(C¢Fs)3), -161.5 (broad, 3F, p-B(CsFs)s), -164.2(broad, 6F, m-
B(C¢Fs)3). "B{'H}-NMR (64.2 MHz, [D¢]-benzene, 298 K): & = -14.5.

General

YF.NMR (563.7 MHz, [Dg]-benzene, 298 K): § = -132.0 (m, 6F, 0-B(C¢Fs)3), -159.2 (m, 3F,
p-B(CeFs)3), -164.4 (m, 6F, m-B(C¢Fs)3). "B{'H}-NMR (64.2 MHz, [D¢]-benzene, 298 K): &
=-74.
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(anti-11e) Main isomer

GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): 8'H/ 8'H = 7.40 / 7.32 (a-pyrrole /
o-pyrrole), 7.40 / 591, 5.44; 7.32 / 591, 5.44 (each o-pyrrole / B-pyrrole), 591 / 5.44 (B-
pyrrole / B-pyrrole), 6.29 / 4.95, 4.77; 4.95 / 4.77 (each Cp / Cp), 5.97 / 5.10, 5.03; 5.10 / 5.03
(each tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-benzene, 298 K): §°C / §'H =
140.3 /7.40, 136.3 / 7.32 (each o-pyrrole / a-pyrrole), 127.1 /4.95, 124.1/6.29,114.9 /1 4.77,
109.0 / 4.95 (each Cp / Cp), 121.1 / 597, 112.6 / 5.03, 109.1 / 5.10 (each tBuCp / tBuCp),
103.8 / 591, 97.5 / 5.44 (B-pyrrole / B-pyrrole), 38.6 / 0.13 (Zr-CH; / Zr-CH3), 30.9 / 1.13
(tBu-CHj3 / tBu-CH3), -5.3 / 0.10, 7.0 / -0.15 (each Si(CHs), / Si(CH3),). 'D-TOCSY (599.9
MHz, [Dg]-benzene, 298 K): iy / Ors = 7.40 / 7.32, 591, 5.44 (o-pyrrole / o-pyrrole, [B-
pyrrole, B-pyrrole); 6.29 / 4.95, 4.77 (Cp); 5.97 / 5.10, 5.03 (tBuCp).

i

I —
N—
-

7rS
124@
(syn-11e) Second isomer

GCOSY (599.9 MHz / 599.9 MHz, [Dg]-benzene, 298 K): 8'H/ 8'H = 7.48 / 7.46 (o-pyrrole /

(Can)z

o-pyrrole), 7.48 / 6.03, 5.92; 7.46 / 6.03, 5.92 (each o-pyrrole / B-pyrrole), 6.03 / 5.92 (B-
pyrrole / B-pyrrole), 5.97 /5.13, 4.98, 4.85; 5.13 / 4.98, 4.85; 4.95 / 4.85 (each Cp / Cp), 5.94 /
5.38, 5.07; 5.38 / 5.07 (each tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz, [D¢]-
benzene, 298 K): §°C / §'H = 140.3 / 7.48, 136.3 / 7.46 (each a-pyrrole / a-pyrrole), 125.8 /
5.97,121.1/4.98, 118.1/4.85,112.5/5.13 (each Cp / Cp), 120.8 / 5.94, 112.7 / 5.07, 109.8 /
5.38 (each tBuCp / tBuCp), 101.8 / 6.03, 98.3 / 5.92 (B-pyrrole / B-pyrrole), 34.0 / 0.31 (Zr-
CH; / Zr-CHs3), 29.9 / 0.95 (tBu-CHj; / tBu-CHs), -5.9 / 0.23, -6.1 / 0.16 (each Si(CHj), /
Si(CHz),). 'D-TOCSY (599.9 MHz, [Dg]-benzene, 298 K): 8 / e = 7.48 / 7.46, 6.03, 5.92
(a-pyrrole / a-pyrrole, B-pyrrole, B-pyrrole); 5.97 / 5.13, 4.98, 4.85 (Cp); 5.94 / 5.38, 5.07
(tBuCp).
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General

PE.NMR (563.7 MHz, [Dg]-benzene, 298 K): & = -130.1 (m, 6F, 0-B(CgFs)3), -157.4 (m, 3F,
p-B(CeFs)3), -162.7 (m, 6F, m-B(C¢Fs);). "B{'H}-NMR (64.2 MHz, [D¢]-benzene, 298 K): &
=-83.

