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General: All operations were performed under an argon atmosphere. 'H, !'B, '*C and *'P spectra were recorded on
a JEOL ECS-400 (400 MHz for 'H, 128 MHz for !'B, 100 MHz for *C, and 160 MHz for *'P) or a JEOL ECX-400
(400 MHz for 'H and 160 MHz for *'P) or a JEOL ECZ-500 (500 MHz for 'H, 125 MHz for *C, and 200 MHz for
31P) or a JEOL ECX-500 (500 MHz for 'H, 160 MHz for !'B, 125 MHz for *C, and 200 MHz for *'P) spectrometer
in CDCIs or CsDg¢ or THF-dg. Chemical shifts are expressed in parts per million (ppm) downfield from
tetramethylsilane (ou 0.00, 3¢ 0.00), BF3+OEt; (o8 = 0.00), 85% H3PO4 aq. (dp 0.00) and are referenced to residual
solvents (0r 7.26 and ¢ 77.0 for chloroform, 6y 7.16 and 8¢ 128.1 for C¢Ds, and 6 3.58 and d¢ 67.2 for THF-ds). IR
spectra were recorded on an FT/IR-460 plus (JASCO Co., Ltd.) with ATR PRO450-S accessory (JASCO Co., Ltd.)
or an Agilent Cary 630 FTIR (Agilent Technologies Co., Ltd.). High resolution mass spectra (HRMS) were
recorded on a BRUKER micrOTOF II. Crystal data were collected by a Rigaku XtaLAB Synergy R DW HyPix
system equipped with a Rigaku GNNP low-temperature device. Silica Gel 60 (Kanto Chemical Co., Inc.) was used
for flash column chromatography. Merck Kieselgel 60 Fs4 (0.25 mm thickness, coated on glass 20 x 20 cm?) plate
was used for analytical thin layer chromatography (TLC). Et,O, THF, toluene, and hexane were purified by solvent
purification system of Glass-Contour. Benzene-ds and THF-ds were purchased from Kanto Chemicals and dried and
degassed by benzophenone ketyl. Chloroform-d; was purchased from Kanto Chemicals. Benzene was purchased

from Kanto Chemicals and degassed by freeze-dry technique.
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Preparation of arylboronate 1a

o-(Diphenylphosphino)phenylboronate 1a was synthesized in a 30 mmol scale by the Ru-catalyzed ortho C-H
borylation reaction reported by our group.S!

PPh, PPh,

0.5 mol% [RuCl,(p-cymene)], Bpin
+ HBpin

toluene, reflux, 5 h
1.0 equiv.

1a77%

A solution of dichloro(p-cymene)ruthenium dimer (91.9 mg, 0.15 mmol) and triphenylphosphine (7.87 g, 30.0
mmol) in toluene (20.0 mL) was placed in a Schlenk flask under Ar. HBpin (4.40 mL, 30.6 mmol) was added to the
solution at room temperature, then the mixture was stirred at 140 °C in the closed system. After 6 h, saturated
NaHCOs aq. was added to the solution at room temperature, and the mixture was extracted with AcOEt three times,
and the combined organic layers were washed with brine and dried over MgSQOs. After filtration to remove the
drying agent, the filtrate was evaporated to give a crude product. Reprecipitation from Et;O afforded
o-(diphenylphosphino)phenylboronate 1a as white solids (7.63 g, 19.7 mmol, 65.7%). The resulting filtrate was
purified by silica gel column chromatography (Hexane:AcOEt = 19:1) to give 1a (1.38 g, 3.55 mmol, 11.8%). 'H
NMR (CDCls, 500 MHz) § = 7.83-7.79 (m, 1H), 7.32-7.27 (m, 12H), 6.80-6.76 (m, 1H), 1.09 (s, 12H); *'P NMR

(CDCls, 200 MHz) § = -3.5. The spectral data were in good agreement with literature values.S!

Preparation of arvlboronate 1b

o-(Dicyclohexylphosphino)phenylboronate 1b can be synthesized by the Rh-catalyzed ortho C—H borylation
reaction of dicyclohexylphenylphosphine reported by Shi.5? However, we prepared it in a 15 mmol scale by a
classical method, that is a reaction of o-(dicyclohexylphosphino)phenyllithium with a boron electrophile, due to the

availability of reagents and reliability in a large scale.

PCy,» PCy,
Br 1.1 equiv. "BuLi 1.1 equiv. ‘PrOBpin Bpin
THF,-78°C, 2 h —78°C~1t,20 h
1b 85%

A solution of (o-dicyclohexylphosphino)bromobenzene (5.30 g, 15 mmol) in THF (60 mL) was placed in a 200
mL two necked flask under Ar. "BuLi (1.59 M hexane solution, 10.4 mL, 16.5 mmol) was added to the solution at —
78 °C, and then the mixture was stirred at —78 °C. After 2 h, ‘PrOBpin was added to the solution at —78 °C, and the
reaction mixture was allowed to stand at room temperature gradually. After 20 h, the reaction was quenched with sat.
NH4Cl aq. The resulting mixture was extracted with Et,O three times, and the combined organic layers were washed
with water, brine, and dried over MgSQOy4. After removal of the solvent under reduced pressure, the residue was
purified by silica gel chromatography (Hexane:AcOEt = 9:1, R,= 0.39) to give 1b as colorless oil (5.11 g, 12.7
mmol, 85%). "H NMR (CDCls, 500 MHz) § = 7.51-7.44 (m, 2H), 7.34-7.26 (m, 2H), 1.92-1.83 (m, 4H), 1.79-1.73

S3



(m, 2H), 1.70-1.52 (m, 6H), 1.39 (s, 12H), 1.35-1.04 (m, 10H); ''B NMR (CDCls, 160 MHz) § = 29.3 (br s); '*C
NMR (CDCls, 125 MHz) 6 = 140.4 (d, /= 19.3 Hz), 132.5 (d, /= 14.4 Hz), 131.8 , 128.4, 127.6, 83.9, 34.1 (d, J=
13.3 Hz), 30.1 (d,J=16.8 Hz), 29.5 (d,J= 9.6 Hz), 27.2 (d, /= 21.5 Hz), 27.1, 26.5, 25.0, 1C(C-B) is missing.; *'P
NMR (CDCl;, 200 MHz) 5 = —0.6; IR (ATR) 2976.6, 2921.6, 2847.4, 1445.4, 1372.1, 1348.0, 1304.6, 1143.6,
1099.2, 1048.1 cm™'. HRMS (ESI): Caled for C24H39BO,P [M+H]":401.2781; Found: 401.2759.

Investigation on reaction conditions for the boron-zinc transmetallation (Table 1)

PPh, PPh, PPh,
Bpin  znR, [Zn] H5O* H
—_— _—
toluene
1a

A solution of 1a (77.7 mg, 0.20 mmol) in toluene (2.0 mL) was placed in a two-necked flask equipped with a
three-way stopcock and balloon under Ar. Diethylzinc (1.0 M in hexane) or dimethylzinc (0.72 M in hexane) was
added to the solution at room temperature, and then the mixture was stirred under the conditions depicted in Table 1.
The reaction was quenched with 1 M HCl aq., and the resulting mixture was extracted with Et;O three times, and the
combined organic layers were washed with water, brine, and dried over MgSQO4. After filtration, the yields of
triphenylphosphine and triphenylphosphine oxide were determined by GC analysis of the filtrate using "dodecane as
an internal standard. After evaporation of the solvent, the crude product was also analyzed by 'H NMR to determine
the yield of 1a using 1,1,2,2-tetrachloroethane as an internal standard. The combined yields of triphenylphosphine

and triphenylphosphine oxide were depicted in the Table 1 as yields of protonation products.

