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EXPERIMENTAL DETAIL

1. General

Elemental analysis was performed on an Elementar Vario MICRO Cube. IR spectra were recorded on
a JASCO FT/IR 4200 spectrometer for solid samples (as KBr pellet). NMR spectra were recorded on a JEOL
ECA-600 spectrometer. ESI-MS spectra were recorded on a JMS-T100LC spectrometer. Cyclic voltammetry
was performed on an ALS Model 600C electrochemical analyzer. GC analysis was performed on a Shimadzu
GC2010 gas chromatograph with an Rtx-5 column (Restek, length=30 m, i.d.=0.25 mm, thickness=0.25 pum).
UV-vis spectra were measured on a V650 spectrometer. All commercial reagents and solvents were used without
further purification unless otherwise noted. Preparations of moisture and/or oxygen-sensitive compounds were
performed by Schlenk technique under Ar atmosphere. Hydrogen phenyltris(4,4-dimethyl-2-oxazolynyl)borate
(H-ToM)! and [Ni"Br(Tp*)] (6)* were prepared according to the literature.

2. Synthesis of the compounds
2.1. H[PhB(Py™*);] (H-1)

This compound was prepared by the procedure for the synthesis of H{PhB(Py');] (HTpy") with some
modification.' To a tetrahydrofuran solution of 1.3 M i-PrMgCI-LiCl (11.50 mL, 14.95 mmol), 2-Bromo-6-
methylpyridine (1.50 mL, 13.2 mmol) was slowly added dropwise and stirred at ambient temperature for 12 h

under argon. The volatiles were then removed under reduced pressure to obtain dark red solids involving 6-
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methyl-2-pyridylmagnesium chloride. Under Ar atmosphere, the dark red solids were dispersed in 30 mL of
CH,Cl,. To this suspension, PhBCl, (0.56 mL, 13.2 mmol) was added dropwise and the resulting dark red
mixture was kept stirring overnight. Aqueous saturated Na>CO3 solution (30 mL) was added to the reaction
mixture and stirring for 2 hours. Extraction with CH>Cl, (60 mL x 2) gave a reddish brown organic phase that
was dried over Na>SOs. After removal of Na,SOy4 by filtration, the volatiles were removed under vacuum to give
a dark red oil that was redissolved in diethyl ether, filtered, and evaporated to dryness. The product was further
purified by flash chromatography on propylamine-modified silica gel with a gradient mixture of hexanes and
acetone as the eluent. The product was obtaied as a pale red solid by evaporation, washed with H>O, and then
re-crystallization from toluene at —36°C (306 mg, 0.837 mmol, 19 % yield). Further re-crystallization from the
CH:Cly/n-hexane solution at room temperature gives a colorless plate crystal of H-1 suitable for X-ray
crystallography. '"H NMR (600 MHz, CDs;CN, r.t.) 8 2.58 (s, 9H, Py-Me), 6.96-7.07 (m, 8H, Py-3H, B-Ph), 7.09
(d, 3H, Py-5H), 7.50 (t, 3H, Py-4H). *C NMR (150 MHz, CDsCN, r.t.) § 22.9 (s, Py-Me), 120.1 (s, Py-30),
124.9 (s, m-Ph), 127,7 (s, 0-Ph), 129.1 (s, Py-5C), 135.5 (s, Py-4C), 137.0 (s, Py-2C), 153.5 (s, p-Ph), 158.3 (m,
Py-6C), 184.4 (m, B-Ph). "B NMR (128 MHz, CDsCN, r.t.) §—12.14. FT/IR (KBr, cm™") v= 3058, 3014, 3017,
3004, 2991, 2951, 2919, 1616, 1585, 1573, 1562, 1517, 1484, 1440, 1428, 1402, 1369, 1246, 1176, 1148, 1090,
1032, 1010, 937, 827, 776, 763, 731, 704, 669, 634. UV-vis (CH,Cl,, r.t.) 1 =272 nm (¢ = 17576 M~ cm™).
ESI-MS* (MeOH): m/z =366 ([Ho[PhB(Py™®);]]" (H-1+ H)). ESI-MS™ (MeOH): m/z =364 ([PhB(PyM®);]” (1)).
Elemental analysis calcd (%) for H[PhB(Py™¢);]-0.5toluene (C27.sH2sBN3): Cale. C 80.30, H 6.86, N 10.22;
found: C 80.12, H 7.04, N 10.19.

