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Experimental part

General considerations. All manipulations were performed under a purified argon atmosphere
using standard Schlenk techniques or in a glovebox. Solvents were distilled: THF from
Na/benzophenone, toluene from Na/K alloy, hexane and heptane from CaH, under nitrogen,
degassed thoroughly and stored under argon prior to use. Diethyl ether and dichloromethane
were used directly from a Solvent Purification System and stored under argon and molecular
sieves (3A, 8 to 12 mesh) prior to use. Deuterated solvents (benzene-ds, THF-dg; >99.5% D,
Deutero GmbH and Eurisotop) were vacuum-transferred from Na/K alloy into storage tubes;
CDCl; and CD,Cl, were kept over CaH, and vacuum-transferred before use. MAO (30 wt.%
solution in toluene, Grace) and complex rac-{Me,Si(2-Me-4-Ph-Ind),} ZrCl, (I) were generously
provided by TotalEnergies Petrochemicals and used as received. The following ligand precursors
were prepared as described in the literature: chlorodimethyl(2,3,4,5-tetramethylcyclopenta-2,4-
dien-1-yl)silane,'?  (1,2-diphenyl, 3.,4-dimethyl)-cyclopentadiene,®> 4-bromo-6-fert-butyl-5-
methoxy-2-methyl-1-indanone, 6-fert-butyl-5-methoxy-4-phenyl-2-methyl-1H-indene and 4-
bromo-6-tert-butyl-5-methoxy-2-ethyl-1-indanone,* 6-tert-butyl-4-phenyl-2-methyl-1H-indene,?
and (3,5-di-tert-butyl-4-methoxy-phenyl)boronic acid,® 2-methyl-4-phenyl-1H-indene 1e,” (3,6-
di-tert-butyl-9-(2-methyl-1H-inden-7-yl)-9H-carbazole,? 2,3-diisopropyl-1,4-
dimethylcyclopenta-1,3-diene,’ (61,11s)-2-methyl-6,11-dihydro-3H-6,11-
[1,2]benzenocyclopenta[a]anthracene,!® and reference metallocenes 2a-Zr'l'2 and 2b-Zr.!3
Other starting materials were purchased from Acros, Alfa, Strem and Aldrich, and used as

received.

Instruments and Measurements. NMR spectra of air- and moisture- sensitive compounds were
recorded on Bruker AM-300, AM-400 and AM-500 spectrometers in Teflon-valved NMR tubes
at room temperature. 'H and '3C chemical shifts are reported in ppm vs. SiMey (0.00), as
determined by reference to the residual solvent signals. Assignments of signals were carried out
from 2D '"H-13C HMQC and HMBC NMR experiments. Coupling constants are given in Hertz.
BC{'H} NMR analyses of iPP samples were run in the research center of TotalEnergies
OneTech Belgium on a AM-500 Bruker spectrometer equipped with a high temperature 10 mm

cryoprobe using the following conditions: The sample was prepared by dissolving a sufficient
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amount of polymer in 1,2,4-trichlorobenzene (TCB, 99 %, spectroscopic grade) at 130 °C and
occasional agitation to homogenize the sample, followed by the addition of hexadeuterobenzene
(C¢Dg, spectroscopic grade) and a minor amount of hexamethyldisiloxane (HMDS, 99.5+ %) as
internal standard (2.03 ppm). To give an example, about 600 mg of polymer were dissolved in
2.0 mL of TCB, followed by addition of 0.5 mL of C4Dg and 2 to 3 drops of HMDS.

DSC measurements were performed on a SETARAM Instrumentation DSC 131 differential
scanning calorimeter, under a continuous flow of helium and using aluminum capsules, at a
heating rate of 10 °C/min; first and second runs were recorded after cooling to 30 °C; the melting
temperatures reported in tables correspond to the second run.

GPC analyses of iPP samples were carried out in 1,2,4-trichlorobenzene at 135 °C in the
research center of TotalEnergies Petrochemicals in Feluy (Belgium), using polystyrene standards

for universal calibration.

Homogeneous polymerization of propylene.

Protocol 1: typical propylene homopolymerization with MAQO (scavenger and
activator). Polymerization experiments were performed in a 300 mL high-pressure glass reactor
equipped with a mechanical stirrer (Pelton turbine) and externally heated with a double mantle
with a circulating water bath. The reactor was charged with toluene (150 mL) and the desired
quantity of MAO (30% wt. solution in toluene). The reactor was thermally equilibrated at the
desired temperature for 30 min and vented with propylene. A solution of the catalyst precursor in
toluene (ca. 2 mL) was added by syringe and the reactor was pressurized at 5 bar of propylene
(Air Liquide, 99.99%). The propylene pressure was immediately increased to 5 bar (kept
constant with a back regulator) and the solution was stirred for the desired time (typically 30
min). The temperature inside the reactor was monitored using a thermocouple. The
polymerization was stopped by venting the vessel and quenching with a 10% solution of aqueous
HCI in methanol (ca. 1 mL). The polymer was precipitated in methanol (ca. 200 mL) and 35%
aqueous HCI (ca. 3 mL) was added to dissolve possible catalyst residues. The polymer was
collected by filtration, washed with methanol (ca. 200 mL), and dried in a vacuum oven at 40 °C
for 4 h.

Protocol 2: propylene homopolymerization with TIBAL/[Ph;C]*[(C¢Fs)4]~. The reactor
was charged with toluene (130 to 150 mL) and TIBAL (1,000—2,000 equiv vs [Zr]y, 1.1 M
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solution in toluene), and propylene (5 bar, Air Liquide, 99.99%) was introduced. The reactor was
thermally equilibrated at the desired temperature for 1 h. Propylene pressure was reduced to 1
bar and a solution of the catalyst precursor in toluene (1-2 mL) was added by syringe, and after
15 min the trityl tetrakis(pentafluorophenyl)borate solution (5 equiv vs [Zr]yp, in 10 mL of
toluene) was added to start the polymerization. The propylene pressure was immediately
increased to 5 bar (kept constant with a back regulator) and the solution was stirred for the
desired time (typically 30 min). The polymerization was stopped and the polymer was isolated
following the same steps as those described in Protocol 1.

Protocol 3: propylene homopolymerization with TIBAL/MAO. The reactor was charged
with toluene (130 to 150 mL) and TIBAL (5,000 equiv vs [Zr]y, 1.1 M solution in toluene). For
preactivation, the desired quantity of the metallocene was dissolved in 10 mL of toluene, MAO
(5,000 equiv, 30% wt. solution in toluene) was added and the resulting solution was stirred for 1
h at room temperature. The reactor was thermally equilibrated at the desired temperature for 1 h
and vented with propylene. The solution of the preactivated catalyst in toluene (ca. 10 mL) was
added by syringe and the reactor was pressurized at 5 bar of propylene. The polymerization was

stopped and the polymer was isolated following the same steps as those described in Protocol 1.

Heterogeneous polymerization of propylene using supported catalysts supp-2b-Zr, supp-2c-
Zr, supp-2d-Zr and supp-2e-Zr. Catalysts 2b—e-Zr were supported according to the ACM
methodology, using Radley apparatus, as described below (all reactions were carried out under
strictly anhydrous conditions):

Dry silica (TS-F202, 20.011 g) was suspended in toluene (200 mL) and mechanical stirring was
started at a very low speed. MAO (38 mL, 30 wt% solution in toluene) was added dropwise,
aiming at 16 wt% deposition of Al. An additional amount of toluene (87 mL) was added, and the
mixture was heated at 110 °C for 4 h. The mixture was then filtered and the solid was washed 3
times with both toluene and pentane and then dried in a frit connected to a pump. The
metallocene (ca. 10 mg, in order to reach 1.25 wt% of supported metallocene) was dissolved in
toluene (5 mL). Silica/MAO (8.0 g, prepared as described above) was added and toluene (5 ml)
was used to wash the glassware and added to the mixture. The mixture was stirred at room
temperature for 3 h and then was filtered. The solid was washed 3 times with toluene and 3 times

with pentane and then dried under vacuum. The supported catalyst was then dispersed in dry oil
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(Finavestan A 360 B) in order to have a solid content of around 20 wt%. The samples were
analyzed for zirconium and aluminum content (%wt) using ICP-AES spectrometer.

An 8-L reactor was heated at 130 °C and flushed with N, prior to being used. The reactor
was then flushed with 1 L of propylene and cooled to 40 °C. Subsequently, 3 L of propylene
were pushed in the reactor together with the required amount of H,. Mechanical stirring at 20
rpm was started and once the reactor was stabilized, a mixture of TIBAL (1 mL), the supported
catalyst and the co-catalyst were injected in the reactor together with 1.5 L of propylene. The
reactor was then ramped to 70 °C and once the temperature was reached, it was left to react for 1
h. The reactor was then vented, and the polymer was left under a light stream of N, to dry. The
polymer was then collected and left to dry further for additional 2 h.