Monitoring of the reaction of 1a with alkylzinc reagents by *'P NMR

PPh, _ PPh,
. 1.0 equiv. PR,
Bpin  znEt, or ZnMe, [2n]

_—— = Zn

toluene, 70 °C, 2 h
R.P
1a 2a

A solution of 1a (19.4 mg, 50.0 umol) and dialkylzinc (50 pmol) in toluene (0.5 mL) was placed in a sealed NMR
tube under Ar and heated at various temperatures (40~70 °C). In both cases using ZnEt, or ZnMe; as alkylzinc
reagents, the >'P NMR exhibited the generation of a singlet around & = 4 as a major species, which is identical to that
of the isolated bis(o-(diphenylphosphino)phenyl)zinc 2a (Figure S1 and S2). 2a existed as a major compound even
at 40 °C after 1 h along with a small amount of boronate 1a, demonstrating the facile boron-zinc transmetallation
(Figure S1-d). These results support that the reaction affords diarylzinc 2a selectively regardless of the type of

alkylzinc reagents (ZnEt, or ZnMe,). It should also be noted that the formation of monoarylzinc, ArZnEt, is not a
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major pathway despite the use of a stoichiometric amount of dialkylzinc to boronate, indicating that the formation of

diarylzinc with the ortho PPh; substituent is thermodynamically favored.
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Figure S1. *'P NMR of the reaction of 1a with ZnMe; at 70 °C (a), 60 °C (b), 50 °C (c), 40 °C (d).
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Figure S2.*'P NMR of the reaction of 1a with ZnEt, at 70 °C.
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Svnthesis of bis(o-phosphinophenyl)zinc 2 via boron-zinc double transmetallation (Scheme 1)

PR,
PRz 0.7 equiv. ZnMe,
Zn
Boi toluene, 100 °C, 2 h
pin
R,P
R=Ph 1a 2a 80%
Cy 1b 2b 47%

Bis(o-(diphenylphosphino)phenyl)zinc 2a

A solution of 1a (1.94 g, 5.0 mmol) in toluene (12 mL) was placed in a Schlenk tube equipped with a glass cock
under Ar. Dimethylzinc (1.0 M in heptane, 3.5 mL, 3.5 mmol) was added to the solution at room temperature, and
then the mixture was stirred at 100 °C. After 2 h, the solvent was removed under reduced pressure, and the obtained
crude material was purified by reprecipitation from THF/hexane to give 2a as white solids (1.18 g, 2.01 mmol, 80%).
"H NMR (C¢Ds, 500 MHz) § = 7.65 (d, J = 6.5 Hz, 2H), 7.38-7.32 (m, 8H), 7.27 (dd, J= 7.5, 5.0 Hz, 2H), 7.18 (td,
J=1.5,1.5Hz, 2H), 7.06 (t,J = 8.0 Hz, 2H), 6.97-6.92 (m, 12H); '*C NMR (C¢Ds, 125 MHz) 5 = 168.5 (d, J=78.7
Hz), 144.2 (d. J=21.3 Hz), 138.9 (d, /=30.0 Hz), 136.7, 134.1 (d, /= 15.0 Hz), 132.1 (d, /= 5.0 Hz), 129.0, 128.8
(d,J=7.5Hz), 128.5,127.5; *'P NMR (C¢Ds, 200 MHz) § = 3.5; IR (ATR) 3045.2, 3030.3, 1477.9, 1431.3, 1420.1,
1086.5, 1025.0 cm™. The satisfactory data for elemental analysis and high resolution mass spectrometry were not

obtained due to decomposition during the analyses.

Bis(o-(dicyclohexylphosphino)phenyl)zinc 2b

2b was prepared in the same manner as described above using 1b (3.83 g, 9.6 mmol) and dimethylzinc (1.0 M in
heptane, 6.7 mL, 6.7 mmol). The obtained crude material was dissolved into hexane and recrystallized at —30 °C to
give 2b as white solids (1.37 g, 2.24 mmol, 47%). "H NMR (CsDs, 500 MHz) 8 = 7.99 (d, J= 7.0 Hz, 2H), 7.45 (t,J
= 7.0 Hz, 2H), 7.40 (td, J = 7.5, 1.0 Hz, 2H), 7.26 (t, J = 7.5 Hz, 2H), 2.03-1.93 (m, 8H), 1.82-1.51 (m, 16H),
1.38-1.02 (m, 20H); *C NMR (C¢Ds, 125 MHz) § = 170.5 (d, J= 96.3 Hz), 144.3 (d, J= 12.5 Hz), 137.9 (d,J=36.3
Hz), 130.8, 129.2, 127.2,33.6 (d, /= 8.8 Hz), 30.7 (d, J=13.6 Hz), 29.4,27.5 (d, /= 12.5 Hz), 27.4 (d, /= 6.3 Hz),
26.8; *'P NMR (C¢Ds, 200 MHz) § = 21.0; IR (ATR) 3021.0, 2918.5, 2845.8, 1444.3, 1341.8, 1254.2, 1176.0,
1090.2, 1043.7 cm™. The satisfactory data for elemental analysis and high resolution mass spectrometry were not

obtained due to decomposition during the analyses.
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X-ray diffraction analysis of 2a and 2b

Crystal data were collected by a Rigaku XtaLAB Synergy R DW HyPix system equipped with a Rigaku GNNP
low-temperature device using Cu Ka radiation (A = 1.54184 A). Recrystallization of 2a and 2b from Et,O/hexane

afforded single crystals suitable for X-ray diffraction analysis (Figure S3 and Table S1).

Figure S3. ORTEP drawings of 2a (a) and 2b (b) at 30% probability level. Hydrogen atoms are omitted for clarity.
Selected bond lengths (A) and angles (deg) for 2a: Zn1-C1 = 2.002(3), Zn1-C2 = 2.003(4), Zn1-P4 = 2.478(1),

Zn1-P1 = 2.941(1), C1-Zn1-C2 = 142.2(1); for 2b: Zn1-C1 = 1.9407(16), Zn1-C2 = 1.9407(16), C1-Zn1-C2 =
180.0.

S7



Table S1. Crystallographic data of 2a and 2b

2a 2b
Formula Cs¢HosP2Zn Cs¢Hs2P2Zn
Formula weight 587.89 612.08
Temperature /K 123(2) 123(2)
Crystal system monoclinic monoclinic
Space group P2i/n (#14) P2i/n (#14)
Crystal color colorless colorless
Crystal size 0.05x0.02x 0.02 0.10x0.10x 0.03
alA 14.8373(2) 9.46080(10)
b/A 9.6322(2) 8.88880(10)
c/A 20.4511(2) 19.8948(2)
o /deg 90 90
B /deg 92.515(2) 103.4176(12)
v /deg 90 90
VA3 2919.97(9) 1627.39(3)
z 4 2
1 (CuKa) /cm™ 1.54184 1.54184
Reflections collected 19673 11128
Unique reflections 5808 3282
Refined parameters 352 178
GOF on F? 1.066 1.064
R [I>2 (D] 0.0542 0.0344
WwR; (all data)® 0.1481 0.0971

aR; =X ||[Fo| - |Fc|| / Z [Fol, ® WR> = [Z(W(Fo*Fc?)*/Zw(Fo?)*)!"?
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Svnthesis of the PZnP-Pd complex 3 (Scheme 2)

PPh,

PPh i
2 1.0 equiv. thP—_Pd*PPhZ

Pd(PPh3), }
Zn _
benzene, rt Zn
Ph,P 30 min

2a 3a 95%

Bis(o-(diphenylphosphino)phenyl)zinc 2a (176 mg, 0.30 mmol) and Pd(PPhs)4 (347 mg, 0.30 mmol) were placed in
a round bottom flask and dissolved in benzene at room temperature, and then the mixture was stirred at room
temperature for 30 min. The solvent was removed under reduced pressure, and the obtained crude material was
purified by reprecipitation from THF/hexane to give the PZnP-Pd complex 3a as yellow solids (272 mg, 0.284
mmol, 95%). '"H NMR (THF-ds, 500 MHz) § = 7.80 (d, J = 6.0 Hz, 2H), 7.16-6.93 (m, 41H); *C NMR (THF-ds,
125 MHz) 6 = 171.8 (vt,J=45.0 Hz), 149.2 (vt,J=22.5 Hz), 140.0 (vt, J=13.8 Hz), 138.5 (vt,J=18.8 Hz), 134.4
(d,J=16.3 Hz), 134.1 (vt,J=6.3 Hz), 131.2,128.8, 128.5, 128.4 (d, /= 6.3 Hz), 128.2 (vt,J=3.8 Hz), 128.0, 126.2,
1C is missing due to overlapping.; *'P NMR (C¢Ds, 200 MHz) § = 44.1, 12-16 (br). ; IR (ATR) 3035.9, 1476.0,
1431.3, 1086.5, 1035.0 cm™. Anal. Caled for CssHa3P3PdZn: C, 67.80; H, 4.53; Found: C, 67.07; H, 4.70. Although

the %C is slightly outside the acceptable range, this is the best value obtained to date.