(anti-13e) Main isomer

GCOSY (599.9 MHz / 599.9 MHz, [D¢]-benzene, 298 K): 8 H/8'H =7.21/7.18 (o-pyrrole /
o-pyrrole), 7.21 / 5.83, 5.35; 7.18 / 5.83, 5.35 (each a-pyrrole / B-pyrrole), 6.55 / 5.46, 5.28,
4.28,5.46/5.28, 4.86; 5.28 / 4.86 (each Cp / Cp), 6.12/5.31, 5.05; 5.31 / 5.05 (each tBuCp /
tBuCp), 5.83 /5.35 (B-pyrrole / B-pyrrole). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-benzene,
298 K): 8°C / 8'H = 139.1 / 7.21, 136.9 / 7.18 (each a-pyrrole / a-pyrrole), 125.9 / 6.55,
1243 /5.46,115.8 /4.82, 110.7 / 5.28 (each Cp / Cp), 120.5/6.12, 112.3 /5.05, 111.4 / 5.31
(each tBuCp / tBuCp), 105.5 / 5.83, 98.9 / 5.35 (B-pyrrole / B-pyrrole), 41.3 / 0.23 (Zr-CH; /
Zr-CHs3), 30.7 / 1.10 (tBu-CH3 / tBu-CH3), -5.6 / 0.21, -6.8 / -0.10 (each Si(CHzs), / Si(CH3),).
ID-TOCSY (599.9 MHz, [D¢]-benzene, 298 K): 8y / 8o = 7.21/7.18, 5.83, 5.35 (o-pyrrole /
o-pyrrole, B-pyrrole, B-pyrrole); 6.55 / 5.46, 5.28, 4.86 (Cp); 6.12 / 5.31, 5.05 (tBuCp).

@

H,C— \r®' B

1~ —
N_
s
=

N

(C6F5)3

(syn-13e) Second isomer
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GCOSY (599.9 MHz / 599.9 MHz, [Ds]-benzene, 298 K): 8 H/ 8'H = 7.37 / 7.27 (o-pyrrole /
o-pyrrole), 7.37 / 6.09, 5.81; 7.27 / 6.09, 5.81 (each o-pyrrole / B-pyrrole), 6.09 / 5.81 (B-
pyrrole / B-pyrrole), 5.82 /5.71 5.25,5.22; 5.71 / 5.25, 5.22; 5.25 / 5.22 (each Cp / Cp), 6.07 /
5.47, 5.24; 5.47 | 5.24 (each tBuCp / tBuCp). GHSQC (150.8 MHz / 599.9 MHz, [D¢]-
benzene, 298 K): °C / 8'H = 140.9 / 7.37, 139.4 / 7.27 (each o.-pyrrole / o-pyrrole), 123.1 /
5.71,121.4/5.22,103.0/5.82, 101.6 / 5.25 (each Cp / Cp), 119.9/6.07, 113.1/5.24, 109.6 /
5.47 (each tBuCp / tBuCp), 102.7 / 5.81, 98.3 / 6.09 (B-pyrrole / (B-pyrrole), 34.0 / 0.37 (Zr-
CH; / Zr-CHs3), 29.8 / 0.97 (tBu-CHj3 / tBu-CHs), -5.7 / 0.23, -6.5 / 0.15 (each Si(CHj), /
Si(CHs),). 'D-TOCSY (599.9 MHz, [Dg]-benzene, 298 K): 8 / 8o = 7.37 / 7.27, 6.09, 5.81
(a-pyrrole / a-pyrrole, B-pyrrole, B-pyrrole); 5.82 / 5.71, 5.25, 5.22 (Cp); 6.07 / 5.47, 5.24
(tBuCp).

o

i
(C6F5)3§J<M
==

(o = C(CHy),)

(16) "H-NMR (599.9 MHz, [Dg]-toluene, 298 K): § = 6.67 (dd, 1H, *Jyy = 8.8 Hz, Ty = 1.0
Hz, Ind-7-H), 6.40 (ddd, 1H, *Juy = 8.4 Hz, *Juy = 6.8 Hz, “Tun = 1.0 Hz, Ind-5-H), 6.32 (ddd,
1H, *Jun = 8.8 Hz, *Juy = 6.8 Hz, “Tyy = 1.0 Hz, Ind-6-H), 6.28 (dd, 1H, *Juy = 8.4 Hz, *“Jyy =
1.0 Hz, Ind-4-H), 5.77 (d, 1H, *Jgy = 3.7 Hz, Ind-2-H), 5.54 (m, 1H, Cp), 5.49 (d, 1H, *Jyuy =
3.7 Hz, Ind-3-H), 5.09 (m, 1H, Cp), 4.93 (m, 1H, Cp), 4.86 (m, 1H, 3-H), 4.78 (m, 1H, Cp),
4.52 (m, 1H, 2-H), 1.32, 1.17 (each s, each 3H, C(CH3),), 0.94 (br d, 2H, 3JHH =10.6 Hz, Iy,-
H, 14-H), -0.57, -0.74 (each br, each 1H, 4’-H, 4-H). “C{'H}-NMR (150.8 MHz, [Ds]-
toluene, 298 K): & = 148.6 (dm, 'Jcr = 240 Hz, 0-B(CgFs)3), 139.4 (dm, 'Ter = 250 Hz, p-
B(C¢Fs)3), 137.5 (dm, 'Jeg = 250 Hz, m-B(C¢Fs)3), 135.2 ( C2), 125.9 (Ind-C7), 125.7 (Ind-
C4), 125.2 (Ind-C6), 124.3 (Ind-C5), 116.1, 110.8 (each Cp), 109.9 (C3), 109.8, 100.4 (Ind-
C2, Ind-C3), 95.2, 93.7 (each Cp), 62.8 (C1), 25.5, 24.5 (each C(CHs),), 22 (br C4). (The
ipso-C[B] and CMe; of the isopropylidene bridge are not observed). GCOSY (599.9 M,Hz /
599.9 MHz, [Dg]-toluene, 298 K): 8'H / 8'H = 6.67 / 6.32 (Ind-7-H / Ind-6-H), 6.40 / 6.32,
6.28 (Ind-5-H / Ind-6-H, Ind-4-H), 6.32 / 6.28 (Ind-6-H / Ind-4-H), 5.77 / 5.49 (Ind-3-H / Ind-
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2-H), 5.54 7/ 5.09, 4.93, 4.78 (Cp / Cp), 5.09 / 4.93, 4.78, (Cp / Cp), 4.86 / 4.52, -0.57, -0.74
(3-H/2-H, 4-H, 4-H), 4.52/0.94 (2-H / 14n-H, 1,,4-H), -0.57 / -0.74 (4’-H / 4-H). GHSQC
(150.8 MHz / 599.9 MHz, [Ds]-toluene, 298 K): §°C / 8 H = 135.2 / 4.52 (C2 / 2-H), 125.9 /
6.67 (Ind-C7 / Ind-7-H), 125.7 / 6.28 (Ind-C4 / Ind-4-H), 125.2 / 6.32 (Ind-C6 / Ind-6-H),
124.3 / 6.40 (Ind-C5 / Ind-5-H), 116.1 / 5.09, 110.8 / 4.78 (each Cp / Cp), 109.9 / 4.86 (C3 /
3-H), 109.8 / 5.49 (Ind-C2 / Ind-2-H), 100.4 / 5.77 (Ind-C3 / Ind-3-H), 95.2 / 5.54, 93.7 / 4.93