Syntheses of precursors, proligands and complexes

Chloro-(3,4-dimethyl-2,5-diphenylcyclopenta-2,4-dien-1-
D O yldimethylsilane. (1,2-diphenyl,3,4-dimethyl)-cyclopentadiene (0.36 g,

O SiMe,Cl 0.0015 mol) was dissolved in THF (15 mL) and the solution was stirred

while cooling to =78 °C. To this solution, n-BuLi (0.61 mL ofa2.26 M
solution in hexane, 0.0015 mol) was added by syringe and the temperature was raised to room
temperature. A pink solution formed which was stirred overnight at room temperature. After
cooling at —78 °C, Me,SiCl, (0.35 mL, 0.003 mol, 2 equiv) was added slowly by syringe and the
mixture was then allowed to warm at room temperature and stirred overnight. Volatiles were
then evaporated under vacuum. Petroleum ether (30 mL) was added and LiCl was removed via
cannula filtration. Volatiles were then evaporated under vacuum to give a colourless viscous oil
(0.40 g, 80%). '"H NMR (400 MHz, CDCls, 25 °C): & 7.42—7.32 (m, 8H, Ar-H), 7.29-7.24 (m,
2H, Ar-H), 4.38 (p, J= 1.6, 1H, Cp-H), 2.14 (d, J= 1.6, 6H, (CH3),-Cp), —0.20 (s, 6H, Si-
(CH3),). BC{'H} NMR (100 MHz, CDCl;, 25 °C): 8 139.46, 139.10, 137.87, 129.52, 128.29,
126.56, 53.79 (CH-Cp), 12.71 ((CH3),-Cp), 0.61 (Si-(CH3),).

NS Chloro(3,4-diisopropyl-2,5-dimethylcyclopenta-2,4-dien-1-
Me 7 yl)dimethylsilane. Following a procedure similar to that described for chloro-
QMe (3,4-dimethyl-2,5-diphenylcyclopenta-2,4-dien-1-yl)dimethylsilane, chloro(3,4-
iPr P
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diisopropyl-2,5-dimethylcyclopenta-2,4-dien-1-yl)dimethylsilane was obtained as a yellow oil
(5.83 g, 86%). '"H NMR (400 MHz, CDCl;, 25 °C): 6 3.11 (dt, J=10.9, 1.0, 1H, CsH)), 2.88 (q,
J =73, 2H, CH(CHj3),), 2.16—1.43 (m, 6H, CH3), 1.18 (dd, J = 7.2, 6.3, 3H, CH(CHjs),),
1.09—-1.05 (m, 3H, CH(CHj3),), 0.94—0.82 (m, 6H, CH(CHj3),), 0.51—0.02 (m, 6H, Si-(CHs),). EI-
MS m/z: [M]* 270.

0O 6-Tert-butyl-5-methoxy-4-(3’,5’-di-tert-butyl-4’-methoxy)-phenyl-2-
e O’ methyl-1-indanone. Pd(OAc), (0.13 g, 3 mol%) and RuPhos (0.53 g, 6
MeO mol%) were added under an Ar flush to a well-stirred mixture of 4-bromo-
O 6-tert-butyl-5-methoxy-2-methyl-1-indanone (5.90 g, 0.019 mol), (3,5-di-
tBu tBu tert-butyl-4-methoxy-phenyl)-boronic acid (8.00 g, 0.030 mol), K;POy,
(12.0 g, 0.057 mol) in THF (72 mL) and water (14 mL). The reaction
mixture was refluxed overnight. Then, the reaction mixture was cooled, poured into water (100
mL) and extracted with CH,Cl, (3 x 100 mL). The combined organic phases were washed with
water (200 mL) and 2.0 M aqueous solution of Na,CO; (200 mL) dried over MgSO, and
evaporated under vacuum. Then, a concentrated solution of the crude product in dichloromethane
was prepared, from which the desired product was precipitated as a white solid by adding an
excess of hexane. The pure product was obtained as a white crystalline solid after dissolution in
30 mL of CH,Cl,, filtration over a short pad of silica-gel using CH,Cly/hexane 1:1 v/v followed
by evaporation of the volatiles to yield the product (6.0 g, 70%). '"H NMR (400 MHz, CDCl;, 25
°C): & 7.73 (s, 1H, Ar’-H), 7.27 (s, 2H, Ar’-H), 3.74 (s, 3H, 4’-(OCHj)-Ph), 3.25 (s, 3H, Ind-
OCH5;), 3.18 (dd, J = 17.4, 7.8, 1H, 2H-ind), 2.71-2.43 (m, 2H, 3H-Ind), 1.46 (s, 18H, (CH3)3’),
1.42 (s, 9H, (CH3)3), 1.27 (d, J = 7.5, 3H, Ind-CHj5).

tBu 2-Methyl-4-(3’,5’-di-tert-butyl-4’-methoxy)-phenyl-5-methoxy-6-ter¢-
MeO O‘ butyl-1H-indene. 6-Tert-butyl-5-methoxy-4-(3’,5’-di-tert-butyl-4’-
l methoxy)-phenyl-2-methyl-1-indanone (6.00 g, 0.013 mol) was dissolved
Bu B

in THF (25 mL) and added dropwise at 0 °C to a mixture of LiAlH, (0.25
u
OMe g, 0.0066 mol) in THF (50 mL). After 1 h of stirring, water was slowly
added (20 mL) and then 5 wt% aqueous HCl (20 mL) was added. The organic phase was

separated, washed with an aqueous solution of Na,CO; (5% w/w, 100 mL), dried over MgSO,
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and evaporated. The residue was dissolved in toluene (80 mL), PTSA (0.23 g, 9 mol%) was
added and the resulting mixture was refluxed for 30 min, cooled, washed with water, dried over
MgSO, and evaporated to obtain a white crystalline solid (5.20 g, 89%). 'H NMR (400 MHz,
CDCls, 25 °C): 6 7.35 (s, 2H, Ar’-H)), 7.19 (s, 1H, Ind-7H), 6.44 (bs, J = 1.6, 1H, 1H-Ind), 3.73
(s, 3H, 4’-(OCHj;)-Ph), 3.18 (s, 3H, OCHj;-Ind), 3.15 (s, 2H, 3H-Ind), 2.08 (s, 3H, Ind-CHj3), 1.45
(s, 18H, (CHj3)3’), 1.43 (s, 9H, (CH;);). BC{'H} NMR (100 MHz, CDCls, 25 °C): 6 158.41,
154.60, 145.30, 143.33, 141.84, 141.09, 140.79, 134.30, 132.41, 132.18, 128.04, 127.11, 116.96,
64.48 (4’-(OCH;)-Ph), 60.28 (Ind-OCHj3), 43.13 (3C-Ind), 36.00, 35.31, 32.44, 32.16, 31.13,
16.87 (Ind-CH3).

tBu 6-Tert-butyl-5-methoxy-4-(3,5-di-fert-butyl-4-methoxy)-phenyl-2-
MeG O’ ethyl-1H-indene. Using a procedure similar to that described for 6-tert-
butyl-5-methoxy-4-(3°,5’-di-tert-butyl-4’-methoxy)-phenyl-2-methyl-1 H-
By O By indene, the desired compound was obtained as a pale yellow crystalline
OMe solid (1.1 g, 92%) starting from 6-tert-butyl-5-methoxy-4-(3°,5’-di-tert-
butyl-4’-methoxy)-phenyl-2-ethyl-1-indanone 11 (1.24 g, 0.0027 mol), obtained using a
procedure similar to that described for 1i starting from 1k (4.0 g, 0.012 mol) and 1¢ (5.2 g, 0.020
mol). 'H NMR (400 MHz, CDCls, 25 °C): & 7.38 (s, 2H, Ar’-H), 7.24 (s, 1H, Ind-7H), 6.48 (s,
1H, 1H-Ind), 3.75 (s, 3H, 4’-(OCHj;)-Ph), 3.20 (s, 2H, OCHj;-Ind), 3.19 (s, 3H, 3H-Ind), 2.45
(qd, J=17.5, 1.7, 2H, CH,CHj;), 1.47 (s, 18H, (CH3)5’), 1.45 (s, 9H, CHj;)3), 1.17 (t, J= 7.5, 3H,
CH,CH3). BC{'H} NMR (100 MHz, CDCl;, 25 °C): 6 158.42, 154.66, 151.83, 143.33, 141.56,
141.15, 140.59, 132.40, 132.25, 128.08, 125.20, 117.14, 64.48 (4’-(OCHj;)-Ph), 60.28 (OCHj;-

Ind), 41.35 (3C-Ind), 36.00, 35.32, 32.44, 31.13, 24.42 (CH,CHj), 13.64 (CH,CH;).