X-ray diffraction analysis of 3a

Crystal data were collected by a Rigaku XtaLAB Synergy R DW HyPix system equipped with a Rigaku GNNP
low-temperature device using Cu Ka radiation (A = 1.54184 A). Recrystallization of 3a from Et,O/hexane afforded

single crystals suitable for X-ray diffraction analysis (Figure S4 and Table S2).

Figure S4. ORTEP drawing of 3a at 30% probability level. Hydrogen atoms and a solvent molecule (Et;O) are
omitted for clarity. Selected bond lengths (A) and angles (deg): Pd—Zn = 2.6399(5), Pd-P1 = 2.3270(7), Pd-P2 =
2.3095(7), Pd-P3 =2.3917(7), Zn—C1 =1.983(3), Zn—C2 = 1.973(3), C1-Zn—C2 = 149.3(1), P1-Pd-P2 = 140.41(3),
P3—Pd—Zn=166.21(2).
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Table S2. Crystallographic data of 3a

3a
Formula Cs6Ha300.sP3PdZn
Formula weight 993.62
Temperature /K 123(2)
Crystal system triclinic
Space group P-1(#2)
Crystal color yellow
Crystal size 0.10x 0.02x 0.01
alA 9.1351(2)
b/A 13.0286(3)
c/A 20.1713(6)
o /deg 93.909(2)
B /deg 97.565(2)
y /deg 96.028(2)
VA3 2358.48(10)
z 2
1 (Cu Ko) /em™ 1.54184
Reflections collected 26767
Unique reflections 9091
Refined parameters 557
GOF on F* 1.037
Ri[I>2 (D] 0.0333
WR; (all data)® 0.0851

aR; =X ||[Fo| - |Fc|| / Z [Fol, ® WR> = [Z(W(Fo*Fc?)*/Zw(Fo?)*)!"?
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Svnthesis of PZnP-Ru complexes 4a and 4b (Scheme 3)

CO
PR,
0.33 equiv. 2P——F{u
Ruz(CO)2
Zn —_— OC
benzene 100 °C
RoP
R =Ph2a 4a 46%
Cy 2b 4b 32%

PZnP-Ru complex 4a

2a (176 mg, 0.30 mmol) and Ru3(CO):2 (63.9 mg, 0.10 mmol) were placed in a round bottom flask and dissolved
in toluene at room temperature, and then the mixture was stirred at 100 °C. After 2 h, the solvent was removed under
reduced pressure, and the obtained crude material was purified by reprecipitation from THF/hexane to give the
PZnP-Ru complex 4a as pale yellow solids (108 mg, 0.140 mmol, 47%). "H NMR (CsDs, 500 MHz) § = 8.32 (d, J =
7.0 Hz, 2H), 7.70-7.64 (m, 8H), 7.60-7.56 (m, 2H), 7.33 (td, /= 7.0, 1.0 Hz, 2H), 7.01 (td, J = 7.5, 2.0 Hz, 2H),
6.95-6.89 (m, 12H); *'P NMR (THF-ds, 200 MHz) § = 62.6. These spectral data were in good agreement with

literature values.S?

PZnP-Ru complex 4b

4b was prepared in the same manner as above using 2b (184 mg, 0.30 mmol) and Ru3(CO):2 (63.9 mg, 0.10
mmol). The obtained crude material was purified by reprecipitation from toluene/hexane to give 4b as a pale yellow
solid (77.5 mg, 0.0972 mmol, 32%). 'H NMR (CsDs, 500 MHz) § = 8.28 (d, J= 6.5 Hz, 2H), 7.58 (d, J= 7.5 Hz, 2H),
7.36 (t,J=6.5Hz, 2H), 7.19 (td, J="7.5, 1.5 Hz, 2H), 2.32-2.34 (m, 4H), 2.03 (d, /= 13.5 Hz, 4H), 1.86 (d, J=13.5
Hz, 4H), 1.70-1.41 (m, 20H), 1.29-1.00 (m, 12H); *C NMR (THF-ds, 125 MHz) = 207.9 (t, J = 15.0 Hz), 205.6,
173.2 (t,J=26.3 Hz), 144.7 (vt,J=26.4 Hz), 139.10, 139.09 (d, J = 25.0 Hz), 130.8 (vt, /= 3.8 Hz), 128.4, 125.2,
41.6 (vt,J=11.3 Hz), 30.7,29.8, 28.1 (vt,J= 3.8 Hz), 27.7 (vt, J = 3.8 Hz), 27.0; *'P NMR (THF-ds, 200 MHz) § =
69.7; IR (ATR) 2972.6, 2899.9, 2842.1, 2007.3, 1947.5, 1928.9, 1900.9, 1444.3, 1259.8, 1086.5, 1045.5, 1000.8
cm’'. Anal. Caled for C39Hs203P2RuZn: C, 58.76; H, 6.57; Found: C, 58.17; H, 6.57. Although the %C is slightly

outside the acceptable range, this is the best value obtained to date.
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X-ray diffraction analysis of 4a and 4b

Crystal data were collected by a Rigaku XtaLAB Synergy R DW HyPix system equipped with a Rigaku GNNP
low-temperature device using Cu Ka radiation (A = 1.54184 A). Recrystallization of 4a from toluene/Et,O and 4b

from toluene/hexane afforded single crystals suitable for X-ray diffraction analysis (Figure S5 and Table S3).

Figure S5. ORTEP drawing of 4a (b) and 4b (b) at 30% probability level. Hydrogen atoms are omitted for clarity.
Selected bond lengths (A) and angles (deg) for 4a: Ru—Zn = 2.7343(5), Ru-P1 = 2.3490(9), Ru-P2 = 2.3604(9), Zn—
C1=2.0133), Zn—C2 =2.012(3), Zn—-0 = 2.297(3), P1-Pd-P2 = 164.01(3), C1-Zn—C2 = 145.3(1); for 4b: Ru—Zn
=2.6983(5), Ru—P1 =2.3954(9), Ru—P2 = 2.385(1), Zn—C1 = 1.975(4), Zn—C2 = 1.978(4), P1-Pd-P2 = 153.13(3),
C1-Zn-C2 =152.7(1).
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Table S3. Crystallographic data of 4a and 4b

4a 4b
Formula C43H3304P2RuZn C39H5203P2RuZn
Formula weight 847.11 797.18
Temperature /K 123(2) 123(2)
Crystal system triclinic Orthorhombic
Space group P-1(#2) Pna2l (#33)
Crystal color yellow yellow
Crystal size 0.07x 0.03 x 0.02 0.06 x 0.05 x 0.04
alA 9.8387(2) 17.5815(2)
b/A 13.5839(4) 11.45430(10)
c/A 15.1541(6) 18.0955(2)
o /deg 100.156(3) 90
B /deg 91.955(3) 90
y /deg 108.525(2) 90
VA3 1881.45(10) 3644.14(7)
z 2 4
1 (CuKa) /cm™ 1.54184 1.54184
Reflections collected 20345 19129
Unique reflections 7214 4864
Refined parameters 462 416
GOF on F? 1.044 1.046
R [I>2 (D] 0.0343 0.0248
WR; (all data)® 0.0877 0.0588

aR; =X ||[Fo| - |Fc|| / Z [Fol, ® WR> = [Z(W(Fo*Fc?)*/Zw(Fo?)*)!"?
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Computational details

All calculations were performed with the Gaussian 16 program package (revision A.03).5* Equilibrium structures
were optimized by density functional theory (DFT) using the B3PW91 hybrid functional with tight SCF
convergence and ultrafine integration grids. Empirical dispersion correction was included. The LANL2DZ basis set,
including a double-z valence basis set with the Hay and Wadt effective core potential (ECP), was used for palladium
and zinc, and the 6-31G(d,p) basis set was used for carbon, hydrogen, and phosphorus. Each of the stationary points
was adequately characterized by normal coordinate analysis (no imaginary frequency for an equilibrium structure).
In all calculations, the temperature was set to 298.15 K. Natural bond orbital (NBO) analysis was performed at the

same level of theory using the NBO 7 package.