(e = Si(CH,),)
(each Cp / Cp), 62.8 / 0.94 (C1 / I’-H, 1-H), 25.5 / 1.17, 24.5 / 1.32 (each C(CHz), /
C(CHs),),22/-0.57,-0.74 (C4/ 4’-H, 4-H).

(18a): "H-NMR (599.9 MHz, [Dg]-toluene, 298 K): & = 6.11, 6.00 (each m, 1H, Cp), 5.92 (m,
2H, Cp und 2-H), 5.78, 5.55, 5.50 (each m, each 1H, Cp), 5.43 (m, 1H, 3-H), 4.40 (m, 2H,
Cp), 2.63 (br d, 1H, *Jyy = 18.2 Hz, 4°-H), 2.31 (br dd,1H, Ty = 18.2 Hz, *Juy = 6.0 Hz, 4-
H), 1.86 (dd, 1H, *Juy = 17.9 Hz, *Juy = 5.0 Hz, 144-H), 1.53 (dd,1H, *Juy = 8.3 Hz, Ty =
5.0 Hz, 14,-H), 0.24, -0.17 (each s, each 3H, Si(CH;),). “C{'H}-NMR (150.8 MHz, [Ds]-
toluene, 298 K): 8 = 149.5 (dm, 'Tcr = 230 Hz, 0-B(CsFs)3), 138.9 (dm, 'Ter = 250 Hz, p-
B(C¢Fs)3), 137.3 (dm, 'Teg = 250 Hz, m-B(C4Fs)3), 130.4 (br, C2), 125.8 (br, ipso-B(CeFs)3),
125.1, 123.7 (each Cp), 123.1 (C3), 121.9, 121.2, 109.9, 107.2 (2x), 106.6 (each Cp), 106.1,
102.7 (Cp-CSi), 52.0 (C1), 28.3 (br, C4), -5.7, -7.1 (each Si(CH3),). GCOSY (599.9 M,Hz /
599.9 MHz, [Ds]-toluene, 298 K): §'H / 8'H = 6.11 / 5.92, 5.55, 4.40; 6.00 / 5.78, 5.55, 4.40;
5.92 / 5.50, 4.40 (each Cp / Cp), 5.92 / 5.43, 1.86, 1.53 ( 2-H / 3-H, 1aus-H, 14n-H), 5.78 /
5.50, 4.40; 5.55 / 4.40 (each Cp / Cp), 5.43 / 2.63, 2.31( 3-H / 4’-H, 4-H), 2.63 / 2.31 (4’-H /
4-H), 1.86 / 1.53 (1,mi-H / 14-H). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 298 K):
8"C / 8'H = 130.4 / 5.92 (C2 / 2-H), 125.1 / 5.92, 123.7 / 6.00 (each Cp / Cp), 123.1 / 5.43
(C3/3-H), 121.9/6.11, 121.2/5.78, 109.9 / 4.40, 107.2 / 5.55, 106.6 / 4.40 (each Cp / Cp),
52.0/ 1.86, 1.53 (C1 / 1u-H, 14n-H), 28.3 /2,63, 2.31 (C4 / 4'-H, 4-H), -5.7 / 0.24, 7.1 / -
0.17 (each Si(CHs), / Si(CHs),). YF-NMR (564.3 MHz, [Dg]-toluene, 298 K): & = -165.0
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(broad, 6F, m-B(C¢F5s)3), -161.1 (broad t, 3F, *Jgr = 21Hz , p-B(C4F’s)3). (The o-F resonanzes

are not observed at 298 K due to the dynamic behaviour of the system)

(e = Si(CH3),)

General

YF.NMR (563.7 MHz, [Dg]-toluene, 258 K): & = -129.3 (broad, 6F, 0-B(C¢Fs);), -160.6
(broad, 3F, p-B(C¢Fs)3), -164.2 (broad, 6F, m-B(CeFs)3). "B{'H}-NMR (64.2 MHz, [Ds]-
toluene, 258 K): 6 =-14.4.

