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Figure S1. (A) Dependence of the Epc (in MeOH) on the halonium cation in meta-substituted compounds 1b, 1d, 1g, and 1i.
(B): Dependence of the Epc on the substitution pattern (meta vs. para) and solvent (MeOH vs. MeCN). The differences are
based on the following factors: i) The electronic effect of the carboxylic group; going from meta to para substitution the Epc is
shifted by ca. 200 mV in MeOH (1d — 1c, 1g — 1f). In MeCN, these shifts are less pronounced. ii) lon pairing/solvation; this
is the ruling factor for the different Epc values. In going from MeOH to MeCN, the Epc values alter by ca. 100 mV, however
this change is not uniform in going from I* to Br* to CI*. This can be traced back to the differing solvation/character of the ion
pairs [(diaryl halonium)* OTf].t
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Figure S2. Cyclovoltammogram of 1b (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs, supporting
salt: BusNCIO4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S3. Cyclovoltammogram of 1d (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs, supporting
salt: BusNCIO4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S4. Cyclovoltammogram of 1f (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs, supporting
salt: BusNCIO4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S5. Cyclovoltammogram of 1g (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs, supporting
salt: BusNCIO4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S6. Cyclovoltammogram of 1h (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs2, supporting
salt: BusNCIO4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S7. Cyclovoltammogram of 1i (blue curve, 30 mM concentration, solvent: MeCN, scan rate: 500 mVs2, supporting
salt: BusNCIOx4 (0.1 M), working electrode: Pt). The red curves indicate the decrease of the reduction peak upon addition of
NADH.
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Figure S8. CW-EPR during the reaction of 1g, NADH, and PBN overlaid with the simulated spectrum.
Parameters of simulation:
Radical 1: N hfc = 15.5, 'H hfc = 4.1
Radical 2: N hfc = 15.4, 'H hfc = 4.1
Ratio 41/59
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Figure S9. CW-EPR during the reaction of 1h, NADH, and PBN.
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Figure S10. HPLC-Chromatogram and mass spectra of selected peaks of redox reaction with NADH and diarylbromonium
salt 1f using t-BAM (30) as a non-polymerizable monomer. Intact diarylbromonium salt (top left) as well as hydroperoxide-
adduct/fragmentation products of t-BAM adducts (top right) could be detected. Please note that the modifications could also
occur on the bromophenyl ring.
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Figure S11. HPLC-Chromatogram and mass spectra of selected peaks of redox reaction with NADH and diarylchloronium
salt 1h using t-BAM (30) as a non-polymerizable monomer. Intact diarylchloronium salt (top left) as well as hydroperoxide-
adduct/fragmentation products of t-BAM adducts (top right) could be detected. Please note that the modifications could also
occur on the chlorophenyl ring.
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Figure S12. HPLC-Chromatogram and mass spectra of selected peaks of redox reaction with NADH and diaryliodonium salt
la using t-BAM (30) as a non-polymerizable monomer. Intact diaryliodonium salt (top left) as well as hydroperoxide-
adduct/fragmentation products of t-BAM adducts (top right) could be detected. Please note that the modifications could also

occur on the phenyl ring.
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Figure S13. Control experiment with selected diphenylenehalonium salts and glutathione. Glutathione (11.1 mM in H20,
450 pL, 5.0 pmol, 1.0 eq.) was warmed to 40 °C in HPLC-Vial, halonium salt 1d/1f/1h (120 mM in DMSO, 50 puL, 6.0 umol,
1.2 eq.) was added at 40 °C and the mixture stirred at 40 °C for 3 h. Samples were analyzed by HPLC-MS.
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Figure S14. (A) Fluorescent SDS-PAGE analysis of the labeling of different recombinant enzymes with probe 3aa (30 uM,
1 h) without/with prior denaturation (= denat.) with heat + 1% SDS. Protein bands were visualized by fluorescent staining. (B)
Total protein stain of activity-based gel. Proteins were visualized with Krypton fluorescent protein stain. Mark 12™ Unstained
Standard (Thermo Fisher Scientific) was used as protein standard (= std). ALDH = aldehyde dehydrogenase 2 (recombinant
human), ADH = alcohol dehydrogenase (yeast), EUOX = eugenoloxidase (Rhodococcus jostii), CHOX = choline oxidase
(Arthrobacter nicotianae), FDH = formate dehydrogenase (Clostridium carboxidivorans). Mark 12™ Unstained Standard