NBO analysis on the PZnP-Pd complex 3a

NBO analysis was performed on the optimized structure of 3a. The Pd-Zn bond mainly consists of a
donor-acceptor interactions between an occupied dxoy orbital of Pd and an unoccupied s-type orbital of Zn as
shown in Figure S6. This donor-acceptor interaction lead to stabilization in 7.5 kcal/mol. This result strongly

supports that the Zn-metalloligand serves as a Z-type, o-acceptor ligand for palladium.

LP5(Pd, dys_y»), ocC = 1.85 LV1(Zn, s 98.5%), occ = 0.64

LP5(Pd) — LV1(Zn) = 7.5 kcal/mol

Figure S6. Donor and acceptor orbitals for the Pd—Zn bond and the stabilization energy calculated by NBO analysis.
LP denotes a lone pair orbital, LV denotes a lone vacancy (unoccupied valence orbital), and occ denotes the electron

occupancy.
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TableS4. Cartesian coordinates of the optimized structure of 3a

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 46 0 0.020433  -0.199148 -0.512718
2 30 0 -0.054902 -2.957615 -1.096426
3 15 0 -2.188852  -0.835564 -0.142765
4 15 0 2.168522  -1.067395 -0.167881
5 15 0 0.137679  2.158935 -0.209573
6 6 0 -2.695088 -2.586219  0.146485
7 6 0 -1.862382  -3.586790 -0.382834
8 6 0 -2.290413  -4.917245 -0.229856
9 1 0 -1.675679  -5.726841 -0.620946
10 6 0 -3.476345 -5.237026  0.430186
11 1 0 -3.777333  -6.276372  0.542571
12 6 0 -4.274349  -4.221764  0.962637
13 1 0 -5.193080 -4.466381  1.489856
14 6 0 -3.886990 -2.893613  0.819486
15 1 0 -4.501005 -2.104411  1.247052
16 6 0 2.835822 -2.420257 -1.212597
17 6 0 1.874788 -3.333165 -1.695033
18 6 0 2355240 -4.414878 -2.447696
19 1 0 1.655769 -5.155648 -2.833035
20 6 0 3.714170  -4.565355 -2.736593
21 1 0 4.053728 -5.401992 -3.343498
22 6 0 4.638896 -3.642371 -2.248793
23 1 0 5.697219  -3.758389 -2.468511
24 6 0 4.203212  -2.569980 -1.472072
25 1 0 4.922143 -1.856825 -1.076579
26 6 0 -2.673796  -0.022670  1.431664
27 6 0 -2.171459 -0.597804  2.611003
28 1 0 -1.580129 -1.507878  2.557237
29 6 0 -2.415252  -0.004856  3.845299
30 1 0 -2.018505 -0.463335  4.746888
31 6 0 -3.158408  1.175508  3.923473
32 1 0 -3.349027  1.638939  4.887619
33 6 0 -3.641355  1.763170  2.755450
34 1 0 -4.197415  2.695149  2.797585
35 6 0 -3.397991  1.172574  1.514236
36 1 0 -3.758602  1.660457  0.615148
37 6 0 -3.412507 -0.295447 -1.401730
38 6 0 -4.771959  -0.090844  -1.137899
39 1 0 -5.157640  -0.231420  -0.132849
40 6 0 -5.634540  0.310784  -2.155228
41 1 0 -6.685116  0.480414 -1.935322
42 6 0 -5.154299  0.491646  -3.452851
43 1 0 -5.829517  0.804350 -4.244680
44 6 0 -3.807008  0.262683  -3.731694
45 1 0 -3.427426  0.394440 -4.741210
46 6 0 -2.942784  -0.126587 -2.710240
47 1 0 -1.884150 -0.282953 -2.911179
48 6 0 2.019979 -1.808057  1.508810
49 6 0 2236397 -3.167714  1.758506
50 1 0 2.604052 -3.811129  0.964508
51 6 0 1.963854 -3.699230  3.020504
52 1 0 2.125858 -4.758392  3.201731
53 6 0 1.487674 -2.880746  4.043042
54 1 0 1.273773  -3.300654  5.022200
55 6 0 1.285521 -1.519730  3.802285
56 1 0 0.916262 -0.865825  4.587605
57 6 0 1.541083 -0.988622  2.543400
58 1 0 1.357549  0.064280  2.358265
59 6 0 3.570188  0.106125 -0.007631
60 6 0 4.382419  0.205984  1.126479
61 1 0 4.218766 -0.457428  1.969942
62 6 0 5384950  1.174345  1.187623
63 1 0 6.005895  1.247987  2.076600
64 6 0 5.582890  2.052956  0.122979
65 1 0 6.352241  2.817936  0.183356
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66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

e N A N e e N e S e e R e 2 T e o) e o e 2 Bl N e e L e B o

[=NeN-l=-lelelelelelsl = R-Rele el =R -R=-lele e e lle el e - Ne e E=Relle e =}

4.789897
4.923460
3.797196
3.172659
0.829298
-0.005378
-1.058209
0.510373
-0.157287
1.872294
2.279258
2.709421
3.775045
2.196775
2.872583
1.180920
1.724415
1.552202
2.497337
2.928549
2.712355
3.314184
2.148084
2.308523
1.389229
0.971348
-1.408951
-1.784199
-1.125609
-3.020313
-3.309438
-3.885320
-4.853156
-3.500550
-4.163475
-2.270350
-1.988509

1.944893
2.628411
0.972527
0.899436
2.466534
2.251167
2.040128
2.281019
2.108646
2.506767
2.517250
2.702366
2.854980
2.682381
2.807373
3.123036
4.375624
4.812326
5.055016
6.019942
4.502823
5.036073
3.269821
2.837436
2.582218
1.604059
3.155784
4.127128
4372214
4.763578
5.504760
4.450933
4.939615
3.511007
3.247513
2.871628
2.115045

