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Experimental Section

General Methods. All manipulations of air- and water-sensitive compounds were carried out
under dry nitrogen using a Braun UniLab drybox or standard Schlenk line techniques. Routine
small-molecule 'H, °C, and ""F NMR spectra were recorded on Varian Mercury or Varian Inova
spectrometers and were referenced versus residual nondeuterated solvent signals (‘H, "C) or
hexafluorobenzene (“’F). Polymer "C NMR spectra were recorded on a Varian Inova
spectrometer (125 MHz) at 100 °C and were referenced versus residual nondeuterated solvent
signals. The polymer samples were dissolved at 100 °C in 1,1,2,2-tetrachloroethane-d, in a 5 mm
O.D. tube. For quantitative analysis, an inverse gated decoupling sequence was used with a 30°
pulse width, 2.0 s acquisition time, and 10 s delay time.

Molecular weights (M, and M,) and polydispersities (M /M,) were determined by high-
temperature gel-permeation chromatography (GPC). Analyses were performed with a Waters
Alliance GPCV 2000 gel permeation chromatograph equipped with a Waters DRI detector and
viscometer. The column set (four Waters HT 6E and one Waters HT 2) was eluted with 1,2,4-
trichlorobenzene containing 0.01 wt % di-fert-butylhydroxytoluene (BHT) at 1.0 mL/min at 140
°C. Data were calibrated using four monomodal polyethylene standards (from Polymer
Standards Service) which generated a calibration curve with twelve data points. Polymer
solutions were usually placed in a 140 °C oven for 24 h prior to molecular weight measurements.
Polymer melting points and glass transition temperatures were measured by differential scanning
calorimetry (DSC) using a TA Instruments Q1000 DSC equipped with a LNCS and an
automated sampler. Typical DSC experiments were made in crimped aluminum pans under
nitrogen with a heating rate of 10 °C per minute from —50 to 200 °C. The reported DCS data

from the second heating run was processed with the TA Q Series software package.
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Chemical analyses were performed by Robertson Microlit Laboratories of Madison, NJ. X-Ray
crystallographic data was collected using a SMART CCD Area Detector System (Mo K, A =
0.71073 A), and frames were integrated with the Siemens SAINT program.

Materials. Toluene, hexanes, and methylene chloride were purified over columns of alumina
and copper (QS5) prior to use. Diethyl ether and pentane were distilled from sodium
benzophenone ketyl under nitrogen. Benzene-d, was degassed, dried over 4A molecular sieves
and stored under nitrogen. Propylene and ethylene (Matheson, polymer grade) were dried over
columns of molecular sieves and copper (QS5). 1,5-Hexadiene and 1,6-heptadiene were degassed,
dried over calcium hydride, and distilled prior to use. Methylaluminoxane (Akzo Nobel PMAO-
IP, 13 wt % Al in toluene) was dried in vacuo to remove residual trimethylaluminum and used as
a solid white powder. Anhydrous 1,2-dichloroethane, TiCl, (1.0 M solution in toluene),
2,3,4,5,6-pentafluoroaniline, 2,4-di-tert-butylphenol, 2,4-dimethylphenol, 3,5-
diisopropylsalicylic acid, 2"-hydroxy-5"-methylacetophenone, and p-cresol were purchased from
commercial sources and used as received. Literature procedures were used to synthesize N-
pentafluorophenyl-benzamide,' 2-hydroxy-3,5-dimethylbenzaldehyde,* 2,4-diisopropylphenol,’
and 2-ethyl-4-methylphenol.*

General procedure for ketimine ligand synthesis. Phosphorous pentachloride (10.0 mmol)
was added to a methylene chloride solution (75 mL) of N-pentafluorophenyl-benzamide (10.0
mmol). The resulting suspension was heated at reflux under nitrogen for 12 h. After cooling, the
solvent was removed in vacuo and the resulting white imidoyl chloride was dried to remove
residual POCI,. The crude imidoyl chloride was dissolved in 1,2-dichloroethane (10 mL) and
transferred via cannula to a Schlenk tube containing aluminum chloride (12.0 mmol) and 1,2-

dichloroethane (30 mL). A cannula was used to slowly add a solution of the desired phenol (10.0
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mmol in 1,2-dichloroethane), resulting in a color change from light brown to deep orange-red.
The reaction was heated at reflux under nitrogen overnight. After cooling, water (50 mL) was
added; the organic layer was collected and washed with aqueous sodium carbonate solution
followed by brine solution. The yellow organic layer was then dried over magnesium sulfate and
filtered. The solvent was removed in vacuo to give the crude ligand as a yellow oil.
2,4-Di-tert-butyl-6-[phenyl(pentafluorophenylimino)methyl]-phenol (ligand A). N-
Pentafluorophenyl-benzamide (2.00 g, 6.96 mmol) and phosphorous pentachloride (1.45 g, 6.96
mmol) were combined as described above to give the imidoyl chloride, which was reacted with
aluminum chloride (1.11 g, 8.35 mmol) and 2,4-di-tert-butylphenol (1.45 g, 6.96 mmol) as
described above to give the crude product as a yellow oil. This was recrystallized from methanol
at =20 °C to give ligand A as a bright yellow powder (0.38 g, 12%). '"H NMR (CDCl,, 300
MHz): 7.54 (d, 1H, J = 2.4 Hz, ArH), 7.40-7.33 (m, 3H, PhH), 7.20 (m, 2H, PhH), 6.88 (d, 1H, J
= 2.4 Hz, ArH), 1.50, 1.13 (s, 9H each, C(CH;);). "C NMR (CDCl,, 125 MHz): 182.1 (C=N),
160.2 (ArC-OH), 139.9 (ArC or PhC), 138.8 (ArC-F, m, 'Jo = 248 Hz), 137.9 (Ar:C-F, m, 'J
= 246 Hz), 137.9 (ArC or PhC), 137.7 (Ar:C-F, m, 'J = 248 Hz), 135.3, 130.2, 129.9, 128.5,
127.7, 127.0 (ArC or PhC), 123.8 (AriC,,,, m), 118.3 (ArC), 35.5, 34.3 (ArCMe,), 31.4, 29.7
(ArC(CH,),). "’F NMR (CDCl,, 282 MHz): —149.4, —161.4, -163.5 (Ar.F, m). Anal. calc. for
C,;H,(NOF;: C, 68.20; H, 5.51; N, 3.39. Anal. found: C, 67.87; H, 5.47; N, 2.95.
2,4-Diisopropyl-6-[phenyl(pentafluorophenylimino)methyl]-phenol (ligand B). N-
Pentafluorophenyl-benzamide (1.92 g, 6.70 mmol) and phosphorous pentachloride (1.39 g, 6.70
mmol) were combined as described above to give the imidoyl chloride, which was reacted with
aluminum chloride (1.07 g, 8.04 mmol) and 2,4-diisopropylphenol (1.19 g, 6.70 mmol) as