(6-Tert-butyl-4-phenyl-2-methyl-1H-inden-1-yl)dimethyl(2,3,4,5-
O tetramethylcyclopenta-2,4-dien-1-yl)silane (1c). 6-Tert-butyl-4-phenyl-2-
methyl-1H-indene (2.40 g, 0.0092 mol) was dissolved in Et,O (40 mL) and
Bu O‘ cooled down at —78 °C. To this solution, n-BuLi (4.05 mL of a 2.26 M
SiMe2  solution in hexane, 0.0092 mol) was added by syringe and the temperature

was raised to room temperature. The resulting mixture was stirred

overnight. Then, CuCN (0.33 g, 0.0037 mol) was added in at —60 °C. After
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10 min of stirring, chlorodimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-1-yl)silane (1.67 g,
0.0092 mol) was added dropwise at the same temperature and the resulting mixture was allowed
to warm at room temperature and stirred overnight. The mixture was poured into water (50 mL),
the organic layer was separated and the aqueous layer was extracted with diethyl ether (2 x 50
mL). The combined organic phases were dried over Na,SO, and then evaporated to dryness to
give a yellow viscous oil (3.80 g, 94%) which was used without further purification. '"H NMR
(CDCls, 400 MHz, 25 °C) (mixture of tautomers): & 7.55 (d, J = 6.8, 3H, Ar-H), 7.49-7.41 (m,
5H, Ar-H), 7.37-7.31 (m, 2H, Ar-H), 6.71 (s, 1H, 3H-Ind), 3.66 (s, 1H, 1H-Ind), 3.24 (s, 1H,
Cp-H), 2.22 (s, 3H, 2-CH;-Ind), 2.01 (d, J = 17.2, 6H, (CH;),-Cp), 1.85 (d, J = 4.9, 6H, (CH3),-
Cp), 1.37 (s, 9H, C(CH;);), —0.26 (d, J = 14.8, 6H, Si(CHs),). *C{'H} NMR (CDCl;, 100 MHz,
25 °C): & 147.61, 146.14, 146.03, 142.16, 140.47, 136.87, 136.79, 133.24, 129.10, 128.43,
126.68, 125.39, 122.67, 119.67, 47.86 (1-CH-ind), 43.18, 42.53, 34.79, 31.93, 31.88, 31.85,
27.07, 18.18 (2-CHs-Ind), 15.03, 14.92 ((CH3),-Cp), 11.41 ((CH;),-Cp), —5.17 (Si(CH3),), —5.20
(Si(CHs),). ASAP-MS m/z caled for Cs31HyoSi: 440.2894, found: 440.2895.

(2-Methyl-4-phenyl-5-methoxy-6-fert-butyl-1H-inden-1-
O yldimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-1-yl)silane  (1d).
MeO Using a procedure similar to that described for 1e¢, proligand 1d was
Bu O‘ obtained from 6-tert-butyl-5-methoxy-4-phenyl-2-methyl-1H-indene (0.62
SiMe2 5 0.0021 mol), #nBuLi (0.93 mL of a 2.26 M solution in hexane, 0.0021
mol) and  chlorodimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-1-
yl)silane (0.45 g, 0.0021 mol, 1 equiv). Workup afforded 2d as a viscous
yellow solid (0.90 g, 91%). 'H NMR (CDCl;, 400 MHz, 25 °C): § 7.54-7.29 (m, 9H, Ar-H),
6.41 (s, 1H, 3H-Ind), 3.58 (s, 1H, 1H-Ind), 3.23 (s, 3H, OCHj3), 3.20 (s, 1H, Cp-H), 2.16 (d, J =
1.7, 3H, 2-CH5-Ind), 1.99 (d, J = 7.7, 9H, (CH;),-Cp), 1.84 (s, 9H, (CH;),-Cp), 1.44 (s, 11H,
C(CH3)3), —0.24 (d, J = 3.2, 6H, Si(CHs),). BC{'H} NMR (CDCl;, 100 MHz, 25 °C): § 155.29,
148.14, 147.52, 143.68, 141.32, 139.93, 138.55, 137.01, 130.36, 130.23, 128.83, 128.45, 128.27,
127.23, 126.64, 125.54, 120.75, 60.59 (OCHs-Ind), 47.71 (1-CH-Ind), 35.23, 31.36, 31.29,
31.23, 31.19, 31.13, 27.01, 22.43, 18.06, 16.92, 16.74, 14.97, 14.76, 14.23, 14.17, 11.37, 11.34,
—-5.06 (Si(CHs3),), —5.18 (Si(CHs),). ASAP-MS m/z caled for C;,HgOSi: 470.2999, found:

470.3001.
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OMe [2-Methyl-4-(3°,5’-di-fert-butyl-4’-methoxy)-phenyl-5-methoxy-6-zert-
Bu O Bu butyl-1H-inden-1-yl]dimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-
1-yl)silane (1e). The same experimental procedure than that used for the
MeO O‘ previous synthesized proligands was followed starting from 2-methyl-4-
{Bu (3°,5’-di-tert-butyl-4’-methoxy)-phenyl-5-methoxy-6-tert-butyl-1H-
SiMe; indene (0.54 g, 0.0012 mol). A yellow viscous oil was obtained (0.85 g,
98%), which was used on the next step without further purification. 'H
NMR (400 MHz, CDCl;, 25 °C): 8 7.36 (d, J = 12.7, 3H, Ar-H), 6.47 (s,
1H, 3H-Ind), 3.75 (s, 3H, 4’-(OCHj;)-Ph), 3.74 (s, 1H, Cp-H), 3.57 (s, 1H, 1H-Ind), 3.19 (s, 3H,
OCHj;-Ind), 2.19 (s, 3H, 2-CH;-Ind), 2.02 (s, 3H), 1.98 (d, J = 7.3, 6H, (CH3),-Cp), 1.85 (d, J =
4.4, 6H, (CH;3),-Cp), 1.82 (s, 3H), 1.47 (s, 24H, C(CHs)3), 1.44 (s, 14H, C(CH3)3), —0.22 (d, J =
6.4, 6H, Si(CH;),). BC{'H} NMR (100 MHz, CDCl;, 25 °C): 6 158.22, 155.53, 147.76, 143.70,
143.06, 139.77, 137.07, 132.44, 128.79, 127.61, 125.96, 120.35, 68.12 (CH-Cp), 64.48 (4’-
(OCHs;)-Ph), 60.09 (OCHj3-Ind), 47.65 (1-CH-Ind), 35.94, 35.29, 32.45, 32.27, 31.38, 25.77,
18.23 (2-CHs-Ind), 15.01, 14.81 ((CH;3),-Cp), 11.41 ((CHs),-Cp), —4.99 (Si(CHj),), —5.05
(Si(CHs3),). ASAP-MS m/z calcd for C4;HgpO,Si: 612.4357, found: 612.4359.

OMe [2-Ethyl-4-(3°,5’-di-tert-butyl-4’-methoxy)-phenyl-5-methoxy-6-zert-

Bu O BU  butyl-1H-inden-1-yl]dimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-
1-yDsilane (1f). Using a procedure similar to that described for the

MeO O‘ previous synthesized proligands, the desired compound was obtained
{Bu starting from 6-fert-butyl-5-methoxy-4-(3’,5’-di-tert-butyl-4’-methoxy)-
SiMe phenyl-2-ethyl-1H-indene (0.60 g, 0.0014 mol). A yellow viscous oil was

obtained (0.95 g, 84%), which was used on the next step without further
purification. '"H NMR (400 MHz, CDCl;, 25 °C): 8 7.42-7.34 (m, 3H,
Ar-H), 6.54-6.45 (m, 1H, 3H-Ind), 3.75 (d, J = 2.7, 3H, 4’-(OCHj;)-Ph), 3.74 (s, 1H, Cp-H), 3.65
(s, 1H, 1H-Ind), 3.18 (s, 3H, OCH;-Ind), 2.64-2.38 (m, 2H, CH,CH3), 2.01 (s, 3H), 1.96 (s, 6H),
1.83 (t,J=5.8, 6H), 1.53—1.39 (m, 36H, C(CHs);), 1.16 (td, J = 7.5, 2.8, 3H, CH,CHj;), 0.21 (s,
1H), 0.03 (s, 1H), —0.04 (s, 2H, Si(CHj;),), —0.24 (d, J = 9.0, 4H, Si(CH;),). BC{'H} NMR
(CDCl3, 100 MHz, 25 °C): & 158.33, 155.88, 154.64, 153.53, 151.83, 143.32, 143.17, 143.02,
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141.55, 141.14, 140.58, 139.14, 138.65, 138.34, 137.50, 132.38, 132.24, 131.99, 128.86, 128.79,
128.07, 125.19, 124.24, 120.29, 117.13, 64.47 (4’-(OCH;)-Ph), 60.26, 60.15 (OCH;,-Ind), 55.80,
47.55 (1-CH-Ind), 41.34, 35.99, 35.92, 35.30, 35.25, 32.41, 31.38, 31.28, 31.12, 25.24, 24.41,
13.16, 11.79, 11.39, 9.29, —0.56 (Si(CHs),), —0.99 (Si(CHs),). ASAP-MS m/z caled for
CarHg205Si: 626.4514, found: 626.4509.

tBu tBu [4-(3,”6’-Di-tert-butylcarbazol-9-yl)-2-methyl-1H-inden-1-

yl]dimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dien-1-yl)silane (1g).
Using a procedure similar to that described for the previous synthesized
proligands, the desired compound was obtained from (3,6-di-tert-butyl-
9-(2-methyl-1H-inden-7-yl)-9H-carbazole (0.74 g, 0.0018 mol). A

7
eaet

SiMe,
crystalline white solid was obtained, which was used on the next step

without further purification (1.20 g, 94%). '"H NMR (400 MHz, CDCls,

25 °C): 6 8.18 (d, J = 2.0, 4H), 7.52 (d, J = 7.2, 1H), 7.43 (dt, J = 8.6,
2.1, 4H), 7.33—7.26 (m, 3H), 7.18 (d, J = 8.8, 1H), 7.05 (d, J = 8.6, 1H), 6.20 (s, 1H, 3H-Ind),
3.82 (s, 1H, 1H-Ind), 3.32 (s, 1H, Cp-H), 2.16 (s, 3H, 2-CH;-Ind), 2.12-2.02 (m, 6H, (CH3),-
Cp), 1.89 (d, J = 7.0, 6H, (CH3),-Cp), 1.49 (s, 36H, C(CH3)3), —0.21 (d, J = 7.5, 6H, Si(CHs),).
BC{'H} NMR (100 MHz, CDCl;, 25 °C): & 148.97, 147.75, 142.81, 142.42, 142.33, 139.96,
139.91, 137.16, 129.36, 124.47, 124.30, 123.67, 123.56, 123.54, 123.23, 123.21, 122.55, 116.24,
116.19, 109.75, 48.52 (1-CH-Ind), 34.87, 32.22, 18.18 (2-CH3-Ind), 17.49, 15.03 ((CH;),-Cp),
11.43 ((CHs),-Cp), —5.43 (Si(CHsj),), —5.58 (Si(CH3);). ASAP-MS m/z calcd for C4HsNSi:
585.3785, found: 585.3787.

