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Chart S1. Well-characterized end-on mononuclear Cu/O, intermediates: TMGg,Tren-Cu(II)—superoxo,l’2 N,0,-Cu(ll)-
hydroperoxo,3 BPPA-Cu(ll)-hydroperoxo 4, MesTren-Cu(II)-Hydroperoxo.5

Figure S1

Figure S1. X-Band EPR spectra of solutions | and Ill in black, Easyspin fit spectra in red and deconvolution of the fitted
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Figure S3 [LCu(OAC)eq(MeOH),]"
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Figure S6 [LCu(OOH).q(OAC).x]
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Figure S7 [LCu(OAC)eq(OOH).x]
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C  4.421250000 2.755207000 15.309723000
C  4.293109000 2.270883000 16.618409000
H  4.711349000 1.298664000 16.879813000
C  3.660462000 3.044452000 17.597254000
H 3.566402000 2.662343000 18.615361000
C  3.158997000 4.307481000 17.294327000
H 2.671529000 4.924721000 18.049512000
O  4.436657000 -1.827723000 11.581508000
O  4.556077000 -2.835800000 12.583431000
H 5.516690000 -2.749547000 12.825746000
Figure S8

It was unclear if LCu™® had a vacant binding site or if an acetate ion was coordinating in place of the solvent. To
distinguish the two options excess sodium acetate was added to solution Il. If [LCu(OAc)(MeOH)]* =
[LCu(0Ac)]* + MeOH was the governing process then excess acetate would not affect the equilibrium. If
[LCu(0Ac)(MeOH)]* + AcO~ = [LCu(0Ac),] + MeOH was the governing process then excess acetate
would drive the reaction to the right and the EPR spectrum would be dominated by one copper complex. From
Figure S8, it was clear that NaOAc did not significantly affect the LCu” to LCu® ratio, thus further confirming our
assignment and eliminating [LCu(OAc),] as a plausible species.

dX/dB .
Solution Il
Solution 1l + 100 eq NaOAc
2600 2800 3000 3200 3400
B (G)

Figure S8. X-Band EPR spectra. Black: solution II. Red: Solution Il + 100 equivalents of NaOAc.
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Figure S9. UV/Vis spectra at -50 °C in MeOH of Solution | (0.5 mM) and 10 equiv. Et;N + 40 equiv. H,0,. Zoom of the d-d
transitions. Spectra have been smoothed. (A) 2.5 ms (B) 0.875 s and (C) 174.87 s.

Note S1

In the case of both L and L®, if the dataset with 5 mM H,0, is accounted for in the ANOVA test, the means are
found to be statistically different. If the 5 mM dataset is considered to be an outlier, the means are found to be
statistically similar. For the simplicity of the analysis, the means are considered statistically similar and 5 mM is
considered an outlier. However, it should be noted that the decomposition may have small dependence on
H,0, when using 10 equivalents versus 20 or greater. Further stopped flow experiments would be needed to
test this hypothesis but are not necessary for the general conclusions made in this publication.

Table S$1

Table S1. Average rate of decomposition of LCu-00H® and LDCu-OOHD, the sample size (N) and the calculated KIE.
[H,0,] (M) | N kg C-H (s N kg C-D (s KIE
0.005 5 5.7+0.1x10™ 5 3.58 +0.06 x 10 1.60£0.05
0.01 5 6.6 0.2 x 10 5 40+0.2x10% 1.66£0.05
0.015 5 6.6+0.2x 10 5 43+03x10% 1.52+0.06
0.02 5 6.6+0.1x 10 5 4.7+05x10% 1.41+0.05

Average KIE 1.5£0.1
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Scheme S1. Previously proposed mechanism of the inner-sphere oxidation reaction of solution | with H,0,/Et;N.
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Figure S10. ESI-MS of the organic products after the reaction with 2 equiv. H,0,/EtsN and demetallation with (A) NH,OH
and (B) EDTA(aq).
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