(E-18b) Main E-isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 258 K): 8'H/ 8'H =5.97/5.72, 5.51, 4.23;
5.72 /551, 4.23; 551 /1 423 (Cp / Cp), 5.58 / 5.17, 4.35; 5.17 / 4.35 (each MeCp / MeCp),
5917/4.69, 1.61, 1.33 (2-H / 3-H, 14n-H, 1.i-H), 4.69 / 2.50, 2.21 (3-H / 4’-H, 4-H), 2.50 /
221 4’-H / 4-H), 1.61 / 1.33 (14n-H / 1.ni-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
toluene, 258 K): §°C / 8'H = 132.5/5.91 (C2/ 2-H), 123.5/5.97, 120.4 / 5.72, 106.5 / 4.23,
105.3 / 5.51 (each Cp / Cp), 121.3 / 5.58, 107.7 / 4.35, 106.0 / 5.17 (each MeCp / MeCp),
120.5 / 4.69 (C3 / 3-H), 53.5 / 1.61, 1.33 (C1 / l4n-H, 1.-H), 14.5 / 1.57 (MeCp-CH3 /
MeCp-CH3), -6.4 / 0.17, -8.1 / -0.26 (each Si(CH3), / Si(CHs3),). GHMBC (150.8 MHz /
599.9 MHz, [Dg]-toluene, 258 K): §°C / §'H = 136.3, 121.3, 107.7 / 1.57 (quart. MeCp,
MeCp, MeCp / MeCp-CH3), 104.0, 100.9, -6.4 / 0.17 (quart. MeCp-CSi, quart. Cp-CSi,
Si(CHs;), / Si(CH3),), 104.0, 100.9, -8.1 / -0.26 (quart. MeCp-CSi, quart. Cp-CSi, Si(CH3), /
Si(CHs),). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 258 K): 8iy / Ores = 2.21 / 5.91, 4.69, 2.50,
1.61, 1.33 (4-H/ 2-H, 3-H, 4’-H, 14u-H, lani-H); 5.58 7 5.17, 4.35 MeCp); 597 / 5.72, 5.51,
4.23 (Cp).
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(CsF 5)2
(e = Si(CHy),) CH3

(E-18b) Second E-isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 258 K): 8'H/ 8'H = 6.01 / 5.78, 5.46, 4.41;
5.78 /1 5.46, 4.41; 5.46 / 4.41 (each Cp / Cp), 5.64 / 5.51, 3.89; 5.51 / 3.89 (each MeCp /
MeCp), 5.70 / 5.38, 1.67, 1.48 (2-H / 3-H, 1uui-H, 14n-H), 5.38 /2.51, 2.18 (3-H/ 4’-H, 4-H),
251/218 (4-H/ 4-H), 1.67 / 1.48 (1ai-H / 14n-H). GHSQC (150.8 MHz / 599.9 MHz,
[Dg]-toluene, 258 K): §°C / 8'H = 129.1 / 5.70 (C2 / 2-H), 124.0 / 5.78, 121.9 / 6.01, 110.2 /
4.41, 105.8 / 5.46 (each Cp / Cp), 121.8 / 5.64, 109.1 / 3.89, 108.1 / 5.51 (each MeCp /
MeCp), 114.4 / 5.38 (C3 / 3-H), 51.4 / 1.67, 1.48 (C1 / 144-H, lsyn-H), 13.3 / 1.72 (MeCp-
CH;/ MeCp-CH3), -6.4/0.17 , -7.5 / -0.23 (each Si(CHs3), / Si(CH3),). GHMBC (150.8 MHz
/' 599.9 MHz, [Dg]-toluene, 258 K): §"°C / 8'H = 136.5, 121.8, 105.8 / 1.72 (quart. MeCp,
MeCp, MeCp / MeCp-CH3), 105.6, 101.9, -6.4 / 0.22 (quart. MeCp-CSi, quart. Cp-CSi,
Si(CH3), / Si(CH3),), 105.6, 101.9 -7.5 / -0.23 (quart. MeCp-CSi, quart. Cp-CSi, Si(CHz3), /
Si(CHs),). 1D-TOCSY (599.9 MHz, [Ds]-toluene, 258 K): Oi / Ores = 2.18 / 5.70, 5.38, 2.51,
1.67, 1.48 (4-H / 2-H, 3-H, 4’-H, 1ai-H, 14n-H); 5.64 / 5.51, 3.89 (MeCp); 6.01 / 5.78, 5.46,
4.41 (Cp).

© 4 ..