described above to give the crude product as a yellow oil. This was recrystallized from methanol
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at =20 °C to give ligand B as a yellow crystalline solid (1.07 g, 36%). 'H NMR (CDCl,, 300
MHz): 7.41-7.34 (m, 3H, PhH), 7.28 (d, 1H, J = 2.1 Hz, ArH), 7.19 (m, 2H, PhH), 6.70 (d, 1H, J
= 2.1 Hz, ArH), 3.48, 2.70 (sept, 1H each, J = 6.9 Hz, CHMe,), 1.31, 1.09 (d, 6H each, J = 6.9
Hz, CH(CH,),). "C NMR (CDCl,, 125 MHz): 181.8 (C=N), 158.6 (ArC-OH), 138.8 (Ar;C-F, m,
"Jer = 245 Hz), 138.5 (ArC or PhC), 138.0 (ArC-F, m, 'J. = 250 Hz), 137.8 (Ar.C-F, m, U =

245 Hz), 137.4, 135.1, 130.4, 130.0, 128.5, 128.2, 127.1 (ArC or PhC), 124.0 (Ar:C;

ipso?

m), 118.3
(ArC), 33.6, 27.0 (ArCHMe,), 24.2, 22.7 (ArCH(CH,),). “F NMR (CDCl,, 282 MHz): —149.5,
-161.3, —-163.4 (ArgF, m). Anal. calc. for C,;H,,NOF;: C, 67.11; H, 4.96; N, 3.13. Anal. found:
C, 67.04; H, 4.96; N, 3.09.
2-Ethyl-4-methyl-6-[phenyl(pentafluorophenylimino)methyl]-phenol (ligand C). N-
Pentafluorophenyl-benzamide (2.00 g, 6.96 mmol) and phosphorous pentachloride (1.45 g, 6.96
mmol) were combined as described above to give the imidoyl chloride, which was reacted with
aluminum chloride (1.11 g, 8.35 mmol) and 2-ethyl-4-methylphenol (0.95 g, 6.96 mmol) as
described above to give the crude product as a yellow oil. This was recrystallized from methanol
at =20 °C to give ligand C as a yellow powder (0.92 g, 33%). 'H NMR (CDCl,, 300 MHz): 7.42-
7.33 (m, 3H, PhH), 7.18 (m, 2H, PhH), 7.16. 6.65 (m, 1H each, ArH), 2.75 (q, 2H, J = 7.5 Hz,
CH,Me), 2.14 (s, 3H, CH,), 1.29 (t, 3H, J = 7.5 Hz, CH,CH,). "C NMR (CDCl,, 125 MHz):
181.7 (C=N), 158.7 (ArC-OH), 138.7 (ArxC-F, m, 'Joz = 245 Hz), 138.0 (Ar:C-F, m, 'J = 250
Hz), 137.7 (Ar:C-F, m, 'J: = 250 Hz), 135.8, 135.1, 133.1, 130.7, 130.0, 128.6, 127.3, 127.0
(ArC or PhC), 123.9 (Ar:C,,, m), 118.4 (ArC), 23.1 (ArCH,Me), 20.7 (ArCH;), 14.1
(ArCH,CH,). “F NMR (CDCl,, 282 MHz): —149.6, —161.3, —163.4 (Ar.F, m). Anal. calc. for

C,,H,(NOF;: C, 65.19; H, 3.98; N, 3.46. Anal. found: C, 65.17; H, 3.78; N, 3.34.
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2,4-Dimethyl-6-[phenyl(pentafluorophenylimino)methyl]-phenol (ligand D). N-
Pentafluorophenyl-benzamide (2.82 g, 9.82 mmol) and phosphorous pentachloride (2.04 g, 9.82
mmol) were combined as described above to give the imidoyl chloride, which was reacted with
aluminum chloride (1.57 g, 11.8 mmol) and 2,4-dimethylphenol (1.19 mL, 9.82 mmol) as
described above to give the crude product as a yellow oil. This was recrystallized from methanol
at =20 °C to give ligand D as a yellow crystalline solid (1.82 g, 47%). 'H NMR (CDCl,, 400
MHz): 7.42-7.34 (m, 3H, PhH), 7.17 (m, 3H, PhH and ArH), 6.65 (m, 1H, ArH), 2.32, 2.13 (s,
3H each, CH;). "C NMR (CDCl,, 125 MHz): 181.6 (C=N), 159.0 (ArC-OH), 138.7 (ArC-F, m,
e = 244 Hz), 138.0 (Ar:C-F, m, ' = 250 Hz), 137.7 (ArC-F, m, 'J = 250 Hz), 137.3, 135.0,
130.7, 130.0, 128.6, 127.2, 127.1, 127.0 (ArC or PhC), 123.9 (Ar:Ci,,, m), 118.2 (ArC), 20.6,
16.0 (ArCH,). “F NMR (CDCl,, 282 MHz): —149.6, -161.2, —163.3 (Ar.F, m). Anal. calc. for
C, H,,NOF;: C, 64.45; H, 3.61; N, 3.58. Anal. found: C, 64.22; H, 3.84; N, 3.48.

