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Experimental Details 
 
General  considerat ions and instrumentat ion  

All air- and/or water-sensitive compounds were manipulated using an inert atmosphere 
glovebox or standard Schlenk line techniques with an N2 atmosphere. The solvents for air- and 
moisture-sensitive reactions were dried over sodium/benzophenone ketyl, calcium hydride, or by 
the method of Grubbs.1 All NMR solvents were purchased from Cambridge Isotopes Laboratories, 
Inc. Toluene for polymerizations and C6D6 were dried over sodium/benzophenone ketyl and 
vacuum transferred prior to use. Chlorobenzene and 1-hexene for polymerizations were refluxed 
over CaH2 for greater than 72 h and vacuum transferred prior to use. Toluene, C6D6, chlorobenzene, 
and 1-hexene were further purified by filtration over activated alumina. Propylene was purchased 
from Matheson and equipped with a PUR-Gas in-line trap to remove oxygen and moisture before 
use. All 1H and 13C NMR spectra of small organic and organometallic compounds were recorded on 
Varian Mercury 300 MHz, Varian 400 MHz, or Varian INOVA-500 or 600 MHz spectrometers at 
room temperature. 1H and 13C NMR spectra of poly(1-hexene) samples were recorded on a Varian 
INOVA-500 MHz spectrometer at room temperature in CDCl3. 

1H and 13C NMR spectra of 
polypropylene samples were recorded on a Varian INOVA-500 MHz spectrometer at 130 °C in 
tetrachloroethane-D2. For 1H and 13C NMR spectra, chemical shifts are reported with respect to 
residual internal deuterated solvent: 7.16 and 128.06 (t) ppm (C6D6); 7.26 and 77.16 (t) ppm (CDCl3); 
6.00 and 74.22 (t) ppm (C2D2Cl4); for 1H and 13C data. J coupling are reported in Hz. Combustion 
analyses (C, H, and N) were performed by Robertson Microlit Laboratories, Ledgewood, NJ.  
 
Synthet i c  protoco ls  

2-hydroxybenzaldehydes 1c and 1d,2 2-(bromomethyl)-4,6-bis(tert-butyl)phenol (7),3 Zr1
tBu4-

OMe,4 and Zr1
tBu4-NMe2

5 were synthesized according to literature procedures. Diphenyl 8 and 
terphenyl 4 were synthesized according to literature procedures and the latter was obtained as a 
mixture of the syn and anti atropisomers.6  

ZrBn4 was synthesized by alteration of literature procedures.7 All of the manipulations to 
synthesize ZrBn4 were performed in the dark because the product is light sensitive. Solid 
benzylmagnesium chloride (20 g, 4.5 equiv) and 180 mL of Et2O were added to a 500 mL round 
bottom flask with a stirbar and frozen in the glovebox cold well. ZrCl4 (7 g) was added as a solid in 
portions to the thawing Grignard. The resulting mixture was stirred (allowing it to warm to ambient 
temperature) for 4 hours before volatiles were removed under vacuum. Hexanes (20 mL) were 
added to the residue and the slurry was filtered over Celite. The precipitate was then washed with 
additional hexanes (20 mL x 2), Et2O (20 mL x 2), and toluene (20 mL x 4). The filtrates were 
combined and the volatiles were removed under vacuum to yield the product as a crystalline orange 
solid (4.9 g, 36 % yield). 
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Scheme S1. Synthesis and metallation of binucleating ligands. 

General  synthes is  o f  phenoxyimines 2.  2-methoxy ethylamine or N,N-
dimethylethylenediamine (1 equiv), 2-hydroxybenzaldehyde 1 (1 equiv) and MeOH (4 mL per mmol 
1) were added to a round bottom flask equipped with a stirbar and a reflux condenser and heated to 
reflux with stirring for 12 hours over which time the reaction mixture turned bright yellow. The 
reaction mixture was cooled to room temperature and volatiles were removed under vacuum to yield 
imine 2.  

2a-OMe. 2a-OMe was collected in quantitative yield as an orange solid. 1H NMR (300 MHz, 
CDCl3): δ 14.45 (s, 1H, ArOH), 8.25 (t, J=1.1, 1H, CHN), 7.40 (d, J=2.5, 1H, ArH), 7.15 (d, J=2.5, 
1H, ArH), 3.79 (t, J=5.4, 2H, CH2), 3.66 (t, J=5.4, 2H, CH2), 3.35 (s, 3H, OCH3) ppm. 13C NMR 
(101 MHz, CDCl3): δ 164.95 (CHN), 157.83 (Ar), 132.47 (Ar), 129.20 (Ar), 123.32 (Ar), 122.25 (Ar), 
119.30 (Ar), 71.33 (OCH3), 59.17 (CH2), 57.95 (CH2) ppm.  

2a-NMe2.
 2a-NMe2 was collected in quantitative yield as an orange oil. 1H NMR (400 MHz, 

CDCl3): δ 8.24 (s, 1H, CHN), 7.39 (d, J=2.4, 1H, ArH), 7.12 (d, J=2.4, 1H, ArH), 3.74 (t, J=6.3, 2H, 
CH2), 2.68 (t, J=6.3, 2H, CH2), 2.31 (s, 6H, N(CH3)2) ppm. 13C NMR (101 MHz, CDCl3): δ 164.41 
(CHN), 158.56 (Ar), 132.64 (Ar), 129.20 (Ar), 123.58 (Ar), 121.85 (Ar), 118.93 (Ar), 59.31 (CH2), 
55.63 (CH2), 45.67 (N(CH3)2) ppm.  

2b-OMe. 2b-OMe was collected in quantitative yield as a yellow solid. 1H NMR (300 MHz, 
CDCl3): δ 8.21 (s, 1H, CHN), 7.69 (d, J=2.3, 1H, ArH), 7.33 (d, J=2.3, 1H, ArH), 3.79 (t, J=5.0, 2H, 
CH2), 3.65 (t, J=5.1, 2H, CH2), 3.35 (s, 3H, OCH3) ppm. 13C NMR (101 MHz, CDCl3): δ 164.80 
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(CHN), 159.46 (Ar), 137.96 (Ar), 132.96 (Ar), 119.65 (Ar), 113.10 (Ar), 108.94 (Ar), 71.27 (OCH3), 
59.16 (CH2), 57.63 (CH2) ppm.  

2b-NMe2.
 2b-NMe2 was collected in quantitative yield as an orange oil. 1H NMR (500 MHz, 

CDCl3): δ 8.19 (s, 1H, CHN), 7.68 (d, J=2.4, 1H, ArH), 7.29 (d, J=2.4, 1H, ArH), 3.71 (t, J=6.4, 2H, 
CH2), 2.62 (t, J=6.4, 2H, CH2), 2.27 (s, 6H, N(CH3)2) ppm. 13C NMR (126 MHz, CDCl3): δ 163.99 
(CHN), 160.19 (Ar), 138.03 (Ar), 132.90 (Ar), 119.35 (Ar), 113.51 (Ar), 108.49 (Ar), 59.39 (CH2), 
55.57 (CH2), 45.78 (N(CH3)2) ppm.  

2c-OMe. 2c-OMe was collected in quantitative yield as a yellow oil.  1H NMR (300 MHz, 
CDCl3): δ 13.41 (s, 1H, ArOH), 8.30 (s, 1H, CHN), 7.00 (bs, 1H, ArH), 6.89 (bs, 1H, ArH), 3.75 (t, 
J=5.5, 2H, CH2), 3.66 (t, J=5.5, 2H, CH2), 3.36 (s, 3H, OCH3), 2.26 (s, 3H, ArCH3), 2.25 (s, 3H, 
ArCH3) ppm. 13C NMR (101 MHz, CDCl3): δ 166.59 (CHN), 157.30 (Ar), 134.35 (Ar), 129.07 (Ar), 
127.09 (Ar), 125.71 (Ar), 117.82 (Ar), 72.09 (OCH3), 59.22 (CH2), 59.10 (CH2) 20.44 (ArCH3), 15.54 
(ArCH3) ppm.  

2d-OMe. 2d-OMe was collected in quantitative yield as an orange oil. 1H NMR (300 MHz, 
CDCl3): δ 13.94 (s, 1H, ArOH), 8.37 (t, J=1.1, 1H, CHN), 7.31 (dd, J=7.7, 1.7, 1H, ArH), 7.11 (dd, 
J=7.6, 1.7, 1H, ArH), 6.80 (t, J=7.7, 1H, ArH), 3.76 (m, 2H, CH2), 3.68 (m, 2H, CH2), 3.38 (s, 3H, 
OCH3), 1.43 (s, 9H, C(CH3)3) ppm. 13C NMR (101 MHz, CDCl3): δ 167.21 (CHN), 160.61 (Ar), 
137.48 (Ar), 129.86 (Ar), 129.48 (Ar), 118.80 (Ar), 117.87 (Ar), 72.07 (OCH3), 59.10 (CH2), 50.95 
(CH2), 34.95 (C(CH3)3), 29.47 (C(CH3)3) ppm.  

 
General  synthes is  o f  phenoxyamines 3.  2 (1 equiv) and MeOH (4 mL per mmol 2) were added 

to a round bottom flask equipped with a stirbar. NaBH4 (4 equiv) was added as a solid in portions 
causing an exotherm and bubbling of the solution. The bright yellow suspension was stirred at room 
temperature, turning colorless and mostly clear within 0.5 h. After a total of 2 h of stirring, 1M HCl 
was added (in 1 mL aliquots until the solution was at pH = 7) to quench the reaction. The product 
was extracted with dichloromethane (DCM) (x3). The combined organic fractions were dried with 
MgSO4, filtered, and volatiles were removed under vacuum to yield amine 3.  

3a-OMe. 3a-OMe was collected in quantitative yield as a light yellow solid. 1H NMR (300 MHz, 
CDCl3): δ 7.24 (d, J=2.5, 1H, ArH), 6.88 (d, J=2.5, 1H, ArH), 6.41 (bs, 1H, NH) 3.99 (s, 2H, 
ArCH2), 3.51 (t, J=4.9, 2H, CH2), 3.36 (s, 3H, OCH3), 2.80 (t, J=4.9, 2H, CH2) ppm. 13C NMR (101 
MHz, CDCl3): δ 153.19 (Ar), 128.59 (Ar), 126.66 (Ar), 124.46 (Ar), 123.29 (Ar), 121.75 (Ar), 70.72 
(OCH3), 59.01 (CH2), 51.98 (CH2), 47.90 (ArCH2) ppm.  

3a-NMe2.
 3a-NMe2 was collected in 66 % yield as a pale pink solid. 1H NMR (500 MHz, 

CDCl3): δ 7.23 (d, J=2.5, 1H, ArH), 6.87 (d, J=2.5, 1H, ArH), 6.79 (bs, 1H, NH), 3.97 (s, 2H, 
ArCH2), 2.69 (t, J=5.7, 2H, CH2), 2.46 (t, J=5.7, 2H, CH2), 2.23 (s, 6H, N(CH3)2) ppm. 13C NMR 
(126 MHz, CDCl3): δ 153.35 (Ar), 128.54 (Ar), 126.62 (Ar), 124.72 (Ar), 123.12 (Ar), 121.75 (Ar), 
57.86 (CH2), 52.05 (CH2), 45.51 (ArCH2), 45.40 (N(CH3)2) ppm.  

3b-OMe. 3b-OMe was collected in 87 % yield as a white solid. 1H NMR (300 MHz, CDCl3): δ 
7.54 (d, J=2.4, 1H, ArH), 7.06 (d, J=2.4, 1H, ArH), 3.99 (s, 2H, ArCH2), 3.51 (t, J=4.9, 2H, CH2), 
3.36 (s, 3H, OCH3), 2.81 (t, J=4.9, 2H, CH2), ppm. 13C NMR (101 MHz, CDCl3): δ 154.66 (Ar), 
134.07 (Ar), 130.21 (Ar), 124.85 (Ar), 111.32 (Ar), 110.46 (Ar), 70.66 (OCH3), 59.02 (CH2), 51.91 
(CH2), 47.87 (ArCH2) ppm.  

3b-NMe2.
 3b-NMe2 was collected in 98 % yield as an off-white solid. 1H NMR (500 MHz, 

CDCl3): δ 7.52 (d, J=2.2, 1H, ArH), 7.04 (d, J=2.2, 1H, ArH), 5.84 (bs, 1H, NH), 3.96 (s, 2H, 
ArCH2), 2.68 (t, J=5.7, 2H, CH2), 2.44 (t, J=5.7, 2H, CH2), 2.22 (s, 6H, N(CH3)2) ppm. 13C NMR 
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(126 MHz, CDCl3): δ 154.85 (Ar), 133.95 (Ar), 130.12 (Ar), 125.12 (Ar), 111.32 (Ar), 110.24 (Ar), 
57.82 (CH2), 52.02 (CH2), 45.53 (ArCH2), 45.41 (N(CH3)2) ppm.  

3c-OMe. 3c-OMe was collected in quantitative yield as a pale yellow oil. 1H NMR (300 MHz, 
CDCl3): δ 6.86 (bs, 1H, ArH), 6.65 (bs, 1H, ArH), 3.95 (s, 2H, ArCH2), 3.52 (t, J=5.0, 2H, CH2), 
3.36 (s, 3H, OCH3), 2.81 (t, J=5.0, 2H, CH2), 2.21 (s, 3H, ArCH3), 2.20 (s, 3H, ArCH3) ppm. 13C 
NMR (101 MHz, CDCl3): δ 153.91 (Ar), 130.38 (Ar), 127.33 (Ar), 126.42 (Ar), 124.70 (Ar), 121.40 
(Ar), 71.05 (OCH3), 58.75 (CH2), 52.34 (CH2), 47.82 (ArCH2), 20.36 (ArCH3), 15.58 (ArCH3) ppm.  

3d-OMe. 3d-OMe was collected in quantitative yield as a pale peach oil. 1H NMR (300 MHz, 
CDCl3): δ 7.19 (dd, J=7.8, 1.7, 1H, ArH), 6.87 (m, 1H, ArH), 6.71 (t, J=7.4, 1.4, 1H, ArH), 3.98 (s, 
2H, ArCH2), 3.52 (t, J=4.8, 2H, CH2), 3.36 (s, 3H, OCH3), 2.82 (t, J=4.8, 2H, CH2), 1.42 (s, 9H, 
C(CH3)3) ppm. 13C NMR (101 MHz, CDCl3): δ 157.43 (Ar), 136.87 (Ar), 126.65 (Ar), 126.03 (Ar), 
122.84 (Ar), 118.29 (Ar), 71.14 (OCH3), 58.98 (CH2), 52.87 (CH2), 47.91 (ArCH2), 34.81 (C(CH3)3), 
29.66 (C(CH3)3) ppm.  

 
5. 4 (2.12 g, 8.98 mmol) was dried under vacuum for 8 h in a large Schlenk tube. DCM (225 mL) 

was transferred via canula into the Schlenk tube with N2 pressure. The solution was cooled to 0 ºC 
in an ice water bath. With the Schlenk tube under N2, BBr3 (4.3 mL, 44.9 mmol, 5 equiv) was 
dripped in via syringe over several minutes. The colorless solution turned bright yellow over the 
addition of BBr3 and continued to darken to golden orange as the reaction was allowed to gradually 
warm to ambient temperature. After stirring for 17 h, the reaction was quenched by the slow 
addition of H2O (6 mL). Another 100 mL of water was added and the product extracted with DCM. 
Organic fractions were dried over MgSO4 and filtered, and volatile materials were removed by rotary 
evaporation. Column chromatography was utilized to separate the atropisomers (5/1 
hexanes/EtOAc (EtOAc = ethyl acetate), Rf = 0.6 (anti) and 0.2 (syn)) and the desired syn isomer 
was collected as a white solid (1.4 g, 36 % yield). 1H NMR (500 MHz, CDCl3): δ 7.31 (dd, J=8.5, 2.5, 
2H, ArH), 7.07 (d, J=2.4, 2H, ArH), 6.95 (d, J=8.5, 2H, ArH), 4.58 (bs, 2H, ArOH), 2.02 (s, 12H, 
ArCH3), 1.32 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, CDCl3): δ 150.23 (Ar), 143.66 (Ar), 
136.14 (Ar), 134.49 (Ar), 127.36 (Ar), 127.19 (Ar), 125.61 (Ar), 114.60 (Ar), 34.35 (C(CH3)3), 31.78 
(C(CH3)3), 17.86 (ArCH3) ppm.  

6. Bis(bromometyl phenol) 6 was synthesized by alteration of literature procedures.3 5 (1.40 g, 
3.25 mmol), paraformaldehyde (0.49 g, 16.26 mmol, 5 equiv), and glacial acetic acid (14.5 mL, 4.5 
mL per mmol 5) were combined in a 3-neck round bottom flask equipped with a stir bar. A 
thermometer was secured in one arm of the flask, another arm was equipped with a small Teflon 
tube secured in a septum and the third was connected via hosing to a series of bubblers with water 
and dilute base. HBr(g) was bubbled through the Teflon tube directly into the stirring mixture for 15 
minutes (with a maximum exotherm to 60 °C), at which point the tube was lifted out of the solution 
and the flask was sealed and left to stir an additional 12 h. During the bubbling, the reaction mixture 
became temporarily homogeneous, then thickened and turned peach-colored. The desired material 
was extracted into hexanes and the aqueous fractions were washed with DCM. The organic fractions 
were combined, dried with MgSO4, filtered, and the volatiles were removed under vacuum. The 
residue was dissolved in warm hexanes and then cooled, precipitating the desired product. 6 was 
collected via filtration as a white solid (1.39 g, 69 % yield). 1H NMR (500 MHz, CDCl3): δ 7.34 (d, 
J=2.4, 2H, ArH), 7.05 (d, J=2.5, 2H, ArH), 4.83 (bs, 2H, ArOH), 4.67 (s, 4H, ArCH2), 2.00 (s, 12H, 
ArCH3), 1.32 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, CDCl3): δ 148.64 (Ar), 143.76 (Ar), 
135.69 (Ar), 134.71 (Ar), 128.19 (Ar), 127.81 (Ar), 126.90 (Ar), 123.35 (Ar), 34.39 (C(CH3)3), 31.67 
(C(CH3)3), 30.21 (ArCH2), 17.90 (ArCH3) ppm. 
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General  synthes is  o f  di[amine bis(phenol)]s  H4
R2R’2-L. Amine 3 (2.5 equiv), 

diisopropylethylamine (2.2 equiv) and THF (0.7 mL per 0.01 mmol 6) were added to a round 
bottom flask equipped with a stirbar. The solution was stirred until homogeneous and cooled to 0 
ºC in an ice water bath. 6 (1 equiv) was dissolved in THF (0.3 mL per 0.01 mmol 6) and added 
dropwise over several minutes to the cooled solution. The reaction was stirred, allowing it to 
gradually warm to ambient temperature, for 3 to 6 hours over which time the solution became 
cloudy, indicating precipitation of diisopropylethylammonium bromide. After the desired reaction 
time, volatiles were removed under vacuum. Aqueous K2CO3 was added to the residue and a DCM 
extraction was performed. Organic fractions were washed with water, and then dried over MgSO4 
and filtered, and volatile materials were removed by rotary evaporation. Column chromatography 
was utilized to purify the product.   

H4
Cl4-OMe. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.2) yielded the product as an 

off-white solid (0.27 g, 89 % yield). 1H NMR (500 MHz, C6D6): δ 8.48 (s, 4H, ArOH), 7.24 (d, J=2.5, 
2H, ArH), 7.19 (t, J=2.5, 2H, ArH), 7.16 (bs, 2H, ArH), 6.68 (d, J=2.5, 2H, ArH), 3.59 (s, 4H, 
ArCH2), 3.40 (s, 4H, ArCH2), 3.10 (t, J=5.3, 4H, CH2), 2.89 (s, 6H, OCH3), 2.40 (t, J=5.3, 4H, CH2), 
2.17 (s, 12H, ArCH3), 1.34 (s, 18H, C(CH3)3)  ppm. 13C NMR (126 MHz, C6D6): δ 153.03 (Ar), 
150.81 (Ar), 142.98 (Ar), 137.38 (Ar), 134.02 (Ar), 129.46 (Ar), 129.13 (Ar), 128.35 (Ar), 127.92 (Ar), 
127.80 (Ar), 127.39 (Ar), 125.33 (Ar), 123.59 (Ar), 122.37 (Ar), 122.17 (Ar), 70.54 (OCH3), 58.57 
(CH2), 56.88 (CH2), 55.62 (CH2), 52.35 (CH2), 34.28 (C(CH3)3), 31.82 (C(CH3)3), 18.19 (ArCH3) ppm. 
HRMS (EI+) Calcd. for C52H65Cl4N2O6: 955.3578. Found: 955.3576. 