(e = Si(CHjy),)

(Z-18b) Z-isomer
GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 258 K): 8 H/ 8'H = 5.82/ 4.74, 4.55; 4.74 /
4.55 (each MeCp / MeCp), 5.38 / 5.29, 491, 4.23; 529 / 491, 4.23;, 491 / 4.23 (each Cp /



S32

Cp), 5.16 / 4.49,2.62, 0.27 (2-H / 3-H, 1,05-H, 14,5-H), 4.49 / -0.43, -1.83 (3-H / 4’-H, 4-H),
2.62/0.27 (1g5-H / 145-H), -0.43 / -1.83 (4’-H / 4-H). GHSQC (150.8 MHz / 599.9 MHz,
[Dsg]-toluene, 258 K): §°C / 8'H = 131.4 / 5.16 (C2 / 2-H), 117.9 / 4.49 (C3 / 3-H), 117.6 /
4.55, 114.1 /4.74,103.2 / 5.82 (each MeCp / MeCp), 114.5 /538, 113.2/4.91, 112.5 / 4.23,
109.2 / 5.29 (each Cp / Cp), 55.0 / 2.62, 0.27 (C1 / 1yyi-H, 14yn-H), 14.5 / 1.53 (MeCp-CH; /
MeCp-CH3), -5.8 / 0.08 , -8.1 / 0.11 (each Si(CHs), / Si(CH3),). GHMBC (150.8 MHz /
599.9 MHz, [Dg]-toluene, 258 K): §°C / 8'H = 136.6, 114.1, 103.2 / 1.53 (quart. MeCp,
MeCp, MeCp / MeCp-CH3), 101.5, 99.6, -5.8 / 0.11 (quart. MeCp-CSi, quart. Cp-CSi,
Si(CHs), / Si(CH3),), 101.5, 99.6 -8.1 / 0.08 (quart. MeCp-CSi, quart. Cp-CSi, Si(CH3), /
Si(CH;),). 1ID-TOCSY (599.9 MHz, [Ds]-toluene, 258 K): 8y / 8 = 2.62 / 5.16, 4.49, 0.27,
-0.43, -1.83 (1ai-H / 2-H, 3-H, 14,n-H, 4’-H, 4-H); 5.82 / 4.74, 4.55 (MeCp); 5.38 / 5.29, 4.91,
4.23 (Cp). YF-NMR (563.7 MHz, [Ds]-toluene, 268 K): & = -136.7 (broad, 6F, 0-B(C4Fs)3), -
159.6 (broad, 3F, p-B(Cg¢Fs)3), -164.1 (broad, 6F, m-B(C¢Fs)3). ""B{'"H}-NMR (64.2 MHz,
[Ds]-toluene, 268 K): & = -14.0. IR (KBr): 7" = 2983 (m), 2882 (w), 1644 (s), 1524 (vs), 1484
(vs), 1370 (m), 1290 (s), 1089 (vs), 975 (vs), 801 (s) cm™.

(e = Si(CHjy),)

(E-18d) E-isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 298 K): 8'H/ 8'H = 6.04 / 5.82, 5.48, 4.54;
5.82/5.48,5.48 / 4.54 (each Cp / Cp), 5.85/5.43, 4.57; 5.43 / 4.57 (each iPrCp / iPrCp), 5.77
/5.48,1.70, 1.60 (2-H / 3-H, 1n-H, 1.s-H), 5.48 /2.49,2.22 (3-H/ 4’-H, 4-H), 2.49 / 2.22
(4-H / 4-H), 2.45 / 1.12, 0.97 (iPr-CH / iPr-CH3), 1.70 / 1.60 (14yp-H / 1ang-H). GHSQC
(150.8 MHz / 599.9 MHz, [Ds]-toluene, 298 K): 8°C / 8 H = 127.1 / 5.77 (C2 / 2-H), 123.9 /
5.82,122.9/6.04, 110.5 /4.54, 1057/ 5.48 (Cp / Cp), 118.1 / 5.85, 107.8 / 4.57, 103.4 / 5.43
(iPrCp / iPrCp), 110.5 / 5.48 (C3 / 3-H), 51.3 / 1.70, 1.60 (C1 / 14n-H, 1.ns-H), 28.0 / 2.45
(iPr-CH / iPrCp-CH), 24.2 /1 0.97, 22.1 / 1.12 (each iPr-CHs / iPr-CH3), -5.4 / 0.22, -7.4 / -0.21
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(each Si(CHs), / Si(CHs),). GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 298 K): §"°C /
8'H = 149.0, 24.2 / 0.97 (quart. iPrCp , iPr-CH; / iPr-CHs), 149.0, 22.1 / 1.12 (quart. iPrCp ,
iPr-CHs / iPr-CHs), 105.1, 101.0, -5.4 / 0.22 (quart. iPrCp-CSi, quart. Cp-CSi, Si(CHz), /
Si(CHs),), 105.1, 101.0, -7.3 / -0.21 (quart. iPrCp-CSi, quart. Cp-CSi, Si(CH3), / Si(CHs),).
1D-TOCSY (599.9 MHz, [Ds]-toluene, 298 K): 8iry / 8y = 2.49 / 5.77, 5.48, 2.22, 1.70, 1.60
(4-H/2-H, 3-H, 4-H, 1on-H, 1,5-H); 5.85/5.43, 4.57 (iPrCp); 6.04 / 5.82, 5.48, 4.54 (Cp).
YF.NMR (563.7 MHz, [Ds]-toluene, 298 K): & = -129.0 (broad, 6F, 0-B(CgFs)3), -160.2
(broad, 3F, p-B(C¢Fs)3), -164.3 (broad, 6F, m-B(CeFs);). "B{'H}-NMR (64.2 MHz, [Dg]-
toluene, 298 K): & = -13.9.