OMe [2-Methyl-4-(3’,5’-di-fert-butyl,4’-methoxy)-phenyl-6-tert-butyl-1H-
Bu O Bu inden-1-yl]dimethyl(3,4-dimethyl-2,5-diphenylcyclopenta-2,4-dien-1-
yDsilane (1h). Using a procedure similar to that described for the previous

MeO O‘ synthesized proligands, the desired compound was obtained from 6-fert-
Bu butyl-5-methoxy-4-(3°,5’-di-tert-butyl-4’-methoxyphenyl)-2-methyl-1 H-

Ph. SiMe, . . : .
indene (0.50 g, 0.0012 mol). A white solid was obtained (0.70 g, 82%),
pn  Wwhich was used on the next step without further purification. 'H NMR

(500 MHz, CDCls, 25 °C): 6 7.53—7.21 (m, 25H, Ar-H), 6.29 (d, J = 1.4,
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1H, 3H-Ind), 4.80-4.73 (bs, 1H), 3.74 (d, J = 1.2, 3H, 4-(OCH;)-Ph), 3.17 (d, J = 1.1, 3H,
OCH;-Ind), 2.59 (s, 1H), 2.22 (d, J = 8.2, 6H), 2.03 (s, 3H), 1.53 (d, J = 1.2, 9H, (CH;),-Cp),
1.45 (d, J = 1.2, 18H, C(CHs)3),), —0.85 (d, J = 8.2, 6H, Si(CH),). *C{'H} NMR (100 MHz,
CDCLy, 25 °C): § 158.13, 155.24, 147.68, 143.44, 142.95, 141.15, 140.85, 139.96, 139.89,
138.61, 138.53, 138.49, 138.30, 138.18, 137.94, 136.74, 132.36, 129.73, 129.56, 129.40, 128.68,
128.55, 128.38, 128.00, 127.38, 126.52, 126.06, 125.37, 119.90, 64.41 (4’-(OCH;)-Ph), 60.03
(OCHs-ind), 54.20, 51.38, 46.01 (1-CH-Ind), 35.87, 35.27, 32.40, 32.29, 31.43, 17.91, 12.72,
12.69, 12.58, —1.70 (Si(CHs),), —=6.47 (Si(CHs),), —7.01 (Si(CHs),). ASAP-MS m/z caled for
Cs1He40,Si: 736.4670, found: 736.4669.

(2-Methyl-4-phenyl-1H-inden-1-yl)dimethyl(3,4-diisopropyl-2,5-
dimethylcyclopenta-2,4-dien-1-yl)silane (1i). Using a procedure similar to

‘ that described above for the previous synthesized proligands, 1i was isolated

p as a viscous yellow oil (2.4 g, 42%). '"H NMR (400 MHz, CDCl;, 25 °C):

Sl e 7.57-7.49 (m, 2H, Ar-H), 7.49-7.41 (m, 3H, Ar-H), 7.41-7.28 (m, 2H, Ar-
Me@ H),7.17 (dt, J= 14.8, 7.5, 1H, Ar-H), 6.80—6.52 (m, 1H, 3H-Ind), 4.21-3.78
iPr
iPr

(m, 1H), 3.52-3.29 (m, 2H), 3.04-2.93 (m, 1H), 2.27 (s, 2H), 2.15 (d, J =
3.9, 1H), 2.09 (d, J = 7.7, 2H), 2.00-1.43 (m, SH), 1.25 (dd, J = 7.2, 3.8, SH), 1.12-1.08 (m, 2H),
1.03-0.91 (m, 8H), 0.76 (s, 1H), 0.35-0.04 m, —0.29 d, J = 11.4, 6H, Si(CH5),. EI-MS m/z: [M]*
440.

O (6-Tert-butyl-2-methyl-4-phenyl-1H-inden-1-yl)dimethyl(3,4-
diisopropyl-2,5-dimethylcyclopenta-2,4-dien-1-yl)silane (1j). Using a

O‘ procedure similar to that described above for the previous synthesized
proligands, was obtained as a white solid (0.96 g, 54%). 'H NMR (400
M S

: Me2  MHz, CDCl,, 25 °C): 7.58 (d, J = 7.5, 2H, Ar-H), 7.49 (d, J = 7.1, 2H, Ar-
@Me H), 7.36 (d, J = 7.2, 2H, Ar-H), 7.31 (d, J = 1.8, 1H, Ar-H), 6.75 (d, J =

iPr 14.0, 1H, 3H-Ind), 3.73 (d, J = 31.5, 1H, 1H-Ind), 3.40 (d, J = 62.1, 1H,
Cp-H), 3.00 (dddd, J = 14.8, 12.2, 6.9, 3.5, 2H, CH(CH;),), 2.25 (d, J = 27.8, 3H, Cp-CH3), 2.11
(d, J=3.3, 3H, 2-CH;-Ind), 1.46 (d, J = 13.5, 3H, Cp-CHz), 1.41 (s, 9H, C(CHs)s), 1.28 (td, J =
8.0, 5.4, 12H, CH(CH;),), —0.25 (d, J = 8.4, 6H, Si(CH),).

tBu
iPr
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Dimethyl((6r,11s)-2-methyl-6,11-dihydro-3H-6,11-

0 [1,2]benzenocyclopenta[a]anthracen-3-yl)(2,3.4,5-
O tetramethylcyclopenta-2,4-dien-1-yl)silane (1k). Using a procedure
‘ similar to that described for 1e, proligand 1k was obtained from

O‘ Me (6r,11s)-2-methyl-6,11-dihydro-1H-6,11-
SiMe,  [1,2]benzenocyclopentalalanthracene (0.960 g, 3.13 mmol), n-BuLi (1.4
mL, 3.44 mmol, 2.5 M in hexanes) and chlorodimethyl(2,3,4,5-
tetramethylcyclopenta-2,4-dien-1-yl)silane. The purification was
performed by column chromatography (4:1 cyclohexane/CH,Cl,),
affording the desired product as a slightly yellow powder (0.380 g, 25%) as a mixture of tautomers. 'H
NMR (400 MHz, CDCl;, 25 °C): 6 7.42-7.31 (m, 4H), 7.16 (d, J= 7.5, 1H), 7.04 (d, J = 7.5, 1H), 7.02—
6.87 (m, 4H), 5.63 (s, 1H), 5.43 (s, 1H), 3.46 (s, 1H), 2.71 (s, 2H), 2.29 (s, 2H), 1.89 (s, 6H), 1.78 (s, 6H),
0.36 (s, 3H), 0.06 (s, 3H). ASAP-MS m/z calcd. for C35H3,Si: 485.2659 found: 485.2647.

O Synthesis of 2b-Zr. Following the literature procedure,'? n-BuLi (2.30 mL of a
2.26 M solution in hexanes, 0.0052 mol) was added dropwise to a solution of

1b (1.00 g, 0.0026 mol) in Et,O (30 mL) at —78 °C; the resulting mixture was
c=Z'~c| stirred overnight. To this solution, ZrCly (0.61 g, 0.0026 mol) was added in at —
ﬁ 80 °C and the resulting mixture was allowed to warm at room temperature and
stirred overnight. The mixture was evaporated to dryness, and dichloromethane/heptane (40 mL,
1:1 v/v) was added and the precipitated LiCl was filtered via cannula to give an orange solution.
The latter was concentrated to ca. 1/3 v; a yellow microcrystalline powder formed which was
separated via cannula filtration from the solution and then dried under vacuum (0.60 g, 42%). 'H
NMR (400 MHz, CDCl;, 25 °C): 8 7.71-7.65 (m, 2H, Ar-H), 7.57 (d, J = 8.7, 1H, Ar-H), 7.46 (t,
J=1.5,3H, Ar-H), 7.37 (t, J = 7.4, 2H, Ar-H), 7.31 (s, 1H, 3H-Ind), 7.09-7.02 (m, 2H, Ar-H),
2.30 (s, 3H, C-CH;), 2.09 (s, 3H, Cp-CHjs), 2.01 (s, 3H, Cp-CH;), 1.92 (d, J = 10.2, 6H, Cp-
CH»), 1.22 (s, 3H, Si-CHs), 1.11 (s, 3H, Si-CH3). BC{'H} NMR (125 MHz, CD,Cl,, 25 °C): §
139.87, 137.85, 135.52, 134.61, 133.73, 128.62, 128.50, 128.31, 127.85, 127.61, 125.96, 125.67,
124.66, 94.49 (Si-C(Cp)), 83.87 (Si-C(Ind)), 18.03 (Ind-CHj3), 15.71 (CH3-Cp), 15.44 (CH;-Cp),
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12.27 (CHs-Cp), 11.89 (CH;-Cp), 2.82 (Si-CH;), 2.73 (Si-CH;). ASAP-MS m/z caled for
C27H30CIQSiZI' [M+H]+I 5420541, found: 542.0541.