2.2. H[PhB(OCHs-Py™¢)(PyM¢),] (H-2)

Under argon atmosphere, 2-Bromo-6-methylpyridine (3.20 mL, 28.1 mmol) and 100 mL of dehydrated
THF were placed in a 200 mL two-necked flask and cooled to —80°C. To this was added 1.56 M n-BuLi/hexane
solution (18.12 mL, 28.27 mmol) slowly dropwise. After stirring for 25 min, PhBCl; (1.22 mL, 9.40 mmol) was
added slowly dropwise and stirred for another 10 min. The solution was stirred and allowed to warm from
—80°C to ambient temperature overnight, after which the solvent was removed under reduced pressure. The
residue was then dissolved in CH>Cl; and desalted by filtration through Celite pad. The resulting solution was
transferred to a separating funnel and washed with pure water. The organic layer was collected, dehydrated with
Na,S0,, filtered through Celite, and the solvent was removed. Drying under reduced pressure afforded a black-
brown oily substance (3.803 g, 8.69 mmol, 92 % yield). 'H HNR (500 MHz, CD;CN, r.t.) & 1.63 (q, 2H,
OCH.CH:CH,CH,), 1.82 (q, 2H, OCH,CH,CH:CH,), 2.43 (s, 3H, OBuPy-Me ), 2.72 (d, 2H,
OCH2CH.CH.CH.>), 3.20 (d, 2H, OCH>CH,CH2CHz), 6.86 (d, 1H, OBuPy-3H), 7.00 (m, 4H, OBuPy-5H, m-
Ph, p-Ph),7.10 (d, 2H, Py-3H), 7.25 (d, 2H, Py-5H), 7.52 (m, 3H, OBuPy-4H, 0-Ph), 7.67 (t, 2H, Py-4H). ESI-
MS™ (MeOH): m/z = 436 ([PhB(OC4HsPy™¢)(PyMe),]™ (2)).

2.3. [Co[PhB(OEL)(Py™*)(PyMH)|ClL] (3)
A THF solution (30 mL) of H-2 (744 mg) was added to a THF solution of CoCl,*6H,0 (260 mg,

2.10 mmol) and the resulting reaction mixture was stirred for 4 h under Ar at room temperature. The volatiles
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were evaporated, and the residue was re-dissolved in CH,Cl,. The solution was then passed through a filter
with Celite pad to remove insoluble components. After evaporation of CH,Cl,, the obtained green-blue solid
was dissolved in EtOH and cooled at —36°C. After the removal of the insoluble components by filtration, the
volatiles were removed by evaporation. The resulting compound was extracted with Et,O and then the
volatiles were removed under reduced pressure. The obtained blue solids were dissolved in EtOH.
Refrigeration of the concentrated EtOH solution at —36°C afforded crude cobalt complexes as a blue powder
(92.4 mg). Blue plate single crystals of 3 suitable for X-ray analysis were obtained by the vapor diffusion
method, i.e. Et,O vapor was diffused into a n-hexane solution of 3 at room temperature. ESI-MS* (MeOH)
m/z =305 ([PhB(Py™¢), + MeOH + H]* (H-2 — OC4HsPy™¢ + MeOH)), 319 ([PhB(PyM¢), + EtOH + H]" (H-2
— OC4HgPy™e + EtOH)), 412 ([Co"[PhB(OEt)(PyMe)(PyMH)]CI]" (3 — CI)).