4-Methyl-6-[phenyl(pentafluorophenylimino)methyl]-phenol (ligand E). N-
Pentafluorophenyl-benzamide (1.56 g, 5.44 mmol) and phosphorous pentachloride (1.33 g, 5.44
mmol) were combined as described above to give the imidoyl chloride, which was reacted with
aluminum chloride (0.87 g, 6.53 mmol) and p-cresol (0.57 mL, 5.44 mmol) as described above to
give the crude product as a yellow oil. This was recrystallized from methanol at =20 °C to give
ligand E as a yellow crystalline solid (0.20 g, 10%). '"H NMR (CDCl,, 300 MHz): 7.43-7.35 (m,
3H, PhH), 7.26 (m, 1H, J = 8.4 Hz, ArH), 7.20-7.17 (m, 2H, PhH), 7.01 (d, 1H, J = 8.4 Hz,
ArH), 6.81 (m, 1H, ArH), 2.16 (s, 3H, CH;). "C NMR (CDCl,, 125 MHz): 181.4 (C=N), 160.6
(ArC-OH), 138.7 (Ar.C-F, m, 'Jo = 250 Hz), 138.1 (ArC-F, m, 'Jo = 250 Hz), 137.8 (Ar.C-F,

m, Joe = 250 Hz), 136.3, 134.7, 133.1, 130.1, 128.7, 128.0, 127.0 (ArC or PhC), 123.9 (Ar:C,

ipso?
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m), 118.3 (ArC), 20.7 (ArCH,). "’F NMR (CDCl,, 282 MHz): —149.5, —161.1, —=163.3 (Ar.F, m).
Anal. calc. for C,)H,,NOF;: C, 63.37; H, 3.21; N, 3.71. Anal. found: C, 63.13; H, 3.46; N, 3.43.
2,4-Dimethyl-6-[(pentafluorophenylimino)methyl]-phenol (ligand F). 2-Hydroxy-3,5-
dimethylbenzaldehyde (2.00 g, 13.3 mmol), 2,3,4,5,6-pentafluoroaniline (2,92 g, 16.0 mmol),
dry phosphorous pentoxide (2.25 g, 16.0 mmol) and a few crystals of p-toluenesulfonic acid
were combined, heated to 120 °C, and stirred for 6 h. After cooling, organic materials were
extracted with methylene chloride, filtered through Celite, and dried in vacuo. Residues were
recrystallized from methanol at —20 °C to yield ligand F as a golden crystalline solid (2.22 g,
53%). '"H NMR (CDCl,, 300 MHz): 8.76 (s, 1H, HC=N), 7.16, 7.03 (m, 1H each, ArH), 2.30,
2.29 (s, 3H each, CH;). "C NMR (CDCl,, 125 MHz): 170.9 (HC=N), 157.9 (ArC-OH), 141.1
(AreC-F, m, U = 250 Hz), 139.0 (Ar:C-F, m, 'J. = 250 Hz), 138.2 (Ar.C-F, m, 'J = 250 Hz),

137.3, 130.9 (ArCH), 128.4, 126.7 (ArC), 123.8 (Ar:C,,,,, m), 117.8 (ArC), 20.4, 15.6 (ArCH,).

pso?
F NMR (CDCl,, 282 MHz): —-152.3, —-158.8, —162.7 (Ar.F, m). Anal. calc. for C,H,,NOF: C,
57.15; H, 3.20; N, 4.44. Anal. found: C, 57.12; H, 3.22; N, 4.31.

General procedure for titanium dichloride complex synthesis. n-Butyllithium (1.6 M
solution in hexane, 1.05 mmol) was added by syringe to an ether solution of phenoxyimine
ligand (1.00 mmol) at =78 °C. After warming to room temperature and stirring for 15 min, this
solution was transferred via cannula to an ether solution of TiCl, (1.0 M solution in toluene, 0.50
mmol) at =78 °C. The dark red mixture was stirred at room temperature for 6 h. After removing
the solvent in vacuo, residues were taken up in CH,Cl, and filtered through Celite, giving a clear

dark red solution. The solvent was removed and the crude product was recrystallized from

CH,Cl,/pentane at —20 °C, yielding the desired complex as red-brown crystals.
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Bis[2,4-Di-tert-butyl-6-[ phenyl(pentafluorophenylimino)methyl]-
phenolato]dichlorotitanium (1). Ligand A (0.31 g, 0.64 mmol) was reacted with n-butyllithium
solution (0.42 mL, 0.68 mmol) and TiCl, solution (0.32 mL, 0.32 mmol) as described above to
give 1 as a red-brown powder (0.12 g, 35%). '"H NMR (C,D;, 300 MHz): 7.69 (d, 2H, J = 2.4 Hz,
ArH), 7.40 (m, 2H, PhH), 6.85 (d, 2H, J = 2.4 Hz, ArH), 6.82-6.73 (m, 6H, PhH), 6.66 (m, 2H,
PhH), 1.59, 1.01 (s, 18 H each, C(CH,);). "C NMR (CDCl,, 125 MHz): 181.9 (C=N), 161.3
(ArC-OH), 143.3 (ArC or PhC), 140.5 (AryC-F, m, 'J = 250 Hz), 139.7 (Ar;C-F, m, 'Jo = 250
Hz), 139.0 (Ar;C-F, m, 'Jz = 250 Hz), 138.0 (ArC or PhC), 137.8 (Ar.C-F, m, 'J = 250 Hz),
136.9 (Ar.C-F, m, 'J = 240 Hz), 136.7, 133.2, 130.3, 130.2, 128.4, 128.2, 127.0 (ArC or PhC),
125.7 (ArC,yyo, m), 125.6, 124.9 (ArC), 35.7, 34.5 (ArCMe;), 31.0, 29.9 (ArC(CH,),). "F NMR
(CDCl,, 282 MHz): —136.9, —142.7, —158.1, —161.4, —164.2 (ArgF, m). Anal. calc. for
C,,H;\N,O,F,,CL, Ti-CH,Cl,: C, 57.31; H, 4.55; N, 2.43. Anal. found: C, 57.40; H, 4.67; N, 2.44.

Bis[2,4-Diisopropyl-6-[phenyl(pentafluorophenylimino)methyl]-
phenolato]dichlorotitanium (2). Ligand B (0.50 g, 1.12 mmol) was reacted with n-butyllithium
solution (0.73 mL, 1.17 mmol) and TiCl, solution (0.56 mL, 0.56 mmol) as described above to
give 2 as a red-brown crystalline solid (0.19 g, 34%). '"H NMR (C,D;, 300 MHz): 7.29 (m, 2H,
PhH), 7.27 (d, 2H, J = 2.1 Hz, ArH), 6.85-6.68 (m, 8H, PhH), 6.65 (d, 2H, J = 2.1 Hz, ArH),
3.30, 2.34 (sept, 2H each, J = 6.9 Hz, CHMe,), 1.44, 1.21, 0.90, 0.89 (d, 6H each, J = 6.9 Hz,
CH(CH,),). "C NMR (CDCl,, 125 MHz): 181.1 (C=N), 160.0 (ArC-OH), 142.0 (ArC or PhC),
139.9 (Ar,C-F, m, 'J = 255 Hz), 138.8 (Ar;C-F, m, 'J = 250 Hz), 137.6 (Ar;C-F, m, 'J; =
250 Hz), 137.0 (ArC or PhC), 136.8 (Ar.C-F, m, 'J = 255 Hz), 136.2, 132.3, 130.4, 130.3,
128.5, 128.4, 126.4 (ArC or PhC), 126.2 (Ar.C,,, m), 125.8, 123.9 (ArC), 33.8, 27.8

ipso?

