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$1%, 522,533, 1a%, 3a°, Bi(NMe,):®, BIHMDS’, MesPS, and EtsPS? were prepared as previously reported.

NO, NO, NO, NO,
H H
Br Br
S1 L1

S$1 (13.95 g, 53.8 mmol) was suspended in acetic acid (500 mL). Br; (29.7 g, 215 mmol) was added slowly,

Synthesis of L1:

and the reaction mixture was refluxed for 16 hours. Mixture was then cooled to room temperature and
distilled water (500 mL) was added. The suspension was filtered and washed with additional water (2 x

100 mL), collecting the orange solid L1 (87 %, 19.46 g). mp > 260 °C.

Elemental Analysis: Found: C, 35.0; H, 1.85; N, 9.6. Calc. for C12H7Br2N30a4: C, 34.6; H, 1.7; N, 10.1.

H NMR: & 4 (500 MHz, CDCl3) 10.89 (1 H, s, N-H), 8.36 (2 H, d, J 2.4, Ar-H), 7.63 (2 H, dd, J 9.0, 2.3, Ar-H), 7.42 (2 H,
d, 8.9, Ar-H).

13C NMR: 6 ¢ (126 MHz, CDCls) 137.83 (Car), 135.82 (Car), 129.39 (Car), 121.10 (Car), 113.94 (Car).

ESI-HRMS (negative ion mode): calculated for [C12HsBraN3Os]" = 413.8731 m/z, observed = 413.8730 m/z



Synthesis of L2:

NO, NO, NH NHz
N N
_»
Br Br Br Br

L1 (19.2 g, 46.0 mmol), zinc dust (39.1 g, 598 mmol), and ammonium chloride (29.5 g, 552 mmol) were
weighed out into a round bottom flask. THF (250 mL) was added, and the suspension was refluxed until
the orange colour was no longer present (approximately 24-48 hours). The reaction mixture was cooled
to room temperature and filtered through celite. The filtrate was evaporated to dryness resulting in a

brown solid (71 %, 11.7 g). mp 137-140 °C.

IH NMR: § 1 (500 MHz, CDCl3) 6.91 (2 H, d, J 2.2, Ar-H), 6.83 (2 H, dd, J 8.3, 2.2, Ar-H), 6.56 (2 H, d, J 8.3, Ar-H), 4.85
(1 H,s,N-H),3.67 (4 H,s, NHy).

13C NMR: & ¢ (126 MHz, CDCl3) 140.00 (Car), 129.74 (Car), 122.50 (Car), 121.77 (Car), 119.13 (Car), 116.20 (Car).
ESI-HRMS (negative ion mode): calculated for [C12H10Br2Ns]” = 353.9247 m/z, observed = 353.9237 m/z

Synthesis of 2b:

Me. NH HNMe:
Me3S|\ SlMe3 M938| 2 “» 2 SlMe3
Bl

B1(NMeZ)3 hll
TTNMe, HNMe,

Bi(NMey)s (14 mg, 0.04 mmol) and 1b (20 mg, 0.04 mmol) were dissolved in CsD¢ (0.6 mL) and immediately

sealed in an NMR tube, resulting in a colour change to red. After 10 minutes mixture was analyzed by

NMR.

"H NMR: & 1 (500 MHz, CeDs) 7.52 (2 H, d, J 8.6, Ar-H), 7.26 (2 H, d, J 2.3, Ar-H), 6.85 (2 H, dd, J 8.5, 2.3, Ar-H), 3.22
(3 H, s, HN(CHs)3), 1.81 (18 H, d, J 6.4, HN(CHs)3), 0.29 (18 H, s, Si(CHs)3).

BC NMR: 6 ¢ (126 MHz, CeDs) 149.46 (Car), 148.22 (Car), 122.92 (Car), 118.30 (Car), 117.54 (Car), 112.96 (Car), 37.89
(HN(CHs)2), 2.23 (Si(CHs)3).