a

@

© 4 . Zrp
(C4Fs);B 3\‘>/ ,

=
(o = Si(CHy),)

1

(Z-18d) Z-isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Ds]-toluene, 298 K): 8'H/ 8'H = 6.10 / 5.80, 5.51, 4.16;
5.80 / 5.51, 4.16; 5.51 / 4.16 (each Cp / Cp), 5.99 / 5.51, 4.23; 5.51 / 4.23 (each iPrCp /
iPrCp), 5.24 / 4.55, 2.71, 1.15 (2-H / 3-H, 1,y-H, 1,4-H), 4.55 / 0.30, -1.90 (3-H / 4°-H, 4-
H), 2.71/ 1.15 (1gn-H / 1,06-H), 2.21 /0.94, 2.21 / 0.73 (each iPr-CH / iPr-CHs), -0.30 / -1.90
(4-H / 4-H). GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 298 K): §°C / 8H = 128.5 /
5.24 (C2/2-H), 117.6 / 5.80, 113.6 / 6.10, 110.5 / 5.51, 105.4 / 4.16 (each Cp / Cp), 116.3 /
5.99, 113.5/5.51, 104.2 / 4.23 (each iPrCp / iPrCp), 110.1 / 4.55 (C3 / 3-H), 55.2/ 2.71, 1.15
(C1/ lgyn-H, 145-H), 29.6 / 2.21 (iPr-CH / iPrCp-CH), 22.8 / 0.94, 22.1 / 0.73 (each iPr-CH; /
iPr-CH3) -6.3 / 0.31, -6.5 / -0.08 (each Si(CH3), / Si(CH3),. GHMBC (150.8 MHz / 599.9
MHz, [Dgl-toluene, 298 K): 8§°C / 8'H = 149.4 / 0.94 (quart. iPrCp / iPr-CH3), 149.4 / 0.73
(quart. iPrCp / iPr-CH3), 105.7, 103.9, -6.3 / 0.31 (quart. iPrCp-CSi, quart. Cp-CSi, Si(CH3), /
Si(CH3),), 105.7, 103.9, -6.5 / -0.08 (quart. iPrCp-CSi, quart. Cp-CSi, Si(CH3), / Si(CHs),).
1D-TOCSY (599.9 MHz, [Dg]-toluene, 298 K): 8y / 8 = 4.55 / 5.24,2.71, 1.15, -0.30, -1.90
(3-H/ 2-H, l4yu-H, l-H, 4>-H, 4-H); 5.99 / 5.51, 4.23 (iPrCp); 6.10 / 5.80, 5.51, 4.16 (Cp).
YF-NMR (563.7 MHz, [Dg]-toluene, 298 K): § = -134.7 (broad, 6F, 0-B(C¢Fs)3), -159.8
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(broad, 3F, p-B(C¢Fs)3), -164.4 (broad, 6F, m-B(C¢Fs)3). ""B{'H}-NMR (64.2 MHz, [Ds]-
toluene, 298 K): § = -13.8. IR (KBr): ¥V = 2982 (m), 2926 (w), 1651 (vs), 1544 (vs), 1470
(vs), 1397 (s), 1270 (s), 1102 (vs), 982 (vs), 814 (s) cm’.

(o = Si(CHj),)