H4
Cl4-NMe2. Column chromatography (10/2/1 EtOAc/hexanes/MeOH, Rf = 0.14) yielded the 

product as an off-white solid (0.40 g, 88 % yield). 1H NMR (400 MHz, C6D6): δ 9.55 (s, 4H, ArOH), 
7.25 (s, 2H, ArH), 7.19 (s, 2H, ArH), 7.13 (s, 2H, ArH), 6.75 (s, 2H, ArH), 3.35 (s, 4H, ArCH2), 3.15 
(s, 4H, ArCH2), 2.19 (s, 12H, N(CH3)2), 2.11 (s, 4H, CH2), 1.89 (s, 4H, CH2), 1.74 (s, 12H, ArCH3), 
1.33 (s, 18H, C(CH3)3) ppm. 13C NMR (101 MHz, C6D6): δ 153.13 (Ar), 151.78 (Ar), 142.23 (Ar), 
138.26 (Ar), 133.24 (Ar), 130.29 (Ar), 129.63 (Ar), 128.50 (Ar), 128.17 (Ar), 127.94 (Ar), 126.78 (Ar), 
125.71 (Ar), 123.09 (Ar), 123.04 (Ar), 122.19 (Ar), 55.81 (CH2), 55.50 (CH2), 55.44 (CH2), 49.34 
(CH2), 44.46 (N(CH3)2), 34.19 (C(CH3)3), 31.86 (C(CH3)3), 18.37 (ArCH3) ppm. HRMS (EI+) Calcd. 
for C54H71Cl4N4O4: 981.4212. Found: 981.4251. 

H4
Br4-OMe. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.2) yielded the product as an 

off-white solid (0.18 g, 49 % yield). 1H NMR (500 MHz, C6D6): δ 8.56 (s, 4H, ArOH), 7.52 (d, J=2.4, 
2H, ArH), 7.23 (d, J=2.5, 2H, ArH), 7.20 (d, J=2.5, 2H, ArH), 6.84 (d, J=2.3, 2H, ArH), 3.57 (s, 4H, 
ArCH2), 3.36 (s, 4H, ArCH2), 3.08 (t, J=5.3, 4H, CH2), 2.87 (s, 6H, OCH3), 2.37 (t, J=5.3, 4H, CH2), 
2.18 (s, 12H, ArCH3), 1.35 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 154.50 (Ar), 
150.77 (Ar), 143.00 (Ar), 137.37 (Ar), 134.57 (Ar), 134.06 (Ar), 131.23 (Ar), 129.47 (Ar), 128.35 (Ar), 
127.93 (Ar), 127.47 (Ar), 125.66 (Ar), 122.15 (Ar), 111.93 (Ar), 110.82 (Ar), 70.53 (OCH3), 58.56 
(CH2), 56.88 (CH2), 55.50 (CH2), 52.28 (CH2), 34.30 (C(CH3)3), 31.84 (C(CH3)3), 18.22 (ArCH3) ppm. 
HRMS (EI+) Calcd. for C52H65Br4N2O6: 1133.1544. Found: 1133.1545. 

H4
Br4-NMe2. Column chromatography (20/5/1 EtOAc/hexanes/MeOH) yielded the product 

as an off-white solid (0.24 g, 51 % yield). 1H NMR (400 MHz, C6D6): δ 9.52 (s, 4H, ArOH), 7.58 (s, 
2H, ArH), 7.19 (s, 2H, ArH), 7.13 (s, 2H, ArH), 6.92 (s, 2H, ArH), 3.33 (s, 4H, ArCH2), 3.14 (s, 4H, 
ArCH2), 2.21 (s, 12H, N(CH3)2), 2.09 (s, 4H, CH2), 1.88 (s, 4H, CH2), 1.74 (s, 12H, ArCH3), 1.34 (s, 
18H, C(CH3)3) ppm. 13C NMR (101 MHz, C6D6): δ 154.52 (Ar), 151.74 (Ar), 142.24 (Ar), 138.26 
(Ar), 135.07 (Ar), 133.31 (Ar), 131.82 (Ar), 130.26 (Ar), 128.50 (Ar), 127.93 (Ar), 126.89 (Ar), 126.07 
(Ar), 122.18 (Ar), 112.61 (Ar), 110.36 (Ar), 55.80 (CH2), 55.56 (CH2), 55.21 (CH2), 49.31 (CH2), 44.49 
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(N(CH3)2), 34.21 (C(CH3)3), 31.88 (C(CH3)3), 18.38 (ArCH3) ppm. HRMS (EI+) Calcd. for 
C54H71Br4N4O4: 1159.2177. Found: 1159.2148. 

H4
Me4-OMe. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.2) yielded the product as an 

off-white solid (0.21 g, 74 % yield). 1H NMR (500 MHz, C6D6): δ 8.23 (s, 4H, ArOH), 7.32 (d, J=2.5, 
2H, ArH), 7.20 (t, J=2.5, 2H, ArH), 6.85 (d, J=2.1, 2H, ArH), 6.66 (d, J=2.0, 2H, ArH), 3.76 (s, 4H, 
ArCH2), 3.69 (s, 4H, ArCH2), 3.18 (t, J=5.3, 4H, CH2), 2.92 (s, 6H, OCH3), 2.57 (t, J=5.3, 4H, CH2), 
2.37 (s, 6H, ArCH3), 2.21 (s, 6H, ArCH3), 2.17 (s, 12H, ArCH3), 1.34 (s, 18H, C(CH3)3)  ppm. 13C 
NMR (126 MHz, C6D6): δ 153.98 (Ar), 151.14 (Ar), 142.62 (Ar), 137.76 (Ar), 133.73 (Ar), 131.42 
(Ar), 129.57 (Ar), 128.35 (Ar), 128.11 (Ar), 127.76 (Ar), 127.48 (Ar), 127.33 (Ar), 125.32 (Ar), 122.74 
(Ar), 121.76 (Ar), 71.14 (OCH3), 58.57 (CH2), 57.88 (CH2), 55.87 (CH2), 52.10 (CH2), 34.27 
(C(CH3)3), 31.85 (C(CH3)3), 20.70 (ArCH3), 18.26 (ArCH3), 16.30 (ArCH3) ppm. HRMS (EI+) Calcd. 
for C56H77N2O6: 873.5782. Found: 873.5761. 

H4
H2tBu2-OMe. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.5) yielded the product as 

a pale peach solid (0.28 g, 94 % yield). 1H NMR (500 MHz, C6D6): δ 7.34 (d, J=2.5, 2H, Ar), 7.32 
(dd, J=7.0, 2.5, 2H, ArH), 7.21 (d, J=2.5, 2H, ArH), 6.83 (q, J=7.0, 2H, ArH), 3.71 (s, 4H, ArCH2), 
3.68 (s, 4H, ArCH2), 3.15 (t, J=5.4, 4H, CH2), 2.91 (s, 6H, OCH3), 2.51 (t, J=5.4, 4H, CH2), 2.24 (s, 
12H, ArCH3), 1.63 (s, 18H, C(CH3)3), 1.33 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 
157.11 (Ar), 150.85 (Ar), 142.80 (Ar), 137.74 (Ar), 136.97 (Ar), 133.91 (Ar), 129.41 (Ar), 128.35 (Ar), 
127.79 (Ar), 127.61 (Ar), 126.65 (Ar), 123.04 (Ar), 122.72 (Ar), 118.95 (Ar), 70.96 (OCH3), 58.53 
(CH2), 58.27 (CH2), 55.58 (CH2), 51.92 (CH2), 35.09 (C(CH3)3), 34.27(C(CH3)3), 31.84 (C(CH3)3), 
29.95 (C(CH3)3), 18.22 (ArCH3) ppm. HRMS (EI+) Calcd. for C60H85N2O6: 929.6408. Found: 
929.6403. 

 
General  synthes is  o f  dizirconium complexes Zr2

 R2R’2-L. In an inert atmosphere glovebox, a 
solution of ZrBn4 (2 equiv) in toluene (2 mL per mmol ZrBn4) was added to a scintillation vial 
equipped with a stirbar. To this, a solution of H4-L (1 equiv) in toluene (2 mL per mmol ZrBn4) was 
added at room temperature, and the reaction was stirred in the dark for 2 to 6 hours. After the 
desired reaction time, the volatiles were removed in vacuo. After metallation, the reaction was no 
longer considered to be light sensitive. Before purification, a 1H NMR spectrum was obtained, and 
two metallation isomers were observed as the major products in all cases. X-ray diffraction (XRD) 
studies were correlated with 1H NMR spectra to identify diagnostic benzyl peaks for each 
metallation isomer in the 1H NMR spectra between 3 and 4 ppm. The pseudo-C2-symmetric isomer 
displays benzyl peaks farther downfield and with more separation than those of the pseudo-CS-
symmetric isomer. Different purification methods including fractionation and recrystallization were 
used to separate and purify both metallation isomers, though in some cases, only the pseudo-C2-
symmetric isomer could be obtained in high purity. Therefore, for many of the precatalysts, only the 
pseudo-C2-symmetric isomer is reported with regards to characterization and polymerization. There 
are a few examples where the pseudo-CS-symmetric isomer was purified, namely with Zr2

Me4-OMe, of 
which X-ray quality crystals were grown and XRD provided a structure (Figure 2). In other cases, a 
mixture of metallation isomers was used for polymerizations to determine differences that occur 
using a mixture of isomers. In those instances, NMR spectra of the second isomer or mixture of 
isomers will be presented alongside the NMR data for the pseudo-C2-symmetric isomer. The 
synthesis of the anti atropisomers of the bimetallic complexes was also pursued, but adequate 
purification post-metallation was not achieved. Thus the anti complexes were not included in this 
manuscript. 

Zr2
Cl4-OMe. Et2O (10 mL) was added to the crude residue and stirred at room temperature. The 

resulting precipitate was collected via filtration and recrystallized from toluene via liquid diffusion of 
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hexanes to yield pale yellow crystals. These crystals were collected via filtration (0.073 g, 30 % yield) 
and determined by XRD (Figure S82) and 1H NMR spectroscopy to be purely the pseudo-C2-
symmetric isomer. 1H NMR (600 MHz, C6D6): δ 7.46 (d, J=2.3, 2H, ArH), 7.31 (d, J=2.4, 2H, ArH), 
7.27 (d, J=7.9, 4H, ArH), 7.13 (t, J=7.5, 4H, ArH), 7.05 (d, J=2.2, 2H, ArH), 6.94 (t, J=7.3, 2H, 
ArH), 6.88 (t, J=7.4, 3H, ArH), 6.81 (d, J=7.8, 3H, ArH), 6.65 (t, J=7.3, 2H, ArH), 6.62 (d, J=2.4, 
2H, ArH), 3.82 (d, J=13.7, 2H, ArCH2), 3.33 (d, J=13.5, 2H, ArCH2), 2.76 (s, 6H, ArCH3), 2.72 (d, 
J=9.4, 2H, ArCH2), 2.65 (d, J=13.8, 2H, ArCH2), 2.46 (d, J=9.5, 2H, ArCH2), 2.44 (s, 6H, ArCH3), 
2.41 (m, 2H, CH2), 2.38 (s, 6H, OCH3), 2.29 (d, J=13.5, 2H, ArCH2), 2.08 (m, 4H, CH2), 2.00 (d, 
J=10.6, 2H, ArCH2), 1.62 (d, J=10.6, 2H, ArCH2), 1.58 (m, 2H, CH2), 1.37 (s, 18H, C(CH3)3) ppm. 
13C NMR (126 MHz, C6D6): δ 156.53 (Ar), 156.13 (Ar), 151.89 (Ar), 141.89 (Ar), 141.45 (Ar), 138.82 
(Ar), 137.90 (Ar), 134.21 (Ar), 131.95 (Ar), 131.09 (Ar), 130.82 (Ar), 130.11 (Ar), 130.01 (Ar), 129.91 
(Ar), 129.33 (Ar), 126.78 (Ar), 125.87 (Ar), 125.70 (Ar), 124.82 (Ar), 123.84 (Ar), 123.50 (Ar), 122.64 
(Ar), 120.41 (Ar), 72.46 (OCH2), 67.12 (ArCH2), 63.98 (ArCH2), 62.56 (ArCH2), 62.38 (ArCH2), 
61.22 (OCH3), 51.53 (NCH2), 34.35 (C(CH3)3), 31.91 (C(CH3)3), 20.05 (ArCH3), 19.34 (ArCH3) ppm. 
Anal. Calcd for C80H88Cl4N2O6Zr2: C, 64.15; H, 5.92, N, 1.87. Found: C, 62.85; H, 5.83, N, 1.66. 
Additional recrystallizations to collect more Zr2

Cl4-OMe from the filtrates yielded only the pseudo-C2-
symmetric isomer or a mixture of the two. One such mixture was used in a 1-hexene polymerization 
and the corresponding 1H NMR spectrum is provided (Figure S43). 

Zr2
Cl4-NMe2. Zr2

Cl4-NMe2 was recrystallized from toluene via liquid diffusion of hexanes to 
yield yellow crystals. These crystals were collected via filtration (0.052 g, 45 % yield) and determined 
by XRD (Figure 2) and 1H NMR spectroscopy to be purely the pseudo-C2-symmetric isomer. 1H 
NMR (400 MHz, C6D6): δ 7.45 (d, J=2.2, 2H, ArH), 7.28 (d, J=7.4, 4H, ArH), 7.27 (m, 2H, ArH), 
7.14 (m, 4H, ArH), 7.12 (d, J=2.1, 2H, ArH), 6.98 (t, J=7.4, 2H, ArH), 6.88 (t, J=7.6, 4H, ArH), 6.75 
(d, J=7.4, 4H, ArH), 6.63 (d, J=2.6, 2H, ArH), 6.62 (t, J=7.2, 2H, ArH), 4.14 (d, J=13.7, 2H, 
ArCH2), 3.36 (d, J=13.9, 2H, ArCH2), 2.74 (s, 6H, ArCH3), 2.70 (d, J=10.2, 2H, ArCH2), 2.65 (d, 
J=9.3, 2H, ArCH2), 2.44 (d, J=9.0, 2H, ArCH2), 2.41 (s, 6H, ArCH3), 2.25 (d, J=14.0, 2H, ArCH2), 
2.19 (m, 2H, CH2), 1.93 (d, J=10.4, 2H, ArCH2), 1.66 (s, 6H, N(CH3)2), 1.55 (m, 4H, CH2), 1.47 (s, 
6H, N(CH3)2), 1.38 (s, 18H, C(CH3)3), 1.30 (m, 2H, CH2), 1.14 (d, J=10.5, 2H, ArCH2) ppm. 13C 
NMR (101 MHz, C6D6): δ 156.33 (Ar), 155.78 (Ar), 153.19 (Ar), 142.02 (Ar), 140.27 (Ar), 138.90 
(Ar), 134.54 (Ar), 131.79 (Ar), 131.18 (Ar), 130.33 (Ar), 130.16 (Ar), 130.10 (Ar), 129.34 (Ar), 128.59 
(Ar), 128.57 (Ar), 126.32 (Ar), 126.18 (Ar), 125.70 (Ar), 125.45 (Ar), 124.73 (Ar), 123.12 (Ar), 122.78 
(Ar), 120.02 (Ar), 66.93 (ArCH2), 64.24 (ArCH2), 62.98 (ArCH2), 60.18 (ArCH2), 59.87 (NCH2), 
52.23 (NCH2), 47.65 (N(CH3)2), 34.38 (C(CH3)3), 31.90 (C(CH3)3), 20.05 (ArCH3), 19.17 (ArCH3) 
ppm. Anal. Calcd for C82H94Cl4N4O4Zr2: C, 64.63; H, 6.22, N, 3.68. Found: C, 64.42; H, 6.39, N, 
3.15. As with Zr2

Cl4-OMe, additional recrystallizations to collect more Zr2
Cl4-NMe2 from the filtrate 

yielded only the pseudo-C2-symmetric isomer or a mixture of the two. One such mixture was used in a 
1-hexene polymerization and the corresponding 1H NMR spectrum is provided (Figure S46). 

Zr2
Br4-OMe. Zr2

Br4-OMe was recrystallized from toluene via liquid diffusion of hexanes to yield 
pale yellow precipitate. This precipitate was collected via filtration (0.034 g, 23 % yield) and 
determined by 1H NMR spectroscopy to be purely the pseudo-C2-symmetric isomer. 1H NMR (600 
MHz, C6D6): δ 7.61 (d, J=2.3, 2H, ArH), 7.45 (d, J=2.4, 2H, ArH), 7.31 (d, J=7.6, 4H, ArH), 7.15 (t, 
J=7.9, 4H, ArH), 7.05 (d, J=2.4, 2H, ArH), 6.96 (t, J=7.3, 2H, ArH), 6.87 (t, J=7.6, 4H, ArH), 6.81 
(d, J=7.8, 4H, ArH), 6.80 (d, J=2.3, 2H, ArH), 6.64 (t, J=7.2, 2H, ArH), 3.82 (d, J=13.7, 2H, 
ArCH2), 3.35 (d, J=13.4, 2H, ArCH2), 2.78 (d, J=9.4, 2H, ArCH2), 2.76 (s, 6H, ArCH3), 2.65 (d, 
J=13.9, 2H, ArCH2), 2.47 (d, J=9.4, 2H, ArCH2), 2.44 (s, 6H, ArCH3), 2.42 (m, 2H, CH2), 2.39 (s, 
6H, OCH3), 2.28 (d, J=13.6, 2H, ArCH2), 2.07 (m, 4H, CH2), 1.97 (d, J=10.6, 2H, ArCH2), 1.62 (d, 
J=10.6, 2H, ArCH2), 1.56 (m, 2H, CH2), 1.36 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 
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157.54 (Ar), 156.53 (Ar), 151.94 (Ar), 141.95 (Ar), 141.45 (Ar), 138.89 (Ar), 135.56 (Ar), 134.19 (Ar), 
131.98 (Ar), 131.83 (Ar), 131.06 (Ar), 130.90 (Ar), 130.05 (Ar), 129.94 (Ar), 128.59 (Ar), 127.68 (Ar), 
126.78 (Ar), 125.87 (Ar), 124.81 (Ar), 123.90 (Ar), 120.42 (Ar), 113.69 (Ar), 109.86 (Ar), 72.52 
(OCH2), 67.30 (ArCH2), 63.96 (ArCH2), 62.62 (ArCH2), 62.32 (ArCH2), 61.32 (OCH3), 51.56 
(NCH2), 34.36 (C(CH3)3), 31.91 (C(CH3)3), 20.03 (ArCH3), 19.27 (ArCH3) ppm. Anal. Calcd for 
C80H88Br4N2O6Zr2: C, 57.34; H, 5.29, N, 1.67. 