2.4. [Ni"Br(Tpy™)] (4)

A solution of HTpy™® (0.3892 g, 1.065 mmol) in THF (10 mL) was added slowly to sodium hydride
(48.9 mg, 1.223 mmol) suspended in THF (10 mL) through a cannula at 0°C. The reaction mixture was stirred
for 2 h after the generation of hydrogen gas had ceased. The resulting NaTpy™® solution was added slowly to
NiBr(glyme) (371 mg, 1.20 mmol; glyme denotes 1,2-dimethoxyethane) suspended in THF (30 mL), and the
resultant mixture was stirred for 12 h at ambient temperature. After removal of the solvent under reduced
pressure, the resulting solid was dissolved in CH>Cl, and insoluble materials were removed by filtration through
a Celite plug. The solvent was evaporated under reduced pressure and the resulting solid was washed with
MeCN, n-hexane and then pure H>O to obtain the purple solid of 4 (138 mg, 0.274 mmol, 26 % yield). Purple
plate-shaped single crystals of 4 suitable for X-ray analysis were obtained by the vapor diffusion method, i.e.
Et,O vapor was diffused into a n-hexane solution of 4 at room temperature. FT/IR (KBr, cm™): v= 3065, 3055,
3011, 2996, 2927, 1714, 1590, 1561, 1445, 1376, 1255, 1211, 1190, 1165, 1153, 1107, 1036, 1018, 1003, 921,
807,782,771, 732, 713, 685, 669, 650, 630, 609, 566, 535, 512, 475, 437, 421. UV-vis (CH2Cl,) 1 =484 nm (¢
=260 M cm™), 586 nm (¢ =51 M~ cm™), 840 nm (¢ = 127 M~! cm™). UV-vis (MeCN) 4 = 483 nm (¢ = 221
M1 cem™), 581 nm (e =48 M~ ecm™), 839 nm (¢ = 105 M~ cm™). ESI-MS* (MeOH) m/z = 422 ([Ni'"(Tpy™®)]*
(4 — Br)), 454 ([Ni'(TpyM)(MeOH)]* (4 — Br + MeOH)). Elemental analysis calcd (%) for [Ni"Br(Tpy™©)]
(C24H23BBrNsNi): Cale. C 57.32, H 4.61, N 8.36; found: C 57.41, H 4.72, N 8.38.

2.5. [Ni"Br(To")] (5)

A solution of HToM (1.472 g, 3.84 mmol) in tetrahydrofuran (THF, 40 mL) was added slowly to
sodium hydride (0.153 g, 3.82 mmol) suspended in THF (40 ml) through a cannula at 273 K. The reaction
mixture was stirred for 2 h after the generation of hydrogen gas had ceased. The solvent was removed under
reduced pressure. The resulting solid was suspended in pentane, with stirring for 10 min, and then the liquid
was decanted. This was repeated twice to yield a pale-yellow powder of NaToM. NaToM is hygroscopic (i.e.
hydrolyzed to HToM) and so the solid obtained was used in the following reactions without further purification.
A solution of NaToM (584 mg, 1.44 mmol) in THF (30 ml) was added slowly to NiBrx(glyme) (451 mg, 1.46

mmol) suspended in THF (50 mL), and the resultant mixture was stirred for 1 h at ambient temperature. After
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removal of the solvent under reduced pressure, the resulting solid was dissolved in CH»Cl, and insoluble
materials were removed by filtration through a Celite plug. The solvent was evaporated under reduced pressure
and the resulting solid was dissolved in MeCN. Refrigeration of this MeCN solution at —30°C afforded a pink
powder of 5 (656 mg, 1.26 mmol, 90% yield). Pale red—pink single crystals of 5 suitable for X-ray analysis were
obtained by the vapor diffusion method, i.e. n-hexane vapor was diffused into a CHCIl; solution of 5 at room
temperature. FT/IR (KBr, cm™): v= 3075, 3049, 2967, 2901, 2872, 1598, 1462, 1435, 1388, 1369, 1353, 1277,
1194, 1166, 990, 957, 894, 846, 815, 750, 711, 671, 658, 640, 620. UV-vis (CH2Cl,) 4 = 494 nm (g = 349 M
cm™), 829 nm (e =104 M~ cm™). ESI-MS* (MeOH) m/z = 522 ([Ni"Br(To™)] + H" (5 + H)). Elemental analysis
caled (%) for [Ni"Br(ToM)] (C21H29BBrN3NiOs): Cale. C 48.42, H5.61, N 8.07; found: C 47.74, H 5.78, N 7.70.