-1.021610
-1.855042
-1.084701
-1.968005
1.455983
2.565324
2.418253
3.856819
4.696204
4.063564
5.070884
2.967040
3.109368
1.670425
0.830617
-1.372544
-1.064264
-0.084415
-2.002466
-1.749867
-3.266479
-3.997361
-3.591880
-4.575687
-2.646199
-2.877721
-0.267306
0.666382
1.493862
0.555933
1.296513
-0.492948
-0.564959
-1.450467
-2.269430
-1.333825
-2.057935
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: PPh
o] 2
o JEOL
] . Solutions for Innovation
; Bpin
h =~==-- PROCESSING PARAMETERS ----—
S 1a L sexp( 0.2[Hz], 0.0[s] )
L ] <« trapezoid( O0[%], O[%], 80[%], 100[%] )
] —_— zerofill( 1)
b £ft( 1, TRUE, TRUE )
B machinephase
] ppm
=X reference( -0.01073[ppm], O[ppm] )
~"] reference( -0.0[ppm], O[ppm] )
] o phase( 5.19382, -25.04986, 76.07203[%] )
p e base correct( None, 0, Smooth )
—
1 - BUFICHE : : KF508 column-2 Proton-1-1.3jdf
<]
O 4 Filename = KF508 column-2_ Proton
] Author = delta
b Experiment = proton.jxp
] Sample Id = KF508_ column-2
B Solvent = CHLOROFORM-D
o Creation Time = 29-AUG-2018 22:35:48
] Revision_ Time = 21~0CT-2018 20:16:02
] Current Time = 21-0CT-2018 20:16:25
] Comment = single pulse
E Data Format = 1D REAL
] Dim Size = 13107
o A Dim Title = Proton
< Dim Units = [ppm]
E Dimensions =X
] Spectrometer = JNM-ECZ500R/S1
] Field Strength = 11.62926421[T] (500[M
E X Acq_Duration = 1.76422912[s]
= X Domain = 1H
[l X Freq = 495.13191398 [MHz]
] X Offset = 5[ppm]
J X Points = 16384
] X Prescans =1
4 X Resolution = 0.5668198[Hz]
] X Sweep = 9.28677563[kHz]
< X _Sweep_Clipped = 7.42942051[kHz]
Dk Irr Domain = Proton
4 Irr Freq = 495.13191398 [MHz]
b Irr Offset = 5[ppm]
] Tri Domain = Proton
1 Tri_ Freq = 495.13191398[MHz]
1 Tri_Offset = 5[ppm]
—_ ] [l Clipped = FALSE
] od) < Decimation Reg = r: 1346( 1345),g: 52
Q b =] — Scans =
% ] Total Scans =8
= ] Relaxation Delay = 3[s]
§ 1 I J \ ] L o | Recvr_Gain = 56
| 27 ; Temp Get = 22.9[dC]
S L L L L B B L L B BB e iy e e e e e o o B T AT L =6[u2122912[
X Time =1.7 s]
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 ¥ AngTe = 15[deg]
e X Atn = 3.3[dB]
){ ‘ / X Pulse = 3[us]
% Irr_Mode = Off
NOANDEIADN —F ISR OO O Tt OO |Tri Mode = Off
N~ OO O NN~ VNN RXY O O QO | Comment 1 = *** Pulse **%
XXX XX Mo R Sl Sl S nN—eog Qoo Comment 111 = %** presat time ***
sSSP DOV OOY e == O O Q@ Q| Comment 201 = *** cbs dante presatu
e1ge Comment 202 = *%% irr preaturation
X : parts per Million : Proton Comment 203 = **% tri~ preaturation
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'—‘j 1440 a 1400 1390 1380 1370 1360 1350 1340 1330 1320 1310 1300 1299 1280 1270 126.0 Dimensions =X
< | ‘ | / ' M ” \ J | ‘ I Spectromster = JNM-ECZS00R/S1
it ° = Field Strength 11.62926421[T] (50
S 3§ -] 8 g8 88 2 gg gnz8z3 g X_Acq Duration 0.8388608[s]
K. parts por Millon Cafbon3 patsperillion: Carpis & ] 2% 28 888 HREEAN B X _Domain
o X Freq 124.5010059 [MHz]
=7 X _Offset 100 [ppm]
B i X_Points 32768
v ] i )} ? X_Prescans 4
- 1 X Resolution 1.1920929[Hz]
=% i J X_Sweep 39. 0625 [kHz]
] g il X _Sweep Clipped 31.25[kHz]
v 1 HH Irr_Domain Proton
o4 f 1 Irr_Freq 495.13191398 [MHz]
1 l ; ‘ Irr_Offset 5[ppm]}
< ] Bt PPhy Clipped FALSE
— f l{ l; . Scans 5000
<] ! 'V ‘F' Zn Total_Scans 5000
ply | PhyP. Relaxation Delay = 2(s]
=g 2a Recvr_Gain 56
3 Temp_Get = 22.9(dc]
~ . X_90_Width = 13.48[us]
— i X_Acq_Time = 0.8388608 [s]
© X_Angle = 30[deg]
~ X Atn = 11[dB]
= X Pulse = 4.49333333[us]
= { Irr_Atn Dec = 26.4[dB]
A Irr_Atn Pec Calc = 26.4[dB}
—_ N Irr_Atn Dec_Default Calc = 26.4[dB]
o Irr Atn Noe = 26.4[dB]
Irr_Dec Bandwidth Hz = 5.97826087 [kHz]
P Irr_Dec Bandwidth Ppm = 12.07407703[ppm]
S Irr Dec Freq = 495.13191398 [MHz]
S Irr_Dec Merit Factor =2.2
, Irr_Decoupling = TRUE
8 Irr Noe = TRUE
S Irr Noise = WALTZ
] . Irr_Offset_Default = 5[ppm]
1 Irr_Pwidth = 92[us]
Irr_Pwidth Default = 92[us]
Irr_Pwidth Default Calc = 92[us}
Irr_Pwidth Templ = 92[us]
h Irr Wurst = FALSE
Decimation Rate =0
1 Initial Wait = 1[s]
Noe_Time = 2[s]

Noe Time Flag
Relaxation Delay Calc
Relaxation Delay Temp
Repetition_’l‘i.m = 2.83BB60B[s])

0.01 0.02 0.03 0.?4 0.05 0.06 0.07

PINETTE NI AT I |

o al lx yt
) T IRRAREZREZS e T T T T T IRERERZZEaNS T \RRERR} T T T T T T T
190.0 1800 '170.0 160.0 1500 1400 1300 1200 1100 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
ST TR A0 T RO =N Ot QD O I — o~
CN—~OVAROVNT—OEOOS =S 0 — =) =N
CLOXH=HO =~ X+ M—=Oq < — “a
TR0 O T NN O 0000000000 000 N N IN o <
SERAANnnASNENRANNS @ ] =

X : parts per Million : Carbon13
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abundance

7 Solutions for lnnovation
PPh, ~--~- PROCESSING PARAMETERSV m——
2 E sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], O[%], 80[%], 100[%] )
7 Zn zerofill( 1 )
vy fft{ 1, TRUE, TRUE )
=) Ph,P machinephase
2a ppm
BITFICH3E : : XF pzzP (Ph)-ligand 31P 1Hdec-1-
<
=4 Filename = KF_PZzP(Ph)-liga
Author = deTta -
Experiment = single pulse dec
Sample Id = KF_P2zP(Ph)-liga
Solvent = BENZENE-D6
Creation Time = 13-JAN-2020 12:0
Revision Time = 17~JAN-2020 19:0
Current_Time = 17-JAN-2020 19:0
Comment = single pulse dec
Data_Format = 1D COMPLEX
Dim Size = 26214
Dim Title = Phosphorus31
Dim Units = [ppm]
Dimensions =X
Spectrometer = JNM-ECZ500R/S1
Field Strength = 11.62926421[T] (
~ X Acq Duration = 0.18874368(s]
= X Domain = 31p
X Freq = 200.43293989[MHz
X _Offset = 0[ppm]
X Points = 32768
X Prescans =4
X Resolution = 5.29819065[Hz]
X—Sweep = 173.61111111[kHz
X Sweep Clipped = 138.88888889[kHz.
ITr Domain = Proton
— Irr Freg = 495.13191398[MHz
= Irr Offset = 5[ppm]
CliPped = TRUE
Decimation Reg = r: 36( 35),g: 26
Scans - = 64
Total_Scans = 64
Relaxation Delay = 2[s]
Recvr Gain = 56
Temp_Get = 22.8[dC]
' . f X 90_Width = 14.5[us]}
memmmm X Acq Time = 0.18874368[s]
X Angle = 30[deg]
. T T T L B T T T X Atn = 9.3[dB]
X Pulse = 4.83333333[us]
300.0 200.0 100.0 0 -100.0 -200.0 TFr Atn Dec = 26.41aB]
: Irr Atn Dec Calc = 26.4[dR]
’ ) Irr_Atn Dec Default Calc = 26.4[dB]
~ Irr Atn_Noe = 26.4[dB}
(@)} . . Irr—Dec_Bandwidth__Hz = 5.987826087 [kHz]
oo - . Irr-Dec_Bangiwidth Ppm = 12.07407703[ppm]
=, Irr_Dec Freq - = 495.13191398 [MHz]
. ™ v - Irr Dec Merit Factor = 2.2
s11e : : . Irr Decouplin = TRUE
X . parts per Million : Phosphorus31 TrrNoe 109 = TRUE
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abundance