(ArCHMe,), 24.3, 24.0, 23.7, 20.2 (ArCH(CH,),). ’"F NMR (CDCl,, 282 MHz): —138.0, —143.7,
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-158.2,-161.8, —-164.4 (ArzF, m). Anal. calc. for C;,H,,N,O,F,,C,Ti: C, 59.36; H, 4.18; N, 2.77.
Anal. found: C, 59.04; H, 4.26; N, 2.66.

Bis[2-Ethyl-4-methyl-6-[ phenyl(pentafluorophenylimino)methyl]-
phenolato]dichlorotitanium (3). Ligand C (0.49 g, 1.21 mmol) was reacted with n-butyllithium
solution (0.79 mL, 1.27 mmol) and TiCl, solution (0.60 mL, 0.60 mmol) as described above to
give 3 as a red crystalline solid (0.35 g, 63%). 'H NMR (C,D,, 300 MHz): 7.25, 6.88 (m, 2H
each, PhH), 6.83 (m, 2H, ArH), 6.80-6.67 (m, 6H, PhH), 6.56 (m, 2H, ArH), 2.84, 2.30 (d of q,
2H each, J = 7.5 Hz, 7.5 Hz, CH,Me), 1.70 (s, 6H, CH,), 1.23 (t, 6H, J = 7.5 Hz, CH,CH,). °C
NMR (CDCl,, 125 MHz): 181.0 (C=N), 160.3 (ArC-OH), 140.0 (Ar;C-F, m, 'J = 250 Hz),
138.9 (ArC-F, m, 'Jo = 250 Hz), 137.7 (ArC or PhC), 137.6 (Ar,C-F, m, 'J = 250 Hz), 136.8
(Ar.C-F, m, 'Jo =250 Hz), 136.2, 132.9, 132.5, 131.0, 130.3, 128.5, 128.4, 126.5, 126.0 (ArC or

PhC), 125.6 (Ar:C,,., m), 123.9 (ArC), 22.9 (ArCH,Me), 20.9 (ArCH.), 13.9 (ArCHCH,). “F

pso?
NMR (CDCl,, 282 MHz): —138.1, —144.1, —158.4, —162.0, —164.6 (ArgF, m). Anal. calc. for
C,H,)N,O,F,,Cl,Ti: C, 56.98; H, 3.26; N, 3.02. Anal. found: C, 56.76; H, 3.27; N, 2.84.
Bis[2,4-Dimethyl-6-[phenyl(pentafluorophenylimino)methyl]-phenolato]dichlorotitanium
(4). Ligand D (0.50 g, 1.28 mmol) was reacted with n-butyllithium solution (0.84 mL, 1.34
mmol) and TiCl, solution (0.64 mL, 0.64 mmol) as described above to give 4 as a red crystalline
solid (0.38 g, 58%). '"H NMR (C,Dy, 300 MHz): 7.22, 6.92 (m, 2H each, PhH), 6.79-6.70 (m, 6H,
PhH), 6.67, 6.53 (m, 2H each, ArH), 2.08, 1.66 (s, 6H each, CH,). "C NMR (CDCl,, 125 MHz):
180.9 (C=N), 160.6 (ArC-OH), 140.0 (ArC-F, m, 'J = 250 Hz), 139.5 (ArC or PhC), 138.9
(AreC-F, m, 'Jo = 250 Hz), 137.6 (Ar:C-F, m, 'J = 250 Hz), 136.7 (Ar:C-F, m, 'J = 250 Hz),

136.1, 133.0, 130.8, 130.3, 128.6, 128.5, 126.4, 126.3, 126.0 (ArC or PhC), 125.5 (Ar:C,

ipso?

m),

123.8 (ArC), 20.8, 15.5 (ArCH,). "F NMR (CDCl,, 282 MHz): —138.2, —144.1, —-158.4, —161.9,
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—164.6 (ArgF, m). Anal. calc. for C,,H,(N,O,F,,CLTi: C, 56.09; H, 2.91; N, 3.11. Anal. found: C,
56.38; H, 2.87; N, 2.94.
Bis[4-Methyl-6-[phenyl(pentafluorophenylimino)methyl]-phenolato]dichlorotitanium (5).
Ligand E (0.19 g, 0.51 mmol) was reacted with n-butyllithium solution (0.33 mL, 0.54 mmol)
and TiCl, solution (0.25 mL, 0.25 mmol) as described above to give S as a red-brown powder
(0.16 g, 69%). 'H NMR (C,Dy, 300 MHz): 7.17 (m, 2H, ArH), 6.90 (m, 2H, PhH), 6.74 (m, 8H,
ArH and PhH), 6.61 (m, 2H, ArH), 6.26 (m, 2H, ArH), 1.60 (s, 6H, CH;). "C NMR (CDCl,, 125
MHz): 180.8 (C=N), 161.9 (ArC-OH), 140.0 (Ar:C-F, m, 'Joz = 250 Hz), 139.7 (Ar:C-F, m, 'J
=250 Hz), 138.9 (ArzC-F, m, 'Jo = 250 Hz), 138.4 (ArC or PhC), 137.7 (ArzC-F, m, 'J = 238
Hz), 136.8 (Ar:C-F, m, 'J: = 238 Hz), 135.8, 135.3, 131.5, 130.4, 128.7, 128.6, 126.3, 126.0
(ArC or PhC), 125.6 (Ar:C,,,, m), 124.1, 116.6 (ArC), 20.8 (ArCH,). "F NMR (CDCl,, 282
MHz): -138.8, -144.8, -157.8, -162.0, -165.0 (ArgFF, m). Anal. calc. for
C, H,,N,O,F,Cl, Ti-CH,Cl,: C, 51.49; H, 2.53; N, 2.93. Anal. found: C, 50.52; H, 2.51; N, 2.78.
Bis[2,4-Dimethyl-6-[ (pentafluorophenylimino)methyl]-phenolato]dichlorotitanium (6).
Ligand F (0.26 g, 0.81 mmol) was reacted with n-butyllithium solution (0.53 mL, 0.85 mmol)
and TiCl, solution (0.40 mL, 0.40 mmol) as described above to give 6 as a brown powder (0.18
g, 60%). '"H NMR (C,D,, 400 MHz): 7.44 (s, 1H, HC=N), 6.69, 6.47 (m, 2H each, ArH), 1.94,
1.92 (s, 6H each, CH,). "C NMR (CDCl,, 125 MHz; the Ar,C-F signals are not baseline-
separated due to carbon-fluorine coupling and poor solubility): 172.7 (HC=N), 160.2 (ArC-OH),
140.7, 133.0 (ArCH), 131.9 (ArC), 127.1 (ArC,,,, m), 126.3, 122.5 (ArC), 20.6, 15.2 (ArCH,).
F NMR (CDCl,, 282 MHz): —144.6, —146.4, —157.3, —160.8, —163.8 (Ar.F, m). Anal. calc. for