2.6. INi"CI(TpyM9)] (7)

Complex 7, the nickel-chlorido complex with TpyM¢, was synthesized using same procedure for the
bromide complex 4. Pink solids of 7 (60.4 g, 0.133 mmol, 8.9 % yield) were synthesized by reacting
NiClx(glyme) (374 mg; 1.70 mmol) with in situ generated NaTpy™* obtained by treatment of HTpy™® (540 mg,
1.48 mmol) with NaH (70.1 mg; 1.75 mmol). Purple plate-shaped single crystals of 7 suitable for X-ray analysis
were obtained by slow diffusion of n-hexane to the CH>Cl, solution of 7 at room temperature. FT/IR (KBr,
cm™): v=3083, 3064, 3043, 3010, 2996, 2974, 2927, 1591, 1562, 1445, 1377, 1255, 1210, 1189, 1163, 1151,
1106, 1067, 1033, 1020, 997, 963, 934, 922, 866, 835, 808, 784, 770, 733, 714, 686, 650, 630, 599, 566, 540,
507, 486, 455. UV-vis (CH2Cly) A =473 nm (¢ =228 M cm™), 548 nm (¢ = 86 M~! cm™), 830 nm (¢ = 119
M em™). UV-vis (MeCN) 4 =472 nm (¢ = 180 M~! cm™), 560 nm (¢ = 48 M~! cm™), 853 nm (¢ = 73 M!
cm™). ESI-MS* (MeOH) m/z = 422 (INi'(TpyM®)]* (7 — Cl)), 454 (INi"(TpyM*)(MeOH)]* (7 — Cl + MeOH)).
Elemental analysis calcd (%) for [Ni'C1(Tpy™®)]-H2O (C24H2sBN3CINiO): Cale. C 60.50, H 5.29, N 9.17; found:
C 60.07, H4.93, N 8.59.

3. X-ray Crystallography

The diffraction data of a crystal 1, 3, 4, and 7 were collected on a Rigaku Xtal.AB Synergy-R/DW system,
HyPix diffractometer equipped with confocal monochromated Cu-Ka radiation, and the data were processed
using CrysAlisPro (Rigaku) with Olex2® software. The diffraction data of 3 were collected on a Rigaku Saturn
70 CCD area detector system with graphite monochromated Mo-Ka radiation. Data collection and processing
were performed using Rigaku CrystalClear software.*

The structures of 1, 3, 4, and 7 were solved with the SHELXT® structure solution program using Intrinsic
Phasing and refined with the SHELXL-2018/3° refinement package using Least Squares minimization. The
structure of 5 was solved by a direct method on SIR-927 and refinement by full-matrix least squares (SHELXL-
2014/7)® were performed on WinGX® software. All non-hydrogen atoms were refined anisotropically and
refined with a riding model with Ui, constrained to be 1.2 times Uq of the carrier atom. Crystal Information

Files (CIF) of the complexes reported in this paper have been deposited with the Cambridge Crystallographic
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Data Centre as supplementary publications CCDC 2172875-2172879. These data can be obtained free of charge

from The Cambridge Crystallographic Data Centre at www.ccdc.cam.ac.uk/data_request/cif.

4. DFT calculations

Calculations were performed using the DFT method implemented in the Gaussian 16 package of
programs!®. The structures were fully optimized using the UB3LYP method. All calculations were performed
using the scalar relativistic contracted versions of the def2-TZVP (Ni) and def2-SVP (C, H, B, N, and Br) basis
sets'!. The structural optimization was performed by reading the coordinate data from the crystal structure, and
the resulting molecular orbitals were visualized using Gauss View 6 programs'?. All calculations employ Tight
SCF convergence criteria and were performed using the polarizable continuum model (PCM)" to compute the
structures in solutions. The excited states were calculated using the TD-DFT' method within the Tamm-
Dancoff approximation as implemented in Gaussian 16. These calculations employ the hybrid UB3LYP
functional along with the basis sets described above. At least 100 excited states were computed in each

calculation.