LN

o0

II\K ‘

8.490
8.027
7.982
7.456
7442 =
7.411
7.408
7.396
7.394
7382
7.270
7.255
7.240
7.160

X : parts per Million : Proton

1.990
1.983

1975
1972~
1776 ~=
1303
1.280
1241
0.761
0398~
0.324
0.294 7

Filename
Author

Experiment

Sample Id

Solvent

Actual Start Time
Revision_Tims

Comment
Data_Format
Din Size

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
q_Duration
X_Domain
X_Freq

X _Offset

|1|;

Tri_Domain
Tri_Freq

Clipped
S8cans
Total_ Scans

Relaxation Delay
Recvr_Gain

Dante_Loop
Dante_Presat
Decimation Rate
Initial Wait

Phase

Presat_Time
Presat_Time_Flag
Relaxation Delay Calc
Relaxation Delay_Temp
Repetition_Time

= KF_PZnP(Cy)-ligand Pr
delta

proton. jxp
KF_PZnP(Cy)-ligand
BENZENE-D6
13-JAN-2020 07:52:31
17-JAN-2020 15:51:53

= single_pulse
1D REAL

13107
Proton

[ppm)
X

JINM-ECZS00R/S1

11.62926421{T] (500[M
1.76422912(s]
1H

495.13191398 [MHz]
S{ppm]

[N NN

16384

1

0.5668198 [Hz]
9.28677563 [kHz}
7.42942051 [kHz]
Proton
495.13191398[MHz]
5[ppn]

Proton
495.13191398 [MHz]
5[ppm]

FALSE

[
®

22.8[dc}
7.12[us]
1.76422912(s]

[s]

{0, 90, 270, 180, 180
3[s]

FALSE

O[s]

3[s]

4.76422912[s]




10.0 20.0 30.0 40.0 50.0 60.0

(thousandths)
0

JEOL D

7301720 170 100 160 1650 1670 1650

70881
o

157,

156071550 1540 1530 1520 110 100 10 1R0 0 Teo 15 1o e Te e Ty B TR e e e T T 13207 1310 1300 190 10 1270

>

144377
144330
144282

5

|

130791 ——

129,192

Filename

Author

Experiment
Sample Id

Solvent

Actual Start Time
Revision Time

Dim Title
Dim Units
Dimensions
Spectrometer

Field

Cy.P.

\:‘:._‘:.:.:,‘,.—a_

B
)
ggs

b pars per MG arbonts

22008

300 20 280

29411 ——

25858 ——

26778 ———

T T
190.0 1800 170.0

%
o0
S
I
=

X : parts per Million : Carbon13

144.377
144330
144.282
138.039
137.742

T ey
1300 1200 1100

M

o
N
—
N

N
—

SNOVOT R
o833
AN =30
00 00 o0 00 00 I~
ANANANANANN
— e e

S
o

67.893

60.0 50.0 40.0 30.0

X_Acq Duration
X Domain
X_Freq
X_offset

X Points
X_Prescans

X _Resolution
X_Sweep
X_Sweep_Clipped
Irr_Doemain
Irr _Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation Delay
Recvr_Gain
Temp_Get
X_90_Width
X_Acq_Time
X_Angle

X_Atn

X_pulse

Irr_Atn Dec

Irr Atn Dec Calc

Irr_Atn Dec Default Calc

Irr_Atn Nee
Irr Dec Bandwidth Hz
Irr_Dec_Bandwidth Ppm
Irr_Dec_Freq
Irr_Dec_Merit Factor
Irr Decoupling

Irr Noe

Irr Noise

Irr Offset Default
Irr Pwidth

Irr_Pwidth Default
Irr_Pwidth Default Calc
Irr_Pwidth Templ
Irr_Wurst

Decimation Rate
Initial Wait
Noe_Tima

Noe Time Flag
Relaxation Delay Cale
Relaxation Delay Temp
Repetition Time

= KF_PZnP(Cy) -ligand
delta

carbon.
KF_P2nP (Cy) -ligand
BENZENE-D6

13-JAN-2020 08:01:
= 17-JAN-2020 15:

= single pulse dacou
1D COMPLEX

26214

Carbon13

[ppm]

X

JNM~ECZ500R/ 81

11.62926421[T] (SO
0.8388608[s]
3c

124.5010059 [Miz]
100{ppm]
32768

4

1.1920929[Hz]
39.0625 [kHz)
31.25[kHz]

= Proton
495.13191398 [MHz]
5[ppm}

FALSE

5000

5000

[

2(s]

56

22.9[dc]
13.48[us]

= 0.8388608[s]
30[deg]

11[dB]
4.49333333us]
26.4[dB)

26.4[dB]

26.4[dB]

26.4(dB]
5.97826087 [kHz]
12,07407703 [ppm]
495,13191398 [Miz]

L ]

2.8388608(s]




abundance

1.9 2.0

1.3 14 15 16 1.7 1.8
I P N N NI DT W

1.2

I S W RN S

1.1

1.0

02 03 04 05 06 07 08 09

WIS WS EWR S NN s AR N

PCy,

Cy,P.
Yo 2

~=-- PROCESSING PARAMETERS -~~~
sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill{( 1 )

£fft{ 1, TRUE, TRUE )

machinephase

ppm

BUTFicHsk :

: KF PZnP(Cy)-ligand 31P 1Hdec-1-

0 0.1

(u

L L R B Sy R PO B B S

300.0 . 200.0

X : parts per Million : Phosphorus31

20.988 ——

13-JAN-2020 07:5
17-JAN-2020 18:5
17-JAN-2020 18:5

Creation_Time
Revision Time
Current_Time

Filename = KF PZnP(Cy)-liga
Author = delta .
Experiment = single pulse dec
Sample Id = KF_PZnP (Cy) -liga
Solvent = BENZENE-D6

Comment - = single pulse dec
Data_Format = 1D COMPLEX

Dim Size = 26214

D:Lm_T:.tle = Phosphorus31l

Dim Units = [ppm]

Dimensions =X .
Spectrometer = JNM-ECZ500R/S1

Field Strength
X Acq_Durat:Lon

11.62926421[T] ¢
0.18874368[s]

X Domain 31ip

X_Freq 200.43293989 [MHz]
X Offset O [ppm]

X Points 32768

X Prescans 4

5.29819065([Hz]
173.61111111[kHz]
138.88888889 [kHz]

X Resolution
X ._Sweep
X ._Sweep Cllpped

LU I O O T I T 1O

5.97826087[kHz]
12.07407703 [ppm]
495. 13191398[Mﬂz]

Irr Dec | > _Bandwidth Hz
Irr Dec  Bandwidth | » _Ppm
Irr ] " Dec_ > Freq

Irr Domain Proton
Irr’) ~_Freq 495.13191398[MHz]
Irr ¢ - Offset 5 [ppm]
Clipped FALSE
Decimation Reg r: 36( 35),g: 26
Scans 64
Total_Scans 64
Relaxation . Delay = 2[s]
Recvr Gain = 56
Temp_Get = 23[dC]
X 90 Width = 14.5[us]
X Acq Time = '0.18874368[s]
X AngTe = 30[deg]
X Atn = 9.3[dB]
X Pulse = 4.83333333[us]
Irr Atn Dec = 26.4[dB]
Irr . Atn » Dec_Calc = 26.4[dB]
Irr . Atn Dec > Default . Calc = 26.4{dB]
Irr Atn Noe = 26.4[dB]
Irr Dec > Merit Factor =2.2