Computational Methods

All calculations were carried out using Gaussian 16. The PBEO functional with D3BJ dispersion
correction was used in all cases. FIA calculations were carried out using the def2-TZVP basis set
and benchmarked to the Me;SiF/Me3Si* couple for higher accuracy.®



Additional Figures Referenced in Manuscript:
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Figure S1. Gutmann-Beckett results of Lewis acids combined with EtsPO in a 5:1 ratio. All spectra are
recorded in C¢He and referenced to the residual solvent peak in *H NMR, corrected for 3'P. 3'P {{H} NMR

(121 MHZ, CGHG).
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Figure S2. Gutmann-Beckett results of Lewis acids combined with MesPS in a 5:1 ratio. All spectra are
recorded in CsHs and referenced to the residual solvent peak in *H NMR, corrected for 3!P. 3P {*H} NMR

(121 MHZ, CeHe).
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Figure S3. Gutmann-Beckett results of Lewis acids combined with EtsPS in a 5:1 ratio. All spectra are

recorded in C¢He and referenced to the residual solvent peak in *H NMR, corrected for 3'P. 3'P {{H} NMR

(121 MHz, CeHe).
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Figure S4. Gutmann-Beckett results of Lewis acids combined with Et;PO in a 5:1 ratio. Results showing
change in chemical shift upon addition of 1 and 2 equivalents of pyridine in an attempt to displace the
phosphine. All spectra are recorded in CsHs and referenced to the residual solvent peak in *H NMR,

corrected for 31P. 3P {H} NMR (121 MHz, CgHs).
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Figure S5. Gutmann-Beckett results of Lewis acids combined with MesPS in a 5:1 ratio. Results showing
change in chemical shift upon addition of 1 and 2 equivalents of pyridine in an attempt to displace the
phosphine. All spectra are recorded in CsHs and referenced to the residual solvent peak in *H NMR,

corrected for 3'P. 3'P {*H} NMR (121 MHz, CsHs).



75.22

T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
f1 (ppm)

Figure S6. Gutmann-Beckett result of B(CsFs);s combined with EtsPO in a 5:1 ratio. Spectrum is recorded in
CeHs and referenced to the residual solvent peak in 'H NMR, corrected for 3!P. 3P {{H} NMR (121 MHz,

CeHe).
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Figure S7. Gutmann-Beckett result of B(CeFs); combined with MesPS in a 5:1 ratio. Spectrum is recorded
in CsHs and referenced to the residual solvent peak in *H NMR, corrected for 3!P. 3P {*H} NMR (121 MHz,

CeHe).
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Figure S8. Gutmann-Beckett results of 3b combined with EtsPO while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed

capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3!P {*H} NMR (121

MHZ, CsHs).
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Figure S9. Gutmann-Beckett results of 3b combined with MesPS while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed
capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3P {*H} NMR (121

MHZ, CGHG).
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Figure $10. Gutmann-Beckett results of 3b combined with EtsPS while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed

capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3!P {*H} NMR (121

MHZ, CGHG).
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Figure S11. Gutmann-Beckett results of 3c combined with Etz:PO while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed
capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3P {*H} NMR (121

MHZ, CGHG).
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Figure S12. Gutmann-Beckett results of 3c combined with MesPS while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed
capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3!P {*H} NMR (121

MHz, CsHs).
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Figure S13. Gutmann-Beckett results of 3c combined with EtsPS while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed
capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3P {*H} NMR (121

MHZ, CGHG).
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Figure S14. Gutmann-Beckett results of 3d combined with EtsPO while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed

capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3!P {*H} NMR (121

MHZ, CsHs).
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Figure S15. Gutmann-Beckett results of 3d combined with Me3sPS while varying the amount of Lewis acid.
All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed
capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3P {*H} NMR (121

MHZ, CGHG).
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Figure $S16. Gutmann-Beckett results of 3d combined with EtsPS while varying the amount of Lewis acid.