(E-18c¢) E-isomer

GCOSY (599.9 M,Hz / 599.9 MHz, [Dg]-toluene, 268 K): 8'H/ 8'H = 6.04 / 5.79, 5.46, 4.46;
5.79/5.46,4.46;5.46 / 4.46 (each Cp / Cp), 5.82/5.43,4.52;5.43 / 4.52 (each cyCp / cyCp),
5771548, 1.67,1.59 (2-H / 3-H, 1n-H, 1un-H), 5.48 /2.54,2.22 (3-H / 4’-H, 4-H), 2.54 /
222 #-H/ 4-H), 1.67 / 1.59 (14n-H / 144-H). Die Cross-Peaks fiir die cyclohexylgruppe
konnen nicht eindeutig zugewiesen werden. GHSQC (150.8 MHz / 599.9 MHz, [Dg]-toluene,
268 K): 8°C / 8'H = 131.3 /5.77 (C2/ 2-H), 123.8 / 5.79, 121.3 / 6.04, 109.9 / 4.46, 102.8 /
5.46 (each Cp / Cp), 120.4 / 5.48 (C3 / 3-H), 118.0 / 5.82, 107.3 / 4.52, 105.5 / 5.43, (each
cyCp / cyCp), 58.4/3.12 (cy-CH / cy-CH), 51.0/ 1.67, 1.59 (C1 / 14n-H, lani-H), 32.1, 25.8,
25.2,23.6 / 1.90-0.80 (cy-CH; / cy-CH>), -3.5 / -0.19, -4.3 / 0.21 (each Si(CHs), / Si(CH3)»).
GHMBC (150.8 MHz / 599.9 MHz, [Ds]-toluene, 268 K): §°C / 8'H = 102.4, 100.4, -4.3 /
0.21 (quart. cyCp-CSi, quart. Cp-CSi, Si(CHs), / Si(CH3),), 102.4, 100.4, -3.5 / -0.19 (quart.
cyCp-CSi, quart. Cp-CSi, Si(CH3), / Si(CH3),). 1ID-TOCSY (599.9 MHz, [Ds]-toluene, 268
K): Qi / Ores = 2.22/5.77,5.48, 2.54, 1.67, 1.59 (4-H / 2-H, 3-H, 4’-H, 1n-H, 1ani-H); 5.82/
5.43,4.52 (cyCp); 6.04 / 5.79, 5.46, 4.46 (Cp). YF-NMR (563.7 MHz, [Dg]-toluene, 268 K):
0 = -129.3 (broad, 6F, 0-B(CsF5s)3), -160.7 (broad, 3F, p-B(C¢Fs)s), -164.8 (broad, 6F, m-
B(CeFs)3). "B{'H}-NMR (64.2 MHz, [Ds]-toluene, 268 K): & = -14.3.
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GCOSY (599.9 M,Hz / 599.9 MHz, [D;]-toluene, 268 K): 8 H/8'H =5.90/5.02, 4.95; 5.02 /
4.95 (each cyCp / cyCp), 5.37/5.31,4.95,4.41; 5.31 / 4.95, 4.41; 4.95 / 4.41 (each Cp / Cp),
5.22/5.06, 2.66, 0.44 (2-H / 3-H, 14n-H, 1ani-H), 5.06 / -0.36, -1.79 (3-H / 4’-H, 4-H), 2.66 /
0.44 (14n-H / 14i-H), -0.36 / -1.79 (4’-H / 4-H). GHSQC (150.8 MHz / 599.9 MHz, [Ds]-
toluene, 268 K): §°C / 8'H = 127.2 / 5.22 (C2 / 2-H), 121.2 / 4.95 (Cp-CH / Cp-CH), 119.3 /
5.90 (cycloh.Cp-CH / cycloh.Cp-CH), 115.3 / 5.37 (Cp-CH / Cp-CH), 112.3 /5.06 (C3 / 3-H),
110.8 / 5.02 (cycloh.Cp-CH / cycloh.Cp-CH), 109.0 / 4.95 (cycloh.Cp-CH / cycloh.Cp-CH),
105.5/4.41 (Cp-CH / Cp-CH), 103.9 / 5.31 (Cp-CH / Cp-CH), 58.3 / 3.24 (cyclohexyl-CH /
cyclohexyl-CH), 55.2 / 2.66 (C1 / 14n-H), 55.2 / 0.44 (C1 / 1.4-H), 33.1, 27.8, 27.6, 24.9,
23.6 / 1.90-0.80 (cyclohexyl-CH, / cyclohexyl-CH,), -5.1 / 0.33, -6.3 / -0.03 (each Si(CH3); /
Si(CH3);). GHMBC (150.8 MHz / 599.9 MHz, [Dg]-toluene, 268 K): §°C / 8'H = 102.7,
99.8, -5.1 / 0.33 (quart. cyCp-CSi, quart. Cp-CSi, Si(CHs), / Si(CHs3),), 102.7, 99.8, -6.3 / -
0.03 (quart. cyCp-CSi, quart. Cp-CSi, Si(CHs), / Si(CHz),). 1D-TOCSY (599.9 MHz, [Dg]-
toluene, 268 K): Oiy / Ores = 2.66 / 5.22, 5.06, 0.44, -0.36, -1.79 (14yn-H / 2-H, 3-H, 1.-H, 4’-
H, 4-H); 5.90 / 5.02, 4.95 (cyCp); 5.37 / 5.31, 4.95, 4.41 (Cp). YF-NMR (563.7 MHz, [Ds]-
toluene, 268 K): & = -132.8 (broad, 6F, 0-B(C¢F5)s3), -159.7 (broad, 3F, p-B(C¢Fs)s3), -164.2

1

(broad, 6F, m-B(C¢Fs);). "B{'H}-NMR (64.2 MHz, [Ds]-toluene, 268 K): & = -14.3. IR
(KBr): ¥ = 2960 (m), 2851 (w), 1648 (vs), 1521 (vs), 1454 (vs), 1371 (m), 1277 (s), 1227
(w), 1171 (w), 1082 (vs), 988 (s), 816 (vs) cm™.