Irr | Decoupllng = TRUE

Irr Noe = TRUE
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abundance

) lJEDLD
] TF‘n3
o1 PhyP——Fd—FRPh, Filename = KF_PZnP (Ph) -Pd_Proton
= l Author delta
] f' I Zn Experiment = proton.jxp
g - Sample Id KE_PZnP (Ph) -Pd
] sl Solvent ‘TETRAHYDROFURAN-D8
] Actual_Start Time 13-JAN-2020 0; 56
4 - 3a Revisi;nﬁl‘in; 16-JAN-2020 16:05:07
[ Comment = single pulse
o Data Format = 1D REAL
g Dim Size 13107
] Dim Title Proton
] Dim Units [ppm]
4 kAl 6 5 74 13 Dimensions =X
J Spectrometer = JNM-ECZS00R/S1
®] Field Strength 11.62926421[T] (500[M
<4 # X_Acq Duration 1.76422912(s]
b : Prot X Domain 1
] X_Freq 495,13191398 [MHz]
] X _Offset 5[ppm]
1 X Points 16384
] X _Prescans 1
] X_Resolution = 0.5668198[Hz]
s X_Sweep 9.28677563 [kHz]
1 X_Sweep_Clipped = 7.42942051 [kHz]
] Irr_Domain = Proton
] Irr_Freq = 495.13191398 [Miz]
1 Irr Offset 5[ppm]
] Tri_Domain Proton
4 Tri_Freq 495.13191398 [MHz]
o 1 Tri_Offset = 5[ppm]
= Clipped FALSE
] Scans 8
E Total_Scans =8
] Relaxation Delay = 3[s]
] Recvr_Gain =56
] Temp_Gat: = 22.2[4c]
n ] X_90_Width = 7.12[us]
o X_Acq_Time = 1.76422012[s]
X_Angle 45 [deg]
X_Atn 3.3[4B]
X_Pulse = 3.56[us]
] Irc_Mode off
1 Tri_ Mode Off
] Dante_Loop 299
=] Dante_Presat FALSE
< Decimation Rate 0
1 Initial Wait 1[s]
] Phase {0, 90, 270, 180, 180
i Presat_Time 3[s]
1 Presat_Time Flag FALSE
] Relaxation Delay Calc = 0{s]
] Relaxation Delay Temp = 3[s]
s Repetition Time 4.76422912(s]
—]
e e
] ~
3 i
] |
o iy } L% }J . l£ A A
T T T T T T T T T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
/N A =~ | AA"KA. A
VT AN F V0~ ~ 00— MO NNOA—~D NN =3 N~ =00 AWV O N~ D =
NMORN TN NN—OF A O NOQ D= ORT MO O S CLVLARX SO S
XX m AT O 0 OO CYvovnnYIannm o EEEEAaa oo -2
Ll S L o ol Ll ol o Yo R VoY) MmO MnMnnnn®nomonen N Ty oo o [N )
X : parts per Million : Proton
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X : parts per Million : Carbon

Filename

Author

Experiment
Sample_Id

Solvent
Actual_Start Time
Revision Time

Comment
Data_Format
Dim Size

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X_Acq Diration
X_Domain
X_Freq
X_Offset
X_Points
X_Prescans

X Resolution
X_Sweep
X_sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation_Delay
Recvr_Gain

Temp_Get

X_90_Width
*X_Acq_Time

X_Angle

X_Atn

X_Pulse

Irr c_Atn_Dec

Irr_Atn Deg Calc
Irr_Atn Dec_Default Calc
Irr Atn Noe
Irr_Dec_Bandwidth Hz
Irr_Dec_Bandwidth Ppm
Irr_Dec Freq

Irr_Dec Merit Factor
Irr Decoupling
Irr_Noe

Irr_Noise

Irr Offset Default
Irr_Pwidth
Irr_pwidth Default
Irr_Pwidth Default Calc
Irr Pw:\.dth fempl
Irr_Wurst
Decimation_Rate
Initial Wait
Noe_Time

Noe > Time Fl;
Relaxation Delay Calc
Relaxation Delay_Temp
Repetition Time

= KF_PZnP (Ph) ~-Pd _Car
delta

carbon. jxp

KF_PZnP (Ph) -Pd
TETRAHYDROFURAN-DS
13-JAN-2020 03
= 16-JAN-2020 16:0!

single pulse decou
REAL

X
JINM-ECZS00R/S1

11.62926421[T] (50
0.8388608[s]

[

3c
124.5010059 [MHz]
100[ppm]

32768

=4

= 1.1920929[Hz]

= 39.0625[kHz]

= 31.25[kHz]

= Proton

= 495.13191398 [Miz]
= 5[ppm]

= FALSE

= 5000

= 5000

= 22.7[dc}
13.48[us]
0.8388608[s]
30[deg]

11[dB]
4.49333333[us]
26.4[dB]

26.4[dB]

26.4[dB]

26.4[dB]
5.97826087 [kHz]
12.07407703 [ppm]
95.13191398 [MHz]

151

2[s]

FALSE

o[s]

2[s]
2.9388608(s]

=0
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abundance
-0.01

ol

0.25

10.23

v b b b o 1y

0.21

0.‘13 | 0.115 | 0'117 , 0.119-‘

1

celen b b ban b

0.1

0.05 0.07 0.09

0.03

WEE FEWE AT SYEE NET AT A

0.01

PPh3

thP——Pd—PPhg

e

JEOL

Solutiens for novation

~=== PROCESSING PARAMETERS -~---

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1 )

££ft( 1, TRUE, TRUE )

machinephase

ppm
phase( -28.28429, 252.10343, 43.64628[%] )
BTIHEE : : KF pznP(Ph)-Pd 31P 1Hdec-1-1. 1

300.0 200.0

* X : parts per Million : Phosphorus31

44.065

13-JAN-2020 03:4
17-JAN-2020 19:0
17-JAN-2020 19:0

Creation_ Time
Revision_ Time
Current Time

Filename = KF '_PZnP (Ph) Pd
Author = deTta
Experiment = single pulse dec
Sample Id = KF_PZnP(Ph) -Pd
Solvent = TETRAHYDROFURAN-

Comment = single pulse dec
Data Format = 1D COMPLEX

Dim Size = 26214

Dim Title = Phosphorus31
Dim Units = [ppm]

Dimensions =

Spectrometer = JW ECZSOOR/Sl

11.62926421[T] (

Field Strength
0.18874368([s]

X Acq Duration

X Domain 31p

X . Freq 200.43293989 [MHz
X Offset 0 [ppm]

X Points 32768

X Prescans 4

X Resolution 5.29819065[Hz]

L I O 1 1 T VO T AT

Irr Dec > Bandwidth Hz
Irr | "Dec_] > Bandwidth | ._Ppm
Irr Dec | > Freq .

5.97826087 [kHz]
12.07407703 [ppm]
495.13191398[MHz]

X Sweep 173.61111111 [kHz,
X Sweep Clipped 138.88888889 [kHz
Irr Domain Proton
Irr Freq 495. 13191398[mzj
Irr Offset 5[ppm]
Clipped FALSE
Decimation Reg r: 36( 35),g: 26
Scans 64
Total_Scans 64
Relaxation Delay = 2[s]
Recvr Gain = 56
Temp Get = 22.1[dC]
X _90_Width = 14.5[us]
X Acg Time = 0.18874368(s]
X Angle = 30[deg]
X Atn = 9.3[dB]
X _Pulse = 4. 83333333[us]
Izr ~_Atn_Dec = 26.4[dB]
Irr Atn : Dec_Calc = 26.4{dB]
Irr Atn Dec | * Default_Calc = 26.4[dB]
Irr Atn ] Noe = 26.4[dB]
Irr | _Dec Merit Factor = 2.2

Irr | Decoupl:_ng = TRUE

Irr Noe = TRUE .
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abundance

0.4

0.3

PhoP—Ru—

X : parts per Million : Phosphorus31

62.648 ~——
56.462

JEOL

Solutions for npovation

-==- PROCESSING PARAMETERS ~~-~

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )

zerofill( 1 )

f£ft( 1, TRUE, TRUE )
machinephase -
ppm

phase( -77.89112, 0, 40.96822[%] )

BUFICE¥ : : XF PZnP(Ph)-Pd 31P 1Hdec-1-1.7¢

Filename
Author
Experiment
Sample Id
Solvent
Creation Time
Revision_ Time
Current Time

Comment
Data Format
Dim Size
Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acqg Duration
X Domain

X ] . Freqg

X Offset
X_Poxnts

X Prescans

X Resolution
X ._Sweep

X Sweep Clipped
ITr Domain

Irr _Freqg

Irr Offset
Clipped
Decimation Reg
Scans
Total_Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 Width

