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Characterization of ligand L1
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Figure S1. '"H NMR (300.1 MHz, CDCls, 298 K) of L1 88.42 (d, 1H), 7.53 (t, 1H), 7.25 (d,
1H), 7.11 (t, 1H), 7.06 (d, 1H), 6.82 (d, 1H), 6.63 (t, 1H), 3.68 (s, 4H), 2.58 (t, 2H), 2.41 (t,
2H), 1.95(s, 6H), 1.37 (s, 9H).
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Figure S2. '3C NMR (300.1 MHz, CDCls, 298 K) of L1
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Figure S3. UV-Visible spectrum of L1 in CH;0H.



https://drive.google.com/drive/folders/10fjSUtc9zuNS92mHPmMncKrXyi1SRS9k?usp=sharing
https://drive.google.com/drive/folders/10fjSUtc9zuNS92mHPmMncKrXyi1SRS9k?usp=sharing
https://docs.google.com/spreadsheets/d/10wVaERnjAYgreFwJlSnIzdEGnVSCiOkS/edit?usp=sharing&ouid=107461199139194180116&rtpof=true&sd=true

Characterization of complex 1
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Figure S4. UV-Visible spectrum of 1 in CH;0H
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Figure S5. "TH NMR spectrum of 1 (400.1 MHz, CD;0D, 298 K).
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Figure S6. Cyclic voltammogram of 1 in MeCN (2.72mM) containing [NBug4][PF¢] (0.1M)
as the supporting electrolyte. Scan rate 250 mV/sec. Potentials reported vs. Fc/Fc*.
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Figure S7. Top: Cyclic voltammogram of the titration of complex 1 in MeCN (growth
after addition of 0.25 eq. to 1eq.) (1.11 mM final concentration of 1) Bottom: complex 1
(blue trace) with addition of 20 eq. of 2HAP-H (orange trace) and 1 eq. of Et;N (green
trace-anodic shift) containing [NBu,][PFs] (0.1M) as the supporting electrolyte. Scan rate
250 mV/sec. Potentials reported vs. Fc/Fc*.



10

40 —

Ep, = 80.3 mV

Current (pA)

Potential (V)
Figure S8. Cyclic voltammogram of Fe-N3;O analogue of 1 (shown in inset) in MeCN

(1.5mM) containing [NBu4][PFs] (0.1M) as the supporting electrolyte. Scan rate 250
mV/sec. Potentials reported vs. Fc/Fc*.

Target Compound Screening Report

Results Acquired by The University of Texas at Austin Mass Spectrometry Facility

Data File MSF20-922NiEE_hrESIpos2.d Sample Name 922NIEE Comment  922NiEE
Position P1-C4 Instrument Name Instrument 1 User Name
Acq Method FIA pos.m Acquired Time 9/23/2020 10:53:52 AM DA Method KS.m

MS Zoomed Spectrum

x10 6 |Cpd 1: C21 H30 N3 Ni O: +ESI Scan (0.34-0.42 min, 6 Scans) Frag=180.0V MSF20-922NiEE_hrESI..
11 398.1744

0.8

0.6

400.1707
o 399.1778

02| 4011727 4021698
0 &“

398 3985 399 3995 400 4005 401 4015 402 4025 403 403.5 404
Counts vs. Mass-to-Charge (m/z)

403.1718 404.1674

MS Spectrum Peak List

[[Obs.m/z | cCal.m/z Charge | Abundance | Formula Ton Species Tgt Mass Error (ppm) |
398.1744 398.1737 1 910252[C21H30N3NIO M+ -1.86
399.1778) 399.1768 1 214373|C21H30N3NIO M+ -2.4|
400.1707 400.1699 1 357350]C21H30N3NIO M+ -2.02
401.1727) 401.1721 1 96632 |C21H30N3NIO M+ -1.67
402.1693 402.1685 i 57260|C21H30N3NIO M+ -1.95
40117_14 403.1706 1 1366;|.C21H30N3N|0 M+ -2.63
404.1674] 4041671 1 13682]c21H30N3NIO M+ -0.9
=== End Of Report ---
L% Agilent Technologies Page1of 1 Printed at: 10:56 AM on:9/23/2020

Image S1. HR-ESI-MS of 1
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Dept. Chemistry
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Cil}l. State, Zip Austin. TX, 78704

Sample No. Ni N30
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Image S2. Elemental analysis results for 1 (C, H, N only)

Additional complexes
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Figure S9. UV-Visible spectrum of 1-acac (2) in CH;0H

>

Figure $10. ORTEP representation of 1-acac (2) with ellipsoids drawn at the 50%
probability level. H atoms and counterions are omitted for clarity.