All spectra are recorded in toluene and referenced to an internal standard of the phosphine in a sealed

capillary. A shows stacked spectra while B is a plot of chemical shifts showing trend. 3!P {*H} NMR (121

MHZ, CGHG).

DOSY NMR Data

Table S1. Monomer-dimer solution phase analysis by DOSY NMR

Compound Diffusion coefficient (D, | Molecular weight (g mol)? | Theoretical molecular
(conc) m?2s?) weight (g mol?)

3b (0.01 M) 6.01 x 10°1° 712 707.37

3¢ (0.01 M) 5.85 x 1010 750 875.69

3d (0.01 M) 5.84 x 10°1° 752 769.69

3d (0.05 M) 5.16 x 100 945 769.69

%Conversions to molecular weight were done using Grubbs’ DOSY calibration curve.

16



SIMFIT RESULTS

AREA fit : Diffusion : Variable Gradient :
I=1[0]*exp(-D*SQR(2*PI*gamma*Gi*LD)*(BD-LD/3)*1e4)

16 points for Integral 1, Integral Region from 7.694 to 7.373 ppm
Converged after 40 iterations!

Results Comp. 1

1[0] = 1.002e+00

Diff Con. = 6.013e-10 m2/s
Gamma = 4.258e+03 Hz/G
Little Delta =  2.200m

Big Delta = 100.000m

RS5 = 2.155e-05
50 = 1.160e-03

Point Gradient  Expt Calc Difference
1 9.630e-01 1.000e+00 9.999e-01 -1.019e-04
2 3.948e+00 9.678e-01 9.700e-01 2.264e-03
3 6.934=+00 9.076e-01 9.070e-01 -5.339e-04
4 991%=+00 B8.178e-01 B8.174e-01 -3.437e-04
5 1.290e+01 7.122e-01 7.100e-01 -2.128e-03
& 1.538%9e+01 5.944e-01 5.944e-01 5.803e-05
7 1.8B8Be+01 4.789%9e-01 4.796e-01 7.559e-04
8 2.186e+01 3.742e-01 3.730e-01 -1.158e-03
9 2484e+01 2.795e-01 2.796e-01 1.010e-04
10 2.783e+01 2.029e-01 2.020e-01 -8.907e-04
11 3.082e+01 1.402e-01 1.407e-01 4.983e-04
12 3.380e+01 95.279e-02 9.441e-02 1.615e-03
13 3.679e+01 5.973e-02 6.106e-02 1.331e-03
14 3.977e+01 3.637e-02 3.807e-02 1.697e-03
15 4.276e+01 2.216e-02 2.28Be-02 7.135e-04
16 4.574e+01 1.411e-02 1.325e-02 -8.625e-04

Figure S17. DOSY report for 3b (0.01 M).
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SIMFEIT RESULTS

AREA fit : Diffusion : Variable Gradient :
I=1[0]*exp(-D*SQR(2*PI*gamma*Gi*LD)*(BD-LD/3)*1e4)

16 points for Integral 1, _Integral Region from 7.873 to 7.774 ppm
Converged after 35 iterations!