Zr2
Br4-NMe2. Zr2

Br4-NMe2 was fractioned over Celite with hexanes, Et2O and benzene. The 
Et2O and benzene fractions both contained both metallation isomers. To obtain a single isomer, 
recrystallizations from toluene via liquid diffusion of hexanes were performed, yielding yellow 
crystals. These crystals were collected via filtration (0.041 g, 28 % yield) and determined by 1H NMR 
spectroscopy to be purely the pseudo-C2-symmetric isomer. 1H NMR (400 MHz, C6D6): δ 7.58 (d, 
J=2.5, 2H, ArH), 7.44 (d, J=2.3, 2H, ArH), 7.32 (d, J=7.4, 4H, ArH), 7.12 (m, 2H, ArH), 7.02 (m, 
6H, ArH), 6.87 (t, J=7.4, 4H, ArH), 6.81 (d, J=2.3, 2H, ArH), 6.73 (d, J=7.5, 4H, ArH), 6.61 (t, 
J=7.1, 2H, ArH), 4.15 (d, J=13.5, 2H, ArCH2), 3.37 (d, J=14.3, 2H, ArCH2), 2.73 (s, 6H, ArCH3), 
2.71 (d, J=9.4, 2H, ArCH2), 2.68 (d, J=12.8, 2H, ArCH2), 2.45 (d, J=9.3, 2H, ArCH2), 2.41 (s, 6H, 
ArCH3), 2.24 (d, J=13.9, 2H, ArCH2), 2.20 (m, 2H, CH2), 1.89 (d, J=10.5, 2H, ArCH2), 1.67 (s, 6H, 
N(CH3)2), 1.53 (m, 4H, CH2), 1.48 (s, 6H, N(CH3)2), 1.37 (s, 18H, C(CH3)3), 1.24 (m, 2H, CH2), 1.11 
(d, J=10.3, 2H, ArCH2) ppm. 13C NMR (101 MHz, C6D6): δ 157.17 (Ar), 156.33 (Ar), 153.29 (Ar), 
142.03 (Ar), 140.10 (Ar), 138.92 (Ar), 135.53 (Ar), 134.54 (Ar), 131.79 (Ar), 131.67 (Ar), 131.31 (Ar), 
131.16 (Ar), 130.39 (Ar), 130.17 (Ar), 129.34 (Ar), 128.57 (Ar), 126.32 (Ar), 126.19 (Ar), 125.44 (Ar), 
124.86 (Ar), 120.02 (Ar), 113.37 (Ar), 110.03 (Ar), 66.95 (ArCH2), 64.22 (ArCH2), 63.02 (ArCH2), 
59.86 (ArCH2), 59.82 (NCH2), 52.24 (NCH2), 47.64 (N(CH3)2), 34.38 (C(CH3)3), 31.89 (C(CH3)3), 
20.06 (ArCH3), 19.13 (ArCH3) ppm. Anal. Calcd for C82H94Br4N4O4Zr2: C, 57.88; H, 5.57, N, 3.29.  

Zr2
Me4-OMe. Zr2

Me4-OMe was recrystallized from toluene via liquid diffusion of hexanes to yield 
pale yellow precipitate. This precipitate was collected via filtration (0.045 g, 27 % yield) and 
determined by 1H NMR spectroscopy to be purely the pseudo-C2-symmetric isomer. 1H NMR (600 
MHz, C6D6): δ 7.50 (d, J=2.8, 2H, ArH), 7.24 (d, J=7.3, 4H, ArH), 7.15 (t, J=7.9, 4H, ArH), 7.09 (d, 
J=2.5, 2H, ArH), 6.90 (m, 12H, ArH), 6.65 (t, J=7.0, 2H, ArH), 6.52 (d, J=1.7, 2H, ArH), 3.82 (d, 
J=13.7, 2H, ArCH2), 3.57 (d, J=13.2, 2H, ArCH2), 2.89 (s, 6H, ArCH3), 2.76 (d, J=13.9, 2H, ArCH2), 
2.62 (d, J=9.6, 2H, ArCH2), 2.56 (d, J=13.3, 2H, ArCH2), 2.49 (s, 6H, ArCH3), 2.45 (d, J=9.7, 2H, 
ArCH2), 2.41 (s, 6H, ArCH3), 2.40 (m, 2H, CH2), 2.37 (s, 6H, OCH3), 2.27 (m, 2H, CH2), 2.20 (d, 
J=10.4, 2H, ArCH2), 2.18 (s, 6H, ArCH3), 2.14 (m, 2H, CH2), 1.90 (d, J=10.3, 2H, ArCH2), 1.85 (m, 
2H, CH2), 1.39 (s, 18H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 157.63 (Ar), 156.89 (Ar), 
151.46 (Ar), 143.87 (Ar), 141.28 (Ar), 139.00 (Ar), 134.36 (Ar), 132.12 (Ar), 131.98 (Ar), 131.14 (Ar), 
130.03 (Ar), 129.84 (Ar), 129.43 (Ar), 128.35 (Ar), 128.32 (Ar), 127.41 (Ar), 126.95 (Ar), 125.85 (Ar), 
125.53 (Ar), 125.16 (Ar), 124.17 (Ar), 122.67 (Ar), 120.23 (Ar), 72.83 (OCH2), 65.32 (ArCH2), 64.21 
(ArCH2), 63.73 (ArCH2), 63.40 (ArCH2), 60.87 (OCH3), 51.37 (NCH2), 34.35 (C(CH3)3), 31.98 
(C(CH3)3), 20.78 (ArCH3), 20.16 (ArCH3), 19.56 (ArCH3), 16.53 (ArCH3) ppm. Anal. Calcd for 
C84H100N2O6Zr2: C, 71.24; H, 7.12, N, 1.98. Found: C, 71.41; H, 7.32, N, 1.77. Additional 
recrystallizations to collect more Zr2

Me4-OMe from the filtrate yielded X-ray quality crystals of the 
pseudo-CS-symmetric isomer in low yield (0.011 g, 7 % yield). XRD provided a structure (Figure 2). 1H 
NMR (600 MHz, C6D6): δ 7.47 (d, J=2.5, 2H, ArH), 7.23 (m, 8H, ArH), 7.05 (d, J=2.4, 2H, ArH), 
6.90 (m, 12H, ArH), 6.66 (t, J=7.0, 2H, ArH), 6.53 (d, J=1.6, 2H, ArH), 3.59 (d, J=13.3, 4H, 
ArCH2), 2.77 (d, J=9.8, 2H, ArCH2), 2.74 (s, 6H, ArCH3), 2.69 (d, J=13.5, 2H, ArCH2), 2.65 (m, 2H, 
CH2), 2.58 (d, J=12.3, 2H, ArCH2), 2.55 (d, J=9.1, 2H, ArCH2), 2.46 (s, 6H, ArCH3), 2.42 (s, 6H, 
ArCH3), 2.31 (d, J=10.1, 2H, ArCH2), 2.26 (s, 6H, OCH3), 2.25 (d, J=8.9, 2H, ArCH2), 2.20 (s, 6H, 
ArCH3), 2.07 (m, 2H, CH2), 1.99 (m, 2H, CH2), 1.93 (m, 2H, CH2), 1.38 (s, 18H, C(CH3)3) ppm. 
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Zr2
H2tBu2-OMe. Et2O (10 mL) was added to the crude residue and stirred at room temperature. 

The resulting pale yellow precipitate was collected via filtration (0.092 g, 39 % yield) and was 
determined to be the pseudo-C2-symmetric isomer by 1H NMR spectroscopy. 1H NMR (300 MHz, 
C6D6): δ 7.50 (d, J=2.5, 2H, ArH), 7.32 (m, 6H, ArH), 7.12 (t, J=7.6, 4H, ArH), 7.09 (d, J=2.3, 2H, 
ArH), 6.86 (m, 10H, ArH), 6.75 (d, J=5.1, 4H, ArH), 6.62 (m, 2H, ArH), 3.94 (d, J=13.6, 2H, 
ArCH2), 3.40 (d, J=13.9, 2H, ArCH2), 2.91 (s, 6H, ArCH3), 2.70 (d, J=13.8, 2H, ArCH2), 2.57 (d, 
J=12.2, 2H, ArCH2), 2.52 (s, 6H, ArCH3), 2.46 (s, 6H, OCH3), 2.46 (m, 2H, ArCH2), 2.40 (d, J=11.0, 
2H, ArCH2), 2.24 (d, J=11.0, 2H, ArCH2), 2.18 (m, 4H, CH2), 1.85 (m, 2H, CH2), 1.72 (d, J=10.2, 
2H, ArCH2), 1.62 (s, 18H, C(CH3)3), 1.43 (m, 2H, CH2), 1.40 (s, 18H, C(CH3)3) ppm. 13C NMR (126 
MHz, C6D6): δ 160.47 (Ar), 157.01 (Ar), 152.00 (Ar), 143.29 (Ar), 141.31 (Ar), 139.35 (Ar), 137.19 
(Ar), 134.39 (Ar), 132.16 (Ar), 131.36 (Ar), 130.26 (Ar), 129.91 (Ar), 129.46 (Ar), 129.33 (Ar), 128.59 
(Ar), 128.57 (Ar), 126.64 (Ar), 125.99 (Ar), 125.88 (Ar), 125.04 (Ar), 122.96 (Ar), 120.22 (Ar), 118.87 
(Ar), 73.00 (OCH2), 66.93 (ArCH2), 64.23 (ArCH2), 63.96 (ArCH2), 63.44 (ArCH2), 61.83 (OCH3), 
51.62 (NCH2), 35.11 (C(CH3)3), 34.35 (C(CH3)3), 31.99 (C(CH3)3), 30.00 (C(CH3)3), 20.34 (ArCH3), 
19.26 (ArCH3) ppm. Anal. Calcd for C88H108N2O6Zr2: C, 71.79; H, 7.39, N, 1.90. Found: C, 72.25; H, 
7.31, N, 1.74. 
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Scheme S2. Synthesis and metallation of mononucleating ligands.  

General  synthes is  o f  amine bis(phenol)s  H2
Cl2tBu2-L. Mononucleating ligand precursors (H2-

L) were synthesized from 3a (1.2 equiv), diisopropylethylamine (1.2 equiv), and 7 (1 equiv), using 
THF (1 mL per 0.02 mmol 7) as the solvent and analogous synthetic and workup procedures to 
those used for the synthesis and workup of the binucleating ligands (H4-L). 

H2
Cl2tBu2-OMe. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.5) yielded the product as 

a white solid (0.41 g, 87 % yield). 1H NMR (500 MHz, C6D6): δ 8.80 (s, 2H, ArOH), 7.51 (d, J=2.5, 
1H, ArH), 7.12 (d, J=2.6, ArH), 6.90 (d, J=2.5, 1H, ArH), 6.74 (d, J=2.6, 1H, ArH), 3.35 (s, 2H, 
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ArCH2), 3.24 (s, 2H, ArCH2), 2.90 (t, J=5.7, 2H, CH2), 2.88 (s, 3H, OCH3), 2.15 (t, J=5.7, 2H, CH2), 
1.66 (s, 9H, C(CH3)3), 1.38 (s, 9H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 153.91 (Ar), 151.59 
(Ar), 141.34 (Ar), 136.75 (Ar), 129.38 (Ar), 129.23 (Ar), 125.24 (Ar), 124.92 (Ar), 124.19 (Ar), 123.97 
(Ar), 122.58 (Ar), 121.79 (Ar), 70.87 (CH2), 58.57 (OCH3), 58.33 (CH2), 55.46 (CH2), 51.45 (CH2), 
35.43 (C(CH3)3), 34.40 (C(CH3)3), 31.98 (C(CH3)3), 30.06 (C(CH3)3) ppm. HRMS (EI+) Calcd. for 
C25H36Cl2NO3: 468.2072. Found: 468.2066. 

H2
Cl2tBu2-NMe2. Column chromatography (4/1 hexanes/EtOAc, Rf = 0.05) yielded the product 

as an off-white solid (0.39 g, quantitative yield). 1H NMR (500 MHz, C6D6): δ 10.40 (s, 2H, ArOH), 
7.47 (d, J=2.5, 1H, ArH), 7.25 (d, J=2.6, 1H, ArH), 6.90 (d, J=2.4, 1H, ArH), 6.74 (d, J=2.6, 1H, 
ArH), 3.22 (s, 2H, ArCH2), 2.92 (s, 2H, ArCH2), 1.99 (t, J=5.6, 2H, CH2), 1.82 (s, 6H, N(CH3)2), 1.79 
(t, J=5.9, 2H, CH2), 1.58 (s, 9H, C(CH3)3), 1.38 (s, 9H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 
153.71 (Ar), 153.08 (Ar), 141.18 (Ar), 136.60 (Ar), 130.02 (Ar), 129.05 (Ar), 125.24 (Ar), 124.67 (Ar), 
123.80 (Ar), 123.67 (Ar), 122.86 (Ar), 121.91 (Ar), 58.38 (CH2), 55.29 (CH2), 54.25 (CH2), 48.93 
(CH2), 44.35 (N(CH3)2), 35.33 (C(CH3)3), 34.38 (C(CH3)3), 32.00 (C(CH3)3), 30.02 (C(CH3)3) ppm. 
HRMS (EI+) Calcd. for C26H39Cl2N2O2: 481.2389. Found: 481.2366. 

 
General  synthes is  o f  monozirconium complexes Zr1

Cl2tBu2-L. In an inert atmosphere glovebox, 
a solution of ZrBn4 (1 equiv) in toluene (2 mL per mmol ZrBn4) was added to a scintillation vial 
equipped with a stirbar. To this, a solution of H2-L (1 equiv) in toluene (2 mL per mmol ZrBn4) was 
added at room temperature, and the reaction was stirred in the dark for 5 hours. After the desired 
reaction time, the volatiles were removed in vacuo. After metallation, the reaction was no longer 
considered to be light sensitive.  

Zr1
Cl2tBu2-OMe. Zr1

Cl2tBu2-OMe was fractioned over Celite with hexanes, Et2O and benzene. The 
1H NMR spectrum of the benzene fraction was purely the desired complex (pale yellow solid, 0.033 
g, 35 % yield). X-ray quality crystals were obtained via recrystallization of the Et2O soluble fraction 
from toluene via liquid diffusion of pentane. 1H NMR (600 MHz, C6D6): δ 7.74 (d, J=7.3, 2H, ArH), 
7.57 (d, J=2.4, 1H, ArH), 7.34 (d, J=2.6, 1H, ArH), 7.32 (t, J=7.7, 2H, ArH), 7.06 (t, J=7.4, 1H, 
ArH), 6.83 (m, 5H, ArH), 6.64 (m, 2H, ArH), 3.50 (d, J=13.5, 1H, ArCH2), 3.38 (d, J=13.5, 1H, 
ArCH2), 2.93 (d, J=10.0, 1H, ArCH2), 2.77 (d, J=10.0, 1H, ArCH2), 2.49 (d, J=13.5, 1H, ArCH2), 
2.46 (m, 1H, CH2), 2.42 (s, 3H, OCH3), 2.28 (d, J=13.5, 1H, ArCH2), 2.21 (d, J=10.3, 1H, ArCH2), 
2.13 (d, J=10.3, 1H, ArCH2), 1.87 (m, 1H, CH2), 1.79 (s, 9H, C(CH3)3), 1.71 (m, 1H, CH2), 1.61 (m, 
1H, CH2), 1.34 (s, 9H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 157.99 (Ar), 156.13 (Ar), 149.40 
(Ar), 143.28 (Ar), 141.79 (Ar), 136.61 (Ar), 130.20 (Ar), 129.83 (Ar), 128.72 (Ar), 128.58 (Ar), 128.35 
(Ar), 127.48 (Ar), 127.29 (Ar), 125.22 (Ar), 125.11 (Ar), 124.68 (Ar), 123.93 (Ar), 123.65 (Ar), 122.75 
(Ar), 121.04 (Ar), 72.64 (OCH2), 66.24 (ArCH2), 64.86 (ArCH2), 64.23 (ArCH2), 62.41 (ArCH2), 
60.59 (OCH3), 50.76 (NCH2), 35.50 (C(CH3)3), 34.47 (C(CH3)3), 31.92 (C(CH3)3), 30.12 (C(CH3)3) 
ppm. Anal. Calcd for C39H47Cl2NO2Zr2: C, 63.31; H, 6.40, N, 1.89. Found: C, 63.96; H, 6.47, N, 
1.86. 

Zr1
Cl2tBu2-NMe2. Zr1

Cl2tBu2-NMe2 was fractioned over Celite with hexanes, Et2O and benzene. 
The 1H NMR spectrum of the benzene fraction was purely the desired complex (yellow solid, 0.045 
g, 48 % yield). 1H NMR (400 MHz, C6D6): δ 7.76 (d, J=7.7, 2H, ArH), 7.59 (d, J=2.1, 1H, ArH), 7.34 
(m, 3H, ArH), 7.07 (t, J=7.3, 1H, ArH), 6.87 (d, J=2.1, 1H, ArH), 6.80 (t, J=7.5, 2H, ArH), 6.74 (d, 
J=7.3, 2H, ArH), 6.67 (d, J=2.3, 1H, ArH), 6.58 (t, J=7.1, 1H, ArH), 3.55 (d, J=13.6, 1H, ArCH2), 
3.38 (d, J=13.8, 1H, ArCH2), 2.80 (d, J=10.0, 1H, ArCH2), 2.72 (d, J=10.0, 1H, ArCH2), 2.47 (d, 
J=13.6, 1H, ArCH2), 2.24 (d, J=13.9, 1H, ArCH2), 2.11 (d, J=10.1, 1H, ArCH2), 2.05 (m, 1H, CH2), 
1.95 (d, J=10.2, 1H, ArCH2), 1.79 (s, 9H, C(CH3)3), 1.60 (s, 3H, N(CH3)2), 1.51 (m, 1H, CH2), 1.44 
(s, 3H, N(CH3)2), 1.34 (s, 9H, C(CH3)3), 1.33 (m, 2H, CH2) ppm. 13C NMR (101 MHz, C6D6): δ 
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157.23 (Ar), 155.51 (Ar), 150.62 (Ar), 142.43 (Ar), 141.40 (Ar), 136.06 (Ar), 129.81 (Ar), 129.71 (Ar), 
129.50 (Ar), 128.17 (Ar), 126.41 (Ar), 125.12 (Ar), 124.84 (Ar), 124.54 (Ar), 123.83 (Ar), 122.86 (Ar), 
122.48 (Ar), 119.92 (Ar), 66.53 (ArCH2), 64.10 (ArCH2), 64.04 (ArCH2), 62.68 (ArCH2), 59.50 
(NCH2), 51.44 (NCH2), 46.75 (N(CH3)2), 35.26 (C(CH3)3), 34.05 (C(CH3)3), 31.49 (C(CH3)3), 30.23 
(C(CH3)3) ppm. Anal. Calcd for C40H50Cl2N2O2Zr: C, 63.81; H, 6.69, N, 3.72. Found: C, 64.30; H, 
6.67, N, 3.44. 

 
9. Phenol 9 was synthesized from 8 (1.14 g, 3.67 mmol) using BBr3 (0.9 mL, 9.18 mmol, 2.5 

equiv) and an analogous procedure to the synthesis of 5. Column chromatography was utilized to 
purify the product (5/1 hexanes/EtOAc, Rf = 0.8), which was collected as a white solid (1.02 g, 94 
% yield). 1H NMR (500 MHz, CDCl3): δ 7.29 (dd, J=8.5, 2.5, 1H, ArH), 7.02 (d, J=2.5, 1H, ArH), 
6.92 (d, J=8.5, 1H, ArH), 2.32 (s, 3H, ArCH3), 2.28 (s, 6H, ArCH3), 1.99 (s, 6H, ArCH3), 1.31 (s, 9H, 
C(CH3)3) ppm. 13C NMR (126 MHz, CDCl3): δ 150.32 (Ar), 143.46 (Ar), 135.40 (Ar), 133.38 (Ar), 
133.30 (Ar), 133.00 (Ar), 127.81 (Ar), 127.51 (Ar), 125.30 (Ar), 114.21 (Ar), 34.29 (C(CH3)3), 31.76 
(C(CH3)3), 17.97 (ArCH3), 17.00 (ArCH3), 16.86 (ArCH3) ppm. 

10. Bromomethyl phenol 10 was synthesized from 9 (0.94 g, 3.17 mmol) using paraformaldehyde 
(0.14 g, 4.76 mmol, 1.5 equiv) in glacial acetic acid (4 mL), and an analogous procedure to the 
synthesis of 6. No product precipitated from hexanes so the material was used at the purity it was 
obtained (1.34 g, quantitative yield, ~90 % purity). 1H NMR (500 MHz, CDCl3): δ 7.30 (d, J=2.4, 
1H, ArH), 7.00 (d, J=2.5, 1H, ArH), 4.81 (s, 1H, ArOH), 4.65 (s, 2H, ArCH2), 2.31 (s, 3H, ArCH3), 
2.27 (s, 6H, ArCH3), 1.96 (s, 6H, ArCH3), 1.30 (s, 9H, C(CH3)3) ppm. 13C NMR (126 MHz, CDCl3): 
δ 148.77 (Ar), 143.48 (Ar), 135.68 (Ar), 133.45 (Ar), 133.33 (Ar), 132.25 (Ar), 128.50 (Ar), 128.45 
(Ar), 126.54 (Ar), 122.91 (Ar), 34.32 (C(CH3)3), 31.65 (C(CH3)3), 18.01 (ArCH3), 17.02 (ArCH3), 
16.86 (ArCH3) ppm. 