Synthesis of 1-acac (2): Complex 2 was synthesized from the addition of 5 eq. of
lithium acetylacetonate to a methanolic solution of 1. The mixture was allowed to stir for
24 hrs. and the resulting white precipitate was filtered out. The volatiles were evaporated
under reduced pressure and the resulting pale blue powder was washed 3x with diethyl
ether. Note the complex has marginal solubility in this solvent. The resulting powder was
isolated via filtration and set up for slow vapor diffusion of diethyl ether into a 2-butanone
solution of the powder. After 48 hrs. pale blue crystals of 2 were obtained.

Biomimetic oxidative C-C bond cleaving reactivity
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Figure S11. UV-Visible spectrum of 1-2HAP in CH;0H



14

AL —

160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

Y

N e

140 ' 130 120 10 | 100 90 | 80 70 ' 60 | 50 | 40 30 ' 20 | 10 00
1 (ppm)

Figure S12. '"H NMR (400.1 MHz, CD,0D, 298 K) spectrum of 1 (red trace) compared to
1 with 20 eq. of 2HAP-H + 2eq of EtsN (proposed 1-2HAP) (teal trace). Note the significant
differences upon binding of substrate to 1.
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Figure S$13. ORTEP representation of 1-Benzoic acid (3) with ellipsoids drawn at the
50% probability level. H atoms and counterions are omitted for clarity.

Synthesis of 1-Benzoic acid (3): During our attempts to crystallize 1-2HAP, complex 3
resulted from slow evaporation of dichloromethane solutions of a blue/green powder that
resulted from the reaction of 1 with 20 eq. of 2HAP-H and 2 eq. Et;N in MeCN. The
resulting mixture was dried under vacuum and the crude material triturated with diethyl
ether 3x. The resulting bluish powder was dissolved in minimum dichloromethane and
placed in a vial with a small gauge needle. Over the course of three days, pale yellow
crystals resulted. The bulk of the material was analyzed through various samples and
consistently yielded the complex shown in figure S16SX (1-Benzoic acid). This we
presume resulted from the oxidative cleavage of 2HAP by 1, in the presence of trace
adventitious O, in the solvent mixture.
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Figure S14. '"H-NMR in CD3;0D of the reaction mixture between 1, 1 eq. of 2HAP-H, 2
eq. of Et3N, under N, (blue trace). Reaction mixture after addition of 60 minutes of O,
(teal trace). Note the complete disappearance of starting material 2HAP-H. Addition of 2
additional eq. 2HAP-H (3 eq total, green trace), addition of 80 more minutes of O,
(yellow trace), addition of 2 more eq 2HAP-H (5 eq total, brown trace), and 80 more
minutes of O, (purple trace).
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Figure S15. '"H-NMR in CD5;0D of the reaction mixture between 1, 20 eq of 2HAPH, 2
eq of triethyl amine (Et;N) under N, (purple trace). Reaction mixture after addition of 40

minutes of O, (teal trace). Addition of 40 more minutes of O, (green trace), and 20 more
minutes of O, and 20 hours of reaction time (brown trace-bottom).
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Figure S16."H-NMR in CD;0D of the reaction mixture between 20 eq of 2HAPH, under
N, (purple trace). Reaction mixture after addition of 2 eq of triethyl amine (Et;N) (teal
trace). Reaction mixture after addition of 40 minutes of O, (green trace), and 2 hours of
reaction time (brown trace-bottom).

.—L‘ L
Videos S1. Left- Cyclic transformation over time for the oxygenation reaction of 1 with
2HAP-H (20 eq), Et3N (2eq.) in CD;0D with excess O,. Darker color ensues as O,