C3oH ,sN,O,F,,CLTi: C, 48.22; H, 2.43; N, 3.75. Anal. found: C, 47.95; H, 2.27; N, 3.50.
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General procedure for propylene and ethylene polymerizations. A six-ounce Lab-Crest
pressure reaction vessel (Andrews Glass) equipped with a magnetic stir bar was charged with dry
PMAO-IP (150 equivalents Al per Ti) and toluene (100 mL). The reactor was then equilibrated
at 0 °C and the solution was saturated with either propylene (30 psi) or ethylene (10 psi). A
toluene solution (5 mL) of PHI catalyst (0.01-0.03 mmol) was injected via syringe to initiate the
polymerization. A constant pressure of propylene (30 psi) or ethylene (10 psi) was maintained
throughout the polymerization. After an appropriate time (3.0 hours for propylene, 5.0 minutes
for ethylene) at O °C, the reaction was quenched with methanol (5 mL) and the reactor was
vented. The polymer was precipitated in copious methanol/HCI (1% acid, 300 mL), collected,
washed with methanol, and dried to constant weight.

General procedure for propylene polymerizations at variable temperatures. A slightly
different procedure was used for variable temperature propylene polymerizations to ensure that
the propylene concentration remained relatively constant over the temperature range investigated
(=40 °C to 50 °C). A six-ounce Lab-Crest pressure reaction vessel (Andrews Glass) equipped
with a magnetic stir bar was charged with dry PMAO-IP (150 equivalents Al per Ti) and toluene
(100 mL). The reactor was then equilibrated at O °C under 30 psi of propylene for one hour. The
reactor was disconnected from the propylene feed and was warmed or cooled to the desired
polymerization temperature. A toluene solution (5 mL) of PHI catalyst (0.01 mmol) was quickly
injected via syringe to initiate the polymerization. The sealed reactor was stirred for 3.0 hours at
the desired temperature, then the reaction was quenched with methanol (5 mL) and the reactor
was vented. The polymer was precipitated in copious methanol/HCl (1% acid, 300 mL),

collected, washed with methanol, and dried to constant weight.
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Synthesis of iPP-block-E/P Copolymer. A six-ounce Lab-Crest pressure reaction vessel
(Andrews Glass) equipped with a magnetic stir bar was charged with dry PMAO-IP (150
equivalents Al per Ti) and toluene (100 mL). The reactor was then equilibrated at O °C and the
solution was saturated with propylene (30 psi). A toluene solution (5 mL) of PHI catalyst (0.04
mmol) was injected via syringe to initiate the polymerization. A constant pressure of propylene
(30 psti) for 4.0 hours. An aliquot of iPP was removed from the reactor via cannula and quenched
with methanol. The reactor was placed under ethylene pressure (35 psi), and the polymerization
was continued for 3.0 minutes at 0 °C. The polymerization was quenched with methanol (5 mL)
and the reactor was vented. The polymer was precipitated in copious methanol/HCI (1% acid,

300 mL), collected, washed with methanol, and dried to constant weight.
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Table S1. Ethylene Polymerization at 0 °C with 1-6 /MAO*

Catalyst Yield (g) TOF’ M, (g/mol)© M M. Sf T, (°C)*
1 0.67 29 571 53 890 1.12 133.8
2 0.58 25 260 53 280 1.13 133.9
3 0.60 25 870 33 280 1.14 133.5
4 0.57 25230 35080 1.12 133.6
5 0.23 9470 23 460 1.12 132.0
6 0.49 20 960 39 380 1.19 133.4

“ General conditions: 0.01 mmol catalyst in toluene (5 mL) added to an ethylene-saturated (10 psi) PMAO-IP
solution (100 mL toluene; [Al]/[Ti]=150) at O °C for 5.0 min. * Turnover frequency: mol propylene/(mol Ti-h). ¢
Determined by GPC in 1,2,4-trichlorobenzene at 140 °C vs. polyethylene standards. ¢ Determined by differential
scanning calorimetry (2" heating).

K& + -
(PHI),Ti 35 psi
F Nom. N F 30 psi 3.0 min ’ Yield = 4.02 g
Ici” | ‘C| — U
MAO

—_

n  2) quench m n
F 4 hours
M, = 28,100 M, = 62,000
My/M, = 1.10 M,/M, = 1.10
0.040 mmol 4
————— P
E— \PP block-E/P
——iPP
400 | 450 500 550 | 600 400 45.0 50.0 55.0 60.0

Retention Time (min) Retention Time (min)

Figure S8. Experimental details and GPC traces for the synthesis of iPP-block-E/P diblock
copolymer using 4/MAO.
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UL

Figure S9. ORTEP diagram of 4, ellipsoids are shown at the 50% probability level.
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Table S2. Crystal data and structure refinement for complex 4.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 21.97°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

C42 H26 C12 FIO N2 O2 Ti; CH2 CI2
984.37

173(2) K

0.71073 A

Triclinic

P-1

a=12.9039(8) A o= 108.029(2)°.
b=13.0561(8) A B=113.330(2)°.
c=14.618509) A v =90.178(2)°.
2128.0(2) A3

2

1.536 Mg/m?

0.536 mm!

992

0.25x0.15 x 0.10 mm?

1.81 to 21.97°.

-13<=h<=13, -13<=k<=8, -15<=I<=15
6455

5156 [R(int) = 0.0259]

99.1 %

SADABS

0.9484 and 0.8777

Full-matrix least-squares on F?
5156/0/615

1.013

R1=0.0548, wR2 =0.1209
R1=0.0917, wR2 =0.1396

0.621 and -0.530 e.A

S22



Table S3. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x
103%) for 4. U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.