 
General  synthes is  o f  amine bis(phenol)s  H2

Cl2tBuAr-L. Mononucleating ligand precursors (H2-
L) were synthesized from 3a (1.2 equiv), diisopropylethylamine (1.2 equiv), and 10 (1 equiv), using 
THF (1 mL per 0.02 mmol 10) as the solvent and analogous synthetic and workup procedures to 
those used for the synthesis and workup of the binucleating ligands (H4-L). 

H2
Cl2tBuAr-OMe. Column chromatography (5/1 hexanes/EtOAc) yielded the product as a white 

solid (0.30 g, 70 % yield). 1H NMR (400 MHz, C6D6): δ 8.36 (s, 2H, ArOH), 7.26 (d, J=2.2, 1H, 
ArH), 7.19 (d, J=2.3, 1H, ArH), 7.11 (d, J=2.3, 1H, ArH), 6.65 (d, J=1.9, 1H, ArH), 3.62 (s, 2H, 
ArCH2), 3.39 (s, 2H, ArCH2), 3.11 (t, J=5.3, 2H, CH2), 2.92 (s, 3H, OCH3), 2.43 (t, J=5.2, 2H, CH2), 
2.14 (s, 3H, ArCH3), 2.09 (s, 6H, ArCH3), 2.07 (s, 6H, ArCH3), 1.33 (s, 9H, C(CH3)3) ppm. 13C NMR 
(101 MHz, C6D6): δ 153.30 (Ar), 150.39 (Ar), 143.02 (Ar), 134.87 (Ar), 133.87 (Ar), 133.04 (Ar), 
133.02 (Ar), 129.69 (Ar), 129.06 (Ar), 127.76 (Ar), 127.58 (Ar), 127.40 (Ar), 125.40 (Ar), 123.42 (Ar), 
122.35 (Ar), 122.07 (Ar), 70.39 (OCH2), 58.50 (OCH3), 56.99 (ArCH2), 55.21 (ArCH2), 52.57 
(NCH2), 34.27 (C(CH3)3), 31.81 (C(CH3)3) 18.22 (ArCH3), 16.85 (ArCH3), 16.78 (ArCH3) ppm. 
HRMS (EI+) Calcd. for C32H42Cl2NO3: 558.2542. Found: 558.2540. 

H2
Cl2tBuAr-NMe2. Column chromatography (20/5/1 EtOAc/hexanes/MeOH, Rf = 0.5) yielded 

the product as a white solid (0.39 g, 89 % yield). 1H NMR (400 MHz, C6D6): δ 9.73 (s, 2H, ArOH), 
7.19 (s, 1H, ArH), 7.16 (s, 1H, ArH), 7.10 (s, 1H, ArH), 6.72 (s, 1H, ArH), 3.32 (s, 2H, ArCH2), 3.11 
(s, 2H, ArCH2), 2.15 (s, 9H, ArCH3), 2.12 (s, 6H, ArCH3), 2.06 (s, 2H, CH2), 1.85 (s, 2H, CH2), 1.74 
(s, 6H, N(CH3)2), 1.34 (s, 9H, C(CH3)3) ppm. 13C NMR (126 MHz, C6D6): δ 152.96 (Ar), 151.99 (Ar), 
142.05 (Ar), 136.42 (Ar), 133.75 (Ar), 132.37 (Ar), 132.28 (Ar), 131.08 (Ar), 129.69 (Ar), 128.72 (Ar), 
128.59 (Ar), 127.74 (Ar), 126.26 (Ar), 125.49 (Ar), 123.10 (Ar), 121.83 (Ar), 56.02 (ArCH2), 55.69 
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(ArCH2), 55.48 (NCH2), 49.24 (NCH2), 44.45 (N(CH3)2), 34.17 (C(CH3)3), 31.88 (C(CH3)3) 18.52 
(ArCH3), 16.82 (ArCH3), 16.80 (ArCH3) ppm. HRMS (EI+) Calcd. for C33H45Cl2N2O2: 571.2858. 
Found: 571.2864. 

 
General  synthes is  o f  monozirconium complexes Zr1

Cl2tBuAr-L. In an inert atmosphere 
glovebox, a solution of ZrBn4 (1 equiv) in toluene (2 mL per mmol ZrBn4) was added to a 
scintillation vial equipped with a stirbar. To this, a solution of H2-L (1 equiv) in toluene (2 mL per 
mmol ZrBn4) was added at room temperature and the reaction was stirred in the dark for 5 hours. 
After the desired reaction time, the volatiles were removed in vacuo. After metallation, the reaction 
was no longer considered to be light sensitive. 

Zr1
Cl2tBuAr-OMe. Zr1

Cl2tBuAr-OMe was fractioned over Celite with hexanes, Et2O and benzene. 
The 1H NMR spectrum of the benzene fraction showed pure desired complex (pale yellow solid, 
0.041 g). Recrystallization of the Et2O soluble fraction from toluene via liquid diffusion of pentane 
yielded additional product (0.051 g, 62 % yield overall). 1H NMR (400 MHz, C6D6): δ 7.35 (d, J=2.5, 
1H, ArH), 7.31 (d, J=2.4, 1H, ArH), 7.07 (m, 3H, ArH), 6.96 (d, J=2.5, 1H, ArH), 6.86 (t, J=7.5, 2H, 
ArH), 6.77 (m, 4H, ArH), 6.66 (m, 2H, ArH), 3.54 (d, J=13.8, 1H, ArCH2), 3.54 (d, J=13.8, 1H, 
ArCH2), 3.48 (d, J=13.8, 1H, ArCH2), 2.67 (d, J=8.7, 1H, ArCH2), 2.57 (m, 1H, CH2), 2.54 (s, 3H, 
OCH3), 2.53 (d, J=13.2, 1H, ArCH2), 2.41 (s, 3H, ArCH3), 2.35 (s, 3H, ArCH3), 2.34 (d, J=13.2, 1H, 
ArCH2), 2.31 (s, 3H, ArCH3), 2.27 (s, 3H, ArCH3), 2.22 (d, J=8.7, 1H, ArCH2), 2.14 (s, 3H, ArCH3), 
1.98 (m, 2H, CH2), 1.78 (d, J=10.3, 1H, ArCH2), 1.65 (m, 1H, CH2), 1.49 (d, J=10.3, 1H, ArCH2), 
1.32 (s, 9H, C(CH3)3) ppm. 13C NMR (101 MHz, C6D6): δ 156.18 (Ar), 156.14 (Ar), 151.43 (Ar), 
142.37 (Ar), 139.90 (Ar), 136.96 (Ar), 134.04 (Ar), 132.67 (Ar), 132.55 (Ar), 132.05 (Ar), 131.47 (Ar), 
131.26 (Ar), 131.06 (Ar), 130.12 (Ar), 130.01 (Ar), 129.01 (Ar), 128.67 (Ar), 127.04 (Ar), 125.00 (Ar), 
124.57 (Ar), 124.39 (Ar), 123.56 (Ar), 122.49(Ar), 120.46 (Ar), 72.39 (OCH2), 64.90 (ArCH2), 64.08 
(ArCH2), 62.42 (ArCH2), 61.70 (ArCH2), 60.56 (OCH3), 51.77 (NCH2), 34.32 (C(CH3)3), 31.90 
(C(CH3)3), 18.64 (ArCH3), 18.44 (ArCH3), 17.11 (ArCH3), 16.91 (ArCH3), 16.87 (ArCH3) ppm. Anal. 
Calcd for C46H53Cl2NO3Zr • toluene (C7H8): C, 69.03; H, 6.67, N, 1.52. Found: C, 69.32; H, 6.84, N, 
1.54. 

Zr1
Cl2tBuAr-NMe2. Zr1

Cl2tBuAr-NMe2 was fractioned over Celite with hexanes, Et2O and benzene. 
The 1H NMR spectrum of the benzene fraction showed pure desired complex (yellow solid, 0.085 
g). Recrystallization of the Et2O soluble fraction from toluene via liquid diffusion of pentane yielded 
additional product (0.012 g, 66 % yield overall). 1H NMR (400 MHz, C6D6): δ 7.32 (d, J=1.7, 2H, 
ArH), 7.23 (t, J=7.5, 2H, ArH), 7.12 (d, J=7.5, 2H, ArH), 7.06 (m, 2H, ArH), 6.88 (t, J=7.5, 2H, 
ArH), 6.77 (d, J=7.6, 2H, ArH), 6.65 (m, 2H, ArH), 4.01 (d, J=13.7, 1H, ArCH2), 3.35 (d, J=13.8, 
1H, ArCH2), 2.63 (d, J=13.8, 1H, ArCH2), 2.49 (s, 3H, ArCH3), 2.48 (d, 1H, ArCH2), 2.43 (s, 3H, 
ArCH3), 2.27 (s, 3H, ArCH3), 2.25 (s, 3H, ArCH3), 2.24 (d, 1H, ArCH2), 2.19 (m, 1H, CH2), 2.13 (d, 
J=9.0, 1H, ArCH2), 2.10 (s, 3H, ArCH3), 1.88 (d, J=10.3, 1H, ArCH2), 1.56 (m, 1H, CH2), 1.38 (d, 
J=10.3, 1H, ArCH2), 1.47 (s, 6H, N(CH3)2), 1.33 (s, 9H, C(CH3)3) 1.25 (m, 2H, CH2) ppm. 13C NMR 
(101 MHz, C6D6): δ 156.17 (Ar), 155.84 (Ar), 152.45 (Ar), 142.04 (Ar), 140.85 (Ar), 136.65 (Ar), 
134.00 (Ar), 133.55 (Ar), 132.60 (Ar), 132.25 (Ar), 130.92 (Ar), 130.63 (Ar), 130.29 (Ar), 130.26 (Ar), 
130.07 (Ar), 128.59 (Ar), 128.21 (Ar), 126.60 (Ar), 125.57 (Ar), 125.05 (Ar), 124.68 (Ar), 123.23 (Ar), 
122.71 (Ar), 120.13 (Ar), 66.21 (ArCH2), 64.37 (ArCH2), 63.01 (ArCH2), 60.89 (ArCH2), 59.89 
(NCH2), 52.16 (NCH2), 46.90 (N(CH3)2), 34.31 (C(CH3)3), 31.86 (C(CH3)3), 19.46 (ArCH3), 19.00 
(ArCH3), 17.20 (ArCH3), 17.03 (ArCH3), 16.94 (ArCH3) ppm. Anal. Calcd for C47H56Cl2N2O2Zr • 
toluene (C7H8): C, 69.35; H, 6.90, N, 3.00. Found: C, 68.93; H, 6.78, N, 3.00. 
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General  polymerizat ion procedures   
The setup of all the polymerizations was conducted in a nitrogen atmosphere glovebox. 
1-Hexene polymerizat ions without temperature contro l .  In polymerizations where 

[CPh3][B(C6F5)4] or B(C6F5)3 was used as the activator, 1-hexene (2.5 mL), solvent (1.5 mL) and the 
desired zirconium precatalyst (4.0 µmol of Zr) were added to a Schlenk tube equipped with a stirbar. 
The activator ([CPh3][B(C6F5)4] or B(C6F5)3) was dissolved in the remaining 1 mL solvent. The 
activator solution was added all at once and the timer was started. The tube was sealed and brought 
out of the glovebox. After stirring the reaction for the appointed amount of time, the reaction was 
opened and quenched with 5 mL of hexanes and 0.5 mL of MeOH. The quenched reaction was 
filtered over Celite and washed with additional hexanes. The filtrate was transferred to a tared flask 
and volatiles were removed on the Schlenk line at 100 °C overnight.  

In polymerizations where MAO was used as the activator, MAO was added as a solid to the 
Schlenk tube equipped with a stirbar along with 1-hexene (2.5 mL) and solvent (1.5 mL). The 
desired zirconium complex (4.0 µmol of Zr) was dissolved in the remaining 1 mL solvent.  The 
zirconium precatalyst solution was added in one fraction and the timer was started. The tube was 
sealed and brought out of the glovebox. After stirring the reaction for the appointed amount of 
time, the reaction was opened and quenched with 5 mL of hexanes and 0.5 mL of MeOH. The 
quenched reaction was filtered over Celite and washed with additional hexanes. The filtrate was 
transferred to a tared flask and volatiles were removed on the Schlenk line at 100 °C overnight.  

1-Hexene polymerizat ions with temperature contro l .  1-hexene (2.5 mL), chlorobenzene (1.0 
mL), the desired amount of AliBu3 (measured in a microsyringe), and the desired zirconium 
precatalyst (2.0 µmol or 0.4 µmol of Zr) dissolved in 1.0 mL chlorobenzene were added to a Schlenk 
tube equipped with a stirbar in that order. The tube was sealed, brought out of the glovebox, and 
regulated to the desired temperature using: no bath for those run at ambient temperature, an oil bath 
regulated at 60 or 25 °C, an ice water bath at 0 °C, or an ethanol/ethylene glycol/dry ice bath at -20 
or -30 °C. The tube was connected to the Schlenk line via a rubber hose, which was evacuated and 
backfilled with N2. In the glovebox, [CPh3][B(C6F5)4] (1 or 3 equivalents per Zr) was dissolved in 0.5 
mL of chlorobenzene and loaded into a 1 mL syringe. The needle was sealed with a rubber septum 
and the syringe was brought out of the glovebox. The activator solution was syringed into the 
reaction quickly under N2, the timer was started, and the reaction was sealed. After stirring the 
reaction for the appointed amount of time, the reaction was opened and quenched with 5 mL of 
hexanes and 0.5 mL of MeOH. The quenched reaction was filtered over Celite and washed with 
additional hexanes. The filtrate was transferred to a tared flask and volatiles were removed on the 
Schlenk line at 100 °C overnight. 

Propylene polymerizat ions with MAO.  A 3 oz. Andrews glass pressure reaction vessel 
equipped with Swagelok valves and a gauge was used for all high pressure polymerizations. In the 
glovebox, a syringe was loaded with a solution of the desired zirconium precatalyst in 1 mL of 
solvent, and the needle was sealed with a rubber septum. The high-pressure setup was brought into 
the glovebox with a magnetic stirbar and charged with the desired amount of MAO and 1 mL 
solvent, and the setup was sealed. The syringe and setup were brought out of the glovebox and the 
setup was clamped firmly over a hot plate with an ice bath. The solution was stirred vigorously. A 
nylon core hose equipped with quick connect adaptors was attached to the setup and was evacuated 
and backfilled with propylene at greater than 100 psig pressure. The hose was opened to the setup 
and approximately 10.3 mL propylene was condensed into the setup at 0 °C. The setup was closed 
and the hose was disconnected. The solution of organometallic complex was added via syringe 
through the top of the setup, the setup was closed, and the timer was started. The pressure of the 
reaction at 0 °C was approximately 80 psig, though for some of the more active systems, a spike in 
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pressure was observed shortly after injection of the catalyst. After the desired time, the setup was 
vented and the reaction mixture was quenched with 10 mL of 10 % HCl in methanol. An additional 
10 mL of acidified methanol was added and the mixure was left stirring for greater than 1 h. The 
precipitated polymer was collected by filtration over a fine frit. All polymers were dried on the 
Schlenk line for a minimum of 8 hours before a mass was recorded. 

Propylene polymerizat ions with [CPh3][B(C6F5)4]  and Al iBu3.  In the glovebox, a syringe 
was loaded with a solution of the desired zirconium precatalyst in 1 mL of PhCl. A second syringe 
was loaded with a solution of [CPh3][B(C6F5)4] in 1 mL of PhCl. Both needles were sealed with 
rubber septa. The high-pressure setup was brought into the glovebox with a magnetic stirbar and 
charged with the desired amount of AliBu3, and the setup was sealed. The syringes and setup were 
brought out of the glovebox and the setup was clamped firmly over a hot plate with an ice bath. The 
solution was stirred vigorously. A nylon core hose equipped with quick connect adaptors was 
attached to the setup and was evacuated and backfilled with propylene at great than 100 psig 
pressure. The hose was opened to the setup and approximately 10.3 mL propylene was condensed 
into the setup. The setup was closed and the hose was disconnected. The contents of the two 
syringes were added through the top of the setup (order of addition is specified in the data tables), 
the setup was closed, and the timer was started. From this point, the procedure exactly matches that 
of the propylene polymerizations with MAO. 
 
Polymer character izat ion methods  

NMR.  All polymer NMR spectra were recorded on a Varian-INOVA 500 MHz NMR 
instrument. 1H and 13C NMR spectra of 1-hexene homopolymers were taken in CDCl3 at room 
temperature. 1-Hexene 13C NMR spectra were assigned according to literature.8 1H and 13C NMR 
spectra of propylene homopolymers were taken in C2D2Cl4 at 130 °C. The polypropylene peaks were 
assigned according to literature.9  

GPC.  Poly(1-hexene) molecular weights were determined utilizing THF as the eluent by multi-
angle laser light scattering (MALLS) gel permeation chromatography (GPC) using a miniDAWN 
TREOS light scattering detector, a Viscostar viscometer, and an OptilabRex refractive index 
detector, all from Wyatt Technology. An Agilent 1200 UV-Vis detector was also present in the 
detector stack. Absolute molecular weights were determined using dn/dc values calculated by 
assuming 100% mass recovery of the polymer sample injected into the GPC. 
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Nuclear Magnetic Resonance Spectra 
 
1H and 13C NMR spec tra o f  synthes ized compounds 
 

��������	�
����������
�������

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
	

�
��
�

�
��
�

�
��
�

�
��



�
��
�

�
��
�

�
��
�

�
��
�

�
�
��
�

 
Figure S1. 1H NMR spectrum of 2a-OMe in CDCl3. 
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Figure S2. 13C NMR spectrum of 2a-OMe in CDCl3. Solvent peaks are offscale. 
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Figure S3. 1H NMR spectrum of 2a-NMe2 in CDCl3. 



S 17 

 

��������������	�
��

�
��
��
��
��
��
��
��
�
�����

�
�
��
�

�
�
��
�

�
�
��
�

�
	
��







�
�	
�



�


��
�



�
�
��
�



�
	
��
�



�
�
��
�



�
�
��
�



�
�
��



 
Figure S4. 13C NMR spectrum of 2a-NMe2 in CDCl3.  
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Figure S5. 1H NMR spectrum of 2b-OMe in CDCl3. 
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Figure S6. 13C NMR spectrum of 2b-OMe in CDCl3. Solvent peaks are offscale. 
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Figure S7. 1H NMR spectrum of 2b-NMe2 in CDCl3. 
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Figure S8. 13C NMR spectrum of 2b-NMe2 in CDCl3.  
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Figure S9. 1H NMR spectrum of 2c-OMe in CDCl3. 
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Figure S10. 13C NMR spectrum of 2c-OMe in CDCl3.  
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Figure S11. 1H NMR spectrum of 2d-OMe in CDCl3. 
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Figure S12. 13C NMR spectrum of 2d-OMe in CDCl3.  
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Figure S13. 1H NMR spectrum of 3a-OMe in CDCl3. 
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Figure S14. 13C NMR spectrum of 3a-OMe in CDCl3.  
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Figure S15. 1H NMR spectrum of 3a-NMe2 in CDCl3. 
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Figure S16. 13C NMR spectrum of 3a-NMe2 in CDCl3.  
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Figure S17. 1H NMR spectrum of 3b-OMe in CDCl3. 
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Figure S18. 13C NMR spectrum of 3b-OMe in CDCl3.  
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Figure S19. 1H NMR spectrum of 3b-NMe2 in CDCl3. 
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Figure S20. 13C NMR spectrum of 3b-NMe2 in CDCl3.  
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Figure S21. 1H NMR spectrum of 3c-OMe in CDCl3. 
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Figure S22. 13C NMR spectrum of 3c-OMe in CDCl3.  
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Figure S23. 1H NMR spectrum of 3d-OMe in CDCl3. 
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Figure S24. 13C NMR spectrum of 3d-OMe in CDCl3.  
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Figure S25. 1H NMR spectrum of 5 in CDCl3. 
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Figure S26. 13C NMR spectrum of 5 in CDCl3.  
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Figure S27. 1H NMR spectrum of 6 in CDCl3. 
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Figure S28. 13C NMR spectrum of 6 in CDCl3.  
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Figure S29. 1H NMR spectrum of H4

Cl4-OMe in C6D6. 
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Figure S30. 13C NMR spectrum of H4

Cl4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S31. 1H NMR spectrum of H4

Cl4-NMe2 in C6D6. 
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Figure S32. 13C NMR spectrum of H4

Cl4-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S33. 1H NMR spectrum of H4

Br4-OMe in C6D6. 
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Figure S34. 13C NMR spectrum of H4

Br4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S35. 1H NMR spectrum of H4

Br4-NMe2 in C6D6. 
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Figure S36. 13C NMR spectrum of H4

Br4-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S37. 1H NMR spectrum of H4

Me4-OMe in C6D6. 
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Figure S38. 13C NMR spectrum of H4

Me4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S39. 1H NMR spectrum of H4

H2tBu2-OMe in C6D6. 
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Figure S40. 13C NMR spectrum of H4

H2tBu2-OMe in C6D6. Solvent peaks are offscale. 
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Figure S41. 1H NMR spectrum of Zr2

Cl4-OMe in C6D6. 
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Figure S42. 13C NMR spectrum of Zr2

Cl4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S43. 1H NMR spectrum of Zr2

Cl4-OMe, mixture of isomers, in C6D6. 
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Figure S44. 1H NMR spectrum of Zr2

Cl4-NMe2 in C6D6. 
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Figure S45. 13C NMR spectrum of Zr2

Cl4-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S46. 1H NMR spectrum of Zr2

Cl4-NMe2, mixture of isomers, in C6D6. 
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Figure S47. 1H NMR spectrum of Zr2

Br4-OMe in C6D6. 
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Figure S48. 13C NMR spectrum of Zr2

Br4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S49. 1H NMR spectrum of Zr2

Br4-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S50. 13C NMR spectrum of Zr2

Br4-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S51. 1H NMR spectrum of Zr2

Me4-OMe in C6D6. 
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Figure S52. 13C NMR spectrum of Zr2

Me4-OMe in C6D6. Solvent peaks are offscale. 
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Figure S53. 1H NMR spectrum of Zr2

Me4-OMe, other isomer, in C6D6. 
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Figure S54. 1H NMR spectrum of Zr2

H2tBu2-OMe in C6D6. Et2O is present in the spectrum. 
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Figure S55. 13C NMR spectrum of Zr2

H2tBu2-OMe in C6D6. Solvent peaks are offscale. 
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Figure S56. 1H NMR spectrum of H2

Cl2tBu2-OMe in C6D6. 