diffuses into the solvent. Right- Gradual presumed consumption of O, and return to
starting point on the proposed catalytic reactivity of 1.
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Figure S17. GC-MS of the product mixture resulting from the reaction of 1 with O, in the
presence of 2HAP and Et;N after aqueous acidic workup. Bottom: left: MS is the target
product from the MS database, and right is the resulting product. The additional peaks at
5.42 min retention time is phenylglyoxal which is the presumed preliminary oxidation
product of the substrate 2HAPH, and the peak at 9.61 is glycolic acid, trimethylsilyl ester.
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Figure S$18. UV-Visible spectrum of the reaction between 1 and 1eq. of the one-electron
outer sphere oxidants tris(4-bromophenyl) ammoniumyl hexachloroantimonate (magic
blue) in MeOH. Growth occurs over a 1 hr period. This species is transient and decays
fully in a 12 hr period.
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Figure S19. UV-Visible spectrum of the reaction between 1 and 1eq. of the one-electron
outer sphere oxidants tris(4-bromophenyl) ammoniumyl hexachloroantimonate (magic
blue) in MeCN. Growth occurs within minutes of addition. The stability of this species is
of days.
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Figure $20. UV-Visible spectra of the reaction between 1 + 20 eq of 2HAP-H and 1eq.
of the one-electron outer sphere oxidants tris(4-bromophenyl) ammoniumyl
hexachloroantimonate (Magic Blue) in MeOH. Top: Immediate growth upon addition of
Magic Blue. Species at 436 nm decays within 1 hr. Middle and bottom: Growth of a
secondary species with absorbances at 436, 472, 778, and 876 nm. This occurs over a
period of 1 hr. Note that this secondary species decays completely within 1 hr. after
maximum absorption is obtained.
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Figure S21. UV-Visible spectra of the reaction between 1 + 1eq. of the one-electron
outer sphere oxidant ammonium Ce(IV) nitrate in MeCN. Top: Immediate growth upon
addition of oxidant at 450nm. This species decays within 10 hr. to the 471 nm species.
Bottom: Concomitant growth of a secondary species with absorbances at 436, 471, 780,
and 877 nm. This occurs over a period of 10 hr. Note that this secondary species
appears to be stable to decay when it was monitored over a period of 3 days.
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Computational details

* For figures SX-SX (TD-DFT) all cations are doublets. All neutrals are triplets.
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Figure S23. Cationic 1-benzoate— intensity increases for cation, lambda-max ~ 650 nm
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Figure S25. Cationic 1-OTf- intensity increases for cation, shift in lambda-max from

~450 (neutral) to ~550 (cation) nm
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Figure S27. Cationic 1-2HAP TD-DFT- as before, there is an increase in intensity upon
oxidation of the Ni(ll) complex. For the 2HAP ligand, little shift in lamda-max.
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Figure $28. Core geometry of cationic, triplet 1-2HAP-H complex. Note the H-bonding
interaction between the hydroxyl proton of 2-hydroxy-acetophenone and the phenolate
arm of the N3O chelating ligand.

Figure $29. Comparison of inner (left) and outer (right) sphere transition states for C—H
activation of alpha C, carbon of the 2-HAP ligand. Bond lengths in Angstrom units.

Figure S30. Comparison of Ni-OOH (left) and organic hydroperoxyl (right) intermediate
complexes.
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Figure S31. TD-DFT calculated UV-vis spectra for neutral 1-2hap (orange line), its
Ni(lll) cation (blue line), Ni(lll)-superoxide adduct (green line) and the Ni(ll)-
hydroperoxide (red line) generated from the latter by intramolecular C-H activation.
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X-ray Data collection and refinement details
1 (CCCD identifier for compound 1: 2375944 )
Crystals grew as clusters of green prisms by slow evaporation from diethyl ether
into butanone. The data crystal was cut from a larger crystal and had
approximate dimensions; 0.33 x 0.13 x 0.093 mm. The data were collected on a
Rigaku Oxford Diffraction HyPix6000E Synergy diffractometer using a m-focus
Cu Ka radiation source (A= 1.5418A) with collimating mirror monochromators. A
total of 3240 frames of data were collected using m-scans with a scan range of
0.5° and a counting time of 1 second per frame for frames collected with a
detector offset of +/- 48.3° and 4 seconds per frame with frames collected with a
detector offset of +/- 105.1°. The data were collected at 100 K using an Oxford
Cryostream low temperature device. Details of crystal data, data collection and
structure refinement are listed in Table 1. Data collection, unit cell refinement
and data reduction were performed using Rigaku Oxford Diffraction’s CrysAlisPro
V 1.171.41.115a." The structure was solved by direct methods using SHELXT?

and refined by full-matrix least-squares on F2 with anisotropic displacement
parameters for the non-H atoms using SHELXL-2018/3.3 Structure analysis was
aided by use of the programs PLATON# and OLEX2.5 The hydrogen atoms on
the carbon atoms were calculated in ideal positions with isotropic displacement
parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen
atoms).