(Thermo Fisher Scientific) was used as protein standard (= std).
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Figure S15. (A) Fluorescent SDS-PAGE analysis of the labeling of NQO1 with probe 3aa (1 — 50 uM, 1 h; no = no probe
added) with NADH and with or without inhibitor (dicoumarol, 10 or 20 uM, 15 min) added. All experiments were performed
in duplicates. Protein bands were visualized by fluorescent staining. Lipoprotein lipase (LPL) was used as a positive control.
(B) Total protein stain of activity-based gel. Proteins were visualized with Krypton fluorescent protein stain. Pierce™
Unstained Protein MW Marker (Thermo Fisher Scientific) was used as protein standard (= std).
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Figure S16. (A) Fluorescent SDS-PAGE analysis of the labeling of NQO1 with probes 3aa-3ea (40 uM, 1 h; no = no probe
added) with (+) or without (~) NADH added. Protein bands were visualized by fluorescent staining. (B) Total protein stain of
activity-based gel. Proteins were visualized with Krypton fluorescent protein stain. Pierce™ Unstained Protein MW Marker

(Thermo Fisher Scientific) was used as protein standard (= std).
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Figure S17. (A) Fluorescent SDS-PAGE analysis of the labeling of NQO1 with probes 3eb-3ia (40 uM, 1 h) with (+) or
without () NADH added. Protein bands were visualized by fluorescent staining. (B) Total protein stain of activity-based gel.
Proteins were visualized with Krypton fluorescent protein stain. Pierce™ Unstained Protein MW Marker (Thermo Fisher

Scientific) was used as protein standard (= std).
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Figure S18. (A) Fluorescent SDS-PAGE analysis of the labeling of denatured (2% SDS + heat) NQO1 with selected probes
(40 uM, 1 h; no = no probe added) with (+) or without () NADH added. Protein bands were visualized by fluorescent staining.
(B) Total protein stain of activity-based gel. Proteins were visualized with Krypton fluorescent protein stain. Pierce™
Unstained Protein MW Marker (Thermo Fisher Scientific) was used as protein standard (= std).
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Figure S19. Enzymatic activity of NQO1wt with and without iodonium probe 3aa. NQO1wt (10 nM) was mixed with 200 pM
NADH and 200 pM menadione as substrate and the consumption of NADH was followed at 365 nm as an indicator for
enzymatic activity. The red solid line shows the consumption of NADH in the activity assay performed with NQO1wt, the blue
and black solid lines were measured when NQO1wt was pretreated with iodonium probe 3aa and when no enzyme was added
to the reaction mixture, respectively. The experiments were performed in triplicates (mean values are shown).
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Figure S20. (A) Reduction und reoxidation of NQO1 with NADH and oxygen. UV-vis absorption spectra were recorded during
the reduction of 40 uM NQO1 in 50 mM HEPES, pH 7.0 with a 4-fold excess of NADH. The solid black line shows the
spectrum of the oxidized flavin cofactor of NQO1 with the two characteristic absorption maxima at 375 and 450 nm. The
dashed colored lines (magenta to orange) were recorded immediately after addition of 160 uM NADH and after 3, 6, and 8 min
and show the reduced flavin cofactor (complete loss of absorption at 450 nm) and a characteristic peak of NADH at 340 nm.
The solid red line shows the reduced flavin cofactor of NQO1 10 min after the addition of NADH, when almost all reducing
agent was used up. The dotted lines (cyan to dark blue) represent the spectra during reoxidation of the flavin cofactor with
oxygen and the final spectrum of the reoxidized flavin is shown as a solid light blue line. (B) Reaction of reduced NQO1 with
iodonium probe 3aa. The solid black line represents the spectrum of 40 pM NQO1 in 50 mM HEPES, pH 7.0. The solid red
line was recorded 2 min after the addition of 160 uM NADH and prior to the addition of 400 yuM 3aa. The dashed-dotted lines
show selected spectra during the reaction of reduced NQO1 with 3aa. The solid light blue line corresponds to the final spectrum
after reaction of NQO1 with 3aa. Note that the reaction of the reduced flavin with 3aa proceeds with two isosbestic points at
338 and 368 nm (grey arrows).
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Figure S21. (A) Reaction of reduced NQO1 with iodonium probe 3aa. The solid black line represents the spectrum of 40 uM
NQO1 in 50 mM HEPES, pH 7.0. The solid red line was recorded 2 min after the addition of 80 uM NADH and prior to the
addition of 400 uM 3aa. The lines in dash-dotted style show selected spectra during the reaction of reduced NQO1 with 3aa,
respectively. The solid light blue line corresponds to the final spectrum after reaction of NQO1 with 3aa. (B) Reaction of
reduced NQO1 with bromonium probe 3ga. The solid black line represents the spectrum of 40 uM NQOL1 in 50 mM HEPES,
pH 7.0. The solid red line was recorded 2 min after the addition of 80 UM NADH and prior to the addition of 400 uM 3ga. The
final spectrum after the fast reaction of NQO1 with 3ga is drawn as solid light blue line. (C) Reaction of reduced NQO1 with
chloronium probe 3ha. The solid black line represents the spectrum of 40 uM NQO1 in 50 mM HEPES, pH 7.0. The solid red
line was recorded 2 min after the addition of 80 uM NADH and prior to the addition of 400 uM 3ha. The final spectrum after
the fast reaction of NQO1 with 3ha is drawn as solid light blue line.