Synthesis of 2b-Hf. Using a procedure similar to that described above for 2b-
Zr, complex 2b-Hf was synthesized from 1b (1.00 g, 0.0026 mol), nBuLi
Me2 (2.30 mL of a 2.26 M solution in hexanes, 0.0052 mol), HfCl, (0.84 g, 0.0026
c=Hf- mol) and isolated as a yellow microcrystalline powder (0.49 g, 30%). '"H NMR
é (400 MHz, CDCl;, 25 °C) & 7.68 (d, J = 7.0, 2H, Ar-H), 7.60 (d, J = 8.8, 1H,
Ar-H), 7.45 (t, J=1.5, 2H, Ar-H), 7.37 (t, J = 7.4, 1H, Ar-H), 7.28 (d, J = 6.8, 1H, Ar-H), 7.03
(dd, J=8.7, 6.9, 1H, Ar-H), 6.96 (bs, 1H, 3H-Ind), 2.39 (s, 3H, C-CH;), 2.20 (s, 3H, Cp-CH,),
2.03 (d, J=5.5, 6H, Cp-CHs), 1.93 (s, 3H, Cp-CHj3), 1.22 (s, 3H, Si-CHj3), 1.11 (s, 3H, Si-CHj).
BC{'H} NMR (125 MHz, CDCls, 25 °C): 6 140.05, 137.91, 136.80, 133.74, 133.39, 133.26,
128.86, 128.68, 127.71, 125.95, 125.15, 124.67, 124.59, 124.48, 124.23, 118.84, 96.44 (Si-
C(Cp)), 84.55 (Si-C(Ind)), 18.25 (Ind-CHj3), 15.75 (CH;3-Cp), 15.49 (CH;-Cp), 12.49 (CH;5-Cp),
12.12 (CH3-Cp), 3.26 (Si-CH3), 3.14 (Si-CH3). ASAP-MS m/z calcd for Cp;H;30ClL,HfZr [M+H]":
632.0959, found: 632.0942.

O Synthesis of 2¢-Zr. Using a procedure similar to that described above for

2b-Zr, complex 2¢-Zr was synthesized from n-BuLi (2.00 mL of a 2.26

fBu ? M solution in hexanes, 0.0045 mol), 1¢ (1.00 g, 0.0023 mol) and ZrCly

C|rZr~C| (0.53 g, 0.0023 mol). After workup, 2¢-Zr was isolated as a yellow

CZ/D microcrystalline powder (0.62 g, 45%). 'H NMR (CDCls, 400 MHz, 25

°C): 86 7.69 (d, J=17.0, 2H, Ar-H), 7.51-7.43 (m, 3H, Ar-H), 7.41 (d, J = 1.6, 1H, Ar-H), 7.37 (t,

J=17.3, 1H, Ar-H), 6.99 (s, 1H, 3H-Ind), 2.29 (s, 3H, C-CHs), 2.09 (s, 3H, Cp-CH3), 2.01 (s, 3H,

Cp-CH3), 1.93 (d, J = 9.3, 6H, Cp-CH;), 1.31 (s, 9H, (CH3)3), 1.24 (s, 3H, Si-CH;), 1.11 (s, 3H,

Si-CH;). BC{'H} NMR (100 MHz, CDCls, 25 °C): 6 147.90, 140.38, 137.73, 137.62, 135.08,

134.59, 132.15, 128.88, 128.69, 127.67, 127.38, 126.58, 126.01, 120.75, 118.89, 94.09 (Si-

C(Cp)), 83.03 (Si-C(Ind)), 35.20 C(CHj3);3, 30.97 (CHj);, 18.22 (ind-CHj3), 16.18 (CH;3-Cp),

15.65 (CH;3-Cp), 12.66, 12.33 (CH3-Cp), 3.34 (Si-CHj3), 3.27 (Si-CH3). ASAP-MS m/z calcd for
C31H33CLSiZr [M+H]™: 598.1167, found: 598.1167.
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O Synthesis of 2d-Zr. Using a procedure similar to that described above for
MeO O metallocene complex 2b-Zr, complex 2d-Zr was synthesized from 1d

fBu ? (0.9 g, 0.0019 mmol) and isolated as a yellow microcrystalline powder

Meé?}zrwm (0.60 g, 50%). '"H NMR (400 MHz, CDCls, 25 °C): 8 7.66 (s, 1H, Ar-H),
7.50-7.42 (m, 3H, Ar-H), 7.35 (t, J = 7.5, 1H, Ar-H), 6.66 (s, 1H, 3H-
Ind), 3.37 (s, 3H, OCHj3), 2.21 (s, 3H, C-CHs), 2.07 (s, 3H, Cp-CHs), 2.02 (s, 3H, Cp-CH3), 1.93
(d, J = 13.2, 6H, Cp-CH;), 1.37 (s, 9H, (CHs)3), 1.20 (s, 3H, Si-CH3), 1.08 (s, 3H, Si-CHj).
BC{'H} NMR (100 MHz, CDCls, 25 °C): 6 159.49, 143.44, 137.59, 137.27, 135.56, 135.13,
134.94, 129.95, 128.68, 127.37, 127.12, 126.72, 121.98, 121.33, 120.21, 93.84 (Si-C(Cp)),
82.43(Si-C(Ind)), 62.72 (OCHj;), 35.88 C(CHj);, 30.52 (CHj);, 18.19 (Ind-CH3), 16.06 (CHs-
Cp), 15.64 (CH5-Cp), 12.68 (CH;3-Cp), 12.32 (CH;-Cp), 3.23 (Si-CHj3), 3.10 (Si-CH;3). ASAP-
MS m/z calcd for C3,HyC1,0SiZr [M+H]": 628.1273, found: 628.1273.

O Synthesis of 2d-Hf. Using a procedure similar to that described above for

MeO 2b-Zr, complex 2d-Hf was synthesized from 1d (1.35 g, 0.0026 mol) and

fBu ﬁ isolated as a yellow microcrystalline powder (0.45 g, 23%). "H NMR (400
ci=Hf~c MHz, CDCl;, 25 °C) § 7.65 (s, 2H, Ar-H), 7.51-7.40 (m, 3H, Ar-H), 7.34

(t, J=17.4, 1H, Ar-H), 6.57 (s, 1H, 3H-Ind), 3.36 (s, 3H, OCHj;), 2.30 (s,

3H, C-CH»), 2.17 (s, 3H, Cp-CHs3), 2.05 (s, 3H, Cp-CH3), 1.98 (d, J = 13.4, 6H, Cp-CHj3), 1.38
(s, 9H, (CHs)3), 1.19 (s, 3H, Si-CH;), 1.08 (s, 3H, Si-CH;). *C{'H} NMR (125 MHz, CDCl;, 25
°C): 6 159.39, 143.00, 137.38, 136.22, 135.02, 133.36, 132.97, 129.95, 128.65, 127.32, 126.25,
124.38, 123.65, 121.40, 120.36, 118.31, 95.99 (Si-C(Cp)), 83.39 (Si-C(Ind)), 62.71 (OCHs;),
53.56 C(CHj3);, 35.83 (CHs)3, 30.55 (CH3)s, 18.09 (Ind-CH3), 15.79 (CH;3-Cp), 15.38 (CH;3-Cp),
12.51 (CH;3-Cp), 12.15 (CH5-Cp), 3.21 (Si-CHj), 3.06 (Si-CH3). ASAP-MS m/z caled for

C3,H4oCLHfOSi [M+H]*: 718.1691, found: 718.1674.

Bu OMe Synthesis of 2e-Zr. Using a procedure similar to that described above

BU  for 2b-Zr, complex 2e-Zr was synthesized from 1e (0.80 g, 0.0013 mol),
oo & P y (0.80 g )

C nBuLi (1.16 mL of a 2.25 M solution in hexanes, 0.0026 mol) and ZrCly
By Me Sﬁ (0.31 g, 0.0013 mol) and isolated as a yellow microcrystalline powder
2

c|>d>2r~c| (0.30 g, 30%). "H NMR (400 MHz, CDCls, 25 °C): & 7.41 (s, 3H, Ar-H),
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6.67 (s, 1H, 3H-Ind), 3.73 (s, 3H, ind-OCHj), 3.32 (s, 3H, 4°-(OCHj;)-Ph), 2.22 (s, 3H, C-CH),
2.04 (d, J = 17.9, 6H, Cp-CHs), 1.91 (d, J = 12.4, 6H, Cp-CHs), 1.43 (s, 21H, (CHs)s), 1.36 (s,
9H, (CHs)3), 1.19 (s, 3H, Si-CHj), 1.07 (s, 3H, Si-CHs). BC{'H} NMR (100 MHz, CDCl, 25
°C): § 159.47 (C-OCH3), 158.61 (C-OCHs), 143.37, 137.35, 135.89, 135.00, 134.72, 131.19,
127.31, 126.97, 126.75, 121.91, 120.73, 120.13, 93.80 (Si-C(Cp)), 82.45 (Si-C(Ind)), 64.44 (O-
CH;), 62.22 (O-CHs), 35.87, 32.47, 32.05, 30.51, 22.86, 18.34 (Ind-CHs), 16.10 (CH;-Cp), 15.65
(CH;-Cp), 14.28 (CH;-Cp), 12.66 (CHs-Cp), 12.35 (CH;-Cp), 3.25 (Si-CHs), 3.14 (Si-CHs).
ASAP-MS m/z caled for C4yHssClLO,SiZr [M+H]": 770.2630, found: 770.2630.