The function, w(|Fo|? - |F¢|?)2, was minimized, where w = 1/[(c(F,))2 +
(0.0468*P)2 + (0.763*P)] and P = (|Eo|2 + 2|Fc2)/3. Ry (F2) refined to 0.0865, with R(F)
equal to 0.0322 and a goodness of fit, S, = 1.04. Definitions used for calculating R(F),

RW(FZ) and the goodness of fit, S, are given below.6 The data were corrected
for secondary extinction effects. The correction takes the form: F o =kF¢/[1 +
(8.0(9)x10-7)* F.2 A3/(sin20)]0-25 where k is the overall scale factor. Neutral atom
scattering factors and values used to calculate the linear absorption coefficient
are from the International Tables for X-ray Crystallography (1992).7 All figures

were generated using SHELXTL/PC.8 Tables of positional and thermal
parameters, bond lengths and angles, torsion angles and figures are found
elsewhere.
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CCCD identifier for compound 2: 237724 Crystals grew as clusters of large,
blue prisms by slow evaporation of diethyl ether into 2-butanone. The data
crystal was cut from a larger crystal and had approximate dimensions; 0.28 x
0.21 x 0.15 mm. The data were collected on a Rigaku Oxford Diffraction
HyPix6000E Synergy diffractometer using a m-focus Cu Ka radiation source (A=
1.5418A) with collimating mirror monochromators. A total of 2862 frames of data
were collected using w-scans with a scan range of 0.5° and a counting time of 0.5
seconds per frame for frames collected with a detector offset of +/- 48.3° and 2.5
seconds per frame with frames collected with a detector offset of +/- 105.1°. The
data were collected at 100 K using an Oxford Cryostream low temperature
device. Details of crystal data, data collection and structure refinement are listed
in Table 1. Data collection, unit cell refinement and data reduction were
performed using Rigaku Oxford Diffraction’s CrysAlisPro V 1.171.41.115a." The
structure was solved by direct methods using SHELXT? and refined by full-matrix

least-squares on F2 with anisotropic displacement parameters for the non-H
atoms using SHELXL-2018/3.3 Structure analysis was aided by use of the
programs PLATON# and OLEX2.5 The hydrogen atoms on the carbon atoms
were calculated in ideal positions with isotropic displacement parameters set to
1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms).

The function, Sw(|Fo|?2 - |Fc|2)2, was minimized, where w = 1/[(c(Fo))? +
(0.0457*P)2 + (1.479*P)] and P = (|Fo|2 + 2|F¢|2)/3. Rw(F2) refined to 0.0900, with
R(F) equal to 0.0337 and a goodness of fit, S, = 1.03. Definitions used for calculating
R(F), RW(FZ) and the goodness of fit, S, are given below.6 The data were
checked for secondary extinction effects but no correction was necessary.
Neutral atom scattering factors and values used to calculate the linear absorption
coefficient are from the International Tables for X-ray Crystallography (1992).7
Al figures were generated using SHELXTL/PC.8 Tables of positional and
thermal parameters, bond lengths and angles, torsion angles and figures are
found elsewhere.
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3 (1-Benzoic acid; CCCD identifier for compound 3: 2375818 ) Crystals grew
as pale- yellow prisms by slow evaporation from dichloromethane. The data
crystal was cut from a larger crystal and had approximate dimensions; 0.21 x
0.11 x 0.07 mm. The data were collected on a Rigaku Oxford Diffraction
HyPix6000E Synergy diffractometer using a m-focus Cu Ka radiation source (A =
1.5418A) with collimating mirror monochromators. A total of 2244 frames of data
were collected using w-scans with a scan range of 0.5° and a counting time of 3
seconds per frame for frames collected with a detector offset of +/- 48.3° and 11
seconds per frame with frames collected with a detector offset of +/- 104.5°. The
data were collected at 100 K using an Oxford Cryostream low temperature
device. Details of crystal data, data collection and structure refinement are listed
in Table 1. Data collection, unit cell refinement and data reduction were
performed using Rigaku Oxford Diffraction’s CrysAlisPro V 1.171.41.123a." The
structure was solved by direct methods using SHELXT? and refined by full-matrix

least-squares on F2 with anisotropic displacement parameters for the non-H
atoms using SHELXL-2018/3.3 Structure analysis was aided by use of the
programs PLATON# and OLEX2.5 The hydrogen atoms on the carbon atoms
were calculated in ideal positions with isotropic displacement parameters set to
1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms).