Acquisition of spectra prior to and after addition of NADH show the spectral changes induced by the
reduction of the flavin. Without the addition of probe, the flavin will undergo complete reoxidation to
its initial state under aerobic conditions (Figure S20A). However, upon addition of probes 3aa, 3ga, and
3ha after complete reduction of NQOL1 with 2 eq. NADH, the flavin is “trapped” in its reductive state
and reoxidation to the initial state is suppressed (Figure S21). The reactions of bromonium probe 3ga

and chloronium probe 3ha with reduced NQO1 proceeded very fast. Almost no competing reoxidation
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by airborne oxygen could be observed, as the characteristic flavin absorption maxima at 375 and 450 nm
(Figure S21B-C, solid black lines), respectively, were not visible at all after the reactions (Figure S21B-
C, solid light blue lines). lodonium probe 3aa, on the other hand, reacted more slowly with reduced
NQOL. The final spectrum recorded upon complete reaction after preliminary reduction of NQO1 with
2 eq. NADH and addition of 10 eq. 3aa (Figure S21A, solid light blue line), as well as some spectra
recorded during the reaction (Figure S21A, dash-dotted lines), feature the characteristic flavin
absorption maxima, indicating that NQO1 had already been partially reoxidized by oxygen before it was
able to react with iodonium probe 3aa. However, the discrepancy between the initial (Figure S21A, solid
black line) and final spectrum (Figure S21A, solid light blue line) can unequivocally be attributed to a
reaction between the flavin of NQO1 and 3aa. Upon adding more reducing agent (4 eg. NADH instead
of 2 eq.) prior to the addition of iodonium probe 3aa, a significant change could be observed
(Figure S20B). As more reduced NQO1 was available over the course of the reaction, due to a constant
further reduction after reoxidation by airborne oxygen, more probe was able to react with and label the
flavin cofactor of NQOL, resulting in a final spectrum with less prominent flavin peaks and more similar
to the ones acquired from the reaction with bromonium and chloronium probes 3ga and 3ha
(Figure S21B-C, solid light blue lines). Interestingly, two clear isosbestic points appeared during this
reaction (Figure S20B), indicating that the reaction proceeds via a single species, which is from reduced
flavin to the flavin-probe adduct. Isosbestic points were not visible in the reactions with 2 eq. NADH
(Figure S21A-C) because in the reaction with iodonium probe 3aa the reduced flavin of NQO1 formed
two different products (i.e. reoxidized flavin and flavin-probe adduct) and the reactions with the
bromonium and chloronium probe proceeded merely too fast. Notably, without preceding reduction by
NADH, addition of the probes did not have significant influence on the flavin spectra. This observation
once again substantiates our “activation by enzymatic reduction” proposal. As already proposed by Tew?
and Massey et al.,® flavin-halonium adduct formation can occur either via nucleophilic attack of the
flavin anion or via radical intermediates. The latter mechanism, however, has not been found throughout

all flavoenzymes tested.®
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Figure S22. (A) Fluorescent SDS-PAGE analysis of the labeling of fresh mouse liver pieces with probes 3aa-3ia (30 uM, 1 h;
no = no probe added). Protein bands were visualized by fluorescent staining. (B) Total protein stain of activity-based gel.
Proteins were visualized with Krypton fluorescent protein stain. Pierce™ Unstained Protein MW Marker (Thermo Fisher