Results Comp. 1

1[0] = 1.013e+00

Diff Con. = 7.332e-10 m2/s
Gamma = 4,258e+03 Hz/G
Little Delta =  2.200m

Big Delta = 100.000m

R55 = 1.261e-03
50 = B.BV6e-03

Point Gradient  Expt Calc Difference
1 9.630e-01 1.000e+00 1.011e+00 1.060e-02
2 3.467e+00 9.761e-01 9.827e-01 6.682e-03
3 5.971e+00 9.309e-01 9.259e-01 -5.049e-03
4 B.474e+00 B.598e-01 8.452e-01 -1.453e-02
5 1.098e+01 7.517e-01 7.476e-01 -4.109e-03
6 1.348e+01 6.486e-01 6.406e-01 -7.969e-03
7 1.599e+01 5.292e-01 5.319e-01 2.702e-03
& 1.84%9e+01 4.221e-01 4.278e-01 5.751e-03
9 2.099e+01 3.124e-01 3.335e-01 2.109e-02
10 2.350e+01 2.528e-01 2.518e-01 -9.863e-04
11 2.600e+01 1.935e-01 1.842e-01 -9.295e-03
12 2.850e+01 1.385e-01 1.306e-01 -7.907e-03
13 3.101e+01 9.770e-02 B.970e-02 -85.005e-03
14 3.351e+01 5.435e-02 5.970e-02 5.349e-03
15 3.602e+01 3.505e-02 3.849e-02 3.43B8e-03
16 3.852e+01 1.720e-02 2.404e-02 6£.848e-03

Figure S18. DOSY report for 3¢ (0.01 M).

18



SIMFIT RESULTS

AREA fit : Diffusion : Variable Gradient :
I=1[0]*exp(-D*SAR(2*PI*gamma*Gi*LD)*(BD-LD/3)*14)

16 points for Integral 1, Integral Region from 7.680 to 7.595 ppm
Converged after 38 iterations!

Results Comp.1

1[0] = 9.8262-01

Diff Con. = 5.838e-10 m2/s
Gamma = 4.258e+03 Hz/G
Little Delta =  1.800m

Big Delta = 100.000m

R55 = 3.877e-03
50 = 1.557e-02

Point Gradient  Expt Calc Difference
1 9.630e-01 1.000e+00 9.813e-01 -1.865e-02
2 3.788e+00 9.680e-01 9.638e-01 -4.185e-03
3 6.613e+00 9.333e-01 9.264e-01 -6.836e-03
4 9.437e+00 8.942e-01 B.716e-01 -2.254e-02
5 1.226e+01 7.752e-01 8.026e-01 2.745e-02
& 1.509e+01 7.040e-01 7.234e-01 1.941e-02
7 1.791e+01 6.119e-01 6.381e-01 2.618e-02
8 2.074e+01 5.463e-01 5.50%9e-01 4.645e-03
9 2.356e+01 4.576e-01 4.656e-01 7.957e-03
10 2.63%9e+01 3.920e-01 3.851e-01 -6.896e-03
11 2.921e+01 3.085e-01 3.117e-01 3.251e-03
12 3.204e+01 2.552e-01 2.470e-01 -8.191e-03
13 3.486e+01 2.131e-01 1.915e-01 -2.156e-02
14 3.76%9e+01 1.465e-01 1.454e-01 -1.091e-03
15 4.051e+01 1.285e-01 1.080e-01 -2.048e-02
16 4.333e+01 B.533e-02 7.852e-02 -6.807e-03

Figure $S19. DOSY report for 3d (0.01 M).
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SIMFIT RESULTS

AREA fit : Diffusion : Variable Gradient :

I=1[0]*exp(-D*SQR(2*PI*gamma*Gi*LD)*(BD-LD/3)*1ed)

16 points for Integral 1, Integral Region from 7.713 to 7.538 ppm

Converged after 36 iterations!

Results Comp.1

1[0]

Diff Con. = 5.162e-10m2/s

= 1.007e+00

Gamma = 4.258e+03 Hz/G

Little

Big Delta =
5.618e-04
5.925e-03

R55

5D =

Point

(RO
'_,DH.I:IDCI‘-JmU'I-hLHMI-l

(RO
La b

14

Delta =

Gradient
9.630e-01
3.788=+00
6.613e+00
9.437=+00
1.226e+01
1.509=+01
1.791e+01
2.074=+01
2.356e+01

2.639=+01
2.921e+01
3.204e+01
3.486e+01
3.769=+01
4.051e+01
4.333e401

2.200m
100.000m

Expt
1.000e+00

9.801e-01
9.294e-01
8.618e-01
7.714e-01
6.752e-01
5.816e-01
4,736e-01
3.782e-01
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3.738e-02

Calc
1.005e+00
9.816e-01
9.318e-01
8.597e-01
7.711e-01
6.723e-01
5.698e-01
4,694=-01
3.759e-01

2.926e-01
2.214e-01
1.629-01
1.165e-01
5.096e-02
5.470e-02
3.593e-02

Figure S20. DOSY report for 3d (0.05 M).

