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SI. Experimental Details

All experiments were performed under an N, atmosphere using either standard Schlenk techniques or an
MBraun glovebox unless noted. Under standard operating procedures for glovebox use: purging was not
performed between uses of pentane, benzene, and toluene. Solvents used in synthesis were deoxygenated
by sparging with nitrogen and dried through an activated alumina column on an Innovative Technology
Inc. system. Commercial chemicals were used as received. Anhydrous CO, was obtained from Airgas Inc.
C¢Dg, toluene-ds, and pyridine-d;s were purchased from Cambridge Isotope Laboratories, Inc., degassed via
three freeze-pump-thaw cycles and then dried using a plug of activated alumina and stored over molecular
sieves. The pressure of CO, was measured with a Wallace & Tiernan 61B-1D-0800 Absolute Pressure
Gauge. NMR spectra were recorded on Agilent DD2 -400, -500, -600 spectrometers at ambient probe
temperatures unless otherwise specified. Chemical shifts for 'H and '*C{'H} NMR spectra are reported in
ppm and referenced to residual internal protio solvent. Chemical shifts for 3'P{'H} NMR spectra are
referenced using 'H resonances based on relative gyromagnetic ratios of the nuclei.! IR spectra were
collected on a Bruker Alpha FTIR spectrometer under 1 atm N,. Mass spectrometric measurements were
performed with a Thermo Fisher QExactive Orbitrap LC-MS system using continuous injection with a
syringe. Samples were prepared in a glove box and loaded into a gas tight syringe, Hamilton 1750, for
sample injection. The syringe and the PEEK capillaries to the ion source of the MS were cleaned with dry
and oxygen-free solvents before sample injection. Samples were held at room temperature and continuously
injected using a syringe pump at 50 uL/min. Electrospray was used for desolvatization and ionization, with
the electrospray needle held at +3.5kV. Compressed air was used as desolvatization gas, capillary
temperature was at 320 °C, probe heater temperature at 40 °C and sheath gas flow was at 5 L/min.
Resolution was set to 35,000 M/AM. Mass spectra were recorded in the range of 150 to 750 m/z in positive
ion mode. Measurements and data post-processing were performed with Thermo Xcalibur 4.1.31.9.
(‘B"PBP)PdC1 was synthesized according to a literature procedure.? New complexes were not characterized
by elemental analysis due to the sensitivity of the samples to trace amounts of air or moisture. However,

NMR spectra that demonstrate a high level of purity are provided as part of the supporting information.

S2



SII. Synthesis and Characterization of New Compounds
(‘B*PBP)Pd(CH,CH;) (1-Et)
(BYPBP)PACI (59.7 mg, 0.104 mmol) was dissolved in 5 mL of benzene and added to a 4-dram scintillation

vial. 0.21 mL of a 0.5 M EtLi solution in a benzene/cyclohexane mixture (0.105 mmol, 1 equivalent) was
added dropwise to the benzene solution. An immediate color change to orange was observed. The solution
was allowed to stand for 1 hour and then was filtered through Celite to separate the salt precipitate from the
desired product. The volatiles were removed from the filtrate under vacuum to give crude
(‘B"PBP)Pd(CH,CHj;) as a beige solid. The solid was then recrystallized twice in n-pentane at -35 °C to
yield (‘B"PBP)Pd(CH,CHs) as colorless crystals (45.0 mg, 0.073 mmol, 76%) suitable for X-ray diffraction.
Clean product can also be generated through the initial reaction of (‘®"PBP)PdCI with 2.0 M EtMgCl in
THF followed by the same workup procedure.

'"H NMR (500 MHz, C¢Dy): 6 7.18 (dd, J = 5.7, 3.0 Hz, 2H, CHy,,), 7.00 (dd, J = 5.8, 3.0 Hz, 2H, CH,,),
3.73 (vt, J = 2.3 Hz, 4H, CH,), 2.09 (t, J = 8.1 Hz, 3H, Pd-CH,CH;), 1.49 (dt, J = 8.1, 5.3 Hz, 2H, Pd-
CH,CHj;), 1.23 (t, J = 6.7 Hz, 36H, C(CH3);). *C{'H} NMR (151 MHz, C¢D): 6 139.45 (t, J = 8.9 Hz,
Car), 118.56 (s, CHa,), 109.46 (s, CHy,), 42.77 (t, J = 14.6 Hz, CH,), 35.94 (t, J= 5.7 Hz, C(CHj;)5), 29.84
(t,J=3.8 Hz, C(CH3)3), 19.22 (s, Pd-CH,CH3), -0.88 (br s, Pd-CH,CHj3). 3'P{'H} NMR (202 MHz, C¢Dy):
3 94.92 (s, BuPBP).

At 65 °C (B'PBP)Pd(CH,CHs;) starts to undergo B-hydride elimination, as evidenced by the presence of
ethylene in the "H NMR spectrum, along with new peaks in the *'P NMR spectrum.

(‘B*PBP)Pd(CH,CH,CHj;) (1-"Pr)
(‘B"PBP)PdCI (42.0 mg, 0.0730 mmol) was dissolved in 5 mL of benzene and added to a 4-dram scintillation
vial. 0.04 mL ofa 2.0 M "PrMgCl solution in diethyl ether (0.08 mmol, 1.1 equivalents) was added dropwise

to the benzene solution. An immediate color change to yellow was observed. The solution was allowed to
stand for 5 minutes and then was immediately filtered through Celite to separate the salt precipitate from
the desired product. The volatiles were removed from the filtrate under vacuum to give crude
(‘B"PBP)Pd(CH,CH,CHj) as a beige solid. The solid was then recrystallized twice in n-pentane at -35 °C to
yield (®*PBP)Pd(CH,CH,CHj;) as colorless crystals (25.1 mg, 0.0433 mmol, 59%) suitable for X-ray
diffraction.

"H NMR (500 MHz, C¢Dy): 6 7.17 (dd, J = 5.7, 3.2 Hz, 2H, CH,,), 7.00 (dd, J = 5.6, 3.3 Hz, 2H, CH,,),
3.73 (vt, J = 2.1 Hz, 4H, CH,), 2.19-2.11 (m, 3H, Pd-CH,CH,CH,), 1.62 (t, J = 7.0 Hz, 3H, Pd-
CH,CH,CHj), 1.44-1.38 (m, 3H, Pd-CH,CH,CH3;), 1.22 (t,J= 6.6 Hz, 36H, C(CH;);). *C{'H} NMR (151
MHz, C¢Dg): 6 139.43 (t,J = 8.7 Hz, Cy,), 118.57 (s, CHa,), 109.46 (s, CHy,), 42.74 (t, J=14.7 Hz, CH,),
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35.95 (t, J = 6.1 Hz, C(CHs;)s), 29.81 (t, J = 3.8 Hz, C(CH;);), 28.66 (s, Pd-CH,CH,CH3;), 24.92 (s, Pd-
CH,CH,CHj;), 13.05 (br s, Pd-CH,CH,CHj). 3'P{'H} NMR (202 MHz, C¢D): 8 95.08 (s, B“PBP).

At 60 °C ("B'PBP)Pd(CH,CH,CHj;) starts to undergo B-hydride elimination, as evidenced by the presence
of propene in the '"H NMR spectrum, along with new peaks in the 3'P NMR spectrum.

(‘B"PBP)Pd(CH,C¢Hs) (1-Bn)
(‘B"PBP)PdCI (50.4 mg, 0.0877 mmol) was dissolved in 5 mL of benzene and added to a 4-dram scintillation
vial. 0.07 mL of'a 1.32 M benzylMgCl solution in THF (0.092 mmol, 1.05 equivalents) was added dropwise

to the benzene solution. An immediate color change to yellow was observed. The solution was allowed to
stand for 1 hour and then was filtered through Celite to separate the salt precipitate from the desired product.
The volatiles were removed from the filtrate under vacuum to give crude (‘®"PBP)Pd(CH,C4H;) as a yellow
solid. The solid was then recrystallized twice in n-pentane at -35 °C to yield (B"PBP)Pd(CH,C¢Hs) as yellow
crystals (30.6 mg, 0.0485 mmol, 55%) suitable for X-ray diffraction.

'"H NMR (500 MHz, C¢Dg): 6 7.43 (d, J=7.5 Hz, 2H, Pd-CH,C¢Hs), 7.28 (t, J = 7.6 Hz, 2H, Pd-CH,CH5),
7.15 (dd, J = 5.7, 3.2 Hz, 2H, CH,,), 6.96 (dd, J = 5.6, 3.2 Hz, 2H, CH,,), 6.90 (t, J = 7.3 Hz, 1H, Pd-
CH,C¢Hs), 3.67 (vt,J=2.1 Hz, 4H, CH,), 2.91 (vt, J=3.6 Hz, 2H, Pd-CH,C¢Hs), 1.11 (t, /= 6.7 Hz, 36H,
C(CH;);). BC{'H} NMR (151 MHz, C¢Dy): 6 161.60 (t, J = 2.6 Hz, Pd-CH,C¢Hs), 138.93 (t, J = 8.9 Hz,
Car), 128.06 (partially obscured by solvent, Pd-CH,C¢Hs), 127.66 (s, Pd-CH,CsHs), 118.78 (s, CHa,),
118.36 (s, Pd-CH,C¢Hs), 109.41 (s, CHy,), 42.13 (t, J=14.5 Hz, CH,), 35.65 (t, J=5.9 Hz, C(CH,);), 29.62
(t, J= 3.6 Hz, C(CH;);), 22.15 (t, /= 9.2 Hz, Pd-CH,C¢Hs). 3'P{'H} NMR (202 MHz, C¢Dy): & 89.65 (s,
tBupBP),

Thermal decomposition of (‘B*PBP)Pd(CH,C¢Hs) to form (‘B"PBB"P),Pd, (2-Bn)
(‘B"PBP)Pd(CH,C¢Hs) (5.5 mg, 0.0087 mmol) was dissolved in 0.5 mL of C4Ds and added to a J-Young
NMR tube. The tube was heated at 65 °C in an oil bath for 3 days and was periodically monitored by NMR

spectroscopy. After 3 days, full conversion from the starting material was achieved, and a major product at
41.60 ppm, which integrated to 90% of the resonances in the *'P{'H} NMR spectrum was observed. The
NMR tube was laid sideways at room temperature for 2 days, where colorless crystals suitable for X-ray
diffraction crashed out of solution. XRD studies of these crystals gave the structure of (B"PBB"P),Pd,. The
major peaks in the "H NMR spectrum are consistent with the structure of the dimer.