There are two Ni complexes in the asymmetric unit that are related by a
pseudo inversion center near 3/8, %, ¥a. The complexes deviate from
centrosymmetry due to the coordination of the triflate ions. Triflate ions are
disordered to a different extent. The predominant triflate ion bound to Ni2 has an
occupancy factor of 87%, while the predominant triflate ion on Ni2 has an
occupancy factor of 69%. The predominant triflate ions break the inversion
symmetry.

The function, w(|Fo|? - |F¢|?)2, was minimized, where w = 1/[(c(F,))2 +
(0.107*P)2 + (1.9703*P)] and P = (|F,|2 + 2|F¢|?)/3. Ry(F?) refined to 0.148, with R(F)
equal to 0.0520 and a goodness of fit, S, = 1.03. Definitions used for calculating R(F),
Rw(F2) and the goodness of fit, S, are given below.6 The data were checked for
secondary extinction effects, but no correction was necessary. Neutral atom
scattering factors and values used to calculate the linear absorption coefficient
are from the International Tables for X-ray Crystallography (1992).7 All figures

were generated using SHELXTL/PC.8 Tables of positional and thermal
parameters, bond lengths and angles, torsion angles and figures are found
elsewhere.
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1

2

3

Empirical
formula

C22 H30 F3 N3 Ni O4
S

C26 H37 N3 Ni O3

C30 H37 CI2 F3 N3 Ni O6 S

0.33x0.13x0.093

mm3

Formula weight 548.26 498.29 754.29
Temperature 99.98(19) K 100.0(5) K 100.0(6) K
Wavelength 1.54184 A 1.54184 A 154184 A
Crystal system | triclinic monoclinic monoclinic
Space group P -1 P121/c1 P1ci
Unit cell a=9.39775(11) A a=11.61580(14) _ _ame
dimensions a= 93.7250(8)°. A a= 90°. a =17.2655(3) A a= 90
b=10.41762(10) A b = 15.48907(15) b =11.9834(2) A
c =13.43710(11) A A b=108.252(2)°.
g =99.7261(9)". b= 106.8157(12)°. c=16.9887(3) A g = 90°.
¢ = 14.59532(16)
Ag=090°.
Volume 1207.28(2) A3 2513.67(5) A3 3338.11(11) A3
Y4 2 4 4
Density 1.508 Mg/m3 1.317 Mg/m3 3
(calculated) g g 1.501 Mg/m
Absorption -1 -1 -1
coefficient 2.478 mm 1.361 mm 3.447 mm
F(000) 572 1064 1564
Crystal size

0.28x0.21 x0.15

mm3

0.216 x 0.114 x 0.07 mm3

reflections

4821 [R(int) = 0.0165]

Theta range for | 3.533 to 76.413°. 3.976 to 76.710°. 2.695 to 76.269°.

data collection

Indexranges | 14 _pe=qq, - -14<=h<=14, - 21<=h<=21, -11<=k<=14, -
13<=k<=13, - 10<=k<=19, - 21<=|<=21
16<=I<=16 18<=I<=18

cI?ct)elIf‘laecc;teigns 13150 24090 25771

Independent

5168 [R(int) =

8632 [R(int) = 0.0277]
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0.0283]
Completeness | 98.9 % 100.0 %
to theta = 99.0 %
67.684°
Refinement Full-matrix least- Full-matrix least- .

thod 2 2 Full-matrix least-squares on
me squares on F squares on F 5
F

Data / 4821 /337 /372 5168 /0 /305
restraints / 8632 /669 / 932
parameters
Goodness-offit | 4 44 1.033 1.050

on F2

Final R indices

R1=0.0322, wR2 =

R1=0.0337, wR2

R1=0.0520, wR2 = 0.1460

[I>2sigma(l)]
0.0861 =0.0893

(Fj{altr;cilces (all R1 = 0.0327, wR2 = R1 = 0.0345, wR2 R1=0.0533, wR2 = 0.1477
0.0865 = 0.0900

Extinction 8.0(19)x107 / /

coefficient n'a n'a

Largest diff. 0.420 and -0.397 0.682 and -0.879 e A-3

peak and hole

0.417 and -0.347 e.A-3

e.A-3
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