Difference
5.305e-03
1.506e-03
2.394e-03
-2.049=-03
-3.440e-04
-2.894e-03
-1.184e-02
-4,208=-03
-2.283e-03
4.646e-03
2.354e-03
1.587e-02
4.034e-03
-6.678e-03
2.794e-03
-1.456e-03
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Calculated Fluoride lon affinities

Table S2. Calculated FlAs

Compound FIA (kJ/mol)
3a 304
3b 336
3c 327
3d 378
3e 395
BiCls 333
BPh; 324
B(CsFs)3 440

Table S3. Reaction Energies of Various Compounds with 1 and 2 Equivalents of MesPO and MesPS, all
values are given in kJ/mol

BiCls BPh; BCF 3a 3b 3c 3d 3e
MesPO -22.0 -71.6 -123.8 -84.1 -90.4 -62.8 -111.2 -118.6
AEin: Me3PO -23.4 -188.2 -246.6 -93.8 -100.6 -100.3 -133.5 -158.4
MesPS -17.2 -36.4 -50.2 -74.2 -78.9 -38.1 -88.4 -103
AEi,: Me3PS -18.3 -131.7 -171.5 -79.9 -85.4 -82 -114.7 -124.2
2 Me;PO -183.1 -193.8 -105.8 -255.1 -205.6
2 MesPS -143.5 -159.6 -94.3 -176.9 -195.7
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Percent Buried Volume Calculations

Table S4. Percent buried volume calculations for 3b-d.

Complex Vburied
3b 55.1%
3c 70.2%
3d (Anti conformation) 77.3%
3d (Syn conformation 61.7%




Computational Data:

Figure S21. Optimized Structure of 3a at the PBE1PBE/def2-TZVP level.
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Figure S22. Optimized Structure of 3b at the PBE1PBE/def2-TZVP level.
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Figure $23. Optimized Structure of 3c at the PBE1PBE/def2-TZVP level.
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Figure S24. Optimized Structure of 3d at the PBE1PBE/def2-TZVP level.
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<2

Figure S25. Optimized Structure of 3e at the PBE1PBE/def2-TZVP level.

Reference for Gaussian: Gaussian 16, Revision A.02, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.

Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li, M.
Caricato, A. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F.
Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone,
T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell,
J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. lyengar, J.
Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma,

O. Farkas, J. B. Foresman, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2016.
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Characterization Data:

E @@ TITINNNNLD o
s a0 228890089 F  §
g @ @ NNRRRNNRRR R
v e S VA
1 |
| L
A
g A FR
4 N ~ I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
111 109 107 105 103  10.1 9.9 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.3 8.1 7.9 7.7 7.5 7.3 7.1
f1 (ppm)

Figure $26. 'H-NMR (500 MHz, CDCls) of L1
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Figure $27. 3C {*H} NMR (126 MHz, CDCls) of L1
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Figure S28. Infrared spectrum of L1
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Figure $29. Mass spectrum of L1
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Figure S31. 'H NMR (500 MHz, CDCls) of L2
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Meas. m/z lon Formula m/z  err [ppm]
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Figure S33. Mass spectrum of L2
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Figure S46. 'H NMR (500 MHz, CsDs) of 2b
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Figure S51. Mass spectrum of 3¢
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Figure $52. 'H NMR (500 MHz, CsDs) of 2d
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Figure $56. 'H NMR (500 MHz, CsDs) of 3d
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Figure $59. Mass spectrum of 3d
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59