Synthesis of 2f-Zr. Using a procedure similar to that described above for
2b-Zr, complex 2f-Zr was synthesized from 1f (0.95 g, 0.0015 mol),
nBuLi (1.21 mL of a 2.5 M solution in hexanes, 0.0031 mol) and ZrCl,

(0.35 g, 0.0015 mol), and isolated as a yellow microcrystalline powder

Meé?I Zr~c) (0,27 g, 23%). 'H NMR (400 MHz, CDCls, 25 °C): § 7.56 (s, 2H, Ar-H),
ﬁ 7.44 (s, 1H, Ar-H), 6.70 (s, 1H, 3H-Ind), 3.73 (s, 3H, ind-OCH3), 3.30 (s,
3H, 4°-(OCH;)-Ph), 2.55 (qt, J = 14.4, 7.4, 2H, CH,CHs), 2.03 (d, J = 13.2, 6H, Cp-CH;), 1.91
(d, J=12.3, 6H, Cp-CH), 1.46 (s, 18H, (CHs)3), 1.36 (s, 9H, (CHs)3), 1.19 (s, 3H, Si-CH3), 1.11
(t, J = 7.5, 3H, CH,CH;), 1.06 (s, 3H, Si-CH3). 3C{'H} NMR (100 MHz, CDCls, 25 °C): &

159.51, 158.62, 143.49, 142.08, 137.39, 135.92, 134.73, 131.16, 128.57, 127.36, 127.18, 126.68,
122.20, 120.86, 118.17, 93.60 (Si-C(Cp)), 81.35 (Si-C(Ind)), 64.44 (O-CH), 62.19 (O-CHs),
36.13, 35.88, 32.48, 30.51, 25.88, 17.71 (Ind-CHs), 16.09 (CH;-Cp), 15.60 (CH;-Cp), 12.66
(CH;-Cp), 12.35 (CHs-Cp), 3.30 (Si-CH;), 3.27 (Si-CH;). ASAP-MS m/ caled for
CarHgoCLO,SiZr [M+H]*: 784.2781, found: 784.2785.

tBu Synthesis of 2g-Zr. Using a procedure similar to that described above for
O 2b-Zr, complex 2g-Zr was synthesized from 1g (1.0 g, 0.0017 mol) and
O Bu isolated as an orange microcrystalline powder (0.40 g, 34%). 'H NMR

N

(400 MHz, CDCl, 25 °C): § '"H NMR (400 MHz, CDCl;) § 8.12 (d, J =
% 11.7, 2H, cbz-H), 8.05 (d, J = 8.7, 1H, cbz-H), 7.68 (d, J = 8.8, 1H, cbz-
! H), 7.53 (d, J = 7.2, 1H, Ar-H), 7.45 (dd, J = 8.8, 2.0, 1H, Ar-H), 7.32

cImZr~c
ﬁt (dd, J= 8.7, 2.0, 1H, Ar-H), 7.15 (t, J= 7.9, 1H, Ar-H), 6.83 (s, 1H, Ar-
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H), 6.81 (s, 1H, 3H-Ind), 2.31 (s, 3H, C-CHj3), 2.07 (d, J = 13.8, 6H, Cp-CH;), 1.97 (d, J = 8.7,
6H, Cp-CH;), 1.47 (s, 18H, (CHs)3), 1.28 (s, 3H, Si-CH3), 1.14 (s, 3H, Si-CH3). BC{!H} NMR
(100 MHz, CDCl;, 25 °C): & 142.95, 142.73, 139.57, 139.27, 138.31, 135.52, 135.25, 134.63,
133.21, 128.54, 128.00, 126.74, 125.12, 124.79, 124.67, 124.15, 123.89, 123.83, 122.99, 119.69,
116.33, 115.82, 112.33, 110.29, 94.46 (Si-C(Cp)), 84.05 (Si-C(Ind)), 34.86, 32.18, 29.18, 18.61
(Ind-CH3), 16.16 (CH;-Cp), 15.82 (CH;3-Cp), 14.27 (CH3-Cp), 12.71 (CH3-Cp), 12.34 (CH5-Cp),
3.26 (Si-CHj3), 3.19 (Si-CHj). ASAP-MS m/z caled for C4H4oNCLSiZr [M+H]": 743.2053,
found: 743.2058.

Bu OMe Synthesis of 2h-Zr. Using a procedure similar to that described above
O Bu  for 2b-Zr, complex 2h-Zr was synthesized from 1h (0.65 g, 0.00088
MeQ
C mol) and isolated as an orange microcrystalline powder (0.08 g, 10%).
Bu Mo S? '"H NMR (400 MHz, CDCl;, 25 °C): 8 'H NMR (400 MHz, CDCl;) 6
2

CI&SNCI 7.75 (s, 1H, Ar-H), 7.48-7.28 (m, 8H, Ar-H), 7.06 (d, J = 5.0, 1H, Ar-

H), 6.79 (s, 1H, Ar-H), 6.67 (bs, J= 0.7, 1H, 3H-Ind), 3.75 (s, 3H, Ind-
OCH5), 3.40 (s, 3H, 4’-(OCHj;)-Ph), 2.06 (s, 3H, C-CHs), 1.91 (s, 3H, Cp-CH;), 1.68 (s, 3H, Cp-
CH3), 1.49 (s, 18H, (CH»)3), 1.22 (s, 9H, (CHs)3), 0.53 (d, J = 14.1, 6H, Si-CH3). BC{'H} NMR
(100 MHz, CDCl3, 25 °C): 6 160.09, 158.67, 143.76, 137.13, 136.12, 136.03, 135.58, 135.46,
135.39, 134.91, 134.80, 134.18, 131.13, 130.93, 128.94, 128.58, 127.92, 127.51, 127.47, 123.30,
122.86, 121.02, 97.15 (Si-C(Cp)), 82.84 (Si-C(Ind)), 64.43 (O-CH3;), 62.28 (O-CH3;), 36.20,
35.80, 32.53, 32.05, 30.08, 29.18, 22.85, 19.09 (Ind-CHj3), 14.27 (CH3-Cp), 13.00 (CH;-Cp),
4.54 (Si-CHj3), 3.48 (Si-CH;). ASAP-MS m/z caled for CsiHgClLO,SiZr [M+H]™: 894.2938,
found: 894.2940.

Ph

Synthesis of 2i-Zr. Using a procedure similar to that described above for 1b-

Zr, complex 2i-Zr was synthesized from 1i (0.50 g, 0.0011 mol). The residue

was recrystallized from heptane/toluene (5:1 v/v) and obtained as an orange-

} ~c; yellow powder (0.16 g, 27%). 'H NMR (400 MHz, benzene-ds, 25 °C): 7.93
d> (dd, /=179, 1.4, 2H, Ar-H), 7.44 (d, J= 8.7, IH, Ar-H), 7.27 (dd, J= 8.4, 7.1,
/Pr r 3H, Ar-H), 7.15 (d, J = 1.6, 2H, Ar-H), 6.85 (dd, J = 8.7, 6.9, 1H, 3H-Ind),
3.45 (sept, J= 7.7, 2H, CH(CHj3),), 2.09 (d, J = 7.0, 6H, Cp-CHj3), 2.00 (s, 3H, Ind-CH3), 1.50 (d,
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J=17.0, 3H, CH(CH;),), 1.29 (d, J= 7.1, 3H, CH(CHs),), 1.21 (d, J = 7.4, 3H, CH(CH3),), 1.13
(d, J=17.0, 3H, CH(CHs),), 0.73 (d, J = 57.6, 6H, Si(CHs),). *C{'H} NMR (100 MHz, benzene-
dg, 25 °C): 140.16, 138.17, 129.05, 128.56, 128.6, 128.2, 125.88, 125.32, 124.46, 124.16, 97.57
(Si-C(Cp)), 84.68 (Si-C(Ind)), 28.26 (CH(CHj),), 27.99 (CH(CHs),), 21.63 (CH(CHs),), 20.45
(CH(CH;),), 18.39 (Cp-CH;), 17.83 (Cp-CH3), 15.93 (Ind-CHj3), 3.37 (Si(CHs)), 2.96
(Si(CH;),). ASAP-MS m/z caled for Cy1HsoClLSiZr [M+H]*: 599.1240, found: 599.1242.