��������������	�
�������������������������
�������

�
�
��
�

�
�
�

	

�
�
��
�

�
�
��
�

�
�
��
�

�
�
��
�

�
	
��
�

�
	
��
�

�
�
�	
�

�
�
�
��



�
�
�
��
	

�
�
�
�

�

�
�
�
��



�
�
�
�

�

�
�
�
��
�

�
�


��
�

�
�


��
	

�
�
�
��
�

�
�
�
��
�

�
�
�
��



�
�
�
�

�

 
Figure S57. 13C NMR spectrum of H2

Cl2tBu2-OMe in C6D6. Solvent peaks are offscale. 
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Figure S58. 1H NMR spectrum of H2

Cl2tBu2-NMe2 in C6D6. 
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Figure S59. 13C NMR spectrum of H2

Cl2tBu2-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S60. 1H NMR spectrum of Zr1

Cl2tBu2-OMe in C6D6. 
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Figure S61. 13C NMR spectrum of Zr1

Cl2tBu2-OMe in C6D6. Solvent peaks are offscale. 
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Figure S62. 1H NMR spectrum of Zr1

Cl2tBu2-NMe2 in C6D6. 
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Figure S63. 13C NMR spectrum of Zr1

Cl2tBu2-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S64. 1H NMR spectrum of 9 in CDCl3. 
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Figure S65. 13C NMR spectrum of 9 in CDCl3.  
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Figure S66. 1H NMR spectrum of 10 in CDCl3. 
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Figure S67. 13C NMR spectrum of 10 in CDCl3.  
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Figure S68. 1H NMR spectrum of H2

Cl2tBuAr-OMe in C6D6. 
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Figure S69. 13C NMR spectrum of H2

Cl2tBuAr-OMe in C6D6. Solvent peaks are offscale. 
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Figure S70. 1H NMR spectrum of H2

Cl2tBuAr-NMe2 in C6D6. 
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Figure S71. 13C NMR spectrum of H2

Cl2tBuAr-NMe2 in C6D6. Solvent peaks are offscale. 
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Figure S72. 1H NMR spectrum of Zr1

Cl2tBuAr-OMe in C6D6. 
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Figure S73. 13C NMR spectrum of Zr1

Cl2tBuAr-OMe in C6D6. Solvent peaks are offscale. 
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Figure S74. 1H NMR spectrum of Zr1

Cl2tBuAr-NMe2 in C6D6. 
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Figure S75. 13C NMR spectrum of Zr1

Cl2tBuAr-NMe2 in C6D6. Solvent peaks are offscale. 
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Polymerization Data 
 

Addit ional polymerizat ions tables 
 
Table S1. 1-Hexene polymerizations with no temperature control.a 
 complex time (min) yield (g) activityb % mmmmc 
1 Zr1

tBu4-OMe 10 1.60 2.4 6 
2 Zr1

tBu4-OMe 10 1.62 2.4 6 
3 Zr1

tBu4-OMe 10 1.58 2.4 6 
4 Zr1

tBu4-NMe2 10 1.56 2.3 10 
5 Zr2

Cl4-OMe 20 1.34 1.0 44 
6 Zr2

Cl4-OMe 20 1.32 1.0 44 
7 Zr2

Cl4-OMe 20 1.19 0.9 50 
8 Zr2

Cl4-OMe 10 1.00 1.5 43 
9 Zr2

Cl4-OMed
 10 1.08 1.6 45 

10 Zr2
Cl4-NMe2 10 1.45 2.2 35 

11 Zr2
Cl4-NMe2 2 1.39 10.4 36 

12 Zr2
Cl4-NMe2

d 2 1.04 7.8 39 
13 Zr2

Br4-OMe 20 1.45 1.1 46 
14 Zr2

Br4- NMe2 2 1.12 8.4 30 
15 Zr2

Me4-OMe 20 1.27 1.0 29 
16 Zr2

Me4-OMee 20 1.36 1.0 28 
17 Zr2

H2tBu2-OMe 20 1.54 1.2 19 
18 Zr2

H2tBu2-OMe 20 1.37 1.0 17 
19 Zr2

H2tBu2-OMe 20 1.40 1.1 19 
20 Zr1

Cl2tBu2-OMe 20 1.55 1.2 9 
21 Zr1

Cl2tBu2-OMe 20 1.58 1.2 8 
22 Zr1

Cl2tBu2-NMe2 10 1.43 2.2 8 
23 Zr1

Cl2tBu2-NMe2 10 1.42 2.1 8 
24 Zr1

Cl2tBuAr-OMe 10 0.14 0.2 25 
25 Zr1

Cl2tBuAr-OMe 10 0.09 0.1 24 
26 Zr1

Cl2tBuAr-NMe2 10 0.97 1.5 31 
27 Zr1

Cl2tBuAr-NMe2 10 1.28 1.9 32 
aPolymerizations were run at ambient temperature with 5000 equivalents of 1-hexene (2.5 mL, 1.683 g) in 
chlorobenzene (2.5 mL) with 4 µmol [Zr] and 1 equivalent of [CPh3][B(C6F5)4] per zirconium.  bActivity, 
defined as mass of polymer (in kg) per mmol of Zr per hour. cDetermined by integration of the C3 peak in 
the 13C NMR spectra as demonstrated in the literature.8a dMixture of metallation isomers: for Zr2Cl4-OMe see 
Figure S43, for Zr2Cl4-NMe2 see Figure S46. ePseudo-CS-symmetric metallation isomer. 
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Table S2. 1-Hexene polymerizations varying activators and solvent with no temperature control.a 

 complex activator solvent time (min) yield (g) activityb % mmmmc 
1 Zr1

tBu4-OMe [CPh3][(B6F5)4] PhCl 10 1.60 2.4 6 
2 Zr1

tBu4-OMe [CPh3][(B6F5)4] toluene 10 1.61 2.4 6 
3 Zr1

tBu4-OMe (B6F5)3 PhCl 10 1.36 2.1 6 
4 Zr1

tBu4-OMe MAO  PhCl 10 1.51 2.3 5 
5 Zr1

tBu4-NMe2 [CPh3][(B6F5)4] PhCl 10 1.56 2.3 10 
6 Zr1

tBu4-NMe2 [CPh3][(B6F5)4] toluene 10 1.57 2.4 9 
7 Zr1

tBu4-NMe2 (B6F5)3 PhCl 10 1.51 2.3 6 
8 Zr1

tBu4-NMe2 MAO  PhCl 10 1.58 2.4 7 
9 Zr2

Cl4-OMe [CPh3][(B6F5)4] PhCl 10 1.00 1.5 43 
10 Zr2

Cl4-OMe [CPh3][(B6F5)4] toluene 10 0.17 0.3 50 
11 Zr2

Cl4-OMe (B6F5)3 PhCl 10 0.01 0.01 nmd 
12 Zr2

Cl4-OMe MAO  PhCl 10 0.01 0.01 nmd 

13 Zr2
Cl4- NMe2 [CPh3][(B6F5)4] PhCl 10 1.45 2.2 35 

14 Zr2
Cl4- NMe2 [CPh3][(B6F5)4] toluene 10 0.36 0.5 40 

15 Zr2
Cl4- NMe2 (B6F5)3 PhCl 10 1.42 2.1 33 

16 Zr2
Cl4- NMe2 MAO  PhCl 10 1.21 1.8 53 

17 Zr1
Cl2tBu2-OMe [CPh3][(B6F5)4] PhCl 20 1.58 1.2 8 

18 Zr1
Cl2tBu2-OMe [CPh3][(B6F5)4] toluene 10 0.58 0.9 8 

19 Zr1
Cl2tBu2-OMe (B6F5)3 PhCl 10 0.59 0.9 8 

20 Zr1
Cl2tBu2-OMe MAO  PhCl 10 -- -- nmd 

21 Zr1
Cl2tBu2-NMe2 [CPh3][(B6F5)4] PhCl 10 1.43 2.2 8 

22 Zr1
Cl2tBu2-NMe2 [CPh3][(B6F5)4] toluene 10 0.80 1.2 6 

23 Zr1
Cl2tBu2-NMe2 (B6F5)3 PhCl 10 1.27 1.9 7 

24 Zr1
Cl2tBu2-NMe2 MAO  PhCl 10 0.24 0.4 10 

25 Zr1
Cl2tBuAr-OMe [CPh3][(B6F5)4] PhCl 10 0.14 0.2 25 

26 Zr1
Cl2tBuAr-OMe [CPh3][(B6F5)4] toluene 10 0.09 0.1 26 

27 Zr1
Cl2tBuAr-OMe (B6F5)3 PhCl 10 0.13 0.2 27 

28 Zr1
Cl2tBuAr-OMe MAO  PhCl 10 0.01 0.01 nmd 

29 Zr1
Cl2tBuAr-NMe2 [CPh3][(B6F5)4] PhCl 10 0.97 1.5 31 

30 Zr1
Cl2tBuAr-NMe2 [CPh3][(B6F5)4] toluene 10 1.22 1.8 39 

31 Zr1
Cl2tBuAr-NMe2 (B6F5)3 PhCl 10 1.24 1.9 30 

32 Zr1
Cl2tBuAr-NMe2 MAO  PhCl 10 1.09 1.6 25 

aPolymerizations were run at ambient temperature with 5000 equivalents of 1-hexene (2.5 mL, 1.683 g) in the 
desired solvent (2.5 mL) with 4 µmol [Zr] and 1 equivalent of [CPh3][B(C6F5)4] or B(C6F5)3 or 250 equivalents 
of MAO per zirconium.  bActivity, defined as mass of polymer (in kg) per mmol of Zr per hour. cDetermined 
by integration of the C3 peak in the 13C NMR spectra as demonstrated in the literature.8a dNot measured due 
to insufficient sample size (< 10 mg). 
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Table S3. 1-Hexene polymerizations at various temperatures. a 
 complex, loading in 

µmol 
A, Sb T (°C) time 

(min) 
yield 
(g) 

activityc % mmmmd Mn 

(x103)e 
PDIe 

1 Zr2
Cl4-OMe, 1 1, 5 ambient 10 0.75 --2.3 50   

2 Zr2
Cl4-OMe, 1 1, 5 60 10 0.67 --2.0 37   

3 Zr2
Cl4-OMe, 1 1, 5 25 10 0.65 --2.0 53   

4 Zr2
Cl4-OMe, 1 1, 5 25 10 0.68 --2.0 47 108 1.8 

5 Zr2
Cl4-OMe, 1 1, 5 0 480 0.78 --0.05 57 13.3 2.6 

6 Zr2
Cl4-OMe, 1 1, 5 0 480 0.70 --0.04 45 21.6 2.4 

7 Zr2
Cl4-OMe, 1 1, 5 -30 480 0.01 --0.0007 76   

8 Zr1
Cl2tBu2-OMe, 2 1, 5 ambient 10 0.06 --0.2 7   

9 Zr1
Cl2tBu2-OMe, 2 1, 5 60 10 0.12 --0.4 7   

10 Zr1
Cl2tBu2-OMe, 2 1, 5 25 10 0.06 --0.2 8   

11 Zr1
Cl2tBu2-OMe, 2 1, 5 0 480 0.11 --0.007 9 7.8 2.0 

12 Zr1
Cl2tBuAr-OMe, 2 1, 5 ambient 10 0.01 --0.02 nmf   

13 Zr1
Cl2tBuAr-OMe, 2 1, 5 60 10 0.04 --0.1 26   

14 Zr1
Cl2tBuAr-OMe, 2 1, 5 25 10 0.04 --0.1 23   

15 Zr1
Cl2tBuAr-OMe, 2 1, 5 0 480 0.04 --0.003 23 1.4 1.3 

16 Zr2
Cl4- NMe2, 1 1, 5 ambient 1 1.17 -35 38   

17 Zr2
Cl4- NMe2, 1 1, 5 60 1 0.65 -19 33   

18 Zr2
Cl4- NMe2, 1 1, 5 25 2 1.28 -19 33   

19 Zr2
Cl4- NMe2, 1

 1, 5 0 2 1.42 -21 38 110 3.6 
20 Zr2

Cl4- NMe2, 1 1, 5 -20 5 1.51 --9.0 58 217 3.0 
21 Zr2

Cl4- NMe2, 0.2 3, 15 ambient 1 0.82 124 41   
22 Zr2

Cl4- NMe2, 0.2 3, 15 60 2 0.58 -43 34   
23 Zr2

Cl4- NMe2, 0.2 3, 15 25 2 0.62 -46 41 596 1.5 
24 Zr2

Cl4- NMe2, 0.2 3, 15 0 8 1.39 -26 48 517 1.6 
25 Zr2

Cl4- NMe2, 0.2 3, 15 -30 10 0.18 --2.7 79 1220 1.1 
26 Zr1

Cl2tBu2-NMe2, 0.4 3, 15 ambient 10 0.43 --6.5 8   
27 Zr1

Cl2tBu2-NMe2, 0.4 3, 15 60 10 0.24 --3.6 7   
28 Zr1

Cl2tBu2-NMe2, 0.4 3, 15 25 10 -- -- nmf   
29 Zr1

Cl2tBu2-NMe2, 0.4 3, 15 0 60 0.03 --0.01 11 281 1.2 
30 Zr1

Cl2tBu2-NMe2, 0.4 3, 15 -30 60 -- -- nmf   
31 Zr1

Cl2tBuAr-NMe2, 0.4 3, 15 ambient 10 0.58 --8.7 34   
32 Zr1

Cl2tBuAr-NMe2, 0.4 3, 15 60 10 0.13 --2.0 36   
33 Zr1

Cl2tBuAr-NMe2, 0.4 3, 15 25 10 0.58 --8.7 32   
34 Zr1

Cl2tBuAr-NMe2, 0.4 3, 15 0 30 0.61 --3.0 35 228 1.6 
35 Zr1

Cl2tBuAr-NMe2, 0.4 3, 15 -30 480 0.17 --0.01 33 346 1.4 
aPolymerizations were run at the desired temperature with 2.5 mL of 1-hexene (1.683 g) in chlorobenzene 
(2.5 mL).  bActivator and scavenger: [CPh3][(B6F5)4] and AliBu3 in equivalents per Zr. cActivity, defined as 
mass of polymer (in kg) per mmol of Zr per hour. dDetermined by integration of the C3 peak in the 13C 
NMR spectra as demonstrated in the literature.8a eDetermined by GPC. fNot measured due to insufficient 
sample size (< 10 mg). 
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Table S4. Propylene polymerizations using MAO as an activator and scavenger.a 

 complex, loading in 
µmol 

MAO/Zr solvent time (min) yield (g) activityb % mmmmc 

1 Zr1
tBu4-OMe, 10 1000 PhCl 240 3.11 -0.08 2 

2 Zr1
tBu4-OMe, 10 500 PhCl 110 6.01d -0.3 2 

3 Zr1
tBu4-OMe, 10 250 PhCl 100 6.31d -0.4 2 

4 Zr1
tBu4-OMe, 10 250 PhCl 15 0.72 -0.3 2 

5 Zr2
H2tBu2-OMe, 5 1000 PhCl 240 0.49 -0.01 6 

6 Zr2
H2tBu2-OMe, 5 250 PhCl 60 5.53d -0.6 8 

7 Zr2
H2tBu2-OMe, 5 250 PhCl 15 5.30 -2.1 7 

8 Zr2
Cl4-OMe, 5  1000 PhCl 240 0.02 -- 35 

9 Zr2
Cl4-OMe, 5  250 PhCl 240 0.42 -0.01 29 

10 Zr2
Cl4-OMe, 5  250 toluene 240 1.34 33 26 

11 Zr2
Br4-OMe, 5 250 PhCl 240 3.90 -0.1 20 

12 Zr2
Me4-OMe, 5 250 PhCl 240 1.59 -0.04 27 

13 Zr1
Cl2tBu2-OMe, 10 250 PhCl 240 0.43 -0.01 3 

14 Zr1
Cl2tBuAr-OMe, 10 250 PhCl 900 0.41 -- 6 

15 Zr1
Cl2tBuAr-OMe, 10 250 PhCl 240 0.07 -- 4 

16 Zr1
tBu4- NMe2, 10 250 PhCl 2 4.14 12 5 

17 Zr1
tBu4- NMe2, 0.13 15000 PhCl 10 0.01 -0.2 4 

18 Zr2
Cl4- NMe2, 5

 250 PhCl 4 5.15d -7.7 22 
19 Zr2

Cl4- NMe2, 1 1000 PhCl 6 3.44 17 31 
20 Zr2

Cl4- NMe2, 0.07 15000 PhCl 10 1.04 47 43 
21 Zr2

Cl4- NMe2, 0.07 15000 toluene 10 0.09 -4.0 38 
22 Zr2

Cl4- NMe2, 0.07 15000 PhCle 180 0.67 -1.6 44 
23 Zr2

Br4- NMe2, 5 250 PhCl 3 4.75 -9.5 26 
24 Zr2

Br4- NMe2, 0.07 15000 PhCl 10 0.53 23 20 
25 Zr1

Cl2tBu2-NMe2, 0.13 15000 PhCl 35 0.41 -5.3 4 
26 Zr1

Cl2tBuAr-NMe2, 2 1000 PhCl 180 0.80 -0.1 22 
27 Zr1

Cl2tBuAr-NMe2, 0.13 15000 PhCl 180 1.15 -2.9 31 
28 Zr1

Cl2tBuAr-NMe2, 0.13 15000 PhCl 180 0.27 -0.7 32 
aPolymerizations were run at 0 ºC with 10.3 mL liquid propylene (measured at 0 ºC) in 2 mL of the desired 
solvent.  bActivity, defined as mass of polymer (in kg) per mmol of Zr per hour. cDetermined by integration 
of the methyl peak in the 13C NMR spectra as demonstrated in the literature.REF dThe stirbar was arrested 
within the polymerization time. eRun at -30 ºC. 
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Representat ive  1H and 13C NMR spec tra o f  polymers 
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Figure S76. 1H NMR spectrum in CDCl3 of poly(1-hexene) made with Zr2
Cl4-OMe at ambient 

temperature; Table 1, entry 1. 
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Figure S77. 13C NMR spectrum in CDCl3 of poly(1-hexene) made with Zr2
Cl4-OMe at ambient 

temperature; Table 1, entry 1. 
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Figure S78. 13C NMR spectra in CDCl3 of poly(1-hexene) made with (from bottom to top) 
Zr1