Scientific) was used as protein standard (= std).
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Figure S23. Structure of dibenzocyclooctyne (DBCO)-TEV-Biotin strain-promoted click linker (PiChem, Austria).
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Figure S24. One-sided volcano plot for the labelling of murine liver with diphenyliodonium probe 3ab (30 uM, 1 h) showing
the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ab) vs. non-
probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase, =
potential off-target.
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Figure S25. One-sided volcano plot for the labelling of murine liver with diphenyliodonium probe 3ba (30 uM, 1 h) showing

the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ba) vs. non-

probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S26. One-sided volcano plot for the labelling of murine liver with diphenyliodonium probe 3bb (30 uM, 1 h) showing

the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3bb) vs. non-

probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S27. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3ca (30 uM, 1 h)
showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ca)
vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S28. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3cb (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3cb)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S29. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3da (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3da)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S30. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3db (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3db)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S31. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3ea (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ea)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S32. One-sided volcano plot for the labelling of murine liver with diphenyleneiodonium probe 3eb (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3eb)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S33. One-sided volcano plot for the labelling of murine liver with diphenylenebromonium probe 3fa (30 pM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3fa)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S34. One-sided volcano plot for the labelling of murine liver with diphenylenebromonium probe 3fb (30 uM, 1 h)
showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3fb)
vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S35. One-sided volcano plot for the labelling of murine liver with diphenylenebromonium probe 3ga (30 pM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ga)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S36. One-sided volcano plot for the labelling of murine liver with diphenylenebromonium probe 3gb (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3gb)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S37. One-sided volcano plot for the labelling of murine liver with diphenylenechloronium probe 3ha (30 pM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ha)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Figure S38. One-sided volcano plot for the labelling of murine liver with diphenylenechloronium probe 3ia (30 uM, 1 h)

showing the distribution of quantified proteins according to —log p value and difference of proteins in probed (with probe 3ia)

vs. non-probed samples. Proteins above the line are considered statistically significant (p-value <0.01). e = oxidoreductase,
= potential off-target.
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Table S1. Fold change values for all significantly enriched proteins vs. control (no probe added) with probes 3aa-3ia from
multiple comparison corrected pairwise test (FDR = 5%).2 Fold change values highlighted in orange represent values for
proteins significantly enriched by the respective probe.