X y z U(eq)
Ti(1) 2050(1) 7487(1) 4304(1) 28(1)
CI(1) 3612(1) 6812(1) 5193(1) 45(1)
Cl(2) 1540(1) 8168(1) 5680(1) 43(1)
F(1) 368(2) 5504(2) 1494(2) 35(1)
F(2) 241(3) 3324(2) 872(2) 45(1)
F(3) 2180(3) 2388(2) 1335(3) 56(1)
F(4) 4227(3) 3651(3) 2587(3) 64(1)
F(5) 4361(2) 5833(3) 3312(3) 47(1)
F(6) 214(3) 7672(3) 1257(3) 53(1)
F(7) 504(4) 9 360(4) 661(4) 97(2)
F(8) 967(4) 11440(4) 2050(4) 106(2)
F(9) 1121(3) 11786(3) 4036(4) 77(1)
F(10) 775(3) 10091(2) 4600(3) 45(1)
o(1) 2794(3) 8751(3) 4400(3) 28(1)
0(2) 1100(3) 6166(3) 3719(3) 28(1)
N(1) 2445(3) 6894(3) 2866(3) 25(1)
N(2) 413(3) 7940(3) 3291(3) 25(1)
C(1) 2900(4) 7444(4) 2470(4) 25(1)
C(2) 3142(4) 6870(4) 1537(4) 27(1)
C(3) 2242(5) 6378(4) 549(5) 33(1)
C(4) 2454(6) 5848(5) -320(5) 39(2)
C(5) 3562(6) 5805(5) -216(5) 47(2)
C(6) 4441(6) 6296(5) 748(6) 44(2)
C(7) 4249(5) 6836(5) 1627(6) 38(2)
C(8) 3205(4) 8634(4) 2924(4) 27(1)
C(9) 3581(5) 9193(5) 2401(5) 32(1)
C(10) 3972(4) 10285(5) 2825(5) 34(1)
C(11) 4000(4) 10840(5) 3821(5) 34(2)
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C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)

3631(4)
3196(4)
4403(5)
3663(5)
2362(4)
1329(4)
1263(4)
2241(5)
3278(5)
3331(4)
-622(4)
-1638(4)
-1993(5)
-2927(6)
-3498(6)
-3168(5)
-2238(5)
-838(4)
-1951(5)
-2206(5)
-1323(5)
233(4)
23(4)
-3368(5)
677(5)
491(4)
429(5)
570(5)
802(5)
877(5)
715(4)

10355(4)
9235(4)
10864(5)
10978(4)
5734(4)
5060(4)
3949(4)
3465(4)
4116(5)
5231(4)
T447(4)
7860(4)
8807(5)
9172(6)
8625(6)
7673(6)
7287(5)
6479(4)
6125(5)
5190(5)
4558(5)
4848(4)
5840(4)
4855(6)
4138(5)
8338(4)
636(5)
550(7)
10595(6)
10775(5)
9900(5)
S24

4377(4)
3902(4)
2276(5)
5444(4)
2444(4)
1805(4)
1454(4)
1708(5)
2343(5)
2709(5)
2959(4)
2308(4)
2751(5)
2143(6)
1095(6)
620(5)

1229(5)
3186(4)
3044(4)
3200(4)
3465(5)
3612(4)
3508(4)
3094(6)
3877(5)
2947(4)
1950(5)
1638(6)
2332(7)
3334(6)
3619(5)

30(1)
27(1)
47(2)
39(2)
25(1)
28(1)
31(1)
38(2)
42(2)
35(1)
25(1)
26(1)
40(2)
52(2)
57(2)
49(2)
40(2)
25(1)
33(1)
38(2)
39(2)
29(1)
26(1)
57(2)
43(2)
27(1)
36(2)
55(2)
60(2)
46(2)
35(1)



C(1S) 7786(7) 1749(8) 1555(6) 106(3)
CI(1S) 7985(3) 850(3) 554(2) 160(1)
CI(2S) 6350(2) 1792(2) 1292(3) 123(1)
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Table S4. Bond lengths [A] and angles [°] for 4.

Ti(1)-O(1)
Ti(1)-0(2)
Ti(1)-N(2)
Ti(1)-N(1)
Ti(1)-CI(1)
Ti(1)-C1(2)
F(1)-C(17)
F(2)-C(18)
F(3)-C(19)
F(4)-C(20)
F(5)-C(21)
F(6)-C(38)
F(7)-C(39)
F(8)-C(40)
F(9)-C(41)
F(10)-C(42)
O(1)-C(13)
0(2)-C(34)
N(1)-C(1)
N(1)-C(16)
N(2)-C(22)
N(2)-C(37)
C(1)-C(8)
C(1)-C(2)
C(2)-C(7)
C(2)-C(3)
C(3)-C4)
C4)-C(5)
C(5)-C(6)

1.844(4)
1.858(3)
2.253(4)
2.264(4)
2.2743(17)
2.2832(18)
1.342(5)
1.344(6)
1.331(6)
1.338(6)
1.342(6)
1.342(7)
1.339(7)
1.335(7)
1.340(7)
1.347(6)
1.335(6)
1.335(6)
1.310(6)
1.432(6)
1.312(6)
1.429(6)
L471(7)
1.492(7)
1.384(8)
1.393(7)
1.380(8)
1.380(9)
1.361(9)
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C(6)-C(7)
C(8)-C(13)
C(3)-C(9)
C(9)-C(10)
C(10)-C(11)
C(10)-C(14)
C(11)-C(12)
C(12)-C(13)
C(12)-C(15)
C(16)-C(21)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(22)-C(29)
C(22)-C(23)
C(23)-C(24)
C(23)-C(28)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(29)-C(34)
C(29)-C(30)
C(30)-C(31)
C(31)-C(32)
C(31)-C(35)
C(32)-C(33)

1.379(9)
1.407(7)
1.410(7)
1.369(8)
1.397(8)
1.500(8)
1.384(8)
1.411(7)
1.504(8)
1.387(7)
1.386(7)
1.370(7)
1.381(8)
1.377(8)
1.377(8)
1.454(7)
1.500(7)
1.380(8)
1.395(8)
1.373(9)
1.352(9)
1.382(9)
1.387(8)
1.409(7)
1.421(7)
1.372(8)
1.409(8)
1.493(8)
1.369(8)



C(33)-C(34)
C(33)-C(36)
C(37)-C(42)
C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(41)-C(42)
C(18)-CI(1S)
C(18)-C1(2S)

O(1)-Ti(1)-0(2)
O(1)-Ti(1)-N(2)

O(2)-Ti(1)-N(2)