'"H NMR (400 MHz, C¢Dy): 6 7.79 (dd, J=5.8, 3.2 Hz, 4H, CH},), 7.14-7.03 (m, 8H, CH}, (4H) and CH,
(4H)), 7.02-6.96 (m, 6H, CH,, (4H) and CH,, (2H)), 4.18 (dt, J=14.8, 2.7 Hz, 4H, CH,), 3.62 (dt, /= 14.8,
3.1 Hz, 4H, CH,), 3.00 (s, 4H, CH,), 1.45 (t,J= 6.0 Hz, 36H, C(CHs);), 1.41 (t,J = 5.8 Hz, 36H, C(CH,);).
3SIP{'H} NMR (162 MHz, C¢Dg): 6 41.60 (s, (‘B*PBB"P),Pd,).
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(‘B“PBP)Pd(CH,-4-OMe-C¢H,) (1-°M¢Bn)
(BYPBP)PACI (50.9 mg, 0.0885 mmol) was dissolved in 5 mL of benzene and added to a 4-dram scintillation
vial. 0.4 mL of a 0.25 M 4-methoxy-benzylMgCl solution in THF (0.092 mmol, 1.05 equivalents) was

added dropwise to the benzene solution. An immediate color change to yellow was observed. The solution
was allowed to stand for 1 hour and then was filtered through Celite to separate the salt precipitate from the
desired product. The volatiles were removed from the filtrate under vacuum to give crude (®*PBP)Pd(CH,-
4-OMe-C¢Hy) as a yellow solid. The solid was then recrystallized twice in n-pentane at -35 °C to yield
(B"PBP)Pd(CH,-4-OMe-C¢H,) as yellow crystals (38.8 mg, 0.0587 mmol, 66%) suitable for X-ray
diffraction.

'"H NMR (500 MHz, C¢Dg): 6 7.34 (d, J = 8.7 Hz, 2H, Pd-CH,CsH,OCH3), 7.15 (dd, J = 5.7, 3.2 Hz, 2H,
CHy,), 6.97 (dd, J= 5.6 Hz, 3.2 Hz, 2H, CH,,), 6.94 (d, J = 8.6 Hz, 2H, Pd-CH,CsH,OCH3), 3.69 (vt, J =
2.1 Hz, 4H, CH,), 3.55 (s, 3H, OCH»), 2.83 (t,J= 3.8 Hz, 2H, Pd-CH,CH,OCH3), 1.12 (t, J= 6.7 Hz, 36H,
C(CH;);). BC{'H} NMR (151 MHz, C¢Dy): & 153.99 (s, Pd-CH,CsH,OCH3), 153.09 (t, J = 2.3 Hz, Pd-
CH,CsH,0OCH5), 139.02 (t, J = 8.7 Hz, Ca,), 128.42 (s, Pd-CH,C¢H,OCH3;), 118.74 (s, CHy,), 113.92 (s,
Pd-CH,C4¢H,OCHj3;), 109.41 (s, CHy,), 55.35 (s, OCHsy), 42.26 (t, J = 14.7 Hz, CH,), 35.67 (t, /= 6.1 Hz,
C(CHs)3), 29.65 (t, J = 3.8 Hz, C(CH;)3), 19.84 (t, J = 8.4 Hz, Pd-CH,CsH,OCH3;). 3'P{'H} NMR (202
MHz, C¢Dg): 6 90.15 (s, BuPBP).

Thermal decomposition of (B“PBP)Pd(CH,-4-OMe-C¢H,) to form (‘B"PBOM<EnpP),Pd, (2-OM¢Bn)
(B"PBP)Pd(CH,-4-OMe-CgHy) (4.8 mg, 0.0073 mmol) was dissolved in 0.5 mL of C4D4 and added to a J-

Young NMR tube. The tube was heated at 65 °C in an oil bath for 3 days and was periodically monitored
by NMR spectroscopy. After 3 days, full conversion from the starting material was achieved, and a major
product at 41.66 ppm, which integrated to 96% of the resonances in the 3'P{'H} NMR spectrum was
observed. These peaks are similar to what was observed in the thermal decomposition of
(B"PBP)Pd(CH,C¢Hs), suggesting that the new decomposition product is the Pd(0) dimer,
(‘BUPBOMeBnp),Pd,.

'"H NMR (400 MHz, C¢Dg): 6 7.82 (dd, J = 5.7, 3.3 Hz, 4H, CH,;), 7.06-6.99 (m, 8H, CH,, (4H) and CH},
(4H)), 6.77-6.64 (m, 4H, CH,,), 4.23 (dt, J = 14.8, 2.7 Hz, 4H, CH,), 3.67 (dt, J = 14.8, 2.9 Hz, 4H, CH,),
3.27 (s, 6H, OCH;), 2.98 (s, 4H, CH,), 1.47 (t,J= 6.0 Hz, 36H, C(CH,)3), 1.42 (t,J=5.8 Hz, 36H, C(CH,);).
SIP{'H} NMR (162 MHz, C¢Dg): 8 41.66 (s, (‘B'PBOMBrP),Pd,).

(‘B“PBP)Pd(C¢Hs) (1-Ph)
Route A: (B'PBP)PACI (25.7 mg, 0.0447 mmol) was dissolved in 5 mL of benzene and added to a 4-dram

scintillation vial. 0.15 mL of a 3.0 M PhMgBr solution in diethyl ether (0.045 mmol, 1 equivalent) was
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added dropwise to the benzene solution. The solution was allowed to stand for 2 days and then was filtered
through Celite to separate the salt precipitate from the reaction mixture. The volatiles were removed from
the filtrate under vacuum to give a mixture of the starting material (‘B"PBP)PdCI, and the desired product
(BYPBP)PA(C4Hs). A stoichiometric amount of PhMgBr, based on NMR integrations, was used to repeat
the above procedure until only the desired product remained (typically 3 total Grignard additions). This
may be necessary due to the tendency of these products to back convert to (B"PBP)PdCl upon reaction with
the halide salt, which has been previously observed.? The solid was then recrystallized twice in n-pentane
at -35 °C to yield (B"PBP)Pd(C¢Hj;) as colorless crystals (14.1 mg, 0.0229 mmol, 45%) suitable for X-ray
diffraction.

'"H NMR (500 MHz, C¢Dg): 6 8.12 (d, J = 7.1 Hz, 2H, Pd-CsHs), 7.45 (t, J = 7.3 Hz, 2H, Pd-C¢Hs), 7.19-
7.15 (m, 3H, Pd-C¢Hs (1H) and CH,, (2H)), 7.01 (dd, J=5.7, 3.2 Hz, 2H, CH,,), 3.74 (vt,J=2.1 Hz, 4H,
CH,), 1.12 (t, J = 6.8 Hz, 36H, C(CH;);). BC{'H} NMR (151 MHz, C¢Ds): & 143.74 (s, Pd-C¢Hs), 139.39
(t, J= 8.7 Hz, Cy4,), 128.06 (partially obscured by solvent, Pd-C4Hs), 125.95 (s, Pd-C¢Hs), 121.51 (s, Pd-
CsHs), 118.76 (s, CHy,). 109.53 (s, CHy,), 42.26 (t, J=14.7 Hz, CH,), 36.05 (t, J = 6.4 Hz, C(CH3);), 29.71
(t, J=3.8 Hz, C(CHs;);). 3'P{'H} NMR (202 MHz, C¢Dy): 6 94.94 (s, B*PBP).

Route B: (B*PBP)PdCI (11.1 mg, 0.0193 mmol) was dissolved in 0.5 mL of benzene-dys and added to a J-
Young NMR tube. 0.02 mL of a 1.0 M PhMgBr solution in THF (0.02 mmol, 1.04 equivalent) was added
dropwise to the benzene solution. 0.05 mL of degassed 1,4-dioxane was added to the J-Young tube and a
white precipitate was immediately observed. The solution was allowed to stand for 3 days at room
temperature and the reaction progress was monitored periodically by *'P{'H} NMR spectroscopy until full
conversion was observed. The reaction mixture was filtered through a plug of Celite and the volatiles were
removed under vacuum. NMR spectroscopy confirmed the remaining solid to be pure (‘B"PBP)Pd(C¢Hs)
(5.7mg, 0.0093 mmol, 48%) with no evidence of back conversion. This well precedented used of 1,4-

dioxane may possibly be extended to the syntheses of the other Pd alkyl species.