Protein Probe
Gene name EC? 3aa 3ab 3ba 3bd 3ca 3cb 3da 3db 3ea 3eb 3fa 3fb 3ga 3gb 3ha 3ia
Rdh16 1.1.1.105 P48l 1.14 1.49 126 1.15 1.21 1.14 1.19 0.94 1.15 1.21 1.09 1.40 1.20 1.73 1.40
Rdh7 1.1.1.105 B3B8 1.90 2.07 1.33 1.12 1.02 1.09 1.04 1.02 1.05 1.09 1.05 1.41 1.10 1.71 2.13
Gpd2 1.1.5.3 1.41 1.07 1.52 1.34 2.13 1.48 3.66 1.33 0.84 1.03 2.33 1.69 B8l 1.58 1.31 1.38
Chdh 1.1.99.1 1.20 1.00 1.10 1.04 1.01 0.96 0.97 1.02 1.01 1.08 1.37 1.04 1.06 0.96 2106 1.08
Aldh8al  1.2.1- 1.15 1.01 1.07 1.00 1.04 1.08 1.09 1.02 1.02 1.03 1.35 1.45 1.24 1.07 2552 1.61
Aldhla7  1.2.1.3 92 1.15 2.25 1.20 1.03 1.01 1.10 1.04 1.11 1.09 1.17 1.34 2.25 1.32 3102 1.85
Aldh3a2  1.2.1.3 1.20 1.09 1.06 1.07 1.06 1.09 1.05 1.05 0.97 1.00 1.19 BT 1.19 1.23 2%6 1.29
Maoa 1.43.4 1.52 1.08 1.18 0.96 0.88 0.93 0.98 0.82 0.77 0.78 1.99 BIF0l 2.80 2.37 2.06 1.52
Prodh 1.5.5.2 2556 1.02 1.41 1.17 1.20 1.10 0.95 1.03 0.86 1.01 1.40 1.04 1.23 0.90 1.06 1.04
Ndufvl  1.6.5.3;1.6.99.3 1.07 1.27 0.99 1.61 1.72 1.94 1.42 2.04 1.55 1.06 1.75 @67 1.06 2.44 1.58 0.95
Bco2 1.13.11.71 1.20 0.91 1.11 1.01 1.02 1.11 1.01 1.30 0.88 0.95 2.20 1.65 3.47 1.36 2168 1.96
Cyp27al  1.14.13.15 B2 2.60 2.64 3.10 2192 2.65 BEIO 2.82 1.40 1.03 2.66 4105 BI05 3.34 231 1.78
Fmol 1.14.13.8 B22 1.59 1.79 1.51 1.01 1.03 1.07 1.02 0.82 0.89 1.12 0.92 1.61 1.05 1.60 1.41
Cyp3a25 1.14.14.1 2102 1.66 1.85 2.03 2.12 1.73 2180 1.72 1.20 1.15 1.54 202 2.14 1.79 1.60 1.30
Cyp2d10  1.14.14.1 1.71 1.38 1.86 2.08 49 2.74 34 2.04 1.22 1.13 2.44 [BI19 337 2.51 2158 2.56
Cyp2d26 1.14.14.1 1.20 1.10 1.23 1.28 1.39 1.56 1.19 1.17 0.97 1.06 1.09 207 1.22 1.21 1.20 1.23
Hmox2 1.14.99.3 2169 1.28 1.98 1.79[2158 1.60 258 1.43 1.00 1.00 1.71 1.49 2.59 1.47 2466l 2.10
Steap4 1.16.1.- 1.23 1.11 1.10 1.22 1.09 1.60 1.40 1.63 0.94 0.90 1.42 2169 1.93 2.57 1.35 1.34
Xdh 1.17.1.4;1.17.3.2 86 1.77 1.98 2.45 1.56 1.59 1.24 1.17 1.30 1.03 1.25 1.60 1.15 1.08 1.10 1.04
Aoxl 1.17.3.:1.23.1  1.69 1.88 2.39 2.46 1.85 1.81 2152 2.32 1.76 1.06 2.17 265l 2.55 2.74 1.25 1.01
Vkorclll  1.17.4.4 BIS 1.11 1.15 0.91 1.14 1.16 1.36 0.91 1.17 1.19 1.55 1.61 1.86 1.34 1.49 1.11
Nnmt 2.1.1.1 1.01 0.97 0.96 1.03 1.08 0.98 1.00 0.97 0.96 0.94 1.62 1.16 1.47 0.95 446 1.48
Ip6k1 2.7.4.21 1.32 0.63 1.37 0.85 0.74 0.94 0.66 1.43 0.87 0.77 2.79 0.73 1.17 0.59 3188 0.68
Nfsl 2.8.1.7 2103 @37 1.72 2.63 1.06 1.09 0.94 1.22 1.04 1.03 0.97 2162 1.08 2.17 1.07 1.15
Irgml 3.6.5.- 78 1.01 1.34 1.18 1.14 1.10 1.08 1.09 0.91 1.02 1.10 1.19 1.27 1.12 1.81 1.37