5. Procedure of the catalytic reactions

A solution of the nickel compounds (2.0 umol), cyclohexane (15.0 mmol) in MeCN (1 mL), and
CHxCl; (1 mL) was placed in a Schlenk tube and degassed with Ar gas. Next, a CH>Cl, (2 mL) solution of
mCPBA (2.0 mmol) was added under Ar atmosphere and stirred at an appropriate temperature (25°C). To
monitor product formation, 0.2 mL of the reaction mixture was corrected at certain times (reaction time 0, 10,
30, 60, 120, 180 min) and quenched with a dichloromethane solution (0.5 mL) of triphenylphosphine (10 mg),

and then the solution was subjected to GC analysis.
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Fig. S1 'H (top; 600 MHz) and "*C (bottom; 150 MHz) NMR spectra of H[PhB(Py™®);] (H-1) in CDsCN at

room temperature.
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Fig. S2 ESI-MS(-) spectrum of H[PhB(Py™°);] (H-1) in MeOH.
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Fig. S3  UV-vis spectrum of H[PhB(Py™¢);] (H-1) in CH,Cl» (0.052 mM) at room temperature.
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Fig. S4 FT/IR(KBr) spectrum of H[PhB(Py™®);] (H-1) at room temperature.
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Hydorogen bond

-

Fig. S5 Molecular structure of H{PhB(Py™©);] (H-1). Thermal ellipsoids are set at 30% probability. Hydrogen

atoms except the nitrogen-attached one are omitted for clarity.
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Fig. S6 'HNMR spectrum of H[PhB(OCsHs-PyM®)(Py™®),] (H-2) in CDsCN at room temperature (600 MHz).
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Fig. S7 ESI-MS(+) spectrum of H[PhB(OC4Hs-PyM®)(Py™¢),] (H-2) in MeOH.
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Fig. S8 ESI-MS(+) spectrum of [Co[PhB(OEt)(Py™¢)(PyM°H)]Cl,] (3) in MeOH.

Fig. S9 Molecular structure of [Ni"Br(To™)] (5). Thermal ellipsoids are set at 30% probability. Hydrogen

atoms are omitted for clarity.
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(a) [NiBr(Tpy"e)] (4) (b) [NiBr(ToM)] (5)

(c) [NiBr(Tp™)] (6)

Fig. S10 Space-filling diagrams of 4, 5, and 6. The colors of each elements are as follows. B: pink, Br; orange,
C: gray, N: blue, Ni: emerald green, O: red.
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Fig. S11 Cyclic voltammograms of 4 — 6 in CH,Cl, with 0.1 M "BusNPFs.
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Fig. S13  UV-vis spectra of 4 — 6 in CH,Cl at room temperature.
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Fig. S14. Simulated absorption spectra of 4 calculated by the UB3LYP level of TD-DFT using def2TZVP
for Ni and def2SVP for C, H, B, N, and Br.
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Fig S15. Selected molecular orbitals of 4 calculated by the UB3LYP level of TD-DFT using def2TZVP for
Ni and def2SVP for C, H, B, N, and Br. The molecular orbitals of (117B, 116B, 112B) are distributed in the 7

orbitals of pyridine moieties as well as nickel d-orbital (bonded to the Br ligand).
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Fig. S16 Energy diagrams of molecular orbital of 4 calculated by the UB3LYP level of DFT using def2TZVP
for Ni and def2SVP for C, H, B, N, and Br. Orbitals of 129B and 128B are the singly occupied molecular orbital
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Fig. S17 Molecular structure of [Ni'CI(Tpy™®)] (7). Thermal ellipsoids are set at 30% probability. Hydrogen

atoms are omitted for clarity.
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Table S1 Crystallographic data for 1, 3, 4, 5 and 7.

Compound 1 3 4
Formula C24H24BN3 C20H23BClL,CoN,O C»sH23:BBrNsNi
Formula Weight 365.27 448.04 504.08
Space Group P2i/n P2i/c P2i/n
Crystal System monoclinic monoclinic monoclinic
al A 13.1227(4) 7.3720(2) 9.9893(2)
b/ A 9.2714(3) 26.7621(6) 15.9480(3)
c/A 16.9147(5) 11.1119(3) 13.6069(3)
al® 90 90 90
ple 101.238(3) 108.356(3) 91.906(2)
v/ A 90 90 90
ViIA3 2018.48(11) 2080.72(10) 2166.51(8)
VA 4 4 4
F(000) 776 924 1024
D(calced) / g-cm™ 1.202 1.430 1.542
Temp. /K 293(2) 90 90
/) cm™! 0.542 8.917 3.562
Omax / © 76.352 (CuKa) 76.516 (CuKa) 76.124 (CuKa)
Unique reflections 4095 4250 4406
Observed reflections (1 > 2a(1)) 3795 4157 4290
Parameters 260 247 280
R (I>20(I))/ all @ 0.0379/0.0401 0.0323/0.0331 0.0268 / 0.0274
wR (I>20(1)) / all @ 0.0960 / 0.0976 0.0795 / 0.0800 0.0679 / 0.0682
Goodness of fit S ® 1.050 1.096 1.004