(‘B“PBP)Pd{OC(O)CH,CH;} (3-Et)
(‘B"PBP)Pd(CH,CHj;) (15.0 mg, 0.0264 mmol) was dissolved in 500 pL of C¢Ds and added to a J-Young

NMR tube. The solution was degassed via three freeze-pump-thaw cycles and 1 atm CO, was added via a
Schlenk line. The solution was allowed to stand for 5 hours at room temperature. The volatiles and excess
CO, were removed under vacuum and the complex was washed with 1 x 2 mL cold n-pentane to yield the
product, (B"PBP)Pd{OC(O)CH,CHj;} as a beige solid (15.8 mg, 0.0258 mmol, 97.5%). Crystals suitable

for X-ray diffraction were grown from n-pentane at -35 °C.
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'H NMR (500 MHz, C¢Ds): & 7.14 (dd, J = 5.6, 3.2 Hz, 2H, CH,,), 6.92 (dd, J = 5.7, 3.2 Hz, 2H, CH,,),
3.55 (vt, J = 2.3 Hz, 4H, CH,), 2.66 (q, J = 7.6 Hz, 2H, CH,CHs), 1.51 (t, J = 7.6 Hz, 3H, CH,CH3), 1.28
(t, J=7.0 Hz, 36H, C(CH);). BC{'H} NMR (151 MHz, C¢Ds): 177.77 (s, Pd-OC(O)CH,CH;), 138.44 (t,
J=9.0 Hz, Cx,), 118.65 (s, CH,,), 108.84 (s, CHy,), 39.20 (t, J = 14.4 Hz, CH,), 34.96 (t, J = 6.1 Hz,
C(CHs)s), 32.02 (s, Pd-OC(O)CH,CHs), 28.97 (t, J = 3.8 Hz, C(CHs)3), 11.55 (s, Pd-OC(O)CH,CH). &
3IP{IH} NMR (202 MHz, C4De): & 87.03 (s, B:PBP). IR (Diamond ATR cell, cm™): 1591 (vCO,), 1288
(vCO,).

(‘B“PBP)Pd {OC(O)CH,CH,CH;} (3-"Pr)
(B'PBP)Pd(CH,CH,CHj3) (2.2 mg, 0.0038 mmol) was dissolved in 500 uL of C¢Ds and added to a J-Young

NMR tube. The solution was degassed via three freeze-pump-thaw cycles and 1 atm CO, was added via a
Schlenk line. The solution was allowed to stand for 3 days at room temperature. The volatiles and excess
CO, were removed under vacuum to yield the product, (B“PBP)Pd{OC(O)CH,CH,CH;} as a beige solid
(2.3 mg, 0.0037 mmol, 97%).

'"H NMR (400 MHz, C4Dy): 6 7.14 (dd, J = 5.8, 3.2 Hz, 2H, CH,,), 6.92 (dd, J = 5.7, 3.2 Hz, 2H, CH,,),
3.55 (vt,J=2.3Hz, 4H, CH,), 2.66 (t,J= 7.3 Hz, 2H, CH,CH,CH,), 2.08 (h, /= 7.3 Hz, 2H, CH,CH,CHs;),
1.28 (t,J=7.0 Hz, 36H, C(CHs)3), 1.20 (t, J= 7.4 Hz, 3H, CH,CH,CH;). *C{'H} NMR (151 MHz, C¢Dy):
0 177.46 (s, Pd-OC(O)CH,CH,CHj3), 138.85 (t, J = 9.0 Hz, Cy,), 119.07 (s, CHa,), 109.25 (s, CHy,), 41.65
(s, Pd-OC(O)CH,CH,CHs;), 39.61 (t, J = 14.4 Hz, CH,), 35.35 (t, J = 6.1 Hz, C(CHj;);), 29.40 (t, J = 3.8
Hz, C(CHs;);), 20.89 (s, Pd-OC(O)CH,CH,CH3;), 15.16 (s, Pd-OC(O)CH,CH,CHj3). 3'P{'H} NMR (162
MHz, C¢Dg): 6 87.01 (s, B“PBP). IR (Diamond ATR cell, cm™): 1590 (vCO,), 1289 (vCO,).

(‘B"PBP)Pd{OC(O)CH,C¢Hs} (3-Bn)
(‘B"PBP)Pd(CH,C¢Hs) (6.1 mg, 0.0097 mmol) was dissolved in 500 uL of C4Dy and added to a J-Young

NMR tube. The solution was degassed via three freeze-pump-thaw cycles and 1 atm CO, was added via a
Schlenk line. The solution was allowed to stand for 5 days at room temperature. The volatiles and excess
CO, were removed under vacuum and the complex was washed with 1 x 2 mL cold n#-pentane to yield the
product, (‘B*PBP)Pd{OC(O)CH,C¢Hs} as a yellow solid (5.9 mg, 0.0087 mmol, 91%).

"H NMR (500 MHz, C¢Dy): 6 7.67 (d, J= 7.5 Hz, 2H, CH,C¢Hs), 7.27 (t, J = 7.6 Hz, 2H, CH,C¢Hs), 7.14-
7.10 (m, 3H, CH,C4sH5 (1H) and CH,, (2H)), 6.90 (dd, J= 5.7, 3.2 Hz, 2H, CH,,), 3.39 (s, 2H, CH,C¢Hs),
3.52 (vt, J = 2.3 Hz, 4H, CH,), 1.20 (t, J = 7.0 Hz, 36H, C(CHs);). *C{'H} NMR (151 MHz, C4Dy):
174.66 (s, Pd-OC(0)), 140.23 (s, CH,C4Hs), 138.80 (t, J = 9.2 Hz, C,,), 130.37 (s, CH,C¢Hs), 128.06
(partially obscured by solvent, CH,CsHs), 125.41 (s, CH,C¢Hs), 119.08 (s, CHy,), 109.27 (s, CHy,), 47.38
(s, CH,C¢Hs), 39.53 (t, J = 14.4 Hz, CH,), 35.27 (t, J = 6.1 Hz, C(CHj;);), 29.36 (t, J = 3.8 Hz, C(CH;);).
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3IPJIH} NMR (202 MHz, C4De): & 86.96 (s, B:PBP). IR (Diamond ATR cell, cm-'): 1601 (vCO,), 1290
(vCO,).

(‘B“PBP)Pd {OC(O)CH,-4-OMe-C¢H,} (3-°MBn)
(‘B“PBP)Pd(CH,C¢H4sOCHs;) (7.7 mg, 0.012 mmol) was dissolved in 500 pL of C¢4D¢ and added to a J-Young

NMR tube. The solution was degassed via three freeze-pump-thaw cycles and 1 atm CO, was added via a
Schlenk line. The solution was allowed to stand for 7 days at room temperature. The volatiles and excess
CO, were removed under vacuum and the complex was washed with 1 x 2 mL cold n-pentane to yield the
product, (‘B*PBP)Pd{OC(O)CH,-4-OMe-C¢H,} as a yellow solid (6.9 mg, 0.0098 mmol, 84%).

"H NMR (400 MHz, C¢Dg): 6 7.61 (d, J= 8.7 Hz, 2H, CH,CsH,OCH3), 7.13 (dd, /= 5.7, 3.2 Hz, 2H, CH,,),
6.97-6.81 (m, 4H, CH,C4H,OCH; (2H) and CH,, (2H)), 3.92 (s, 2H, CH,C¢H,OCH3), 3.52 (vt, J= 2.3 Hz,
4H, CH,), 3.39 (s, 3H, OCHs), 1.21 (t, J = 7.0 Hz, 36H, C(CH;);). BC{'H} NMR (151 MHz, C4¢Dy): &
175.17 (s, Pd-OC(0)), 158.23 (s, CH,CcH4OCH3), 138.81 (t, J= 9.0 Hz, Cy,), 132.48 (s, CH,CsH,OCH5),
131.15 (s, CH,CsH,OCH3), 119.07 (s, CHy,), 113.47 (s, CH,CsH4OCH3), 109.26 (s, CH,,), 54.80 (s, OCHj),
46.35 (s, CH,C¢H,OCH3), 39.55 (t, J= 14.4 Hz, CH,), 35.29 (t, J= 6.1 Hz, C(CH;)5), 29.35 (t, /=3.8 Hz,
C(CH,);).3'"P{'H} NMR (162 MHz, C4Dy): 6 86.97 (s, B*PBP). IR (Diamond ATR cell, cm™): 1602 (vCO,),
1290 (vCOy).