Cl2tBu2-OMe at 0°C (1; Table 1, entry 16), Zr1
Cl2tBuAr-OMe at 0°C (2; Table 1, entry 17), and Zr2

Cl4-
OMe at -30°C (3; Table 1, entry 5).  
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Figure S79. 13C NMR spectra in CDCl3 of poly(1-hexene) made with (from bottom to top) 
Zr1

Cl2tBu2-NMe2 at 0°C (1; Table 1, entry 18), Zr1
Cl2tBuAr-NMe2 at -30°C (2; Table 1, entry 20), and 

Zr2
Cl4-NMe2 at -30°C (3; Table 1, entry 15).  
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Figure S80. 13C NMR spectra in tetrachloroethane-D2 at 130 °C of polypropylene made with (from 
bottom to top) Zr1

tBu4-OMe (1; Table S4, entry 3), Zr1
Cl2tBu2-OMe (2; Table S4, entry 13), Zr1

Cl2tBuAr-
OMe (3; Table S4, entry 15), and Zr2

Cl4-OMe (4; Table S4, entry 9).  
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Figure S81. 13C NMR spectra in tetrachloroethane-D2 at 130 °C of polypropylene made with (from 
bottom to top) Zr1

tBu4-NMe2 (1; Table S4, entry 17), Zr1
Cl2tBu2-NMe2 (2; Table S4, entry 25), 

Zr1
Cl2tBuAr-NMe2 (3; Table S4, entry 27), and Zr2

Cl4-NMe2 (4; Table S4, entry 20).  
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Crystallographic Information 
 
Table S5. Crystal and refinement data for complexes Zr2

Cl4-OMe, Zr2
Cl4-NMe2, Zr2

Me4-OMe, and 
Zr1

Cl2tBu2-OMe. 
 Zr2

Cl4-OMe Zr2
Cl4-NMe2 Zr2

Me4-OMe Zr1
Cl2tBu2-OMe 

CCDC # 9080844 980855 980843 980845 
empirical formula C107H118Cl4N2O6Zr2 C115H138Cl4N4O4Zr2 C84H100N2O6Zr2 C39H47Cl2NO3Zr 
formula wt  1852.27 1964.53 1416.09 739.89 
T (K)  100  100  100  100  
a, Å  16.9447(8) 15.1035(15) 9.6061(4) 10.100(2) 
b, Å  19.0668(10) 25.847(3) 29.2804(13) 21.150(4) 
c, Å  29.5530(17) 26.584(3) 17.7516(8) 17.180(3) 
α, deg  90 90 90 90 
β, deg  90 90 105.5095(17) 101.11(3) 
γ, deg  90 90 90 90 
V, Å3  9548.0(9) 10377.7(18) 4811.2(4) 3601.1(13) 
Z  4 4 2 4 
cryst syst  orthorhombic orthorhombic monoclinic monoclinic 
space group  P 21 21 21 P c c n P 1 21 1 P 1 21/n 1 
dcalcd, g/cm3  1.289 1.257 0.978  1.365  
θ range, deg  1.6 to 30.6 1.5 to 35.7 1.2 to 34.2 2.1 to 34.0 
µ, mm-1 0.38 0.36 0.26 1.14 

abs cor  
Semi-empirical 
from equivalents 

Semi-empirical 
from equivalents 

Semi-empirical 
from equivalents 

Semi-empirical 
from equivalents 

GOF  1.04 1.10 0.99 1.11 
R1,a wR2b  
     (I > 2θ (I))  

R1 = 0.0757,  
wR2 = 0.1896 

R1 = 0.0839, wR2 
= 0.1805 

R1 = 0.0502,  
wR2 = 0.0879 

R1 = 0.0328,  
wR2 = 0.0737 

 

a R1 = ∑||Fo| - |Fc||/∑|Fo|.  b wR2 = [∑[w(Fo
2-Fc

2)2]/∑[w(Fo
2)2]1/2. 
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Spec ial  re f inement detai l s  for  Zr2

Cl4-OMe 
Benzene was used in the initial purification of the complex. Tolene and hexanes were used as 
crystallization solvents. Accordingly, the compound crystallized with benzene and toluene solvent 
molecules in the lattice. One of the tert-butyl groups was modeled in two parts and restraints were 
employed to treat the displacement parameters of that tert-butyl group to an acceptable size. 
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Figure S82. Structural drawing of Zr2
Cl4-OMe.  

Table S6.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for Zr2

Cl4-OMe U(eq) is defined as the trace of the orthogonalized Uij tensor.  
________________________________________________________________________________  
 x y z Ueq 
________________________________________________________________________________   
Zr(1) 1162(1) 6992(1) 5387(1) 25(1) 
Cl(1) 983(2) 7317(2) 6926(1) 56(1) 
N(1) 50(3) 7799(3) 5171(2) 24(1) 
O(1) 1035(3) 7572(3) 5953(2) 31(1) 
C(1) 516(4) 7962(5) 6161(2) 31(2) 
Zr(2) 1296(1) 3008(1) 5515(1) 29(1) 
Cl(2) -1237(2) 9323(2) 6905(1) 79(1) 
N(2) 2400(3) 2159(4) 5304(2) 32(2) 
O(2) 947(3) 6718(3) 4754(2) 30(1) 
C(2) 415(5) 7918(6) 6630(3) 46(2) 
Cl(3) 1550(2) 2834(1) 7075(1) 60(1) 
O(3) -54(3) 6484(3) 5587(2) 34(1) 
C(3) -107(5) 8327(5) 6858(3) 46(2) 
Cl(4) 3853(2) 869(2) 7062(1) 106(2) 
O(4) 1459(3) 2524(3) 6105(2) 35(1) 
C(4) -567(5) 8802(6) 6621(3) 51(3) 
O(5) 1449(3) 3183(3) 4863(2) 33(1) 
C(5) -509(5) 8843(5) 6154(3) 45(2) 
O(6) 2561(3) 3511(3) 5653(2) 31(1) 
C(6) 29(4) 8435(4) 5922(3) 29(2) 
C(7) 117(5) 8483(4) 5418(3) 34(2) 
C(8) 481(4) 6801(4) 4389(2) 27(2) 
C(9) 414(4) 6266(4) 4071(3) 30(2) 
C(10) -52(5) 6381(5) 3690(3) 38(2) 
C(11) -492(5) 6975(6) 3632(3) 41(2) 
C(12) -451(5) 7488(5) 3966(3) 36(2) 
C(13) 46(4) 7415(4) 4343(2) 27(2) 
C(14) 124(4) 8004(4) 4678(2) 29(2) 
C(15) -1006(6) 7080(6) 3209(3) 55(3) 
C(16) -978(7) 6510(8) 2879(4) 90(5) 
C(17) -1822(6) 7287(8) 3344(4) 92(5) 
C(18) -686(8) 7697(7) 2936(4) 86(4) 
C(19) -733(4) 7472(4) 5259(3) 31(2) 
C(20) -674(4) 6679(4) 5270(3) 32(2) 
C(21) 807(4) 5562(4) 4131(2) 24(2) 
C(22) 328(4) 4966(5) 4175(3) 32(2) 
C(23) 646(4) 4306(4) 4177(3) 31(2) 
C(24) 1479(4) 4229(4) 4161(2) 30(2) 
C(25) 1969(4) 4834(4) 4147(3) 31(2) 
C(26) 1628(4) 5491(4) 4121(2) 28(2) 
C(27) -571(4) 5056(5) 4214(3) 37(2) 
C(28) 125(5) 3668(5) 4180(4) 48(2) 
C(29) 2854(4) 4750(5) 4147(3) 43(2) 
C(30) 2150(5) 6121(5) 4065(3) 38(2) 
C(31) 1854(4) 3033(4) 4487(2) 31(2) 
C(32) 1849(4) 3540(4) 4129(3) 32(2) 
C(33) 2276(5) 3367(5) 3738(3) 42(2) 
C(34) 2718(6) 2760(6) 3690(3) 56(3) 
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C(35) 2744(6) 2298(5) 4063(3) 50(3) 
C(36) 2304(4) 2413(5) 4459(3) 37(2) 
C(37) 3023(12) 2523(13) 3256(7) 71(3) 
C(38) 3879(13) 2481(14) 3317(8) 71(6) 
C(39) 2699(11) 1862(13) 3069(7) 91(7) 
C(40) 2862(14) 3104(13) 2889(6) 91(6) 
C(37A) 3279(19) 2664(15) 3236(10) 71(3) 
C(38A) 3946(19) 2198(19) 3287(12) 65(7) 
C(39A) 2673(15) 2460(20) 2900(8) 72(6) 
C(40A) 3660(20) 3385(16) 3078(10) 91(8) 
C(41) 2280(4) 1887(4) 4830(3) 32(2) 
C(42) 1993(5) 2139(4) 6328(3) 37(2) 
C(43) 2125(5) 2212(5) 6789(3) 44(2) 
C(44) 2692(6) 1850(6) 7024(3) 62(3) 
C(45) 3124(6) 1370(6) 6777(4) 61(3) 
C(46) 3006(5) 1254(5) 6325(3) 48(2) 
C(47) 2468(5) 1645(5) 6093(3) 36(2) 
C(48) 2337(5) 1512(4) 5600(3) 35(2) 
C(49) 3183(4) 2489(4) 5347(3) 32(2) 
C(50) 3118(4) 3282(4) 5320(3) 32(2) 
C(51) -339(5) 6354(6) 6040(3) 46(2) 
C(52) 2895(5) 3702(5) 6077(3) 39(2) 
C(53) 1516(5) 5929(4) 5685(3) 35(2) 
C(54) 2354(5) 5731(4) 5695(3) 35(2) 
C(55) 2842(5) 5874(5) 6066(3) 40(2) 
C(56) 3621(5) 5685(4) 6069(3) 39(2) 
C(57) 3963(5) 5355(4) 5704(3) 40(2) 
C(58) 3493(4) 5204(4) 5333(3) 35(2) 
C(59) 2709(5) 5389(4) 5333(3) 36(2) 
C(60) 2432(4) 7304(5) 5287(3) 36(2) 
C(61) 2346(4) 8005(5) 5111(3) 34(2) 
C(62) 2328(5) 8597(5) 5409(4) 47(2) 
C(63) 2202(5) 9268(5) 5263(4) 57(3) 
C(64) 2077(5) 9402(8) 4803(5) 76(4) 
C(65) 2103(5) 8835(6) 4501(4) 53(3) 
C(66) 2219(4) 8187(6) 4663(3) 47(3) 
C(67) 1024(4) 4112(4) 5749(3) 35(2) 
C(68) 190(5) 4324(4) 5790(3) 35(2) 
C(69) -198(5) 4308(5) 6198(3) 46(2) 
C(70) -994(6) 4500(5) 6233(4) 59(3) 
C(71) -1418(5) 4696(5) 5867(4) 52(2) 
C(72) -1042(5) 4736(5) 5458(3) 44(2) 
C(73) -249(5) 4562(4) 5415(3) 40(2) 
C(74) -10(5) 2697(5) 5464(4) 50(3) 
C(75) 69(4) 1957(5) 5356(4) 46(2) 
C(76) 81(6) 1448(6) 5687(5) 62(3) 
C(77) 209(6) 759(7) 5589(6) 80(4) 
C(78) 305(6) 539(6) 5149(6) 79(5) 
C(79) 289(5) 1043(6) 4791(5) 62(3) 
C(80) 175(5) 1727(5) 4915(4) 53(3) 
C(101) 3179(7) 5565(7) 7373(5) 95(4) 
C(102) 3811(9) 5578(8) 7688(5) 120(6) 
C(103) 4012(7) 5025(6) 7928(4) 74(3) 
C(104) 3568(7) 4413(7) 7901(5) 97(4) 
C(105) 2920(7) 4393(6) 7596(4) 86(4) 
C(106) 2724(6) 4972(6) 7341(4) 65(3) 
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C(107) 2007(8) 4948(8) 7042(5) 101(5) 
C(201) 7221(6) 5984(6) 6834(5) 84(4) 
C(202) 7995(7) 6257(6) 6879(5) 90(4) 
C(203) 8148(7) 6930(6) 6827(4) 78(3) 
C(204) 7554(6) 7405(7) 6719(5) 87(4) 
C(205) 6768(6) 7156(5) 6668(4) 76(3) 
C(206) 6631(6) 6452(5) 6734(5) 79(4) 
C(207) 5782(9) 6300(13) 6625(9) 207(12) 
C(301) 5648(9) 3131(9) 6470(6) 101(5) 
C(302) 5018(9) 2772(9) 6692(5) 101(5) 
C(303) 4444(10) 3271(9) 6903(6) 109(5) 
C(304) 4572(9) 3916(8) 6832(5) 91(4) 
C(305) 5135(10) 4256(10) 6632(6) 118(6) 
C(306) 5824(14) 3809(12) 6409(8) 152(8) 
C(401) 5916(13) 5261(11) 2565(6) 187(10) 
C(402) 5351(12) 4806(10) 2368(7) 160(9) 
C(403) 5144(13) 4182(10) 2517(7) 171(9) 
C(404) 5497(13) 3963(11) 2918(7) 188(11) 
C(405) 6023(12) 4416(9) 3152(7) 161(8) 
C(406) 6237(11) 5053(9) 2969(6) 153(8) 
C(407) 6795(14) 5442(12) 3274(8) 219(13) 
 
 
Table S7.   Anisotropic displacement parameters (Å2x 104) for Zr2

Cl4-OMe.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Zr(1) 187(3)  347(4) 222(3)  38(3) -15(2)  8(3) 
Cl(1) 581(14)  831(18) 260(11)  64(11) -73(9)  101(12) 
N(1) 190(30)  300(40) 230(30)  0(20) 0(20)  30(20) 
O(1) 300(30)  410(30) 230(30)  20(20) -30(20)  0(20) 
C(1) 270(30)  380(50) 270(40)  -80(40) -40(30)  -50(40) 
Zr(2) 206(3)  293(4) 369(4)  -49(3) 51(3)  31(3) 
Cl(2) 685(17)  1190(30) 490(14)  -417(16) -93(14)  373(18) 
N(2) 220(30)  410(40) 320(40)  -50(30) 0(20)  0(30) 
O(2) 240(20)  430(30) 220(30)  20(20) -42(19)  40(20) 
C(2) 350(40)  720(70) 300(40)  -140(50) -80(30)  -60(50) 
Cl(3) 834(18)  582(16) 390(12)  39(11) 203(12)  327(13) 
O(3) 250(30)  470(30) 320(30)  30(30) 50(20)  -20(20) 
C(3) 400(50)  610(60) 370(50)  -130(40) -30(40)  -90(40) 
Cl(4) 1100(30)  1550(30) 521(16)  206(19) 109(18)  930(30) 
O(4) 280(30)  330(30) 440(30)  -40(30) 100(20)  90(20) 
C(4) 410(50)  660(70) 440(60)  -300(50) -60(40)  90(50) 
O(5) 210(20)  440(30) 330(30)  -70(20) 0(20)  30(20) 
C(5) 360(50)  610(60) 370(50)  -140(40) -60(40)  10(40) 
O(6) 260(30)  360(30) 310(30)  -40(20) 20(20)  40(20) 
C(6) 230(40)  370(50) 270(40)  -50(30) -30(30)  -10(30) 
C(7) 290(40)  410(50) 320(40)  30(40) -60(30)  -40(30) 
C(8) 210(30)  350(50) 230(40)  50(30) -20(30)  20(30) 
C(9) 230(40)  440(50) 210(40)  30(30) -20(30)  -30(30) 
C(10) 290(40)  600(60) 250(40)  -80(40) -40(30)  0(40) 
C(11) 350(40)  630(60) 250(40)  -60(50) -40(30)  50(50) 
C(12) 340(40)  500(50) 240(40)  40(40) 10(30)  170(40) 
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C(13) 270(40)  320(40) 210(40)  60(30) -20(30)  60(30) 
C(14) 260(30)  290(40) 320(40)  100(40) 40(30)  70(40) 
C(15) 590(60)  840(80) 230(40)  -70(50) -120(40)  420(60) 
C(16) 720(80)  1560(130) 420(60)  -220(70) -270(60)  580(80) 
C(17) 460(60)  1750(150) 550(70)  -530(80) -340(50)  530(70) 
C(18) 1030(100)  1050(110) 510(70)  70(70) -240(70)  330(80) 
C(19) 160(30)  460(50) 320(40)  -40(40) -10(30)  -20(30) 
C(20) 180(30)  450(50) 330(40)  -20(40) 20(30)  -50(30) 
C(21) 210(30)  350(40) 160(30)  -60(30) 0(30)  20(30) 
C(22) 270(40)  480(50) 230(40)  -30(40) -50(30)  -10(40) 
C(23) 280(40)  400(50) 240(40)  -120(30) -30(30)  -60(30) 
C(24) 280(40)  430(50) 200(40)  -70(30) -50(30)  100(30) 
C(25) 210(30)  460(50) 260(40)  30(40) -10(30)  50(30) 
C(26) 200(30)  430(50) 220(40)  50(30) 0(30)  0(30) 
C(27) 220(40)  450(50) 450(50)  -100(40) -50(30)  20(40) 
C(28) 290(40)  500(60) 640(60)  -230(50) -190(40)  -10(40) 
C(29) 210(40)  750(70) 340(50)  20(40) 30(30)  20(40) 
C(30) 240(40)  470(50) 420(50)  60(40) 70(30)  20(40) 
C(31) 220(30)  410(40) 300(40)  -200(40) -70(30)  30(40) 
C(32) 250(40)  380(50) 310(40)  -150(40) -80(30)  80(30) 
C(33) 490(50)  510(60) 260(40)  -80(40) -50(40)  200(40) 
C(34) 630(60)  800(80) 250(40)  -150(50) -70(40)  450(60) 
C(35) 570(60)  580(60) 340(50)  -230(40) -130(40)  320(50) 
C(36) 270(40)  500(50) 330(40)  -150(40) -90(30)  100(40) 
C(37) 800(70)  1100(80) 240(40)  -80(50) 120(60)  650(60) 
C(38) 630(100)  1170(150) 320(80)  -100(110) 170(80)  500(110) 
C(39) 740(100)  1530(160) 460(100)  -490(110) -230(80)  780(110) 
C(40) 1080(110)  1300(130) 350(80)  -130(90) 80(80)  810(110) 
C(37A) 800(70)  1100(80) 240(40)  -80(50) 120(60)  650(60) 
C(38A) 610(110)  1060(160) 290(100)  40(130) 140(90)  690(120) 
C(39A) 710(110)  1210(140) 260(100)  -260(110) 30(90)  480(120) 
C(40A) 1160(170)  1050(160) 510(130)  -110(130) 330(140)  190(160) 
C(41) 260(40)  220(40) 480(50)  -160(40) -70(30)  70(30) 
C(42) 350(40)  340(50) 410(50)  60(40) 190(30)  20(30) 
C(43) 440(50)  480(60) 400(50)  60(40) 160(40)  100(40) 
C(44) 710(70)  810(90) 340(50)  90(50) 110(50)  290(60) 
C(45) 590(60)  810(80) 450(60)  170(60) 150(50)  280(60) 
C(46) 450(50)  490(60) 500(60)  140(50) 200(40)  200(40) 
C(47) 310(40)  390(50) 380(50)  40(40) 80(30)  10(40) 
C(48) 310(40)  250(40) 480(50)  -20(40) 30(40)  90(30) 
C(49) 170(30)  550(50) 250(40)  -50(40) 0(30)  70(30) 
C(50) 190(30)  460(50) 310(40)  20(30) 80(30)  0(30) 
C(51) 380(50)  700(70) 310(50)  30(50) 120(40)  -70(40) 
C(52) 400(50)  440(50) 340(50)  -80(40) 20(40)  -50(40) 
C(53) 360(40)  340(50) 370(50)  80(40) 30(30)  90(30) 
C(54) 350(40)  390(50) 310(40)  150(40) -40(30)  80(40) 
C(55) 480(50)  410(50) 300(40)  60(40) -20(40)  110(40) 
C(56) 400(50)  380(50) 390(50)  40(40) -150(40)  10(40) 
C(57) 240(40)  400(50) 570(60)  110(40) -150(40)  -20(30) 
C(58) 320(40)  330(40) 390(50)  -40(40) 30(30)  40(30) 
C(59) 330(40)  430(50) 330(50)  80(40) -70(30)  -70(40) 
C(60) 240(40)  490(50) 340(50)  20(40) 40(30)  -30(30) 
C(61) 170(30)  430(50) 410(50)  10(50) -10(30)  -40(40) 
C(62) 330(40)  520(60) 550(60)  50(50) -20(40)  -90(40) 
C(63) 410(50)  340(60) 960(90)  -50(60) 90(50)  -50(40) 
C(64) 250(50)  950(100) 1090(110)  450(90) -30(50)  20(50) 
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C(65) 340(50)  630(70) 620(70)  220(60) -20(40)  -50(40) 
C(66) 180(40)  860(80) 360(50)  80(50) -20(30)  -80(40) 
C(67) 310(40)  330(50) 430(50)  -110(40) 60(30)  0(30) 
C(68) 330(40)  230(40) 480(50)  40(40) 80(40)  -20(30) 
C(69) 420(50)  460(60) 480(60)  -60(40) 100(40)  100(40) 
C(70) 550(60)  570(70) 660(70)  50(50) 310(50)  210(50) 
C(71) 260(40)  610(60) 670(70)  -60(50) 130(40)  120(40) 
C(72) 320(40)  400(50) 600(60)  -50(40) 0(40)  10(40) 
C(73) 350(40)  320(50) 530(60)  -40(40) 90(40)  20(30) 
C(74) 220(40)  610(60) 690(70)  80(50) 40(40)  -60(40) 
C(75) 140(30)  420(50) 820(70)  -40(60) 40(40)  20(40) 
C(76) 370(50)  460(70) 1040(100)  130(60) 40(60)  -60(50) 
C(77) 480(60)  640(90) 1280(130)  190(90) 100(70)  -100(60) 
C(78) 320(50)  230(60) 1800(160)  -220(80) -150(70)  30(40) 
C(79) 300(50)  510(70) 1060(100)  -200(70) -60(50)  -90(40) 
C(80) 240(40)  310(50) 1030(90)  -70(50) -80(50)  -40(40) 
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Spec ial  re f inement detai l s  for  Zr2

Cl4-NMe2 

The ethlyene diamine moiety of Zr2
Cl4-NMe2 was modeled and split into two positions. Tolene and 

pentane were used as crystallization solvents. Accordingly, the compound crystallized with two 
toluene and two pentane solvent molecules in the lattice. Restraints were employed to treat the 
displacement parameters of the solvent molecules to an acceptable size.  
 