A _Jm
ljmt _J

M b

T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

Figure S62. 'H NMR (300 MHz, CD3CN) of 3e; attempting to improve signal by heating in NMR probe. Top

spectrum = 340 K; bottom spectrum = 300 K.
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Figure $63. 'H NMR (300 MHz, C¢Ds) of 3e; attempting to improve signal by heating in NMR probe. Top
spectrum = 340 K; bottom spectrum = 300 K. Note extreme broadening observed in non-coordinating

solvent.
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Polymerization Data:
'H-NMR
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Figure S66. 'H NMR (300 MHz, C¢Hs) of e-caprolactone polymerization in CeHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3a catalyst, 0.02 mol % loading, benzene, 80 °C, 15.5 hours.
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Figure S67. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in CeHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 0.02 mol % loading, benzene, 80 °C, 20 hours.
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Figure S68. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in CsHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 0.1 mol % loading, benzene, 80 °C, 19 hours.
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Figure S69. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in CsHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3c catalyst, 0.1 mol % loading, benzene, 80 °C, 15 hours.
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Figure S70. *H NMR (300 MHz, CsHs) of e-caprolactone polymerization in 0-DCB. Chemical shifts are
uncorrected; peak further upfield corresponds to polycaprolactone while further downfield corresponds
to the monomer (a different reference peak was chosen for this experiment due to better peak separation

in 0-DCB). Conditions: 3b catalyst, 0.02 mol % loading, ortho-dichlorobenzene, 120 °C, 6 hours.
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Figure S71. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in CsHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3d catalyst, 0.1 mol % loading, benzene, 80 °C, 16 hours.
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Figure S72. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in C¢He. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 1 mol % loading, benzene, 80 °C, 16 hours.
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Figure S73. 'H NMR (300 MHz, CsHe) of e-caprolactone polymerization in C¢He. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 100:1 monomer:l, benzene, 80 °C, 40 hours.
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Figure S74. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in C¢He. Chemical shifts are

uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 200:1 monomer:l, benzene, 80 °C, 16 hours.
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Figure S75. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in C¢He. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 500:1 monomer:l, benzene, 80 °C, 16 hours.
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Figure S76. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in C¢He. Chemical shifts are

uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds

to the monomer. Conditions: 3b catalyst, 1000:1 monomer:l, benzene, 80 °C, 16 hours.

73



+ 79.69]

T T T T T T T T T T T T T T T T T T
2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 00 -02 -04 -06 -0.8

f1 (ppm)

w 1.00{

o
INg
©

Figure S77. 'H NMR (300 MHz, CsHs) of e-caprolactone polymerization in CsHs. Chemical shifts are
uncorrected; peak further downfield corresponds to polycaprolactone while further upfield corresponds
to the monomer. One equivalent of y-caprolactone was added to compete for coordination. Note
dramatically reduced TON (62 vs 4000 without y-caprolactone). Conditions: 3b catalyst, 0.02 mol %

loading, benzene, 80 °C, 20 hours.

74



5 4 3 2 1 [ppm]

Figure S78.H NMR (300 MHz, C¢Hs) of rac-lactide polymerization in CsHs. Chemical shifts are uncorrected;

spectra of isolated polylactide. Conditions: 3b catalyst, 0.05 mol % loading, neat, 120 °C, 18 hours.