Thermal decomposition of (‘®"PBP)Pd(CHs;) (1-Me) to form (‘B“PBM°P),Pd, (2-Me)
(B'PBP)Pd(CH;) was synthesized via our previously reported route.? (B*PBP)Pd(CH;) (8.0 mg, 0.014
mmol) was dissolved in 0.5 mL of C¢Dy and added to a J-Young NMR tube. The tube was heated at 65 °C

in an oil bath for one week and was periodically monitored by NMR spectroscopy. Slow decomposition is
observed, where after 5 days there is 10% decomposition to (B*PBM¢P),Pd, (2-Me) (66.7 ppm, 10% by
integration) based on the 3'P{'H} NMR spectrum. (‘B"PBM¢P),Pd, is assigned based on the similar chemical
shift in the 3'P{'H} NMR spectrum to 2-Bn and 2-H (see Figure S55).
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SIII. Attempted Syntheses of (‘®"PBP)Pd-C,y, and Related Complexes

Reaction of (‘B"PBP)PdCI and ‘BuMgCl

(BYPBP)PACI (6.9 mg, 0.012 mmol) was dissolved in 0.5 mL of C4D¢ and added to a J-Young NMR tube.
0.05 mL of'a 1.0 M ‘BuMgCl solution in THF (0.05 mmol, 4.2 equivalents) was added dropwise to the C¢Dy

solution. The reaction proceeds slowly with 1.1 equivalents of Grignard reagent, so a larger excess was
used to reduce the reaction time. The same products are observed with 1.1 equivalents and 4.2 equivalents,
however, even with 4.2 equivalents the reaction still takes hours, compared to just minutes for the other Pd-
C(alkyl) species. ‘BuMgCl was used instead of ‘Bul.i as a safety precaution. An immediate color change
from clear to light yellow was observed. The reaction mixture became a more intense and darker yellow
over time. An NMR spectrum recorded 20 minutes after the reaction started showed five resonances in the
3SIP{TH} NMR spectrum. The major peak at 87.5 ppm (40% by integration) corresponds to the (B"PBP)PdCl
starting material. Although (B“PBP)Pd(C(CH3);) is not observed in the 'H NMR spectrum, the peaks at
96.4 ppm (34%) and 114.9 ppm (21%) are proposed to be associated with an unknown product (96.4 ppm)
and (B'PBP)PdH (114.9), the B-hydride elimination product of (‘B"PBP)Pd(C(CHj;);). Consistent with this,
isobutene is observed in the '"H NMR spectrum (3 4.73 (p, J = 1.3 Hz, 2H) and 1.59 (t, J = 1.3 Hz, 4H)),
further supporting rapid B-hydride elimination of the transient (B"PBP)Pd(C(CHj;);) product. (B“PBP)PdH
then undergoes an unusual dimerization to form a bridging Pd(0) dimeric species, (‘®"PBHP),Pd, (63.4 ppm,
4%, 2-H, vide infra). There is also a small peak at 16.3 ppm (1%), which may correspond to B"PB'B'P, the
reductive elimination product directly from (‘B*PBP)Pd(C(CHs);). The peak associated with the putative
(‘B"PBP)PdH species converts to (‘B"PBHP),Pd, over time, while the unknown peak at 96.4 ppm remains

present.
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Figure S1. 'H NMR spectrum of the crude reaction mixture after 20 minutes at room temperature in C¢Ds.

The peaks corresponding to isobutene are picked, integrated, and enlarged. The peak at 1.59 ppm integrates
slightly higher than expected due to overlap with the larger signals upfield of it.
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Figure S2. 3'P{'H} NMR spectrum of the crude reaction mixture after 20 minutes at room temperature in

C6D6.
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Figure S3. 3P {!H} NMR spectrum of the crude reaction mixture after 3 hours at room temperature in C4Ds.
The (‘B"PBP)PdCI starting material (87.49 ppm, 2%) is nearly depleted, and the two major products are an
unknown species at 96.42 ppm (49%) and a product consistent with decomposition of a palladium hydride,
which presumably forms via B-hydride elimination from the transient (B"PBP)Pd(C(CHs);) species (63.43
ppm, 46%).

Reaction of (‘B*PBP)PdCI and ‘PrLi

(‘B"PBP)PACI (5.0 mg, 0.0087 mmol) was dissolved in 0.5 mL of C¢D¢ and added to a J-Young NMR tube.
0.02 mL of'a 0.7 M 'PrLi solution in pentane (0.014 mmol, 1.6 equivalents) was added dropwise to the CsDg
solution. An immediate color change from clear to yellow was observed. The solution further changed color
to orange and then to black over the course of 3 minutes. A black solid, presumably palladium black,
precipitated out of solution. A 3'P{'H} NMR spectrum recorded 10 minutes after the reaction started
contained a single resonance assigned to B'PBP'P. Peaks consistent with B'PB"'P are also observed in the
'"H NMR spectrum. Isolation of this product was achieved by filtration through a plug of Celite and
subsequent removal of the volatiles under vacuum. HRMS was consistent with the formation of B'PB!PP,
'"H NMR (400 MHz, C4Dy): 6 7.75 (dd, J = 5.9, 3.2 Hz, 2H, CH,,), 7.18 (dd, J = 5.8, 3.2 Hz, 2H, CH,,),
4.08 (d, J=3.8 Hz, 4H, CH,), 2.29 (p, J="7.7 Hz, 1H, B-CH(CH3;),), 1.56 (p, J= 7.4 Hz, 6H, B-CH(CH),),
1.09 (d, /= 10.4 Hz, 36H, C(CHs);). *'P{'H} NMR (162 MHz, C¢Dg): & 15.62 (s, B*PB""P). HRMS (ESI"):
477.3687 [BPBP"P+H]*. Calc for [C,;H5,BN,P,]: 477.3693.

NMR spectra for BUPBIP'P at 25 °C in C¢Dg are shown in Figures S4-S5.

S11



—7.74

-7.18

259 - —

=1.08

1.94 - LA

Figure S4. '"H NMR spectrum of B'PB*'P in C¢Dg at room temperature.

S12

[e0 [&)] Ln
< N 1
<8 o —
\ [ [
] A
I I
D ™M —
Q aQ M
< o O
T T
4.0 .
f1 (ppm)



4 £
— 13.0Z

T T T T
190 | (180 | 170 10 [150 140 1BO 12p 110 | 1QO 90 80 70 60 50 40

T
-10 -20

30 o| 1 g
f1 (ppm)
1 1 1 B iPrp
Figure S5.3'"P{'H} NMR spectrum of B"PB*"P in C¢D¢ at room temperature.
477.3687 NL:
z=1 2.42E8
TD_PBPIPr_DI redo#
100 RT:0.45 AV: 1
T:FTMS +p ESIFul
ms
[150.0000-
° 2000.0000]
8
2
©
3
2
S
=3
<
o
2
2 478.3721
k) 4763722 z=1
© z=1
4733755 485.1556
4753533 4793756
471.3633 z=1 1 1 481.3463 433-17539 =1 486.1597 487.2420
z=? | | | z=? Z=l z=1 z=?
i 1 1
NL:
477.3693 591E5
Co7Hs1 BN2 P2 +H:
C27Hs52B1N2P2
pa Chrg 1
4783727
4763730
B 4793760
E | 4803794 481.3827 482.3861 483.3895 484.3928
L e e e ) )t T g
471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486 487
miz

Figure 6. HRMS (ESI+) of B:PBi"P.

S13



Reaction of (B"PBP)PdCI and "BuL.i
(B"PBP)PACI (10.3 mg, 0.018 mmol) was dissolved in 0.5 mL of C4D¢ and added to a J-Young NMR tube.

0.01 mL of a 2.5 M "BulLi solution in hexanes (0.025 mmol, 1.4 equivalents) was added dropwise to the
CsDg solution. An immediate color change from clear to light yellow was observed. Two resonances were
present in the 3'P{'H} NMR spectrum recorded 10 minutes after the start of the reaction. The major peak
at 94.96 ppm (97% by integration) corresponds to (B*PBP)Pd(CH,CH,CH,CH3), and the minor peak (3%
by integration) is the reductively coupled product, B"PB"BUP. Although the peak for the CH, directly bound
to Pd is covered by the hexane solvent peaks, all other peaks for (B*PBP)Pd(CH,CH,CH,CHj;) were located
in the '"H NMR spectrum. Isolation of the major product was not possible and a small amount of ‘B"PB"BvP
is present even when the reaction is performed at -35 °C in toluene-ds. The conversion of
(B"PBP)Pd(CH,CH,CH,CHs;) to B'PB"B'P continues over time.

For (®*PBP)Pd(CH,CH,CH,CH3;): '"H NMR (400 MHz, C4Dy): 6 7.15 (dd, J=5.7, 3.2 Hz, 2H, CH,,), 6.99
(dd, J=5.6, 3.2 Hz, 2H, CHy,,), 3.73 (vt, J = 2.0 Hz, 4H, CH,), 2.14-2.06 (m, 2H, Pd-CH,CH,CH,CH}),
1.94-1.74 (m, 5H, Pd-CH,CH,CH,CHj; (2H) and Pd-CH,CH,CH,CH; (3H)), 1.22 (t, J = 6.7 Hz, C(CH,);).
SIP{'H} NMR (162 MHz, C¢Dg): 6 94.96 (s, B“PBP).