 

 



S 58 

Figure S83. Structural drawing of Zr2
Cl4-NMe2.  

Table S8.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for Zr2

Cl4-NMe2 U(eq) is defined as the trace of the orthogonalized Uij tensor.  
________________________________________________________________________________  
 x y z Ueq 
________________________________________________________________________________   
Zr(1) 7239(1) 6033(1) 2829(1) 23(1) 
Cl(1) 7410(1) 5688(1) 4567(1) 49(1) 
Cl(2) 5104(1) 4106(1) 4608(1) 51(1) 
N(1) 5944(2) 5488(1) 2650(1) 22(1) 
N(2) 5836(2) 6531(1) 3057(1) 29(1) 
O(1) 7091(1) 5666(1) 3483(1) 27(1) 
O(2) 6960(1) 6283(1) 2143(1) 26(1) 
C(1) 6620(2) 5314(1) 3735(1) 26(1) 
C(2) 6701(2) 5272(2) 4255(1) 33(1) 
C(3) 6249(3) 4901(2) 4526(1) 40(1) 
C(4) 5687(3) 4572(2) 4269(1) 35(1) 
C(5) 5578(2) 4610(1) 3753(1) 31(1) 
C(6) 6044(2) 4981(1) 3479(1) 25(1) 
C(7) 5998(2) 4973(1) 2915(1) 26(1) 
C(8) 6425(2) 6214(1) 1743(1) 22(1) 
C(9) 6411(2) 6576(1) 1352(1) 22(1) 
C(10) 5859(2) 6485(1) 944(1) 24(1) 
C(11) 5290(2) 6056(1) 917(1) 24(1) 
C(12) 5309(2) 5712(1) 1318(1) 25(1) 
C(13) 5884(2) 5775(1) 1726(1) 24(1) 
C(14) 5969(2) 5347(1) 2103(1) 25(1) 
C(15) 4685(2) 5985(1) 458(1) 30(1) 
C(16) 4068(3) 6452(2) 411(2) 42(1) 
C(17) 5257(3) 5944(2) -14(1) 42(1) 
C(18) 4126(3) 5498(2) 496(1) 38(1) 
C(19) 5083(2) 5731(1) 2777(1) 31(1) 
C(21) 6977(2) 7053(1) 1367(1) 22(1) 
C(22) 7908(2) 7012(1) 1360(1) 22(1) 
C(23) 6569(2) 7543(1) 1378(1) 23(1) 
C(24) 8353(2) 6490(1) 1307(2) 31(1) 
C(25) 5575(2) 7588(1) 1399(1) 28(1) 
C(28) 7833(2) 6776(1) 3153(2) 32(1) 
C(29) 8732(2) 6572(1) 3118(1) 30(1) 
C(30) 9098(3) 6272(2) 3507(2) 37(1) 
C(31) 9911(3) 6038(2) 3449(2) 47(1) 
C(32) 10386(3) 6092(2) 3012(2) 50(1) 
C(33) 10042(3) 6385(2) 2623(2) 49(1) 
C(34) 9225(3) 6621(1) 2672(2) 38(1) 
C(35) 8274(2) 5432(1) 2524(1) 28(1) 
C(36) 8135(2) 4873(1) 2591(1) 25(1) 
C(37) 7899(2) 4546(1) 2190(1) 28(1) 
C(38) 7758(2) 4022(1) 2262(2) 37(1) 
C(39) 7846(3) 3804(2) 2734(2) 44(1) 
C(40) 8086(3) 4118(2) 3132(2) 42(1) 
C(41) 8223(2) 4641(1) 3065(1) 31(1) 
C(42) 3265(3) 4891(2) 4108(2) 38(1) 
C(43) 3101(3) 5814(2) 4182(2) 41(1) 
C(44) 2190(3) 5750(2) 4165(2) 43(1) 
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C(45) 2359(2) 4832(2) 4106(1) 36(1) 
C(46) 3637(3) 5378(2) 4148(2) 40(1) 
C(47) 1817(3) 5264(2) 4128(2) 40(1) 
C(48) 3504(4) 6338(2) 4235(2) 60(1) 
C(20C) 5088(3) 6304(2) 2750(2) 27(1) 
C(26C) 5630(4) 6524(3) 3582(2) 37(1) 
C(27C) 5876(4) 7085(2) 2877(3) 38(1) 
C(26B) 5954(7) 6799(5) 3571(4) 34(2) 
C(20B) 5151(6) 6123(4) 3169(4) 29(2) 
C(27B) 5557(7) 6895(4) 2712(5) 37(3) 
C(7S) 3703(10) 7750(5) 4162(6) 102(4) 
C(1S) 3088(11) 7621(7) 3791(6) 84(4) 
C(2S) 2267(10) 7405(10) 3888(8) 108(5) 
C(3S) 1693(15) 7304(11) 3510(8) 118(5) 
C(4S) 1909(14) 7392(12) 3012(8) 118(6) 
C(5S) 2778(12) 7558(11) 2925(7) 106(5) 
C(6S) 3328(13) 7692(6) 3301(6) 84(4) 
C(7T) 6660(12) 3171(9) 4078(11) 187(9) 
C(1T) 7237(10) 2760(7) 4063(6) 127(5) 
C(2T) 7549(14) 2577(10) 3623(6) 143(5) 
C(3T) 8109(12) 2185(9) 3598(8) 148(6) 
C(4T) 8423(14) 1907(10) 3983(8) 145(6) 
C(5T) 8118(13) 2105(8) 4440(7) 132(5) 
C(6T) 7543(17) 2504(10) 4487(6) 132(5) 
C(1U) 9310(30) 7223(13) -169(14) 112(10) 
C(2U) 8710(20) 7602(14) -396(13) 115(7) 
C(3U) 7810(20) 7499(13) -202(12) 112(6) 
C(4U) 7280(20) 7951(11) -81(13) 114(6) 
C(5U) 6320(30) 7857(12) -73(14) 90(7) 
C(1V) 9630(20) 7482(17) -357(16) 126(10) 
C(2V) 8690(20) 7466(18) -237(17) 114(7) 
C(3V) 7879(19) 7790(13) -228(13) 108(6) 
C(4V) 6920(20) 7718(12) -198(15) 108(7) 
C(5V) 6190(30) 8059(12) -69(16) 91(8) 
 
Table S9.   Anisotropic displacement parameters (Å2x 104) for Zr2

Cl4-NMe2.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Zr(1) 200(1)  250(1) 239(1)  -2(1) -36(1)  -14(1) 
Cl(1) 616(6)  594(6) 272(4)  65(4) -167(4)  -269(5) 
Cl(2) 597(6)  544(6) 381(5)  193(4) -119(5)  -215(5) 
N(1) 209(11)  224(12) 222(12)  16(10) -9(9)  -16(9) 
N(2) 242(13)  257(13) 368(16)  -38(11) -36(11)  -17(10) 
O(1) 232(10)  333(12) 246(11)  9(9) -48(8)  -51(9) 
O(2) 230(9)  276(11) 264(11)  39(9) -56(9)  -46(8) 
C(1) 282(15)  280(15) 223(14)  22(12) -34(12)  -27(12) 
C(2) 349(17)  405(19) 248(16)  38(14) -83(13)  -66(15) 
C(3) 450(20)  470(20) 271(17)  92(16) -83(15)  -82(17) 
C(4) 399(19)  360(19) 291(17)  105(14) -50(14)  -42(15) 
C(5) 275(15)  332(17) 319(17)  29(14) -57(13)  -25(13) 
C(6) 267(14)  266(15) 224(14)  20(12) -26(11)  -16(12) 
C(7) 258(14)  246(14) 283(16)  0(12) -7(12)  -38(11) 
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C(8) 202(12)  264(14) 205(13)  -13(11) -33(10)  -33(11) 
C(9) 214(13)  232(14) 224(14)  6(11) 4(11)  -6(11) 
C(10) 245(14)  263(15) 207(14)  14(11) -11(11)  -21(11) 
C(11) 220(12)  277(14) 238(14)  -51(12) -43(11)  -7(12) 
C(12) 216(13)  282(15) 258(15)  4(12) -15(11)  -59(11) 
C(13) 221(13)  254(15) 249(14)  8(12) -25(11)  -25(11) 
C(14) 258(14)  264(14) 224(14)  -12(11) -43(11)  -55(11) 
C(15) 301(15)  374(18) 221(14)  42(13) -48(12)  -49(14) 
C(16) 377(19)  480(20) 410(20)  33(18) -153(17)  11(17) 
C(17) 420(20)  620(30) 237(16)  -55(17) -2(15)  -143(19) 
C(18) 399(19)  450(20) 285(17)  13(15) -109(15)  -123(17) 
C(19) 228(14)  330(17) 356(18)  -47(14) -21(13)  7(12) 
C(21) 216(12)  234(13) 208(13)  9(11) -5(10)  -27(11) 
C(22) 232(14)  206(13) 231(14)  -5(11) 25(10)  7(10) 
C(23) 208(12)  267(14) 226(14)  7(11) -16(11)  -2(11) 
C(24) 238(14)  257(15) 450(20)  -36(14) 36(14)  -15(12) 
C(25) 216(13)  286(16) 338(17)  -24(13) -25(12)  -7(12) 
C(28) 270(15)  265(15) 428(19)  -40(14) -85(14)  8(13) 
C(29) 247(15)  233(15) 428(19)  -66(14) -45(13)  -48(12) 
C(30) 341(18)  400(20) 380(20)  -63(16) -72(15)  12(15) 
C(31) 353(19)  440(20) 610(30)  -50(20) -162(19)  115(18) 
C(32) 281(17)  390(20) 840(30)  -160(20) -20(20)  26(16) 
C(33) 430(20)  360(20) 680(30)  -90(20) 200(20)  -119(18) 
C(34) 420(20)  265(17) 460(20)  12(15) 25(17)  -44(15) 
C(35) 245(14)  271(15) 313(16)  -20(13) 7(12)  -12(12) 
C(36) 186(13)  294(15) 282(16)  -19(12) -24(11)  16(11) 
C(37) 210(14)  322(15) 311(16)  -24(13) -27(12)  16(11) 
C(38) 295(15)  340(18) 470(20)  -81(15) -49(15)  -34(15) 
C(39) 430(20)  281(16) 610(30)  22(17) -27(19)  -32(16) 
C(40) 460(20)  380(20) 420(20)  85(17) -50(17)  26(17) 
C(41) 295(16)  331(17) 316(17)  2(14) -64(13)  32(13) 
C(42) 410(20)  380(20) 360(20)  -3(16) -45(16)  23(16) 
C(43) 560(20)  370(20) 297(18)  -28(15) 80(17)  -31(18) 
C(44) 490(20)  410(20) 380(20)  -61(16) 129(18)  56(18) 
C(45) 370(20)  398(19) 322(18)  -11(15) 4(15)  7(15) 
C(46) 374(19)  500(20) 342(19)  5(17) -3(16)  -32(17) 
C(47) 380(20)  470(20) 370(20)  -44(17) 69(16)  -5(17) 
C(48) 750(30)  480(30) 580(30)  20(20) 120(30)  -70(20) 
C(20C) 210(20)  290(20) 310(30)  -3(19) -13(18)  -3(18) 
C(26C) 280(30)  430(40) 390(30)  -80(30) 40(20)  10(30) 
C(27C) 270(30)  270(30) 590(40)  -10(30) -60(30)  0(20) 
C(26B) 310(50)  370(60) 340(50)  -110(40) 40(40)  0(50) 
C(20B) 260(40)  350(50) 260(50)  0(40) -50(30)  20(40) 
C(27B) 240(50)  280(50) 580(70)  30(50) -30(50)  20(40) 
C(7S) 1130(110)  520(70) 1410(110)  -200(80) -50(90)  -30(70) 
C(1S) 950(100)  450(70) 1110(80)  -70(70) 220(60)  140(70) 
C(2S) 930(110)  840(100) 1480(100)  -130(110) 250(80)  -20(90) 
C(3S) 1080(100)  820(110) 1640(130)  -120(130) -50(100)  200(90) 
C(4S) 990(120)  900(110) 1660(110)  100(130) -170(110)  310(100) 
C(5S) 1070(130)  710(90) 1400(90)  220(100) -200(70)  310(110) 
C(6S) 1090(90)  260(50) 1170(90)  160(80) 110(70)  110(60) 
C(7T) 480(90)  1720(180) 3400(300)  -150(170) 70(150)  -340(90) 
C(1T) 1070(110)  1470(130) 1270(90)  -240(100) -100(90)  -310(80) 
C(2T) 1310(120)  1950(150) 1030(70)  -170(120) -190(120)  -280(100) 
C(3T) 1180(130)  2040(160) 1230(90)  -350(110) -110(100)  -280(100) 
C(4T) 1190(140)  1610(140) 1530(120)  20(110) 160(110)  -550(100) 
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C(5T) 1270(130)  1520(140) 1160(90)  170(100) -90(100)  -620(80) 
C(6T) 1440(120)  1540(120) 980(70)  -280(120) -160(120)  -650(80) 
C(1U) 1800(190)  790(190) 780(180)  -420(150) -430(170)  320(170) 
C(2U) 1760(140)  800(140) 900(130)  -410(100) -570(110)  260(110) 
C(3U) 1700(140)  720(120) 930(100)  -330(100) -720(110)  190(110) 
C(4U) 1760(140)  760(120) 900(110)  -330(100) -470(120)  130(110) 
C(5U) 1780(150)  490(160) 420(110)  60(140) 130(150)  40(150) 
C(1V) 1760(160)  1000(200) 1000(200)  -640(170) -420(180)  290(170) 
C(2V) 1700(140)  800(140) 930(130)  -520(110) -640(130)  330(110) 
C(3V) 1680(130)  630(120) 920(100)  -470(100) -650(110)  300(100) 
C(4V) 1720(140)  610(130) 910(110)  -280(100) -470(120)  200(110) 
C(5V) 1860(170)  460(150) 420(120)  0(140) 30(140)  230(140) 
______________________________________________________________________________  
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Spec ial  re f inement detai l s  for  Zr2

Me4-OMe 
Tolene and hexanes were used as crystallization solvents and several solvent molecules were present 
in the lattice. These solvent molecules, however, could not be satisfactorily modeled. The 
SQUEEZE protocol contained with the program PLATON10 was used to generate a bulk solvent 
correction to the observed intensities. The results are appended to the CIF. 
 

 

 
Figure S84. Structural drawing of Zr2

Me4-OMe.  
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Table S10.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 
103) for Zr2