(a) R =X||Fo| — |F|| / Z[Fo|. R, = {Z[w(Fo? — Fc?)?] / Z[w(Fo?)*]} 2.

(b) S= {Z[w(Fo?—Fc?)?]/ (n— p)} 2, where n is the number of reflections and p is the total number of parameters

refined.
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Table S1 (continued).

Compound 5 7
Formula C21H20BBrN3NiOs3 C»sH23BCIN3Ni
Formula Weight 520.90 458.42
Space Group P2i/c P2i/n
Crystal System monoclinic monoclinic
alA 11.0336(5) 10.03979(17)
b/ A 13.2310(4) 15.8652(2)
clA 16.0271(10) 13.3756(2)
al® 90 90
p/° 95.895(3) 90.3207(15)
y/ A 90 90
V/A3 2327.35(19) 2130.47(6)
VA 4 4
F(000) 1072 952
D(calced) / g-cm™! 1.487 1.429
Temp. /K 113(2) 90
u/cm™ 2.577 2.578
Omax / © 27.4831 (MoKa) 76.791 (CuKa)
Unique reflections 5213 4165
Observed reflections (1 > 2a(1)) 4137 3755
Parameters 271 274
R (I>20(1))/ all @ 0.0236/0.0307 0.0320/0.0353
wR (I>20(1)) / all @ 0.0511/0.0530 0.0829 /0.0852
Goodness of fit S ® 0.978 1.079

(a) R =X||Fo| — |F|| / Z[Fo|. R, = {Z[w(Fo? — Fc?)?] / Z[w(Fo?)*]} 2.
(b) S= {Z[w(Fo?—Fc?)?]/ (n— p)} 2, where n is the number of reflections and p is the total number of parameters

refined.
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Table S2. Selected bond length (A) and angles (°) for 1.

Bond length (A)
B1-Cl 1.6416(15) B1-C8 1.6310(16) B1-Cl4 1.6361(15)
B1-C20 1.6465(15)  N13-H13  0.986(17) :

Bond angles (°)
C1-B1-C8 111.41(9) . C1I-B1-C14  109.00(8) 1 C1-B1-C20  109.53(8)
C8-B1-C14  108.62(9) C8-B1-C20  106.89(9) C14-B1-C20 111.39(8)

Table S3. Selected bond length (A) and angles (°) for 2.

Bond length (A)
Col-Cl1 2.2378(5) Col-CI2 2.2617(5)

Col-N1 2.0183(16)

Col-0O1 1.9869(13)

Bond angles (°)
Cl1-Col-CI2 112.61(2) . Cl1-Co1-0O1  120.22(4) | Cl1-Col-N1  116.27(5)
Cl12-Col1-O1 101.93(4) | C12-Col-N1 117.71(5) | 01-Col-N1 84.77(6)
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Table S4. Structural parameters for the nickel(Il)-bromide complexes 4 — 6. The planes (drawn in plane red)

indicate the the least square planes defined by the carbon atoms of the nickel-surrounding methyl groups

[NiBr(TpyMe)] (4)

[NiBr(To™)] (5) [NiBr(Tp*)] (6)