For B'PBrBUP: 31P {I{H} NMR (162 MHz, C¢Dg): 6 14.54 (s, BuPB"BuP),
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Figure S7. "H NMR of the crude reaction mixture of (‘B*PBP)PdCI with "BuLi in C¢Dg after 10 minutes at
room temperature. Peaks corresponding to the major product, (‘B*PBP)Pd(CH,CH,CH,CH3), are picked and
integrated.
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Figure S8.3'P{'H} NMR of the crude reaction mixture of (B"PBP)PdCI with "BuLi in C¢Ds after 10 minutes

at room temperature. The major product, (B'PBP)Pd(CH,CH,CH,CH;), is at 94.96 ppm and the
decomposition product, B*PB"BP, is at 14.54 ppm.
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Figure S9. 3'P{'H} NMR of the crude reaction mixture of (‘B"PBP)PdCI with "BuLi in C¢Ds after 2 hours
at room temperature. The decomposition product, B'PB"B'P (14.53 ppm), is growing in as
(B"PBP)Pd(CH,CH,CH,CH3;) (94.96 ppm) depletes.
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Reaction of (‘®"PBP)PdCI and LiHBEt; (Superhydride)
(BYPBP)PACI (5.0 mg, 0.0087 mmol) was dissolved in 0.5 mL of C4D¢ and added to a J-Young NMR tube.
5.5 uL of a 1.7 M LiHBEt; solution in cold THF (0.0092 mmol, 1.05 equivalents) was added dropwise to

the C¢Dg solution. An immediate color change to yellow was observed. Two major resonances were
observed in the 3'P{'H} NMR spectrum recorded 25 minutes after the reaction started. The major product
is a relatively downfield shifted peak at 115 ppm, which is assigned as the palladium hydride, (‘®*"PBP)PdH.
This shift is consistent with the 3'P{'"H} NMR shift of the platinum congener, (‘®"PBP)PtH, at 114.5 ppm.?
The major peaks in the 'H NMR spectrum align with what is expected for the (‘B"PBP)PdH, and the hydride
peak appears at 2.13 ppm. The second major peak appears at 96.4 ppm and although we are unable to assign
this species, it is always present when (B"PBP)PdH is directly synthesized, or formed through B-hydride
elimination. After 12 hours, the (B"PBP)PdH peak is mostly converted to a new species at 63.5 ppm in the
SIP{'H} NMR. This complex readily crashes out of C¢Dg as colorless X-ray diffraction quality crystals.
XRD studies reveal that this complex is (B*PBHP),Pd, (1-H), a Pd(0) dimer where each Pd is bridging across
two ®BU'PBP ligands, and the hydrides reside on the boron atoms.

For (B“PBP)PdH: '"H NMR (500 MHz, C¢Dy): 6 7.19 (dd, J = 5.6, 3.1 Hz, 2H, CH,,), 7.05 (dd, /= 5.5, 3.2
Hz, 2H, CHa,), 3.8 (vt, J = 2.1 Hz, 4H, CH,), 2.13 (t, J = 19.6 Hz, 1H, Pd-H), 1.26 (t, J = 6.9 Hz, 36H,
C(CH3)3). 3'P{'H} NMR (202 MHz, C¢Dg): 6 115.0 (s, ‘B*PBP).

For (‘B"PBHP),Pd,: 3'P{'H} NMR (202 MHz, C¢Dg): 6 63.5 (br s, B*PBHP).
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Figure S10. "H NMR spectrum of the reaction of (‘®"PBP)PdCI and LiHBEt; at room temperature after 25
minutes. The major peaks, which correspond to (B*PBP)PdH, are picked and integrated, and the Pd-H peak
at 2.13 ppm is enlarged.
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Figure S11.3'P{'H} NMR spectrum of the reaction of (B*PBP)PdCl and LiHBEt; at room temperature after
25 minutes. The major peak at 115 ppm corresponds to (‘®'PBP)PdH and the minor peak at 63.5 ppm
corresponds to (‘B"PBHP),Pd, (2-H). A third peak is present at 96.4 ppm, which we are unable to assign.
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Figure S12.3'P{'H} NMR spectrum of the reaction of (‘B"PBP)PdCl and LiHBEt; at room temperature after
12 hours. The major peak at 115 ppm has almost fully converted to (B"PB!P),Pd, (2-H), evidenced by the
peak at 63.5 ppm. A third peak is present at 96.4 ppm, which we are unable to assign.
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Reaction of (B"PBP)PdCI and allylMgCl
(BYPBP)PACI (5.2 mg, 0.0090 mmol) was dissolved in 0.5 mL of C4D¢ and added to a J-Young NMR tube.
0.01 mL of a 1.7 M allylMgCl solution in THF (0.017 mmol, 1.8 equivalents) was added dropwise to the

CsDs solution. An immediate color change from colorless to neon yellow was observed. Two major and
three minor resonances were present in the 3'P{'H} NMR spectrum recorded 10 minutes after the start of
the reaction. The largest peak at 92.8 ppm (54% by integration) likely corresponds to
(‘B"PBP)Pd(CH,CHCH,) (1-All), and the second largest peak at 41.6 ppm (29% by integration) is the
decomposition dimer, (B'PB*MP),Pd, (2-All). After 2 hours, full conversion to (‘B“PBYP),Pd, was
observed. (B'PBIP),Pd, readily crystallizes out of the Cg¢Ds solution, allowing for structural

characterization using single crystal X-ray diffraction.
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Figure S13. 3'P{'H} NMR spectrum of the reaction of (B"PBP)PdCI and allylMgCl at room temperature
after 10 minutes. The largest peak at 92.79 ppm (54% by integration) likely corresponds to the desired
product, 1-All, based on its chemical shift. The second major product at 41.63 ppm (29%) is the

decomposition dimer 2-All. The minor peaks are unknown impurities.
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Figure S14. 3'P{'H} NMR spectrum of the reaction of (‘|"PBP)PdCI and allyIMgCl at room temperature
after 2 hours. The resonance at 92.79 ppm (1-All) has fully disappeared and the resonance at 41.63 ppm (2-
All, 60%) has grown. The minor peaks are unknown impurities.

S19



SIV: Determination of Qualitative Rates of CO, Insertion

Qualitative rates of CO, insertion were obtained through room temperature NMR studies in C¢Dg. For
(B"PBP)Pd(CH,CHs;), the reaction was complete in 2 hours, which also allowed for quantitative kinetic
studies. Similarly, the previously reported reaction of CO, and (*B"PBP)Pd(CHj;) under these conditions is
done in 6 hours.? However, CO, insertion into (B“PBP)Pd(CH,CH,CH3;) is much slower. Here, reaction
progress was monitored periodically via '"H and 3'P{'H} NMR spectroscopy to determine reaction half-
lives and the completion of the reaction, as continuous NMR spectroscopy throughout the reaction was not
feasible. 3'P{'H} NMR spectra of the first four half-lives are shown in Figure S15. The half-life of the
reaction was found to be 11 hours, and full conversion was observed after 3 days. An external

triphenylphosphine oxide standard was used to ensure mass balance throughout the reaction.
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Figure S15.3'P{'H} NMR spectrum of the reaction of 1 atm CO, with (‘®"PBP)Pd(CH,CH,CH3;) in C¢Dy at
room temperature after a) 11 hours, at approximately 1 half-life, b) 22 hours, at approximately 2 half-lives,
¢) 33 hours, at approximately 3 half-lives, and d) 44 hours at approximately 4 half-lives. The
(‘B"PBP)Pd(CH,CH,CH;) peak at 95.04 ppm slowly disappears at the same rate as the
(‘B"PBP)Pd{OC(O)CH,CH,CHj3} peak at 87.01 ppm grows in. An external standard (OPPh;, 24.96 ppm)
was used to ensure mass balance.

520



SV. Representative Kinetic Data Workup: Determination of k; Using "H NMR Spectroscopy
Experimental

In a nitrogen-filled glovebox, (B*PBP)Pd(CH,CHj;) (2.3 mg, 0.0086 mmol) was added to a J-Young NMR
tube with 400 uL of C¢Dg and 100 uL of a 0.034 M trimethoxybenzene stock solution in C¢Dg. The J-Young
NMR tube was attached to a Schlenk line with a J-Young to 24/40 adaptor, and vacuum was pulled on the
closed system for at least 30 minutes to remove air. The tube was degassed via three freeze-pump-thaw
cycles. 1 atm of CO, was introduced into the J-Young NMR tube. The tube was inserted into a 500 MHz
NMR spectrometer, with the temperature preset to 30 °C. After the temperature regulated back to 30 °C,
the sample was removed and shaken, and placed back into the NMR probe. A '"H NMR array experiment

was conducted, where a new 'H spectrum (8 scans) was acquired every 32 seconds (Figure S16).
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Figure S16. Representative '"H NMR array for the insertion of CO, into (‘®*PBP)Pd(CH,CHj5) at 30 °C in
C6D6.

Data Workup
The '"H NMR array was baseline and phase corrected before integration of the (B"PBP)Pd(CH,CHs;) (3.73

and 2.09 ppm), (B"PBP)Pd{OC(O)CH,CH;} (3.55 and 2.66 ppm), and trimethoxybenzene standard (6.25
and 3.3 ppm) peaks. The disappearance of the -CH, and -CH; peaks of the (B*PBP)Pd(CH,CHj3) complex
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and the appearance of the -CH, and -CHj; peaks of the (B"PBP)Pd{OC(O)CH,CH;} complex could be used
to monitor reaction progress. Ultimately, the disappearance of the (‘®"PBP)Pd(CH,CHj;) -CH; peak at 2.09
ppm was used to determine kinetic rates. Using the Data Analysis feature of Mestrenova, a table of the
absolute integrals for each spectrum was generated. The following data analysis was performed using
Microsoft Excel. The concentration of (B"PBP)Pd(CH,CH;) was obtained by dividing the absolute
integration of the -CH; peak by the absolute integration of the trimethoxybenzene standard for each
spectrum, then multiplying by 18/3 to correct for number of protons, as well as multiplying by the known
concentration of trimethoxybenzene. Once the concentration of (B*PBP)Pd(CH,CHj3) was calculated for
each spectrum, a graph of In([(B"PBP)Pd(CH,CHj;)]) vs. time was plotted, where the slope of the line yields
kqps. The first data point was omitted in all cases due to a broad spectrum as a result of the sample heating
up to the NMR probe temperature. A value of k; can be extracted from ks by dividing by the [CO,], which
was determined by quantitative 3C{'H} NMR experiments (see SVI). A similar procedure was used to
determine the rate of CO, insertion into (‘®"PBP)Pd(CH,CH3) at various temperatures and pressures of CO,,
and for CO, insertion into (‘B*PBP)Pd(CH,CH;) and (‘®"PBP)Pd(CH,-4-OMe-C¢H,) at 30 °C in pyridine-
ds.
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SVI. Control Experiments to Determine the Effect of Impurities on the Rate of CO, Insertion

We performed three control experiments in order to determine if any residual Li or Mg salts from
synthesizing the Pd alkyl complexes had an effect on the rate of CO, insertion into the Pd alkyl bond. First,
we synthesized 1-Et using either EtMgCl or EtLi and an otherwise identical synthetic route. CO, was
inserted into 1-Et from both batches and the rate of insertion of CO, into the Pd ethyl bond was measured.
The rates of insertion were within error of each other, showing that even if there are salt impurities, there

is no difference between the presence of a Mg salt or a Li salt.