Hmgcl 4.13.4 1.03 1.15 1.01 1.02 1.01 0.91 1.06 0.92 1.13 0.96 1.10 232 1.08 1.50 1.54 1.01
Pcbd2 4.2.1.96 1.05 1.54 1.05 1.54 1.00 0.92 1.02 0.99 1.19 0.98 1.09 2.49 1.08 3184 1.03 0.90
Cisd3 n.a. 2.12 0.95 1.91 1.00 2.08 1.38 2.19 1.34 1.27 1.26 1.84 1.43 2.14 1.19 248 1.79
Sigmarl  n.a. 1.08 0.98 0.99 1.13 0.94 1.02 0.96 1.01 0.97 0.85 0.94 1.03 1.26 0.97 2H5l 1.44
Urbl n.a. 1.66 1.66 2.15 1.64 2.00 1.87 1.70 2468l 1.78 1.94 1.48 2106 1.55 1.88 1.81 1.28
Scarbl n.a. 3152 1.10 1.92 1.06 0.82 1.08 0.86 0.98 0.43 1.18 1.02 0.96 1.04 0.89 1.10 1.29
Apoc4 n.a. 2183 2.51 1.92 1.77 1.59 1.80 3.00 1.14 1.79 2.80 2.89 2.42 2.49 3.53 FlI57 2.83
Rasl2-9  na. |48 1.80 2.70 2.00 2.05 2.10 2.20 1.56 1.09 1.26 1.56 1.59 2.75 1.31 4.06 3.09
Atg2a n.a. 1.38 1.13 1.33 1.07 1.15 1.17 1.09 1.33 1.04 1.29 1.10 1.03 1.09 1.03 {74 1.25
Wdrd3 n.a. 1.19 1.00 1.68 1.47 1.79 1.43 0.98 1.40 0.98 1.52 1.40 1.40 1.36 1.06 Bi7 1.22
Glrx5 n.a. 3150 3122] 1.89 2.98 1.15 1.49 1.11 1.36 1.17 1.52 1.10 1.95 2.34 1.96 1.03 1.14
Cog4 n.a. P60 1.08 1.42 1.34 0.67 0.83 1.26 1.42 1.19 1.45 1.06 1.10 1.30 1.09 1.88 1.00
Bola2 n.a. 1.21 2.70 1.89 2.47 1.14 2.14 1.22 1.89 1.09 1.58 1.22 405l 2.17 4.38 1.89 1.26
Bola3 n.a. 15154 1573 13077 5074 1.91 2.79 @11 4.25 2.32 1.16 2.89 647 423 590 1.18 1.62
Stard7 n.a. B9 1.00 1.83 1.51 0.93 1.47 1.54 1.23 1.47 0.81 0.82 1.35 1.56 0.95 1.86 1.09
Mcam n.a. [725 9102 5.60 3.48 4.30 4.16 H11826.95 5.81 3.78 6.52 [ 5.93 6.28 8.49 4.25
Saraf n.a. 1.53 0.90 0.94 1.27 0.67 0.72 1.23 0.79 0.67 0.51 0.89 0.93 1.68 0.92 2 1.23
Hpx n.a. 1.12 1.34 1.08 1.54 1.01 1.39 0.97 1.51 0.98 0.96 0.93 249 1.21 1.84 1.16 0.97
Derll n.a. 1.54 1.04 1.26 1.07 1.07 1.15 1.18 1.16 1.18 1.08 1.17 1.00 1.40 1.08 2Md 1.41
Oxld1 n.a. B84 1.44 157 1.77 2.71 1.53 2.16 1.34 0.85 0.98 2.31 BI5@ 2.52 2.11 2.73 1.86
Sdhc n.a. 2555 0.95 1.11 1.11 1.01 0.96 1.08 0.95 0.75 0.99 0.80 0.93 1.13 0.90 1.04 1.42
Tmx2 n.a. 1.87 1.28 1.17 1.01 0.90 1.08 1.05 0.96 1.22 0.97 1.10 1.06 1.16 1.07 [¥F0 1.14
Apmap  na. 1.19 0.99 1.01 1.02 0.85 0.95 0.90 0.97 0.92 0.97 1.41 1.01 1.15 1.06 5159 1.37
Isca2 n.a. 3.18 2.42 1.76 4.29 2.10 2.40 2.79 3.68 1.62 0.94 3.28 488 3.35 584 1.28 1.18
Trmtl12  na. 0.87 1.10 1.10 1.29 1.18 1.02 1.12 0.98 0.96 0.81 1.13 1.24 1.35 1.21 468 1.01
Stards n.a. {180 1.45 2.84 1.99 0.82 0.93 0.86 0.77 0.89 0.93 0.92 1.01 0.82 0.94 1.42 0.87
Nful n.a. 1.99 1.85 1.91 2.53 1.73 2.91 1.18 2.79 1.26 1.84 1.75 8129 3.05 3.69 [6:20 5.86
Slc25a20 n.a. 004 4966) 2.11 2.78 1.02 1.04 1.06 0.94 0.92 1.11 0.88 1.20 1.30 1.10 1.37 1.37