75



4.96

4.82
432
1.28

T T T T T T T T T T T T T T T T
5 4 3 2 1 [ppm]

Figure S79. 'H NMR (300 MHz, Ce¢He) of rac-lactide polymerization in 0-DCB. Chemical shifts are
uncorrected; peak further downfield corresponds to polylactic acid, while peak further upfield

corresponds to lactide. Conditions: 3b catalyst, 0.1 mol % loading, 0-DCB, 80 °C, 12 hours.
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Figure S80. 'H NMR (300 MHz, C¢He) of rac-lactide polymerization in 0-DCB. Chemical shifts are
uncorrected; peak further downfield corresponds to polylactic acid, while peak further upfield

corresponds to lactide. Conditions: 3b catalyst, 0.05 mol % loading, 0o-DCB, 80 °C, 12 hours.
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Figure S81.H NMR (300 MHz, C¢Hs) of rac-lactide polymerization in CsHs. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3b catalyst, 0.02 mol % loading, CsHe, 80 °C, 16 hours.
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Figure $82.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;

peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3b catalyst, 0.05 mol % loading, C¢Hs, 80 °C, 40 hours.
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Figure S83.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3d catalyst, 0.05 mol % loading, CsHe, 80 °C, 40 hours.
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Figure S84.H NMR (300 MHz, C¢Hs) of rac-lactide polymerization in CsHs. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3c catalyst, 0.05 mol % loading, CsHs, 80 °C, 40 hours.

81



g

7 U.UZ{

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 0.8

f1 (ppm)

Figure S85.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3a catalyst, 0.05 mol % loading, CsHe, 80 °C, 40 hours.
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Figure $86.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;

peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3a catalyst, 100:1 monomer:l, CsHe, 80 °C, 16 hours.
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Figure S87.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3a catalyst, 200:1 monomer:l, CsHg, 80 °C, 16 hours.
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Figure S88.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3a catalyst, 500:1 monomer:l, CsHg, 80 °C, 16 hours.
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Figure $89.'H NMR (300 MHz, C¢H¢) of rac-lactide polymerization in C¢He. Chemical shifts are uncorrected;
peak further downfield corresponds to polylactic acid, while peak further upfield corresponds to lactide.

Conditions: 3a catalyst, 1000:1 monomer:Il, C¢Hs, 80 °C, 16 hours.
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Figure $90. Kinetic study of polymerization completion versus time for e-caprolactone polymerization.
Percent completion was measured by integration in *H NMR, recording spectra every hour when possible.

Conditions: 3b catalyst, 0.1 mol % loading, benzene, 80 °C.
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Gel Permeation Chromatography Traces
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Figure S91: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Table 2, entry 1), M, = 62.85 kDa and b = 1.31.
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Figure $S92: Gel permeation chromatogram (refractive index and viscometry traces) for polycaprolactone
(Table 2, entry 2), M, = 232.6 kDa and = 1.15.
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Figure S93: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Table 2, entry 3; Figure 8), M, of 289.6 kDa, b 1.09.
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Figure S94: Gel permeation chromatogram (refractive index and viscometry traces) for polycaprolactone
(Table 2, entry 4), M, of 177.7 kDa,  1.17.
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Figure S95: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Table 2, entry 5), M, of 99.24 kDa, b 1.33.
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Figure S96: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Figure 8), M, of 12.63 kDa, D 1.48.
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Figure S97: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Figure 8), M, of 18.67 kDa, D 2.45.
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Figure S98: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Figure 8), M, of 48.59 kDa, D 1.59.

95



—LE —dRl =¥l

1.0

0.5

o
3 oo Al
=]
=
©
o«

0.5

104

T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0
time (min)