Second, we performed kinetic studies on the insertion of CO, into 1-"Pr, which has been recrystallized one,
two, or three times. The rate of CO, insertion did not change depending on the number of recrystallizations,
suggesting that any impurities that may be present after one recrystallization do not significantly affect the
rate of insertion. However, the CO, insertion was not as clean with only one recrystallization, and some

small peaks (<1%) are observed in the NMR spectra.

Third, we intentionally added LiClI (2.5 mg) to a J-Young NMR tube containing 1-"Pr (2.3mg) in 0.5 mL
CsDg and inserted CO,. Since LiCl is not very soluble in C¢Dy, there was solid LiCl present at the bottom
of the tube throughout the reaction. We did not observe a significant change in the rate of the reaction, but
again the reaction was not as clean as we had previously observed and some small peaks (<2%) are observed
in the NMR spectra. These three experiments suggest that if there are any residual salts in our purified
complexes, they do not play a role in the large differences in rates between the different alkyl complexes

and that the identity of the salt (Mg vs Li) does not explain these large differences either.
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SVII. Determination of [CO,] by Quantitative 3C{'H} NMR Spectroscopy

In order to obtain k; values from experimentally measured k, values, the concentration of CO, dissolved
in solution must be known. A modified literature procedure was used to measure [CO,] using quantitative
BC{'H} NMR spectroscopy, which our group has reported in the past.>* Specifically, a J-Young NMR tube
was charged with 500 puL of solvent and 10-20 uL of toluene as an internal standard. The solution was
degassed via three freeze-pump-thaw cycles and 1 atm CO, was added via a Schlenk line. The J-Young
NMR tube was then inserted into a 500 MHz NMR spectrometer set to the desired temperature, and an
inverse-gated BC{'H} NMR spectrum was acquired using a relaxation delay of 60 seconds. The
concentration of CO, was determined through comparison of the integration of the toluene quaternary
carbon peak at 137.8 ppm with the integration of the CO, peak at 124.9 ppm. A representative '3C{'H}
NMR of [CO,] in pyridine-ds at 30 °C is shown in Figure S17. Each experiment was run in duplicate and
the results are reported in Table S1. Measured values of the concentration of CO, in C¢Dg at several

temperatures have been previously reported by our group and those values were used where possible.?
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Figure S17. Determination of [CO,] in pyridine-ds at 30 °C using *C{'H} NMR spectroscopy. The
integration of the quaternary toluene standard peak (137.8 ppm) with known concentration is compared to
the integration of the CO, peak (124.9 ppm) to determine [CO,].

S24



Solvent Temperature (°C) [CO,] (M)

Benzene-ds 25 0.069
Benzene-ds 30 0.062
Benzene-ds 35 0.056
Pyridine-ds 30 0.083

Table S1. Summary of the measured [CO,] in different solvents and at different temperatures. The
concentration of CO, is the average of two trials.
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SVIII. Reaction Order in CO, for the Insertion of CO, into (‘®*PBP)Pd(CH,CH3)
A first order rate dependence on CO, for the insertion of CO, into (‘®"PBP)Pd(CH,CHj;) was confirmed by
varying the pressure of CO, added to the J-Young tube from 0.63 — 1.0 atm.

R? 0.973
Slope 0.00121 £+ 1.15x 10™*
0.00124 Intercept -4 x10®+9.49x10°

kobs

0.0008

0.0004 . : : : :
0.4 0.6 0.8 1.0 1.2

Pcos (atm)

Figure S18. Reaction order in [CO,] of the insertion of CO, into (B"PBP)Pd(CH,CHj3) in C¢D at 30 °C.
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SIX. Eyring Analysis for the Insertion of CO, into (‘®*PBP)Pd(CH,CH3;) in C¢Dg
The rate of insertion of CO, into (B"PBP)Pd(CH,CHj;) was obtained at temperatures varying from 25-45 °C
(Figure S19). Eyring plots were constructed from this data in order to obtain values for AS* and AH*. AG*

was calculated using AG* = AH* - TAS*.

8.5 -
R? 0.957
Slope  -5704 £ 599
-9.0 1 Intercept  9.15+ 1.95
£
~ 954 \
£
-10.0 4
-10.5 . ; ,
0.0031 0.0032 0.0033 0.0034

1T (1K)

Figure S19. Eyring plot for the reaction of (‘B"PBP)Pd(CH,CH;) with 1 atm CO, in C¢D¢. Activation
parameters: AH* = 11.3 + 1.1 kcal mol'!, AS* = -29.0 & 2.9 cal mol! K'!, and AG* = 20.0 =+ 2.0 kcal mol.
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SX. NMR and IR Spectra of New Compounds
(‘B*PBP)Pd(CH,CH;) (1-Et)
NMR spectra for (B“PBP)Pd(CH,CHj;) at 25 °C in C¢Dg are shown in Figures S20-S22.
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Figure S20. '"H NMR spectrum of (B“PBP)Pd(CH,CH3;) in C¢Dg at room temperature.
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Figure S21. BC{'H} NMR spectrum of (‘®*PBP)Pd(CH,CHs) in C¢Dy at room temperature.
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Figure S22. 3'P{'H} NMR spectrum of (‘®"PBP)Pd(CH,CH3) in C¢Dg at room temperature.
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(B:PBP)Pd(CH,CH,CH;) (1-"Pr)

NMR spectra for (B*PBP)Pd(CH,CH,CHj3) at 25 °C in C4Dy are shown in Figures S23-25
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Figure S23. "H NMR spectrum of (B“PBP)Pd(CH,CH,CHs;) in C4Dy at room temperature.
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Figure S24. BC{'H} NMR spectrum of (‘®"PBP)Pd(CH,CH,CH};) in C4D¢ at room temperature.
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Figure S25. 3'P{'H} NMR spectrum of (‘®"PBP)Pd(CH,CH,CHj3) in C¢Dy at room temperature.
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(B:PBP)Pd(CH,CHs) (1-Bn)

NMR spectra for (B"PBP)Pd(CH,C¢Hs) at 25 °C in C4Dg are shown in Figures S26-S28.
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Figure S26. "H NMR spectrum of (B“PBP)Pd(CH,C¢Hs) in C¢Dg at room temperature.
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Figure S27. BC{'H} NMR spectrum of (B“PBP)Pd(CH,C¢Hs) in C¢Dg at room temperature.
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Figure S28. 3'P{'H} NMR spectrum of (B*PBP)Pd(CH,C4Hs) in C¢Ds at room temperature.
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(‘B“PBB"P),Pd, (2-Bn)
NMR spectra of (‘B'PBE"P),Pd, at 25 °C in C¢Dg are shown in Figures S29-S30.
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Figure S29. 'TH NMR spectrum of the thermal decomposition of (‘B"PBP)Pd(CH,C¢Hs) after 3 days in C4Dy

at 65 °C. The major peaks, which correspond to the Pd(0) dimer product, (‘®"PBB"P),Pd,, are picked and
integrated.
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Figure S30. 3'P{'H} NMR spectrum of the thermal decomposition of (B“PBP)Pd(CH,C¢Hs) after 3 days in

CsDs at 65 °C. The major peak is at 41.6 ppm, which corresponds to the Pd(0) dimer product,
(BYPBB"P),Pd,.
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(BuPBP)Pd(CH,-4-OMe-CH,) (1-°MBn)

NMR spectra for (B*PBP)Pd(CH,-4-OMe-C4H,) at 25 °C in C¢Dg are shown in Figures S31-S33.
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Figure S31. '"H NMR spectrum of (B“PBP)Pd(CH,-4-OMe-C4H,) in C¢Dg at room temperature.
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Figure S32. BC{'H} NMR spectrum of (‘®*PBP)Pd(CH,-4-OMe-C¢H,) in C4Dj at room temperature.
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Figure S33. 3'P{'H} NMR spectrum of (‘B"PBP)Pd(CH,-4-OMe-C¢H,) in C¢D¢ at room temperature.
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(tBuPBOMeBnP)Zsz (Z_OMeBn)

NMR spectra of (BsPBOMeBrP),Pd, at 25 °C in C¢Dg are shown in Figures S34-S35.

o ™M = i 0 N N N
@ e oY N o N A
~N NN O < MmN — —
| N ! PN N

~
g
|
2058 %kl

\ o \ S
N NN I o =Rt}
o N 149) So o
™M ® ™ < <+ ©m
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0
f1 (ppm)

Figure S34. "H NMR spectrum of the thermal decomposition of (B*PBP)Pd(CH,-4-OMe-C¢H,) after 3 days

in C¢Dg at 65 °C. The major peaks, which correspond to the Pd(0) dimer product, (B*PBPOMeE"P),Pd,, are
picked and integrated.
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Figure S35.3'P{'H} NMR spectrum of the thermal decomposition of (B*PBP)Pd(CH,-4-OMe-C¢H,) after

3 days in C¢Dg at 65 °C. The major peak is at 41.6 ppm, which corresponds to the Pd(0) dimer product,
(tBuPBOMeBnP)zpdz'
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(PsPBP)PA(C,Hs) (1-Ph)

NMR spectra for (B"PBP)Pd(C4Hs) at 25 °C in C¢Dg are shown in Figures S36-S38.
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Figure S36. "H NMR spectrum of (B“PBP)Pd(C4H;) in C¢D¢ at room temperature.
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Figure S37. BC{'H} NMR spectrum of (‘B"PBP)Pd(C¢Hs) in CsDy at room temperature.
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Figure S38. 3'P{'H} NMR spectrum of (‘B"PBP)Pd(C¢Hs) in CsDg at room temperature.