(e = Si(CH3),)
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GCOSY (599.9 MHz / 599.9 MHz, [Dg]-toluene, 258 K): 8'H / §'H = 6.06 / 5.73, 5.38, 4.36;
5.73 /1 5.38, 4.36; 5.38 / 4.36 (each Cp / Cp), 5.73 / 5.45, 4.46; 5.45 / 4.46 (each tBuCp /
tBuCp), 5.78 / 5.32, 1.59, 1.49 (2-H/ 3-H, 1y-H, 1,ui-H), 5.32/2.66, 2.44 (3-H/ 4-H, 4-H),
2.66 /2.44 (4-H / 4-H), 1.59 / 1.49 (14n-H / 1,05-H). GHSQC (150.8 MHz / 599.9 MHz,
[Dg]-toluene, 258 K): §°C / 8'H = 132.2/ 5.78 (C2 / 2-H), 124.2 / 5.62 (C3 / 3-H), 124.2 /
5.73, 107.8 / 4.46, 100.9 / 5.45 (each tBuCp / tBuCp), 122.6 / 6.06, 119.2 / 5.73, 109.7 / 4.38,
104.9 /5.38 (each Cp / Cp), 51.1/1.59, 1.49 (C1 / 14yp-H, 1,54-H), 30.5 / 1.02 (tBu-CH; / tBu-
CH3), -5.9/0.16, -7.4 / -0.25 (each Si(CHs), / Si(CHs),). GHMBC (150.8 MHz / 599.9 MHz,
[Dg]-toluene, 258 K): 8"C / 8'H = 153.2, 299 / 1.02 (quart. tBuCp, quart. C(CH3); / tBu-
CH3), 103.2, 99.6, -5.9 / 0.16 (quart. tBuCp-CSi, quart. Cp-CSi, Si(CH3), / Si(CHs),), 103.2,
99.6, -7.4 / -0.25 (quart. tBuCp-CSi, quart. Cp-CSi, Si(CHz), / Si(CH3),). 1D-TOCSY (599.9
MHz, [Ds]-toluene, 258 K): 8y / 8 = 5.78 / 5.62, 2.66, 2.44, 1.59, 1.49 (2-H / 3-H, 4’-H, 4-
H, 1yn-H, 1ui-H); 5.73 / 5.45, 4.46 (tBuCp); 6.06 / 5.73, 5.38, 4.36 (Cp). ’F-NMR (563.7
MHz, [Dg]-toluene, 268 K): & = -130.3 (broad, 6F, 0-B(C¢F5)3), -161.2 (broad, 3F, p-
B(C4Fs)3), -164.8 (broad, 6F, m-B(CeFs)s). "B{'H}-NMR (64.2 MHz, [Ds]-toluene, 268 K):
d=-143.
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GCOSY (599.9 M,Hz / 599.9 MHz, [D;]-toluene, 258 K): §'H/ §8'H = 5.36 / 5.31, 4.86, 4.39;
5.31 / 4.86, 4.39; 4.86 / 4.39 (each Cp / Cp), 5.95 / 5.08, 4.95; 5.08 / 4.95 (each tBuCp /
tBuCp), 5.08 / 4.54, 2.54, 0.95 (2-H / 3-H, 1yyp-H, 1api-H), 4.54 / -0.39, -1.74 3-H/ 4’-H, 4-
H), 2.54 / 0.95 (1yyu-H / 1,-H), -0.39 / -1.74 (4°-H / 4-H). GHSQC (150.8 MHz / 599.9
MHz, [Dg]-toluene, 258 K): 8°C / 8'H = 133.9 / 5.08 (C2 / 2-H), 115.2 / 5.36, 114.5 / 4.39,
112.0 / 4.86, 108.1 / 5.31 (each Cp / Cp), 110.6 / 4.54 (C3 / 3-H), 109.2 / 5.95, 108.1 / 5.08,
98.3 / 4.95 (tBuCp-CH / tBuCp-CH), 55.8 / 2.54, 0.95 (C1 / 14y-H, 1,pi-H), 34.1/0.83 (tBu-

1
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CHy/ tBu-CHs), -4.7 / 0.14, -7.8 / 0.13 (each Si(CH3), / Si(CH3),). GHMBC (150.8 MHz /
599.9 MHz, [Dgl-toluene, 258 K): 8°C / 8'H = 156.3, 33.4 / 0.83 (quart. tBuCp, quart.
C(CH3); / tBu-CH3), 110.0, 99.3, -4.7 / 0.14 (quart. tBuCp-CSi, quart. Cp-CSi, Si(CH3), /
Si(CH;),), 110.0, 99.3, -7.8 / 0.13 (quart. tBuCp-CSi, quart. Cp-CSi, Si(CH3), / Si(CH3),).
1D-TOCSY (599.9 MHz, [Dg]-toluene, 258 K): 8 / 8,es = 2.54 / 5.08, 4.54, 0.95, -0.39, -1.74
(Loyn-H / 2-H, 3-H, 1,4-H, 4’-H, 4-H); 5.95 / 5.08, 4.95 (tBuCp); 5.36 / 5.31, 4.86, 4.39 (Cp).
YF-NMR (563.7 MHz, [Dg]-toluene, 268 K): & = -132.8 (broad, 6F, 0-B(CeFs)3), -160.3
(broad, 3F, p-B(C¢Fs)3), -164.3 (broad, 6F, m-B(CeFs)3). "B{'H}-NMR (64.2 MHz, [Ds]-
toluene, 268 K): & = -14.0. IR (KBr): ¥ = 2968 (m), 2879 (w), 1654 (vs), 1526 (vs), 1471
(vs), 1371 (s), 1294 (s), 1265 (vs), 1177 (s), 977 (vs), 827 (vs) cm’™.
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ESI MS spectra

Reaction of 16 with MMA; reaction time 15 minutes at 25°C (1301: Coulomb dimer).
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Reaction of 16 with MMA; reaction time 5 minutes at -20°C.
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Curtin-Hammett Situation

Kinetic Scheme:

(products of the two
1 2 competing reaction paths)

o /x

a =— b (reactive intermediates)

vi=ki[a]; v2=ko[b];

E_E@ @:Keq; [a] =[b] Keg;

v ka[b]" [b]
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Linear (18d)
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Linear (18d)
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Linear (18d)
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Linear (9d)
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