O Synthesis of 2j-Zr. Using a procedure similar to that described above for

2b-Zr, complex 2j-Zr was synthesized from 1j (0.96 g, 0.0019 mol). The

Bu residue was recrystallized from hot heptane and obtained as pure yellow

ci=4r~c) microcrystalline powder (0.045 g, 5%). '"H NMR (400 MHz, benzene-dg,

Pr Pr 25 °C): 8 8.01-7.91 (m, 2H, Ar-H), 7.56—7.48 (m, 2H, Ar-H), 7.29 (t,J =

7.7, 3H, Ar-H), 7.11 (s, 1H, 3H-Ind), 3.52-3.35 (m, 2H, CH(CHs;),), 2.14 (d, J = 7.5, 6H, Cp-

CH;), 2.02 (s, 3H, Ind-CHs), 1.48 (d, J = 7.1, 3H, CH(CHj3),), 1.44-1.40 (m, 3H, CH(CH3),),

1.38 (t, /= 2.7, 3H, CH(CHs),), 1.27 (s, 9H, C(CH3)3), 1.16 (d, J = 5.6, 3H, CH(CH}),), 0.93 (s,

3H, Si(CHs),), 0.70 (s, 3H, Si(CHs),)."*C{'H} NMR (100 MHz, benzene-ds, 25 °C): & 146.9,

146.6, 140.56, 137.80, 135.8, 133.7, 129.09, 128.56, 128.3, 128.0, 127.8, 127.6, 127.5, 125.68,

122.6, 120.8, 118.93, 97.36 (Si-C(Cp)), 84.24 (Si-C(Ind)), 31.6 (C(CHj3);), 30.60 (C(CHs)3),

28.25 (CH(CH3),), 28.02 (CH(CHs),), 26.7 (CH(CHs;),), 21.5 (CH(CHs;),), 20.4 (Cp-CHj3), 18.31

(Cp-CH3), 1596 (Ind-CHj), 3.54 (Si(CH3),), 3.07 (Si(CH3);). ASAP-MS m/z calcd for
CssH47S1Zr [M+H]™: 655.1866, found: 655.1871.

0 Synthesis of 2k-Zr. Using a procedure similar to that described above for 2b-

- 5 Zr, complex 2k-Zr was synthesized from 1k (0.380 g, 0.78 mmol) and ZrCl,
® (0.183 g, 0.78 mmol) and isolated as a bright yellow powder (0.185 g, 37%)).
Me 'Si\Me IH NMR (400 MHz, CD,Cl,, 25 °C): 6 7.47-7.34 (m, 4H), 7.31 (d, J = 8.6

Hz, 1H), 7.19-7.17 (m, 2H), 7.02-6.90 (m, 4H), 5.73 (s, 1H), 5.48 (s, 1H),

2.32 (s, 3H), 2.03 (s, 3H), 1.88 (s, 3H), 1.79 (s, 3H), 1.66 (s, 3H), 1.13 (s,

3H), 1.06 (s, 3H). 13C NMR (100 MHz, CD,Cl,, 25 °C): & 146.49, 146.47, 145.49, 145.38,
144.17, 140.67, 137.45, 135.96, 134.26, 132.89, 127.91, 127.73, 127.71, 124.81, 124.71, 124.69,
124.61, 124.45, 123.33, 123.28, 122.55, 122.17, 121.76, 116.54, 94.46, 83.08, 54.20, 51.47,
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18.19, 15.64, 15.34, 12.11, 11.76, 2.82, 2.63. ASAP-MS m/z calcd. for C;sH;343CLSi%Zr
[M+H]*: 642.0848; found: 642.0851.

Crystal Structure Determination of 2a,b-Zr, 2b-Hf, 2d-Zr Hf, 2e.f,j,k-Zr. Diffraction
data were collected at 150 K with a D8 VENTURE Bruker AXS diffractometer equipped with a
(CMOS) PHOTON 100 detector, [MoKa] radiation (A = 0.71073 A, multilayer monochromator).
The structure was solved by dual-space algorithm using the SHELXT program,'* and then
refined with full-matrix least-squares methods based on F2 (SHELXL)."> For 3j-Zr, the
contribution of the disordered solvent molecules to the calculated structure factors was estimated
following the BYPASS algorithm,'® implemented as the SQUEEZE option in PLATON.!7 All
non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms
were finally included in their calculated positions and treated as riding on their parent atom with
constrained thermal parameters. Crystal data and details of data collection and structure
refinement for the different compounds are given in Table S2. Crystal data, details of data
collection and structure refinement for all compounds (CCDC 2248323-2248331) can be
obtained from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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Figure S1. 'H NMR spectrum (400 MHz, 25 °C, CDCls) of chloro-(3,4-dimethyl-2,5-diphenylcyclopenta-2,4-dien-1-
yl)dimethylsilane.
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Figure S2. BC{!H} NMR spectrum (100 MHz, 25 °C, CDCl;) of chloro-(3,4-dimethyl-2,5-diphenylcyclopenta-2,4-dien-1-
yl)dimethylsilane.
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Figure S3. 'H NMR spectrum (400 MHz, 25 °C, CDCly) of chloro(3,4-diisopropyl-2,5-dimethylcyclopenta-2,4-dien-1-
yl)dimethylsilane (resulting crude product from the reaction).
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Figure S4. 'H NMR spectrum (400 MHz, 25 °C, CDCl;) of2-methyl-4-(3”,5’-di-tert-butyl-4’-methoxy)-phenyl-5-methoxy-6-tert-
butyl-1H-indene.
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Figure S5. BC{!H} NMR spectrum (100 MHz, 25 °C, CDCl;) of2-methyl-4-(3,5’-di-tert-butyl-4’-methoxy)-phenyl-5-methoxy-6-
tert-butyl-1H-indene.
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Figure S8. 'H NMR spectrum (400 MHz, 25 °C, CDCls) of 2,3-diisopropyl-1,4-dimethylcyclopenta-1,3-diene (resulting crude
product from the reaction).

p S29



az'0- Freo

P 0

o o o [w FZES'IT

caL i

981 3 ——— B gz

66°T H._ﬁ o F gy

€0z ¥ PEE

At

bTE— - E og'0

99°E — * 00°F|

1.9

€207 92°L ]

ZE'L

pEL |I.LH| .

i o't

£b°L

i ...,M

Syl !

b u ¥ 98'T
£ F oz'g

FSL : Sl
it s 96'Z

95z

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5
fi (ppm)

4.5 4.0
p S30

5.0

7.0 6.5 6.0 5.5

7.5
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Figure S47. 3C{'H} NMR spectrum (100 MHz, 25 °C, CD,Cl,) of 2k-Zr.
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Figure S48. 3C{'H} NMR spectrum (125 MHz, 135 °C, C¢Dg/CsH;Cl3) of an iPP sample obtained with precursor 2h-Zr (Table 2,
entry 14).
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Figure S49. BC{'H} NMR spectrum (125 MHz, 135 °C, C4D¢/CcH;Cl3) of an iPP sample obtained with precursor 2e-Zr (Table 2,
entry 8).
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Table S1. Steric maps generated for the DFT-optimized (B3PW91/LANL2DZ) geometries of

the synthesized {Cp/Ind} ansa-zirconocenes with sphere radius = 5 A8

Steric map,

Complex Structure A%V A%V ee, total

ai 0
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2e-Zr 36.0

2f-Zr 354

2g-Zr 37.6
tBu OMe

2h-Zr 33.0
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2i-Zr 33.5
2j-Zr 34.8
2K-Zr 38.5
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Figure S50. Plot of probabilistic descriptor b vs the A% Ve qi of quadrants Q1 in metallocene
complexes 2a—h,k-Zr (R? = 0.900).
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Figure S51. GPC trace for the iPP obtained with 2e-Zr (Table 2, entry 9).
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Figure S52. DSC curve for the iPP obtained with 2e-Zr (Table 2, entry 9).

75

140

160

180

HeatFlow |c (mv)



&
* J
x
= E e e o
o =] o P -1
T hd T L T hJ T T T b T v L] v T bl T v L] ¥ T b T T L T T T v
6.0 5.9 5.8 57 56 5.5 54 53 5.2 5.1 50 49 48 4.7 4.5
f1 (ppm) *
*
e al ,.Ap"' \/ L | _.J'h' LM
5 33gd
Q o=gQom
o QA0
T . T P T T T r T T " T T T b T v T 1 T ! T iy T T L]
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5

f1 {ppm)

Figure S53. '"H NMR spectrum (400 MHz, CDCl;, 25 °C) of oligomers produced with 2i-Zr complex (Table 2, entry 16). *Vinylidenic, *Vinylic,
*Isobutenyl end-groups. Ratio (93/6/<1).
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Figure S54. BC{'H} NMR spectrum (100 MHz, 25 °C, CDCl;) of oligomers produced with 2i-Zr/MAQO (Table 2, entry 16). * stand for vinylidenic
chain ends, * stand for residual toluene.
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Figure S55. Molecular structures of 2b-Hf (H atoms are omitted for clarity; ellipsoids are drawn
at the 50% probability level).

Figure S56. Molecular structures of 2d-Hf (H atoms are omitted for clarity; ellipsoids are drawn
at the 50% probability level).
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Table S2. Summary of Crystal and Refinement Data for Complexes 2a,b-Zr, 2b-Hf, 2d-Zr Hf, 2e.f -Zr.