“Please note: the threshold for significance (from pairwise test) differs throughout the different probes.

bn.a. = EC not annotated.
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Table S2. List of significantly enriched proteins bearing at least one reactive cysteine residue (as termed and listed by
Weerapana, Cravatt and co-workers).* All reactive cysteines of the proteins are given. Rio:1 < 2 state highly reactive cysteine
residues. n.a. = not annotated.

SwissprotID Genename EC Ri0:1
5.9 (human)
Q80Y14 Glrx5 n.a. 5.28 (murine)
6.22 (m)
Q9QZz23 Nful n.a. 7.56 (h)
4,51 (m)
008749 Dld 1.8.1.4 -
8 (h)
5.9 (h)
QICXT8 Pmpch 3.4.24.64 4.77 (m)
4.96 (m)
1.2.1.3 0.92 (h)

LJ2 Aldh9al =
Q)L dnSa 1.2.1.47 1.82 (h)
Q8BP40 Acp6 3132 2.99 (m)
Q8VvDQ1 Ptgr2 1.3.1.48 4.52 (m)
ABH611 Mipep 3.4.24.59 7.45 (h)

Table S3. List of significantly enriched proteins bearing at least one reactive lysine residue (as termed and listed by Hacker,
Cravatt and co-workers).> All reactive lysines of the proteins are given. Rio:1 < 2: highly reactive lysine, 2 < Rio:1 < 5: Lys with
medium reactivity, Rio:1 > 5: Lys with low reactivity. n.a. = not annotated.

SwissprotID Gene name EC Rio:1
Q80Y14 GIrx5 n.a. 10
Q8WTY4 Ciapinl n.a. 10
4.29
070252 Hmox2 1.14.99.3 4.46
10
Q9CzL5 Pcbd2 4.2.1.96 3.82
Q91WS0 Cisdl n.a 0.2L
h 9.21
P37040 Por 1.6.2.4 8.53
4.22
008749 Dld 1.8.1.4 .
10 (5 residues)
Q9CQF9 Pcyox1 1.8.35 10 (2 residues)
2.95
Q9CY27 Tecr 1.3.1.93 4.17
10 (3 residues)
4.01
4.79
5.72
P50544 Acadvl 1.3.8.9
8.94
9.05
10 (3 residues)
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Figure S39. (A) Structure of dialkoxydiphenylsilane(DADPS)-Biotin alkyne click linker. The structural fragment remaining

on the labeled protein after click reaction and mild acidic cleavage (10% formic acid) is depicted in red. (B) Structures and
masses of the corresponding probe-linker adducts after labeling, click reaction, tryptic digest, and mild acidic cleavage.
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Table S4. List of enzymes found in both in cellulo ABPP studies and active site studies, as well as corresponding probes
responsible for their labeling and identification.

Protein name Prpbe_s incellulo  Probes in cellulo Prqbes.
pairwise test ANOVA active site search
Rdh7 3aa 3aa (3ab, 3ba, 3ia, 3ha)? 3aa, 3ha
Chdh 3ha 3ha (3fa) 3ha
Aox1 3da, 3fb All (except 3eb + 3ia) 3aa
Aldh8al 3ha 3ha (3ia, 3fb, 3ga, 3fa) 30a
Aldhlal - 3aa, 3ab, 3ha 3aa
Nfsl 3aa, 3ab, 3fb 3aa, 3ab, 3bb, 3fb (3ba, 3gb) 3aa
Isca2 3fb, 3gb All (except 3eb + 3ia) 3aa
Tubb4b - 3ha 3ha
Hmgcl 3fb 3fb (3gb, 3ha) 3ha

aProbes in grey induced enrichment that was less prominent when compared to the ones in black.
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Figure S40. Side and zoomed views of the crystal structure (PDBE 6lgj) of mMGAPDH (PDB P16858) depicting the potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragments (yellow, first and last AA shown in sticks) and
important active site residues (green, shown in sticks). Please note that active site residue C150 was potentially labeled as well.
Co-crystallized NAD* is shown in pink sticks.

Figure S41. Side and zoomed views of the predicted AlphaFold structure of mMRDH7 (PDB 088451) depicting the potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks) and
the important active site residue (green, shown in sticks).
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Figure S42. Side and zoomed views of the predicted AlphaFold structure of mMAOX1 (PDB 054754) depicting the potentially
labeled amino acid (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks) and

important active site residues (green, shown in sticks).

Figure S43. Side and zoomed views of the predicted AlphaFold structure of mALDH8AL1 (PDB Q8BHO00) depicting the
potentially labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in
sticks) and important active site residues (green, shown in sticks). Please note that active site residue C287 was potentially

labeled as well. The cofactor (NAD*) binding site is shown in pink sticks.
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Figure S44. Side and zoomed views of the predicted AlphaFold structure of mMNFS1 (PDB Q9Z1J3) depicting the potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks) and
the important active site residue (green, shown in sticks; also responsible for [2Fe-2S] cluster binding). Please note that active
site residue C383 was potentially labeled as well. The cofactor (PLP) binding sites are shown in pink sticks.