O(1)-Ti(1)-N(1)

O(2)-Ti(1)-N(1)

N(2)-Ti(1)-N(1)

O(1)-Ti(1)-CI(1)
O(2)-Ti(1)-CI(1)
N(2)-Ti(1)-CI(1)
N(1)-Ti(1)-CI(1)
O(1)-Ti(1)-C1(2)
O(2)-Ti(1)-C1(2)
N(2)-Ti(1)-C1(2)
N(1)-Ti(1)-C1(2)
CI(1)-Ti(1)-C1(2)
C(13)-0(1)-Ti(1)
C(34)-0(2)-Ti(1)
C(1)-N(1)-C(16)
C(1)-N(1)-Ti(1)

C(16)-N(1)-Ti(1)

1.404(7)
1.502(7)
1.379(7)
1.378(7)
1.378(8)
1.371(10)
1.373(9)
1.372(8)
1.679(9)
1.743(9)

160.29(15)

87.80(15)
79.55(15)
79.06(15)
85.48(15)
88.42(14)
97.91(11)
93.80(11)

172.85(12)

88.45(11)
99.22(12)
95.15(12)
86.88(11)

175.06(11)

96.39(7)
145.4(3)
136.4(3)
115.4(4)
129.6(3)
114.0(3)
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C(22)-N(2)-C(37)
C(22)-N(2)-Ti(1)
C(37)-N(2)-Ti(1)
N(1)-C(1)-C(8)
N(1)-C(1)-C(2)
C(®)-C(1)-C(2)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
C4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(6)-C(7)-C(2)
C(13)-C(8)-C(9)
C(13)-C(8)-C(1)
C(9)-C(8)-C(1)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)
C(9)-C(10)-C(14)

115.6(4)
126.6(3)
117.8(3)
122.2(5)
120.5(5)
117.3(4)
119.0(5)
121.2(5)
119.8(4)
120.3(6)
120.1(6)
119.5(6)
121.5(6)
119.6(6)
118.4(5)
121.9(5)
119.6(5)
122.6(6)
117.0(5)
122.1(6)



C(11)-C(10)-C(14)
C(12)-C(11)-C(10)
C(11)-C(12)-C(13)
C(11)-C(12)-C(15)
C(13)-C(12)-C(15)
O(1)-C(13)-C(12)
O(1)-C(13)-C(8)
C(12)-C(13)-C(8)
C(21)-C(16)-C(17)
C(21)-C(16)-N(1)
C(17)-C(16)-N(1)
F(1)-C(17)-C(18)
F(1)-C(17)-C(16)
C(18)-C(17)-C(16)
F(2)-C(18)-C(17)
F(2)-C(18)-C(19)
C(17)-C(18)-C(19)
F(3)-C(19)-C(20)
F(3)-C(19)-C(18)
C(20)-C(19)-C(18)
F(4)-C(20)-C(21)
F(4)-C(20)-C(19)
C(21)-C(20)-C(19)
F(5)-C(21)-C(20)
F(5)-C(21)-C(16)
C(20)-C(21)-C(16)
N(2)-C(22)-C(29)
N(2)-C(22)-C(23)
C(29)-C(22)-C(23)
C(24)-C(23)-C(28)
C(24)-C(23)-C(22)

120.8(5)
123.8(6)
117.7(5)
122.5(5)
119.8(5)
119.2(5)
120.5(5)
120.3(5)
116.8(5)
120.4(4)
122.8(4)
118.8(5)
119.3(5)
121.8(5)
119.9(5)
119.6(5)
120.5(5)
120.6(5)
120.5(5)
118.9(5)
120.8(5)
119.1(5)
120.1(5)
118.0(5)
120.0(5)
121.9(5)
122.2(4)
120.6(5)
117.2(4)
118.7(5)
121.4(5)
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C(28)-C(23)-C(22)
C(25)-C(24)-C(23)
C(26)-C(25)-C(24)
C(25)-C(26)-C(27)
C(26)-C(27)-C(28)
C(27)-C(28)-C(23)
C(34)-C(29)-C(30)
C(34)-C(29)-C(22)
C(30)-C(29)-C(22)
C(31)-C(30)-C(29)
C(30)-C(31)-C(32)
C(30)-C(31)-C(35)
C(32)-C(31)-C(35)
C(33)-C(32)-C(31)
C(32)-C(33)-C(34)
C(32)-C(33)-C(36)
C(34)-C(33)-C(36)
0(2)-C(34)-C(33)
0(2)-C(34)-C(29)
C(33)-C(34)-C(29)
C(42)-C(37)-C(38)
C(42)-C(37)-N(2)
C(38)-C(37)-N(2)
F(6)-C(38)-C(39)
F(6)-C(38)-C(37)
C(39)-C(38)-C(37)
F(7)-C(39)-C(40)
F(7)-C(39)-C(38)
C(40)-C(39)-C(38)
F(8)-C(40)-C(39)
F(8)-C(40)-C(41)

119.9(5)
120.6(6)
120.7(7)
120.5(7)
119.3(6)
120.2(6)
117.9(5)
121.8(4)
120.3(5)
122.3(5)
117.0(5)
121.6(5)
121.4(5)
123.8(6)
118.1(5)
121.9(5)
120.0(5)
118.6(5)
120.6(5)
120.7(5)
116.4(5)
121.8(5)
121.7(5)
118.8(5)
119.5(5)
121.7(6)
120.4(6)
119.5(7)
120.1(6)
120.9(7)
119.5(8)



C(39)-C(40)-C(41) 119.6(6)

F(9)-C(41)-C(42) 120.0(6)
F(9)-C(41)-C(40) 121.0(6)
C(42)-C(41)-C(40) 119.0(6)

F(10)-C(42)-C(41)
F(10)-C(42)-C(37)
C(41)-C(42)-C(37)
CI(1S)-C(1S)-C1(2S)

118.3(5)
118.6(5)
123.1(6)
112.8(5)

Symmetry transformations used to generate equivalent atoms

S29



Table S5. Anisotropic displacement parameters (A2x 10%) for 4. The anisotropic displacement
factor exponent takes the form: -2m?[ h? a*?U!' + ... + 2hk a* b* U'? ]