X Acq Time

X _Angle

X Atn

X Pulse

Irr_Atn Dec

| Irr_ Atn ] . Dec_Calc

Irr_Atn Dec Default Calc

1 Irr Atn Noe

Irr Dec ] > Bandwidth Hz
Irr ] Dec Eandw1dth . Ppm
Irr ] Dec > Freq

Irr | Dec Merit_ Factor
Irr ] Decoupllng

Irr Noe
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A4
KF PZnP(Ph)x&éi3
delta
single pulse_ dec
KF_PZnP(Ph) -Pd
TETRAHYDROFURAN-
17-JAN-2020 16:2
17-JaN-2020 19:0
17-JAN-2020 15:0

single pulse dec
1D COMPLEX
26214
Phosphorus31
[ppm}

JNM ECZSOOR/SI

11.62926421[T] ¢
0.18874368[s]
31p
200.43293989 [MHz
0 [ppm]

32768

4

5.29819065[Hz]
173.61111111 [kHz,
138.88888889[kHz]
Proton
495.13191398 [MHz]
5[ppm]

FALSE

r: 36( 35),g: 26
64

64

2[s]
56

21.6[dC]

14.5[us]
0.18874368[s]
30[deg] :
9.3[dB]
4.83333333[us]
26.4[dB]

26.4[dB]

26.4[dB]

26.4[dB]
5.97826087 [kHz]
12.07407703 [ppm]
495.13191398 [MHz]
2.2

TRUE

TRUE
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abundance

co
| .o
Cy,P—Ru——FCy,
o’
Zn. .

Filename = XF_PZnP(Cy)-Ru_Proton
b Author = delta
s Experiment = proton. ixp
o Sample Id = KF_PZaP (Cy)-Ru
— Solvent = TETRAHYDROFURAN-D8
Actual Start Time 13-JAN-2020 16:12:30
b=y Revision Time = 16-JAN-2020 16:01:59
= Comment = single pulse
Data Format = 1D REAL
Dim Size = 13107
Dim_Title = Proton
Dim Units = [ppm]
Dimensions X
Spectrometer = JNM-ECZ500R/S1
Field Strength 11.62926421{T] (S00[M
X_Acq Duration 1.76422912(s]
X _Domain 1H
X Freq 495.13191398 [Miz]
X_Offset S [ppm]
X Points 16384
X_Prescans 1
X Resolution 0.5668198 [Hz]
X_sweep 9.28677563 [kHz]
X_Sweep_Clipped 7.42942051 [kHz]
Irr_Domain Proton
Irc Freq = 495.13191398 [MHz]
Irr Offset = 5[ppm]
Tri_Domain = Proton
Tri_Freq = 495.13191398 [MHz]
Tri_Offset = 5[ppm]
Clipped = FALSE
Scans =8
Total_Scans =8

Relaxation Delay 3[s]
Recvr_Gain 56
, Gat 22.8[4c)
X 90 _Width 7.12[us]
X _Acq_Time 1.76422912{s]
25 24 23 22 21 20 19 18 17 16 15 14 13 12 [ o X_Angle 45[deg]

ZISSN .

2092 ——

1 388 8 g 8% 3 1 i3 ERLELEEE R ] Tri_Mode ore
— R e BT R Lk P i b b pepep b B ha Dante_Loop 299
Dante_Presat FALSE
a Decimation Rate [
a Initial Wait [s]
1 Phase = {0, %0, 270, 180, 180
g Presat_Time = 3[s]
| Presat Time Flag = FALSE
Relaxation Delay Calc = O[s]
E Relaxation Delay Temp = 3[s]
i Repetition_Time = 4.76422912[s]
g ~
g : I
= ~
1 o
]
o
-
] 25 8
i ol X
1 <
i =3

N

T T

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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X : parts per Million : Proton
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X : parts per‘j/ffflion : Carbonl3

Filename
Author

Experiment
sample Id

Solvent
Actual_Start_Time
Revision Time

Comment
Data_Format
Dim Size

Dim Title
Dim Units
Dimensions
Spectrometer

Field_Strength
X_Acq Duration
Domain

X1
X Freq

X_Offset

X Points

X _Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation_Delay
Recvr_Gain

Temp_Get

X _90_Width
X_Acq_Time

X angle

X_atn

X_Pulse

Irr_Atn Dec
Irr_Atn_Dec_Calc
Irr_Atn Dec Default Cale
Irr_Atn Noe

Irr Dec_Bandwidth Hz
Irr_Dec Bandwidth Ppm
Irr Dec_Freq

Irr_Dec Merit Factor
Irr_Decoupling
Irr_Noe

Irr Noise

Irr_Offset Default
Irr_pwidth

Irr_Pwidth Default
Irr_Pwidth Default Calc
Irr_Pwidth Templ

Irr Wurst

Decimation Rate
Initial Wait
Noe_Time
Noe_Time_Flag
Relaxation Delay Calc
Relaxation Delay Temp
Repetition Time

= KF_PZnP(Cy)-Ru Car
delta

13-JAN-2020 1
16-JAN-2020 15:

single pulse decou
1D REAL

26214

Carbonl3

[ppm}

X

JINM-ECZ500R/S1

11.62926421[T] (S0
0.8388608[5]
13

124.5010059 [MHz]
100[ppm]
32768

4
1.1920929[Hz]
39,0625 [kHz]
31.25[kHz]

Proton
495.13191398 [MHz]

I w

5[ppm}
FALSE
10000
10000

22.6[dc]
13.48[us]
0.8388608(s]
30(deg]

11[dB]
= 4.49333333[us]
26.4[dB]
26.4[dB)
26.4[dB]
26.4[dB)
5.97826087 [kHz]
12.07407703 [ppm]
495.13191398 [MHz]

[N

2.8388608(s]
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abundance
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Selutions for movation

—--- PROCESSING PARAMETERS ~---

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%],
zerofill( 1 )

£ft( 1, TRUE, TRUE )

machinephase

80[%], 100[%] )

Ppm
phase( 34.41509, 0, 39.84964[%] )

BTFicE®g: :

KF PZnP(Cy)-Ru 31P 1Hdec-1-1.3d

X : parts per Million : Phosphorus31

69.679 ~—~—

64,974

LI I | (IO (| O 1}

Filename
Author
Experiment
Sample Id
Solvent
Creation_Time
Revision Time
Current_Time

Comment
Data Format
Dim Size
Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acq Duration
X Domain

X1 . Freq

X Offset

X Points

X Prescans

X Resolution

X Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped
Decimation Reg’
Scans
Total_Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 Width

X Acq_Time

X Angle

X Atn

X_Pulse

Irr_Atn Dec

Irr J Atn Dec Calc

Irr | Atn Dec Default Calc

Irr Atn Noe

Irr Dec Bandwidth Hz
Irr | Dec Bandw1dth . _Ppm

Irr | Dec  Freq

Irr Dec Merit Factor

Irr | Decoupllng
Irr Noe

L T T T O O R

L[ I

| (B

KF_PZnP (Cy)-Ru_3
delta

single pulse dec
KF_PZnP (Cy) -Ru
TETRAHYDROFURAN -]
13-JAN-2020 16:1
17-JAN-2020 19:0
17-JAN-2020 19:0

single pulse dec
1D COMPLEX
26214
Phosphorus31
[ppm]

X
JNM-ECZ500R/S1

11.62926421[T1 (!
0.18874368[s]
31ip
200.43293989[MHz
0 [ppm]

32768

4

5.29819065[Hz]
173.61111111[kH=z
138.8888888%[kHz
Proton
495.13191398[MHz
5 [ppm]

FALSE

r: 36( 35),g: 26
64 :

64

2[s]

56

22.2[dc]

14 .5[us}]
0.18874368(s]

30 [deg]

9.3[dB]
4.83333333[us]
26.4([dB]
26.4[dB]
26.4[dB]
26.4{dB]
5.97826087 [kHz]
12.07407703 [ppm]
495.13191398[MHz]
2.2

TRUE

TRUE
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