Figure S99: Gel permeation chromatogram (light scattering, refractive index, and viscometry traces) for
polycaprolactone (Figure 8), M, of 84.42 kDa, D 1.44.
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Figure $S100: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polycaprolactone (Table 2, entry 6), M, 82.31 kDa,  1.37.
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Figure S101: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 8) M, of 176.2 kDa, b 1.31.
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Figure $S102: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 9) M, of 105.9 kDa,  1.44.
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Figure $S103: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 8) M, of 55.43 kDa, D 1.15.
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Figure S104: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 11) M, of 118.2 kDa, D 1.31.
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Figure S105: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 12; Figure 8) M, of 228.9 kDa, D 2.2.
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Figure S106: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 13) M, of 84.91 kDa,  1.54.
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Figure S107: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Table 2, entry 14) M, of 31.33 kDa,  1.14.
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Figure S108: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Figure 8) M, of 21.11 kDa, D 1.16.
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Figure $S109: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Figure 8) M, of 29.51 kDa, b 1.37.
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Figure $110: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Figure 8) M, of 41.87 kDa, D 1.50.
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Figure S111: Gel permeation chromatogram (light scattering, refractive index and viscometry traces) for
polylactide (Figure 8) M, of 72.85 kDa,  1.51.
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MALDI-TOF Mass Spectrometry
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Figure $S112: MALDI-TOF mass spectrum of polycaprolactone oligomer (Table 2, entry 9).
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Figure S113: Expansion of MALDI-TOF mass spectrum of polycaprolactone oligomer in the region of m/z
1560 to 1960. Masses correspond to polycaprolactone with degrees of polymerization of 13, 14 and 15
and having (MesSi),N and H end groups. Shown below is structure of polycaprolactone oligomer based
on MALDI-TOF mass spectrum and calculation of m/z of potential end groups.
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Figure S114: Further expansion of MALDI-TOF mass spectrum of polycaprolactone oligomer of m/z
1872.63 corresponding to a degree of polymerization of 15 caprolactone units (bottom) and predicted
isotope pattern for polycaprolactone having (MesSi).N and H end groups, (MesSi),N-(CeH1002)15-H (top).
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Figure S115: (A) MALDI-TOF mass spectrum produced by 3b e-caprolactone polymerization. (B)
Expanded mass region (m/z 3060 — 3360, degree of polymerization 27, 28, 29) of the spectrum showing
multiple mass distributions for the produced PCL. C) Structure of polycaprolactone oligomer based on
MALDI-TOF mass spectrum with general end groups (o and ®) and calculation of m/z of potential end
groups.
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Alternate X-Ray Crystal Structure Images

Figure S116. Alternate views of the molecular structure of 2d. Ellipsoids have been drawn at the 50%
probability level. Hydrogen atoms and solvent molecules have been removed for clarity. The Trip group
has been shown in wireframe mode for clarity. Purple = bismuth, blue = nitrogen, red = oxygen, light
yellow = silicon, yellow = sulfur, brown = bromine
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Figure S117. Alternate views of the molecular structure of 3a. Ellipsoids have been drawn at the 50%
probability level. Hydrogen atoms and solvent molecules have been removed for clarity. Purple =
bismuth, blue = nitrogen, red = oxygen, light yellow = silicon, yellow = sulfur, brown = bromine

Figure S118. Alternate views of the molecular structure of 3b. Ellipsoids have been drawn at the 50%
probability level. Hydrogen atoms and solvent molecules have been removed for clarity. Purple =
bismuth, blue = nitrogen, red = oxygen, light yellow = silicon, yellow = sulfur, brown = bromine
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Figure $119. Alternate views of the molecular structure of 3c. Structure shown in the ball and stick
model. Hydrogen atoms and solvent molecules have been removed for clarity. Purple = bismuth, blue =
nitrogen, red = oxygen, light yellow = silicon, yellow = sulfur, brown = bromine

Figure $120. Alternate views of the molecular structure of 3d. Ellipsoids have been drawn at the 50%
probability level. Hydrogen atoms and solvent molecules have been removed for clarity. The Trip group
has been shown in wireframe mode for clarity. Purple = bismuth, blue = nitrogen, red = oxygen, light
yellow = silicon, yellow = sulfur, brown = bromine

115



Figure S121. Alternate views of the molecular structure of 3e-py. Ellipsoids have been drawn at the 50%
probability level. Hydrogen atoms and solvent molecules have been removed for clarity. The Trip group
has been shown in wireframe mode for clarity. Purple = bismuth, blue = nitrogen, red = oxygen, light
yellow = silicon, yellow = sulfur, brown = bromine
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