Complexes 2a-Zr 2b-Zr 2b-Hf 2d-Zr 2d-Hf 2e-Zr
Empirical formula C20H24CI12SiZr C27H30CI2SiZr C27H30CI2HfSi C32H40C120SiZr C32H40CI12HfOSI C41HS58CI1202SiZr
Formula weight 454.60 544.72 631.99 630.85 718.12 773.08
Temperature, K 150 150 150 150 150 150
Wavelength, A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073

Crystal system triclinic triclinic triclinic monoclinic monoclinic triclinic

Space group P-1 P-1 P-1 P2,/C P2,/C P1

a, 9.640(2) 10.2268(13) 10.2320(15) 13.5939(16) 13.5837(12) 10.5046 (9)

b, A 10.518(3) 11.5064 11.6128(15) 13.3843(13) 13.3364(11) 13.1681 (11)

c, A 10.543(2) 12.7604(15) 12.8244(17) 17.1306(19) 17.0243(17) 17.5901 (15)

B, deg 71.581(9) 67.191(4) 67.625(5) 107.912(4) 107.861(3) 98.242 (3)
Volume, A3 959.5(4) 1370.6(3) 1394.7(3) 2965.8(6) 2935.4(5) 2110.1 (3)

V4 2 2 2 4 4 2

Density (calc.), Mg/m? 1.573 1.320 1.505 1.413 1.625 1.217
Absorption coefficient, mm'  0.913 0.652 3.986 0.615 3.801 0.446

Crystal size, mm? 0.110x 0.080x 0.070 ~ 0.340x 0.270x 0.240  0.180x 0.120x 0.090  0.310x 0.180x 0.120  0.300x 0.130x 0.130  0.220 x 0.090 x 0.040
Reflections collected 4222 25557 25697 21525 30160 37788
Independent reflections 2880 6280 6319 6750 6725 9542

Max. and min. transmission 0.938,0.714 0.855, 0.744 0.699, 0.506 0.929, 0.811 0.610, 0.465 0.982, 0.859
Data / restraints / parameters 4222/0/224 6280/0/287 6319/0/257 6750/0/345 6725/0/334 9542/0/442
Final R indices [I>20(1)] 0.0562 (0.1157) 0.0546 (0.1402) 0.0406 (0.1056) 0.0544 (0.1413) 0.0304 (0.0791) 0.0343 (0.0836)
R indices (all data) 0.0996 (0.1398) 0.0588 (0.1434) 0.0502 (0.1115) 0.0703 (0.1567) 0.0389 (0.0854) 0.0424 (0.0879)
Goodness-of-fit on F? 0.941 1.146 1.195 1.063 1.177 1.024

Largest diff. peak, e.A

0.691 and -0.673

1.497 and -1.180

1.426 and -2.144

0.854 and -0.797

2.413 and -1.631

0.502 and -0.659
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Table S2 (continued). Summary of Crystal and Refinement Data for Complexes 2f,j,k-Zr.

Complexes 2f-Zr 2j-Zr-(toluene) 2k-Zr
Empirical formula C42H60C1202SiZr (C35 H46 CI2 Si Zr);,C7 H16 ~ C35H34CI2SiZr
Formula weight 787.11 2070.97 644.83 g/mol
Temperature, K 296 150 150
Wavelength, A 0.71073 0.71073 0.71073

Crystal system triclinic triclinic monoclinic
Space group P1 P-1 P21/

a, 9.2245 (8) 12.6320(8) 10.8073(10)

b, A 9.6841 (8) 18.1924(14) 17.0431(16)

c, A 24.836 (8) 23.8569(17) 15.6166(16)

B, deg 2094.7 (3) 85.210(2) 93.240(4)
Volume, A3 97.894 (3) 5433.44 2871.8(5)

V4 2 2 4

Density (calc.), Mg/m? 1.248 1.266 1.491
Absorption coefficient, mm-! 0.451 0.508 0.635

Crystal size, mm? 0.410 x 0.270 x 0.090 0.490 x 0.350 x 0.300 0.090 x 0.050 x 040
Reflections collected 35578 25011 33115/6571
Independent reflections 9449 18204 5690

Max. and min. transmission 0.960, 0.877 0.996, 0.981 0.975,0.913
Data / restraints / parameters 9449 /0 / 449 24534 /36/1153 6571/0/359
Final R indices [I>26(I)] 0.0692 (0.1942) 0.0568 (0.0988) 0.0278 (0.0635)
R indices (all data) 0.0809 (0.2107) 0.0375 (0.0891) 0.0358 (0.0674)
Goodness-of-fit on F? 1.030 1.026 1.027

Largest diff. peak, e.A"

1.263 and -0.641

1.097 and -0.616

0.415 and -0.339
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Computational details. All calculations were carried out with the Gaussian 09 suite of
programs.!® Zirconium atoms were treated with the very small core Stuttgart—Dresden effective
core potential associated with its adapted basis sets and additional /'and g polarization functions.?°
Carbon and hydrogen atoms were described with a 6-31G(d,p) double-C basis set.?! Silicon
atoms have been treated with the small core Stuttgart-Dresden effective core potential associated
with its adapted basis set and additional d polarization functions.?? Calculations were carried out
at the DFT level of theory with the hybrid functional B3PW91.2® Solvation energies were
evaluated by a self-consistent reaction field (SCRF) approach based on accurate numerical
solutions of the Poisson-Boltzmann equation by using the SMD solvation model.?* Toluene was
used as solvent. All geometries were optimized without any symmetry restriction and the nature
of the extrema was verified by analytical frequency calculations. The calculation of electronic
energies and enthalpies of the extrema of the potential energy surface (minima and transition
states) were performed at the same level of theory as the geometry optimizations. Enthalpies
were obtained at T = 298 K within the harmonic approximation. The way how AH” was
calculated is presented in Scheme S1. IRC calculations were performed to confirm the
connections of the optimized transition states.

AH (kcal'mol™)

Transition Transition
state state
AH?
_________________________________ AH?
Reactants Adduct
AHgoord AHcoord
Adduct Reactants

Scheme S1. Definition of AH* depending on the sign of AH oo

81



secondary (2,1-)

primary (1,2-)
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Scheme S2. DFT-calculated pathway for the first insertion of propylene in Anti-2¢-Zr.
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Scheme S3. DFT-calculated pathway for the second insertion of propylene in Anti-2¢-Zr.
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DFT-calculated pathway for the second insertion of propylene in Syn-2c¢c-Zr.
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calculated pathway for the third insertion of propylene in Anti-2¢-Zr.
85

Scheme S5. DFT
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Scheme S6. DFT-calculated pathway for the third insertion of propylene in Syn-2¢-Zr.
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Scheme S7. DFT-calculated pathway for the first insertion of propylene in Anti-2d-Zr.
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DFT-calculated pathway for the second insertion of propylene in Syn-2d-Zr.

Scheme S9.
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Scheme S10. DFT-calculated pathway for the third insertion of propylene in Anti-2d-Zr.
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Scheme S11. DFT-calculated pathway for the third insertion of propylene in Syn-2d-Zr.



Table S3. Energetic data (kcal-mol™!) calculated for the three first propylene insertion steps with systems [3¢-Zr-Me]* and [3d-Zr-

Me]*.4
[3¢c-Zr-Me]* [3d-Zr-Me]*
Reaction AH AH AH AH AH AH
(1%t insertion) | (2" insertion) | (39insertion) | (1% insertion) | (2" insertion) | (39 insertion)

Adduct 5.4 -1.2 -3.0 -5.5 -1.7 -1.9

A-pr-si TS 5.5 8.9 9.8 6.0 9.0 6.5
(up) (10.9) (10.1) (12.8) (11.5) (10.7) (8.4)
Product -14.1 -18.0 -19.3 -13.3 -19.5 -21.2

Adduct —6.1 -2.5 -1.9 -6.8 2.7 —4.7

A-pr-re TS 5.3 4.7 5.1 5.9 3.1 1.6
(down) (11.4) (1.2) (7.0) (12.7) (5.8) (6.3)
Product —-15.6 —-18.8 -22.4 -13.7 -19.5 -20.0

Adduct —4.7 2.6 -8.5 —4.4 2.6 -7.3

A-sec-si 13.8 21.0 14.6 5.6
(down) 5 (18.5) 1.2 (29.5) (19.0) 12 (12.9)
Product -3.9 -14.6 -16.6 -3.5 -12.7 -13.5

Adduct 4.3 1.1 -1.5 —4.0 2.2 -0.8

A-sec-re 10.9 8.4 11.6 20.2
(up) TS (15.2) 137 (9.9) (15.6) 128 (21.0)
Product -8.3 -11.4 -13.0 =72 -15.5 -17.8

Adduct -0.6 3.7 -2.0 0.2

S-pr-si 16.8 21.3

(down) TS i (17.4) 108 (23.3) 13
Product -19.9 -20.2 -17.9 —-18.6

S-pr-re Adduct -0.3 0.0 -1.3 -1.0

(up) TS - 19.4 79 ] 17.4 7.9
(19.7) (18.7) (8.9)
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Product -12.9 —18.8 -11.4 -16.9
Adduct 1.4 -0.7 0.5 -0.2
S-sec-si 13.8 11.8
T .0 31.1
(up) S 33 (14.5) (12.0)
Product -6.9 —13.5 -7.5 —13.7
Adduct 35 -14 0.0 -14
S-sec-re 14.4 13.9
T 26.2 24.2
(down) S 6 (15.8) (15.3)
Product -10.2 -11.0 -11.9 9.8

@ The values for the insertion barriers were calculated as AH% s = Hys — Hyeactants: The values in brackets for the insertion barriers were calculated as

AH* = Hrs — Hagquer-
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