S

S41



(‘B“PBP)Pd{OC(O)CH,CH;} (3-Et)
NMR and IR spectra for (B*PBP)Pd{OC(O)CH,CH;} at 25 °C in C¢Dg are shown in Figures S39-S42.
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Figure S39. '"H NMR spectrum of (B"PBP)Pd{OC(O)CH,CH;} in C¢Dg at room temperature.
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Figure S40. BC{'H} NMR spectrum of (‘B*PBP)Pd {OC(O)CH,CHj;} in C4Ds¢ at room temperature.
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Figure S41. 3'P{'H} NMR spectrum of (‘|"PBP)Pd{OC(O)CH,CHj;} in C¢Dg4 at room temperature.
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Figure S42. IR spectrum of (*®*PBP)Pd {OC(O)CH,CHs;}.
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(‘B*PBP)Pd {OC(O)CH,CH,CHjs} (3-"Pr)
NMR and IR spectra for (‘B*PBP)Pd{OC(O)CH,CH,CH;} at 25 °C in C4Ds are shown in Figures S43-S46.
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Figure S43. 'H NMR spectrum of (‘B“PBP)Pd{OC(O)CH,CH,CH;} in C4Dg at room temperature.
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Figure S44. BC{'H} NMR spectrum of (B*PBP)Pd{OC(O)CH,CH,CH;} in C¢Dg at room temperature.
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Figure S45. 3'P{'H} NMR spectrum of (‘®*PBP)Pd{OC(O)CH,CH,CH;} in C¢Dy at room temperature.

o, e e

[Tp]
[ 5B 0eE
o
[ ]
L1 I
e
[ Te]
e
DCJ
3

(=]
[ .
8o
[

(]

N 5
2‘—_
|
O
-
: RJ
[Tp]
(=]
i |

T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure S46. IR spectrum of (*®*PBP)Pd {OC(O)CH,CH,CH,}.
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(‘B*PBP)Pd {OC(O)CH,C¢Hs} (3-Bn)
NMR and IR spectra for (B*PBP)Pd{OC(O)CH,CsHs} at 25 °C in C¢Dg are shown in Figures S47-S50.
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Figure S47. "H NMR spectrum of (B"PBP)Pd{OC(O)CH,C¢H;s} in C4D4 at room temperature.
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Figure S48. BC{'H} NMR spectrum of (B“PBP)Pd{OC(O)CH,C¢Hs} in C4¢Ds at room temperature.
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Figure S49. 3'P{'H} NMR spectrum of (B*PBP)Pd{OC(O)CH,C4Hs} in C4Dg at room temperature.

= ~ 09 J

o 0 W0 g

w = MM q
o
2
ol
a 1

1
1
o
=1
S
|
o
=1
a
o
2
=
=]
o
=]
=1
o
T T T T T T T T T T T T T T T T T T
2800 2600 2400 3200 2000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 200 e00 400

Figure S50. IR spectrum of (B*PBP)Pd{OC(O)CH,CsHs}.
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(tBuPBP)Pd{OC(O)CHZJ‘--OMG-CﬁHA}_ (3_0MeBn)
NMR and IR spectra for (B"PBP)Pd{OC(O)CH,-4-OMe-CgHy} at 25 °C in C4Dy are shown in Figures S51-
S54.
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Figure S51. "H NMR spectrum of (B"PBP)Pd{OC(O)CH,-4-OMe-C¢H,} in C¢Dg at room temperature.
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Figure S52. BC{'H} NMR spectrum of (‘®'PBP)Pd{OC(O)CH,-4-OMe-C4H,;} in C¢D¢ at room
temperature.
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Figure S53. 3'P{'H} NMR spectrum of (B“PBP)Pd{OC(O)CH,-4-OMe-C¢H,} in C4D¢ at room
temperature.
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Figure S54. IR spectrum of (B“PBP)Pd{OC(O)CH,-4-OMe-C¢H,}.
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Figure S55. 3'P{'H} NMR spectrum of the thermal decomposition of 1-Me after 5 days at 65 °C. 1-Me
(97.06, 90% by integration) remains the major species and 2-Me has started to grow in (66.73 ppm, 10%

by integration)
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SXI. Computational Details

All calculations were performed on complete molecular systems without any truncations using Gaussian16
(Revision B.01).> The systems were fully relaxed, and no symmetry constraints were imposed. For the
geometry optimizations, the DFT hybrid functional PBE0,® was used along with the GD3BJ’ dispersion
correction. Basis set BS1 was used for geometry optimizations, which comprises the SDD? basis set and
effective core potential (ECP)° for palladium and def2-SVP!? for other elements. To correct the electronic
energies, single point calculations were performed using BS2 basis set, consisting of the SDD basis set with
an additional f basis function and effective core potential (ECP) for palladium and def2-TZVPPD? for other
elements. Solvation effects were included in both geometry optimizations and single point calculations
using the polarizable continuum model (IEFPCM)!! with the parameters of benzene (¢ = 2.27). Additional
calculations with wB97XD'2, B3LYP-D3,!'! and TPSSh!? functionals provide similar trends as the PBEO-
D3BJ level of theory (see Tables S2 and S3). For the CO, insertion TS and carboxyl intermediate,
counterpoise (CP) corrections were computed at the BS2 level of theory. Reported Gibbs free energies
include thermal corrections computed at 298 K and a standard-state (SS) correction to 1 M (1.89 kcal/mol

at 298 K). The standard state Gibbs free energies (AG®y29sx) reported correspond to:
AG®1m208k = AGiaim, 208k,8s1 = AE1aimps1 T AE amps2 T CPgsy + SSosx

The Pd-hydride complex (L,Pd-H, in Figure 10) had convergence issues while optimizing with IEFPCM
solvation model. The complex was optimized with CPCM solvation model and a single point energy was
computed with the IEFPCM model. This convergence problem may be due to solvent cavity formation as

it was able to optimize in the gas phase.
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PBE(0-D3BJ 0B97XD

Complex TS1 Inn TS1 _Out Difference TS1 Inn TS1 _Out Difference
(kcal/mol) (kcal/mol)

(‘B"PBP)Pd(CHj;) (1-Me) 25.0 19.4 5.6 28.4 254 3.0
(‘B*PBP)Pd(CHj;) (1-Et) 26.0 17.7 8.3 28.8 23.1 5.7
(‘®"PBP)Pd(CH,CH,CHj3) 26.5 21.8 4.7 29.3 n.d. -
(1-"Pr)
(‘B'PBP)Pd(C¢Hs) (1-Ph) 34.6 n.d. - 37.0 n.d. -
(‘B"PBP)Pd(CH,C¢Hs) 313 20.3 11.0 35.1 24.7 10.4
(1-Bn)
(‘B"PBP)Pd(CH,-4-OMe- 30.8 20.5 10.3 34.8 24.7 10.1
C6H4) (I-OMeBn)
(‘B"PBP)Pd(CH,-4-CF;- n.d. 20.6 - 35.9 26.5 9.4
C6H4) (1-CF3BII)
(MPBP)Pd(CH;) 17.5 20.0 -2.5 21.3 24.1 -2.8
(M<PBP)Pd(CH,CHs) 17.3 17.3 0.0 n.d. 21.5 -

Table S2. Computed barriers for inner- and outer- sphere C-CO, bond formation with different complexes

using PBEO-D3BJ and ®B97XD levels of theory. (n.d. =TS could not be optimized)

B3LYP-D3BJ TPSSh
Complex TS1 Inn  TS1_Out Difference TS1 Inn TS1_Out Difference
(kcal/mol) (kcal/mol)
(‘B"PBP)Pd(CHj;) (1-Me) 14.2 11.3 2.9 21.4 15.3 6.1
(‘B"PBP)Pd(CH3;) (1-Et) 15.9 9.6 6.3 22.9 14.9 8.0
(‘®“PBP)Pd(CH,CH,CH;) 15.9 11.4 4.5 23.4 18.7 4.7
(1-"Pr)
(‘B*PBP)Pd(CH,C¢Hs) 19.6 12.2 7.7 27.7 18.2 9.5
(1-Bn)

Table S3. Single-point computed energy barriers for inner and outer sphere C-CO, bond formation with

different complexes using B3LYP-D3 and TPSSh levels of theory.
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SXII. X-ray Diffraction Data

General X-ray Experimental

Low-temperature diffraction data (w-scans) were collected on either a Rigaku MicroMax-007HF
diffractometer coupled to a Dectris Pilatus3R detector with Mo Ka (A = 0.71073 A), a MicroMax-007HF
diffractometer coupled to a Saturn994+ CCD detector with Cu Ko, (A = 1.54178 A), Rigaku xtaLAB mini
II diffractometer coupled to a HyPix-Bantam hybrid photon counting X-ray detector with Mo Ka (A =
0.71073 A), or a Rigaku Synergy-S diffractometer coupled to a HyPix-Arc 100 detector with Cu Ka (A =
1.54178 A). The diffraction images were processed and scaled using Rigaku Oxford Diffraction software
(CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure was solved with SHELXT and was
refined against F? on all data by full-matrix least squares with SHELXL.'* All non-hydrogen atoms were
refined anisotropically. Unless stated otherwise, hydrogen atoms were included in the model at
geometrically calculated positions and refined using a riding model. The isotropic displacement parameters
of all hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times
for methyl groups). The full numbering scheme of all submitted compounds can be found in the full details
of the X-ray structure determination. CCDC numbers 2243696 (007b-22021), 2243697 (syn-23013_auto),
2243698 (mini2-22007), 2243699 (mini2-22012), 2243700 (007a-22028), 2243701 (007a-23009),
2243702 (mini2-22009), 2243703 (mini2-22004) and 2264960 (syn-23079) contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge

Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

X-ray special details for (**PBP)Pd(CH,CH;) (CCDC: 2243696)
The difference map has large negative peaks around the palladium atom. These peaks are likely from either

Fourier truncations or are artifacts created by the spherical form factor.