Me4-OMe U(eq) is defined as the trace of the orthogonalized Uij tensor.  
________________________________________________________________________________  
 x y z Ueq 
________________________________________________________________________________   
Zr(1) 7868(1) 1623(1) 7355(1) 17(1) 
Zr(2) 11300(1) 3027(1) 10766(1) 19(1) 
O(1) 8010(2) 953(1) 7523(1) 27(1) 
O(2) 7928(2) 2219(1) 6824(1) 20(1) 
O(3) 10379(2) 1525(1) 7241(1) 28(1) 
O(4) 12094(2) 2782(1) 11837(1) 29(1) 
O(5) 10865(2) 3471(1) 9886(1) 20(1) 
O(6) 13799(2) 3064(1) 10724(1) 24(1) 
N(1) 7913(2) 1361(1) 6040(1) 18(1) 
N(2) 12465(2) 3717(1) 11453(1) 19(1) 
C(1) 8314(3) 562(1) 7194(2) 24(1) 
C(2) 9053(3) 207(1) 7668(2) 28(1) 
C(3) 9300(4) -190(1) 7306(2) 36(1) 
C(4) 8843(4) -251(1) 6490(2) 36(1) 
C(5) 8179(4) 114(1) 6045(2) 32(1) 
C(6) 7888(3) 523(1) 6377(2) 24(1) 
C(7) 7136(3) 910(1) 5887(2) 22(1) 
C(8) 8084(3) 2407(1) 6162(2) 19(1) 
C(9) 8743(3) 2841(1) 6174(2) 20(1) 
C(10) 8857(3) 3015(1) 5466(2) 26(1) 
C(11) 8385(4) 2786(1) 4756(2) 30(1) 
C(12) 7813(3) 2354(1) 4780(2) 25(1) 
C(13) 7644(3) 2162(1) 5462(2) 19(1) 
C(14) 6994(3) 1694(1) 5467(2) 21(1) 
C(15) 8535(4) 3004(1) 3996(2) 34(1) 
C(16) 7902(4) 3484(1) 3907(2) 40(1) 
C(17) 10133(4) 3040(2) 4023(2) 53(1) 
C(18) 7669(6) 2728(2) 3270(2) 74(2) 
C(19) 9378(3) 1319(1) 5913(2) 27(1) 
C(20) 10482(3) 1613(1) 6459(2) 34(1) 
C(21) 9332(3) 3098(1) 6920(2) 18(1) 
C(22) 10836(3) 3118(1) 7254(2) 24(1) 
C(23) 11393(3) 3390(1) 7927(2) 25(1) 
C(24) 10460(3) 3652(1) 8231(2) 19(1) 
C(25) 8970(3) 3627(1) 7912(2) 22(1) 
C(26) 8391(3) 3338(1) 7265(2) 22(1) 
C(27) 11882(4) 2859(1) 6902(2) 43(1) 
C(28) 12996(4) 3390(2) 8304(2) 49(1) 
C(29) 7937(4) 3907(1) 8232(2) 37(1) 
C(30) 6775(4) 3303(1) 6934(2) 34(1) 
C(31) 11210(3) 3887(1) 9660(2) 19(1) 
C(32) 11076(3) 3984(1) 8871(2) 21(1) 
C(33) 11523(4) 4414(1) 8682(2) 27(1) 
C(34) 12074(4) 4749(1) 9243(2) 29(1) 
C(35) 12154(4) 4642(1) 10011(2) 26(1) 
C(36) 11721(3) 4220(1) 10227(2) 21(1) 
C(37) 12562(5) 5209(1) 8985(2) 47(1) 
C(38) 12705(8) 5569(2) 9615(3) 91(2) 
C(39) 14006(6) 5138(2) 8789(4) 98(2) 
C(40) 11455(6) 5375(2) 8250(3) 73(2) 
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C(41) 11678(3) 4132(1) 11063(2) 20(1) 
C(42) 12814(3) 2888(1) 12581(2) 26(1) 
C(43) 13388(4) 2536(1) 13113(2) 31(1) 
C(44) 14048(4) 2654(1) 13875(2) 37(1) 
C(45) 14201(4) 3111(1) 14129(2) 39(1) 
C(46) 13633(3) 3448(1) 13585(2) 29(1) 
C(47) 12944(3) 3345(1) 12810(2) 24(1) 
C(48) 12231(3) 3720(1) 12262(2) 23(1) 
C(49) 14034(3) 3748(1) 11509(2) 25(1) 
C(50) 14370(3) 3526(1) 10810(2) 25(1) 
C(51) 11691(4) 1610(2) 7818(2) 67(1) 
C(52) 14815(4) 2734(1) 11149(2) 37(1) 
C(53) 9584(4) 284(1) 8545(2) 38(1) 
C(54) 9123(5) -692(1) 6102(3) 52(1) 
C(55) 13293(5) 2052(1) 12839(2) 47(1) 
C(56) 14869(5) 3223(2) 14974(2) 54(1) 
C(57) 9201(4) 1835(1) 8555(2) 31(1) 
C(58) 8008(3) 1999(1) 8834(2) 27(1) 
C(59) 7234(4) 1711(1) 9205(2) 40(1) 
C(60) 6016(4) 1857(2) 9411(2) 52(1) 
C(61) 5509(4) 2298(2) 9232(2) 51(1) 
C(62) 6261(4) 2598(1) 8873(2) 43(1) 
C(63) 7479(4) 2453(1) 8672(2) 33(1) 
C(64) 5417(3) 1641(1) 7291(2) 25(1) 
C(65) 4369(3) 1623(1) 6518(2) 23(1) 
C(66) 3833(4) 1214(1) 6159(2) 37(1) 
C(67) 2885(5) 1216(3) 5412(3) 79(2) 
C(68) 2439(5) 1621(4) 5018(3) 104(3) 
C(69) 2947(6) 2030(3) 5391(3) 92(2) 
C(70) 3909(4) 2031(2) 6119(2) 44(1) 
C(71) 11386(4) 2409(1) 10035(2) 30(1) 
C(72) 11659(4) 1940(1) 10341(2) 36(1) 
C(73) 10755(5) 1738(1) 10734(2) 45(1) 
C(74) 10966(7) 1311(2) 11037(3) 77(2) 
C(75) 12159(8) 1054(2) 10954(4) 97(2) 
C(76) 13042(7) 1234(2) 10536(4) 94(2) 
C(77) 12794(5) 1679(2) 10243(3) 65(1) 
C(78) 8956(3) 2999(1) 10861(2) 30(1) 
C(79) 8324(3) 3448(1) 10927(2) 25(1) 
C(80) 8267(3) 3634(1) 11639(2) 33(1) 
C(81) 7694(4) 4073(1) 11685(2) 39(1) 
C(82) 7203(4) 4324(1) 11032(3) 44(1) 
C(83) 7252(4) 4149(1) 10319(2) 42(1) 
C(84) 7791(3) 3724(1) 10263(2) 31(1) 
 
Table S11.   Anisotropic displacement parameters (Å2x 104) for Zr2

Me4-OMe.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Zr(1) 182(1)  194(1) 158(1)  -3(1) 63(1)  -10(1) 
Zr(2) 182(1)  208(1) 149(1)  14(1) 12(1)  -24(1) 
O(1) 345(12)  213(11) 288(12)  20(9) 148(10)  14(9) 
O(2) 258(11)  203(10) 163(10)  -23(8) 82(9)  -9(8) 
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O(3) 155(10)  456(16) 212(11)  -22(10) 47(8)  -2(9) 
O(4) 348(13)  330(12) 171(11)  46(9) 12(10)  -44(10) 
O(5) 240(11)  201(10) 152(10)  8(8) 20(8)  -34(8) 
O(6) 156(9)  307(11) 227(10)  -20(11) 24(8)  -26(10) 
N(1) 158(11)  214(12) 187(12)  -3(10) 69(10)  20(9) 
N(2) 162(12)  258(13) 153(12)  -12(10) 26(9)  -45(10) 
C(1) 203(15)  206(15) 337(19)  9(13) 95(14)  -13(12) 
C(2) 236(16)  223(16) 374(19)  94(14) 95(14)  7(13) 
C(3) 259(17)  251(17) 590(30)  167(16) 157(17)  94(13) 
C(4) 430(20)  216(16) 520(20)  45(16) 288(18)  62(15) 
C(5) 400(20)  219(16) 410(20)  -18(14) 217(17)  64(14) 
C(6) 236(15)  177(15) 357(19)  -18(13) 139(14)  -22(12) 
C(7) 227(15)  224(15) 211(16)  -24(12) 63(13)  -6(12) 
C(8) 192(14)  217(15) 162(14)  11(11) 36(12)  -5(11) 
C(9) 273(16)  181(14) 145(14)  -25(11) 43(12)  -14(12) 
C(10) 377(17)  224(14) 187(14)  -12(14) 86(12)  -91(15) 
C(11) 430(20)  278(17) 196(16)  -35(13) 118(14)  -81(15) 
C(12) 347(17)  253(16) 153(15)  -64(12) 79(13)  -53(13) 
C(13) 200(14)  195(14) 186(15)  -27(11) 53(12)  -15(11) 
C(14) 273(15)  175(15) 185(14)  -10(11) 66(12)  1(12) 
C(15) 570(20)  326(17) 155(14)  -59(16) 132(14)  -118(18) 
C(16) 420(20)  510(20) 278(19)  95(17) 131(16)  -137(18) 
C(17) 730(30)  550(20) 430(20)  220(20) 360(20)  140(20) 
C(18) 1310(50)  680(30) 210(20)  -60(20) 200(20)  -600(30) 
C(19) 234(16)  296(17) 320(18)  6(14) 136(14)  -3(13) 
C(20) 259(15)  408(18) 380(18)  -37(18) 153(14)  16(17) 
C(21) 267(14)  144(14) 139(13)  6(10) 50(11)  -27(11) 
C(22) 297(16)  173(15) 246(16)  -41(11) 75(13)  4(12) 
C(23) 250(16)  265(16) 197(15)  -36(12) 4(12)  -29(13) 
C(24) 244(15)  185(14) 133(14)  38(11) 22(11)  -23(11) 
C(25) 290(16)  219(15) 134(14)  -24(11) 44(12)  19(12) 
C(26) 233(15)  272(16) 159(15)  -32(12) 39(12)  1(12) 
C(27) 410(20)  480(20) 370(20)  -153(17) 67(17)  105(17) 
C(28) 261(19)  700(30) 410(20)  -220(20) -66(16)  81(18) 
C(29) 309(18)  540(20) 247(18)  -155(16) 33(15)  48(16) 
C(30) 295(18)  490(20) 217(17)  -141(16) 19(14)  -12(16) 
C(31) 215(15)  176(14) 164(14)  -9(11) 25(12)  -26(11) 
C(32) 248(15)  191(14) 166(14)  -4(11) 30(12)  -42(12) 
C(33) 397(19)  248(16) 157(15)  29(12) 57(13)  -42(14) 
C(34) 420(20)  218(16) 255(18)  -18(13) 109(15)  -83(14) 
C(35) 388(19)  181(15) 228(17)  -76(12) 91(14)  -72(13) 
C(36) 208(15)  267(16) 140(14)  -47(12) 32(12)  -8(12) 
C(37) 840(30)  258(18) 380(20)  -61(16) 270(20)  -260(20) 
C(38) 2020(70)  360(20) 430(30)  -110(20) 460(40)  -560(30) 
C(39) 880(40)  630(30) 1690(60)  70(40) 770(40)  -340(30) 
C(40) 1300(50)  340(20) 560(30)  100(20) 290(30)  -220(30) 
C(41) 206(15)  234(15) 153(14)  -23(11) 23(12)  -24(12) 
C(42) 212(15)  430(20) 133(14)  44(13) 30(12)  -8(13) 
C(43) 243(17)  480(20) 182(16)  77(15) 7(13)  77(15) 
C(44) 340(20)  520(20) 230(18)  88(16) 73(15)  124(17) 
C(45) 363(19)  630(30) 151(16)  5(16) 53(14)  142(18) 
C(46) 235(16)  440(20) 187(16)  -47(14) 34(13)  29(14) 
C(47) 155(14)  437(19) 139(15)  9(13) 40(12)  35(13) 
C(48) 241(16)  300(17) 160(15)  -26(12) 74(12)  -22(13) 
C(49) 138(14)  358(17) 247(16)  -43(13) 39(12)  -57(12) 
C(50) 181(15)  339(17) 212(16)  -19(13) 42(12)  -70(12) 
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C(51) 209(17)  1400(50) 360(20)  140(30) 18(16)  170(30) 
C(52) 278(18)  430(20) 370(20)  -51(17) 13(16)  75(16) 
C(53) 370(20)  292(18) 480(20)  161(16) 94(17)  39(15) 
C(54) 700(30)  219(18) 790(30)  68(19) 450(30)  150(18) 
C(55) 560(30)  410(20) 390(20)  147(18) 33(19)  62(19) 
C(56) 580(30)  740(30) 209(19)  -16(19) -55(18)  190(20) 
C(57) 300(18)  379(19) 223(17)  -18(14) 38(14)  29(14) 
C(58) 229(16)  407(19) 143(15)  -2(13) -10(12)  29(14) 
C(59) 440(20)  470(20) 261(18)  123(16) 74(16)  131(17) 
C(60) 460(20)  720(30) 450(20)  260(20) 240(20)  100(20) 
C(61) 350(20)  690(30) 510(30)  80(20) 114(19)  150(20) 
C(62) 350(20)  460(20) 430(20)  -33(18) 44(18)  59(17) 
C(63) 323(19)  345(19) 273(18)  -53(15) -3(15)  -4(14) 
C(64) 195(14)  307(16) 264(15)  -30(16) 96(12)  -51(15) 
C(65) 139(12)  316(15) 244(14)  4(15) 85(11)  19(14) 
C(66) 223(17)  480(20) 440(20)  -185(18) 170(16)  -82(15) 
C(67) 260(20)  1560(60) 590(30)  -660(40) 190(20)  -210(30) 
C(68) 290(20)  2530(90) 270(20)  80(50) 33(19)  130(50) 
C(69) 410(30)  1860(70) 550(40)  710(40) 230(30)  540(40) 
C(70) 330(20)  570(30) 510(30)  170(20) 251(19)  168(18) 
C(71) 278(17)  253(17) 306(19)  -54(14) -13(14)  -1(13) 
C(72) 340(19)  319(19) 350(20)  4(15) 2(16)  -52(15) 
C(73) 520(20)  340(20) 490(20)  -26(17) 107(19)  -115(17) 
C(74) 1100(50)  490(30) 730(40)  120(30) 280(30)  -240(30) 
C(75) 1180(50)  390(30) 1140(50)  320(30) -30(40)  -100(30) 
C(76) 780(40)  380(30) 1460(60)  60(30) -40(40)  150(30) 
C(77) 480(20)  410(30) 1080(40)  110(30) 250(30)  90(20) 
C(78) 252(15)  316(18) 307(17)  74(17) 55(13)  -37(16) 
C(79) 148(14)  381(19) 206(16)  53(13) 27(12)  -92(13) 
C(80) 183(16)  520(20) 258(18)  14(16) 17(13)  -121(15) 
C(81) 275(18)  490(20) 450(20)  -157(18) 145(17)  -201(16) 
C(82) 430(20)  234(18) 710(30)  -6(19) 210(20)  -41(16) 
C(83) 380(20)  410(20) 500(20)  125(18) 160(18)  20(17) 
C(84) 204(16)  430(20) 282(18)  100(15) 43(14)  -10(14) 
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Spec ial  re f inement detai l s  for  Zr1

Cl2tBu2-OMe 
Crystals were mounted on a plastic loop using Paratone oil then placed in liquid N2 for transport to 
SSRL beamline 12-2. Atom C27 is modeled isotropically as it could only be modeled satisfactorily 
with very harsh restraints. 
 

 
Figure S85. Structural drawing of Zr1

Cl2tBu2-OMe.  
 
Table S12.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 
103) for Zr1

Cl2tBu2-OMe  U(eq) is defined as the trace of the orthogonalized Uij tensor.  
________________________________________________________________________________  
 x y z Ueq 
________________________________________________________________________________   
Zr(1) 4382(1) 2772(1) 506(1) 6(1) 
Cl(1) 3997(1) 5001(1) 664(1) 18(1) 
Cl(2) -1086(1) 5022(1) 1212(1) 27(1) 
N(1) 1952(2) 2587(1) 260(1) 9(1) 
O(1) 3695(2) 3624(1) 743(1) 10(1) 
O(2) 4340(2) 1890(1) 95(1) 8(1) 
O(3) 3352(2) 3034(1) -879(1) 11(1) 
C(1) 2587(2) 3944(1) 816(1) 10(1) 
C(2) 2564(2) 4603(1) 810(1) 12(1) 
C(3) 1440(3) 4943(1) 916(1) 15(1) 
C(4) 317(3) 4610(1) 1026(2) 16(1) 
C(5) 274(3) 3958(1) 998(2) 15(1) 
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C(6) 1408(2) 3621(1) 890(1) 11(1) 
C(7) 1381(2) 2911(1) 903(1) 11(1) 
C(8) 3518(2) 1443(1) -301(1) 9(1) 
C(9) 3968(2) 997(1) -798(1) 9(1) 
C(10) 2993(2) 596(1) -1232(1) 10(1) 
C(11) 1633(2) 610(1) -1184(1) 10(1) 
C(12) 1243(2) 1041(1) -658(1) 11(1) 
C(13) 2163(2) 1451(1) -217(1) 9(1) 
C(14) 1723(2) 1892(1) 374(1) 11(1) 
C(15) 575(2) 174(1) -1678(1) 12(1) 
C(16) -92(3) -236(1) -1121(2) 18(1) 
C(17) -510(3) 576(1) -2199(2) 18(1) 
C(18) 1197(3) -265(1) -2218(2) 20(1) 
C(19) 5470(2) 940(1) -853(2) 13(1) 
C(20) 6308(3) 818(1) -20(2) 18(1) 
C(21) 5955(3) 1548(1) -1198(2) 15(1) 
C(22) 5736(3) 391(1) -1386(2) 23(1) 
C(23) 1208(3) 2806(1) -532(1) 14(1) 
C(24) 2066(3) 2732(1) -1153(1) 14(1) 
C(25) 3397(3) 3671(1) -1155(2) 22(1) 
C(26) 6186(2) 3168(1) 28(1) 13(1) 
C(27) 7079(2) 2987(1) 757(1) 12(1) 
C(28) 7216(3) 3366(1) 1440(2) 16(1) 
C(29) 7959(3) 3163(1) 2159(2) 20(1) 
C(30) 8582(3) 2578(1) 2225(2) 23(1) 
C(31) 8459(3) 2190(1) 1564(2) 21(1) 
C(32) 7721(3) 2388(1) 842(2) 15(1) 
C(33) 4899(2) 2476(1) 1835(1) 12(1) 
C(34) 4047(2) 2068(1) 2223(1) 11(1) 
C(35) 3158(3) 2321(1) 2677(1) 16(1) 
C(36) 2300(3) 1941(1) 3008(2) 22(1) 
C(37) 2324(3) 1294(1) 2921(2) 24(1) 
C(38) 3219(3) 1030(1) 2495(2) 21(1) 
C(39) 4058(3) 1407(1) 2150(1) 15(1) 
 
Table S13.   Anisotropic displacement parameters (Å2x 104) for Zr1

Cl2tBu2-OMe.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Zr(1) 58(1)  69(1) 49(1)  -3(1) 13(1)  -19(1) 
Cl(1) 211(3)  111(3) 236(3)  -22(2) 103(3)  -46(3) 
Cl(2) 211(4)  281(4) 320(4)  -37(3) 90(3)  115(3) 
N(1) 102(10)  96(10) 70(10)  -17(8) 24(8)  -15(8) 
O(1) 90(9)  107(9) 121(8)  -38(7) 30(7)  -13(7) 
O(2) 81(8)  84(8) 72(8)  15(6) 5(6)  -13(7) 
O(3) 119(9)  112(9) 94(8)  29(7) 8(7)  -29(7) 
C(1) 113(12)  134(13) 44(11)  -18(9) 12(9)  2(10) 
C(2) 145(13)  146(13) 79(12)  -16(10) 37(10)  -30(10) 
C(3) 198(14)  129(13) 116(12)  -16(10) 12(10)  31(11) 
C(4) 135(13)  197(14) 144(13)  -20(10) 21(10)  70(11) 
C(5) 116(13)  205(14) 148(13)  -30(11) 56(10)  -15(11) 
C(6) 123(13)  144(13) 53(11)  -22(9) 22(9)  5(10) 
C(7) 114(13)  133(13) 100(12)  -13(10) 53(10)  -19(10) 
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C(8) 100(12)  75(12) 66(11)  32(9) -29(9)  -38(10) 
C(9) 95(12)  71(12) 87(11)  43(9) -1(9)  6(10) 
C(10) 137(13)  66(12) 96(12)  7(9) 14(9)  13(10) 
C(11) 102(12)  84(12) 107(12)  7(9) -3(9)  -34(10) 
C(12) 73(12)  136(13) 116(12)  30(10) 21(9)  -10(10) 
C(13) 109(12)  78(12) 80(11)  11(9) 20(9)  -7(10) 
C(14) 89(12)  133(13) 114(12)  -13(10) 45(10)  -54(10) 
C(15) 140(13)  122(13) 107(12)  -13(10) 5(10)  -39(10) 
C(16) 179(14)  166(14) 159(13)  3(11) -33(11)  -84(11) 
C(17) 166(14)  197(14) 141(13)  -23(11) -25(10)  -41(11) 
C(18) 179(14)  183(14) 230(14)  -115(11) 15(11)  -48(11) 
C(19) 94(12)  115(13) 179(13)  -35(10) 28(10)  -11(10) 
C(20) 100(13)  142(13) 286(15)  72(11) -1(11)  47(11) 
C(21) 105(13)  185(14) 170(13)  4(11) 51(10)  5(11) 
C(22) 125(14)  210(15) 374(17)  -104(13) 91(12)  -3(11) 
C(23) 107(13)  191(14) 104(12)  2(10) -7(10)  -6(10) 
C(24) 132(13)  166(13) 115(12)  1(10) -25(10)  -16(10) 
C(25) 291(16)  134(14) 200(14)  79(11) -27(12)  -18(12) 
C(26) 166(13)  121(13) 122(12)  -3(10) 82(10)  -56(10) 
C(28) 128(13)  156(14) 208(14)  -29(11) 68(11)  -75(11) 
C(29) 175(14)  284(16) 155(13)  -69(11) 46(11)  -107(12) 
C(30) 145(14)  329(17) 195(14)  55(12) 1(11)  -88(12) 
C(31) 139(14)  201(15) 287(15)  50(12) 58(12)  -17(11) 
C(32) 125(13)  160(14) 182(13)  -25(10) 61(10)  -49(11) 
C(33) 131(13)  157(13) 81(12)  -6(10) 6(10)  -30(10) 
C(34) 120(13)  146(13) 48(11)  4(9) -23(9)  -16(10) 
C(35) 244(15)  149(13) 94(12)  -8(10) 18(11)  35(11) 
C(36) 195(15)  366(18) 121(13)  82(12) 89(11)  56(13) 
C(37) 177(15)  335(17) 210(15)  152(13) 48(12)  -65(13) 
C(38) 266(16)  139(14) 210(14)  31(11) 8(12)  -46(12) 
C(39) 173(14)  152(13) 121(13)  -14(10) 29(10)  32(11) 
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