U Uz U» Uz Un un
Ti(1) 30(1) 25(1) 29(1) 12(1) 11(1) 3(1)
CI(1) 35(1) 46(1) 50(1) 27(1) 6(1) 4(1)
CI(2) 61(1) 35(1) 35(1) 12(1) 23(1) 6(1)
F(1) 26(2) 37(2) 36(2) 11(2) 9(1) 5(1)
F(2) 47(2) 32(2) 44(2) 2(2) 14(2) -6(2)
F(3) 66(2) 212) 90(3) 15(2) 47(2) 9(2)
F(4) 44(2) 372) 121(3) 34(2) 39(2) 212)
F(5) 25(2) 38(2) 77(2) 22(2) 17(2) 6(2)
F(6) 63(2) 63(3) 35(2) 212) 26(2) 32(2)
F(7) 124(4) 142(4) 101(4) 99(3) 78(3) 64(3)
F(8) 115(4) 97(4) 183(5) 118(4) 83(4) 37(3)
F(9) 72(3) 30(2) 124(4) 31(2) 33(3) 10(2)
F(10) 512) 34(2) 45(2) 7(2) 20(2) 10(2)
o(1) 32(2) 28(2) 26(2) 12(2) 11(2) 4(2)
0(2) 28(2) 24(2) 35(2) 12(2) 13(2) 4(2)
N(1) 22(2) 24(3) 28(3) 11(2) 6(2) 3(2)
N(2) 24(3) 25(3) 26(2) 10(2) 10(2) 3(2)
C(1) 11(3) 27(3) 32(3) 13(3) 2(2) 2(2)
CQ) 26(3) 22(3) 39(4) 10(3) 18(3) 5(2)
C@3) 27(3) 35(4) 42(4) 18(3) 16(3) 4(3)
C4) 52(4) 32(4) 33(4) 5(3) 21(4) 13)
C(5) 62(5) 39(4) 47(4) 7(3) 36(4) 5(3)
C(6) 30(4) 46(4) 64(5) 14(4) 30(4) 4(3)
C(7) 34(4) 38(4) 43(4) 11(3) 17(4) 3(3)
C(8) 24(3) 25(3) 31(3) 10(3) 10(3) 3(2)
C(9) 31(3) 35(4) 36(4) 18(3) 15(3) 7(3)
C(10) 25(3) 30(4) 48(4) 18(3) 14(3) 3(3)
C(11) 27(3) 21(4) 49(4) 11(3) 12(3) 2(3)
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C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)

24(3)
20(3)
51(4)
37(3)
26(3)
26(3)
32(3)
49(4)
35(4)
28(3)
27(3)
28(3)
37(4)
42(4)
40(4)
36(4)
40(4)
25(3)
32(4)
34(3)
49(4)
37(4)
29(3)
44(4)
55(4)
24(3)
40(4)
56(4)
52(4)
46(4)
32(3)

27(3)
24(3)
34(4)
32(4)
25(3)
33(4)
24(3)
21(4)
32(4)
28(4)
25(3)
24(3)
40(4)
49(5)
56(5)
67(5)
38(4)
30(3)
38(4)
49(4)
26(4)
21(3)
28(3)
69(5)
30(4)
29(4)
47(4)
88(6)
60(5)
31(4)
32(4)

33(3)
36(3)
74(5)
41(4)
33(3)
29(3)
30(3)
55(4)
75(5)
51(4)
22(3)
31(3)
35(4)
65(6)
64(6)
38(4)
41(4)
24(3)
35(3)
36(4)
47(4)
29(3)
20(3)
76(5)
54(4)
34(3)
39(4)
67(5)
104(7)
76(5)
42(4)
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11(3)
15(3)
30(3)
6(3)

12(3)
14(3)
4(3)

15(3)
28(3)
15(3)
4(2)

11(3)
6(3)

22(4)
28(4)
23(4)
10(3)
11(3)
17(3)
20(3)
17(3)
7(3)

4(3)

41(4)
20(3)
18(3)
26(3)
65(5)
65(5)
30(4)
16(3)

4(3)
7(3)

35(4)
13(3)
19(3)
14(3)
11(3)
31(3)
31(3)
17(3)
13(3)
15(3)
14(3)
20(4)
6(4)

6(3)

18(3)
13(2)
16(3)
18(3)
24(3)
14(3)
13(3)
33(4)
30(3)
15(3)
25(3)
42(4)
42(4)
31(4)
14(3)

4(2)
4(2)
7(3)
1(3)
4(3)
9(3)
-7(3)
8(3)
16(3)
0(3)
8(3)
0(3)
7(3)
25(4)
16(4)
8(3)
7(3)
7(2)
10(3)
3(3)
-3(3)
2(3)
-13)
6(3)
10(3)
8(2)
20(3)
32(4)
18(4)
13(3)
10(3)



C(1S) 90(7) 142(9) 57(5) 17(6) 14(5) -14(6)
CI(1S) 136(3) 272(5) 95(2) 69(3) 65(2) 63(3)
CI(2S) 97(2) 131(2) 167(3) 83(2) 56(2) 32(2)
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Table S6. Hydrogen coordinates ( x 10*) and isotropic displacement parameters (A2x 10 3) for 4.

X y z U(eq)

H(3) 1470(40) 6400(40) 500(40) 29(14)
H(4) 1890(50) 5520(50) -940(50) 50(20)
H(5) 3680(40) 5410(40) -880(50) 47(16)
H(6) 5110(50) 6290(40) 910(40) 28(17)
H(7) 4780(50) 7180(40) 2220(40) 33(18)
H(9) 3550(40) 8850(40) 1780(40) 14(14)
H(11) 4260(40) 11560(50)  4180(40) 33(16)
H(14A) 4483 10328 1676 71
H(14B) 5146 11299 2774 71
H(14C) 3861 11342 2018 71
H(15A) 3985 11739 5657 59
H(15B) 4137 10658 5965 59
H(15C) 2887 10944 5405 59
H(24) -1610(40)  9180(40) 3440(40) 20(14)
H(25) -3210(50)  9760(50) 2370(50) 50(20)
H(26) -4140(50)  8820(50) 690(50) 60(20)
H(27A) -3574 7288 -116 59
H(28) -2020(50)  6670(50) 990(40) 39(18)
H(30) -2510(40)  6630(40) 2870(40) 28(14)
H(32) -1500(40)  3980(50) 3590(40) 37(17)
H(35A) -3343 4968 3798 85
H(35B) 3618 4084 2662 85
H(35C) -3904 5294 2754 85
H(36A) 501 3691 4240 64
H(36B) 1417 4596 4340 64
H(36C) 708 3665 3224 64
H(1SA) 8152 2482 1695 127
H(1SB) 8165 1554 2201 127
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