X-ray special details for (3*PBP)Pd(CH,CH,CH;) (CCDC: 2243697)

All information is included in the general x-ray experimental section: no special refinement details.

X-ray special details for (8*PBP)Pd(CH,CsH;) (CCDC: 2243698)

All information is included in the general x-ray experimental section: no special refinement details.

X-ray special details for (8*PBP)Pd(CH,-4-OMe-CsH,) (CCDC: 2243699)

All information is included in the general x-ray experimental section: no special refinement details.
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X-ray special details for (**PB5"P),Pd, (CCDC: 2243701)

Data was refined as a 2-component twin. The fractional volume of the second component was refined to
0.1978(14). The twin law found was (1 00 0 -1 0 -1 0 -1). The HKLF5 was generated with the program
suite PLATON.!® Several reflections were omitted due to detector artifacts. The relatively large Q peaks in
the difference map (both positive and negative) around the palladium are likely due to artifacts created

through using a spherical form factor.

X-ray special details for (B*PBYP),Pd, (CCDC: 2243702)
The hydrogen on the boron atom was found in the difference map and allowed to freely refine (Figure S53.)
The relatively large Q peaks in the difference map (both positive and negative) around the palladium are

likely due to artifacts created through using a spherical form factor.

Figure S56. Difference map of the asymmetric unit. The hydrogen atom can be seen by the positive electron

density near the Boron atom.

X-ray special details for (8*PBP)Pd(CsHs) (CCDC: 2243700)

Disorder of a tert-butyl group was modeled as a two-part system with restraints of chemically equivalent
bond distances and equivalent anisotropic atomic displacement parameters (U). The two parts were allowed
to refine such that the total occupancy of the parts does not exceed 1. Due to instrumentation limits, five
bad reflections were omitted. A high-resolution cut-off command was used to ignore reflections above 0.84
Angstroms. One low angle reflection was omitted from the least square refinement. This reflection was

obscured by the beam stop.
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Figure S57. Solid-state structure of 1-Ph with thermal ellipsoids at 30% probability. Hydrogen atoms are
omitted for clarity. Selected distances (A) and angles (°): Pd(1)-C(1) 2.162(3), Pd(1)-B(1) 2.022(4), Pd(1)-
P(1)2.3231(9), Pd(1)-P(2) 2.3265(8), B(1)-Pd(1)-C(1) 171.25(14), B(1)-Pd(1)-P(1) 77.01(11), B(1)-Pd(1)-
P(2) 77.13(11), C(1)-Pd(1)-P(1) 102.18(9), C(1)-Pd(1)-P(2) 104.67(9), P(1)-Pd(1)-P(2) 152.78(3).

X-ray special details for (8*PBP)Pd{OC(O)CH,CH;} (CCDC: 2243703)

All information is included in the general x-ray experimental section: no special refinement details.

X-ray special details for (**PB*"'P),Pd, (CCDC: 2264960)
The data was refined as a 2-component twin. The fractional volume of the second component was refined
to 0.4284(7). The twin law found was a ~180° rotation about the b-axis. Two reflections were omitted due

to detector artifacts.
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Figure S58. Solid-state structure of 2-All with thermal ellipsoids at 30% probability. Hydrogen atoms and
solvent are omitted for clarity. Selected distances (A) and angles (°): Pd(1)-P(1) 2.2825(8), Pd(1)-P(2A)
2.2838(8), P(1)-Pd(1)-P(2A) 162.32(3), C(1)-C(2) 1.500(5), C(2)-C(3) 1.304(5).
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Compound

(BsPBP)Pd(CH,C4Hs)

(B*PBP)Pd(CH,-4-OMe-C¢H,)

(B"PBP)Pd(CH,CH,CH;)

(®*PBP)Pd {OC(O)CH,CH;}

CCDC

2243698

2243699

2243697

2243703

Identification Code

mini2-22007

mini2-22012

syn-23013_auto

mini2-22004

Empirical Formula C;H5;BN,P,Pd C;37HssBN,OP,Pd C,;H5BN,P,Pd Cy;H49BN,O,P,Pd
Wavelength (A) 0.71073 0.71073 1.54184 0.71073
Temperature (K) 93(2) 93(2) 93(2) 93(2)
FW 630.88 733.06 582.84 612.83
Crystal System monoclinic monoclinic triclinic monoclinic
Space Group P2,/n P2\/n P1 P2,/n
a Q) 12.9206(9) 14.9723(7) 7.85480(10) 11.8927(7)
b (A) 17.1954(13) 11.4923(6) 11.08790(10) 19.9252(9)
c(A) 14.8970(10) 23.5265(14) 17.8239(2) 13.4943(8)
a(®) 90 90 104.2180(10) 90
B () 103.790(7) 105.439(6) 94.7470(10) 112.762(7)
G 90 90 100.4430(10) 90
V(A3 3214.3(4) 3902.0(4) 1466.62(3) 2948.6(3)
Z 4 4 2 4
p (g/em’) 1.304 1.248 1.320 1.380
4 (mm) 0.699 0.587 6.247 0.764
Data /restraints / 6351/0/346 797170/ 412 5183/0/311 67660 /329

parameters

R1, wR2 (1> 26(I))

0.0466, 0.0777

0.0403, 0.0696

0.0249, 0.0594

0.0295, 0.0598

R1, wR2 (all data)

0.0882, 0.0871

0.0627, 0,0741

0.0273, 0.0605

0.0410, 0.0627

GOF

0.998

1.020

1.064

1.021

Largest Diff. Peak,
Hole (e.A%)

0.71, -0.64

0.46, -0.64

0.44, -0.64

0.44, -0.39

Table S4. Details of X-ray crystal structures.
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Compound (BPBP)PA(CH,CH;) | (BPBP)PA(C,Hs) (BYPBBTP),Pd, (B"PBHP),Pd, (BYPBAIP),Pd,
CCDC 2243696 2243700 2234701 2243702 2264960
Identification Code 007b-22021 007a-22028 007a-23009 mini2-22009 syn-23079
Empirical Formula CysH4BN,P,Pd C;30H4BN,P,Pd Cy4H;14B,N,P4Pd, CeoH02B2N4P4Pd, CssH12,B,N,P4Pd,
Wavelength (&) 1.54184 1.54184 1.54184 0.71073 1.54184
Temperature (K) 93(2) 93(2) 93(2) 93(2) 100(2)
FW 568.82 616.86 1417.99 1237.75 1474.09
Crystal System monoclinic monoclinic monoclinic triclinic triclinic
Space Group P2,/n C2/c P2)/c P1 P1
a(R) 10.6371(3) 36.5512(13) 24.5886(7) 10.1464(8) 9.9648(3)
b (A) 19.9621(5) 8.0925(2) 11.3054(3) 11.2723(8) 13.3134(4)
c(R) 14.4091(3) 21.4368(6) 29.5087(7) 15.0798(10) 14.9073(4)
o () 90 90 90 71.643(6) 85.337(2)
BO) 109.290(3) 103.208(3) 114.397(3) 89.513(3) 79.407(3)
v () 90 90 90 83.927(6) 89.959(2)
V(&%) 2887.84(13) 6173.1(3) 7470.5(4) 1627.2(2) 1937.34(10)
Z 4 8 4 1 1
p (g/em®) 1.308 1.327 1.261 1.263 1.263
p (mm™) 6.332 5.971 5.002 0.689 4.841
Data /restraints / 5101/0/302 5461/16/373 13189/0 /800 5701/0/340 17232/0/419
parameters
R1, wR2 (I1>26(1)) 0.0787, 0.2066 0.0376, 0.0834 0.0789, 0.1878 0.0650, 0.1535 0.0428, 0.1124

R1, wR2 (all data)

0.0861, 0.2222

0.0399, 0.0847

0.0834, 0.1899

0.0871, 0.1637

0.0482, 0.1160

GOF

1.055

1.096

1.176

0.994

1.048

Largest Diff. Peak,
Hole (e.A)

0.52,-3.13

0.60, -0.76

2.09, -1.40

2.16,-1.71

0.96, -1.05

Table S4 Continued. Details of X-ray crystal structures.
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