Complex (Borate ligand) 4 (Tpy™) 5 (To™) oy
(molecule 1) (molecule 2)
Bond lengths (A)
Ni—Br 2.3631(3) 2.3178(3) 2.2928(13) 2.2887(13)
Ni— NI 2.0285(14) 1.9983(13) 1.968(4) 1.966(4)
Ni—N2 2.0355(15) 1.9943(13) 1.968(4) 1.966(4)
Ni—N3 1.9666(15) 1.9823(13) 1.957(6) 1.987(5)
Avg. Ni— N 2.01 1.99 1.96 1.97
""""" Bond angles (deg)
Br—Ni—N1 118.18(4) 135.33(4) 124.00(12) 124.80(13)
Br—Ni—N2 117.56(4) 119.76(4) 124.00(12) 124.80(13)
Br —Ni — N3 130.18(4) 115.81(4) 122.77(19) 120.81(17)
N1 —-Ni—-N2 96.76(6) 90.15(5) 91.3(2) 91.3(2)
NI -Ni—N3 94.58(6) 92.37(5) 92.88(17) 93.14(16)
N2 —Ni—N3 92.13(6) 93.43(5) 92.88(17) 93.14(16)
Avg. N-Ni—N 94.5 92.0 92.4 92.5
""" Distance betwen Brand
1.419 2.215 1.769 1.774
the least square plane (A)
© Nisphere shielded percentage
_ , 65.36 63.74 60.18 59.91
by the borate ligand (%)
' Equivalent cone angle (deg) © 21578 21198 20348 20287

“ from ref. 2

» determined by solid angle analysis (ref. 15)
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Table S5. Selected bond length (A) and angles (°) for the nickel(Il)-chloride complexes [Ni'"Cl(Tpy™©)] (7),
[Ni"Cl(To™)] and [Ni"CIl(Tp*)].

Cornp'lex [Ni"'Cl(Tpy™©)] (NHTCI(ToM)] [Ni"CI(Tp*)] ®
(Borate ligand) @) (molecule 1) (molecule 2)
Bond lengths (A)
Ni—Cl 2.2204(5) 2.1851(5) 2.1955(18) 2.150(2)
Ni—NI1 2.0229(13) 2.0002(11) 1.964(3) 1.992(3)
Ni—N2 1.9623(13) 1.9982(11) 1.964(3) 1.992(3)
Ni—N3 2.9269(14) 1.9825(11) 1.962(5) 1.992(5)
Bond angles (deg)
Cl-Ni-N1 117.47(4) 136.75(3) 123.66(10) 125.44(11)
Cl-Ni—N2 132.52(4) 119.62(4) 123.66(10) 125.44(11)
Cl -Ni—N3 116.37(4) 114.91(3) 122.39(16) 121.63(15)
NI —Ni-N2 93.68(5) 89.79(5) 91.47(18) 90.30(19)
NI —-Ni—-N3 96.78(5) 92.22(4) 93.51(14) 92.16(14)
N2 —Ni—N3 92.26(6) 93.12(5) 93.51(14) 92.16(14)

“ from ref. 16

b from ref. 17

Table S6. Selected electronic transitions of 4 in the visible region calculated by the UB3LYP level of TD-
DFT using def2TZVP for Ni and def2SVP for C, H, B, N, and Br.

Oscillator strength UnnEIen
A[nm] P & with Maximum CI |CI coefficient]|
coefficient
112B — 128B 0.44043
116B — 128B 0.37493
665.89 0.0020
122B — 128B 0.45763
124B — 128B 0.30942
113B — 129B 0.59665
117B — 129B 0.46066
595:17 0.0055
118B — 129B 0.31916
123B — 129B 0.34109
390.53 0.0028 126B — 128B 0.93001
123B — 128B 0.38527
383.50 0.0079 124B — 128B 0.69892
125B — 128B 0.33025
123B — 129B 0.76400
344.99 0.0815
124B — 129B 0.39729
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Table S7. Cyclohexane oxidation with mCPBA mediated by the nickel(Il) complexes 4 — 7.

OH

, o O Cl Cl
OO O C3- Q0
> + + + +
Catalyst (2 pmol of nickel)
K

(15 mmol) CH2ClIx(3 mL) + MeCN (1 mL) A Lac Cy-Cl \ Ph-CI
r. t., under Ar, 3 h.

Products / umol

Complex TON! A/(K+ Lac)
A K Lac Cy-Cl Ph-Ci
4 697.6 11.7 20.5 39.6 375.8 401 22
5 4243 5.2 9.8 26.8 217.8 241 28
6 320.6 34 4.5 23.9 160.8 180 40
7 478.0 7.4 27.8 329 268.0 291 14

I'TON = (4 + 2 x K +2 x Lac + Cy-Cl) / nickel
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