Figure S45. Side and zoomed views of the predicted AlphaFold structure of mISCA2 (PDB Q9DCBS8) depicting the potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks).
Residues E75 to C79 belong to a highly conserved sequence region in the Fe-S biosynthesis domain of ISCA2.°
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Figure S46. Side and zoomed views of the predicted AlphaFold structure of mMALDH6A1 (PDB Q9EQ20) depicting the labeled
active site amino acid (green, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks.
Residues responsible for cofactor (NAD*) binding are shown in pink sticks.

Figure S47. Side and zoomed views of the predicted AlphaFold structure of MALDH1L1 (PDB Q8R0OY6) depicting potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks) and
important active site residues (green, shown in sticks). Please note that active site residue C707 was potentially labeled as well.
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Figure S48. Side and zoomed views of the predicted AlphaFold structure of mMMAOB (PDB Q8BW?75) depicting the
potentially labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in
sticks) and the important active site residue (green, shown in sticks). C397 is responsible for the binding of the FAD-cofactor
at the end of the substrate cavity and two nearly parallel tyrosyl residues (Y398 and Y435) form the so-called “aromatic cage”,
which also plays a functional role in the catalytic mechanism of MMAOB.”

Figure S49. Side and zoomed views of the predicted AlphaFold structure of MMGST1 (PDB Q91VS7) depicting the potentially
labeled amino acids (blue, shown in sticks) on the modified peptide fragment (yellow, first and last AA shown in sticks).
Residues responsible for GSH binding in the active site are shown in pink sticks.®
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Acox1 SFLVGSAAQSLSK + 3ga
[ntens.
'.5".1[}41 I+ 3+
0.5 613.01 613.34 3+
1 613.68
0.0{611-63 611.97 61230 612.64 |
3ﬂmf _,E_EsHun BriN1s 050, M+nH, 3+, 611.6363
so00] 3+ 3+ 61230 3+
611.64 611,97 61264 34
1000 612.97 3+
ol, J ............ |13 61364
611.5 612.0  612.5 613.0 613.5 m/z
[ntens.
1000; 611,63 612.30
sood 1 611.97 612.64
0 A I
3000 cas“unﬁﬁ“mﬂgfu. M+nH, 3+;f11.'5\353
3+ 3+ 612.30
20009 611 64 611.97 612.64
10003 A A A
n L] L Li L
611.6 612.0 612.4 m/z

Figure S50. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment SFLVGSAAQSLSK of

Acoxl labeled by probe 3ga.
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Aldh8a1 SSFANQGEICLCTSR + 3ga + NEM

[ntens.
760.99
20001 76,32 760:66 0N 26166
T
CagHygsBriM2z50555;, M+nH, 3+, 760.3256
3+
3+ 760.99
so00] 3+ 761.33 3+
000 760.33 760.66 761.66 3+
l 761.99
760.5 761.0 761.5 762.0 m/fz
SSFANQGEICLCTSR + 3ha + NEM
[ntens..
x104
44 74601 74634
746.68
2 747.01
0 74735 747,68
x10% CaoHreaChN2s0255,, M+nH, 3+, 745.6758
3+ I+
4 746.01 746.34 ?53 \
746. +
2 747.00 _ 3*
0 74734 74768

746.0 746.5 747.0 747.5 m/z

Figure S51. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment SSFANQGEICLCTSR of
Aldh8al labeled by probes 3ga (top) and 3ha (bottom). NEM = N-ethylmaleimide.
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Gapdh IVSNASCTTNCLAPLAK + 3ha + NEM

[ntens.
x1[14 .00
776.06 776.39
0.5 77572 776.73
A 777.06 177,39
0.0 A A
x104 N Qﬁmchnnoz,sz, M+nH, 3+, 775.7227
lpﬂ' 3+ 3+
776.06 776.39
775.72 77672 3+
0.5 777.06 3t
l l 777.39
0.0 A —— 4 I W — e
776.0 776.5 777.0 777.5 m/z
VPTPNVSVVDLTCR + 3ha
[ntens.
665.35 gE5.68 666.02
1000 666.35
0 ] 666.68
] CazHiasChNz20235, M+nH, 3+, 665.3493
] 3+ 3+ 3+
2000 66535 66568 666,02 3+ 3
666.35 +
1000; l l 666.68
n L L L -‘
665.5 666.0 666.5 m/z

Figure S52. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragments IVSNASCTTNCLAPLAK
(top) and VPTPNVSVVDLTCR (bottom) of Gapdh labeled by probe 3ha. NEM = N-ethylmaleimide.

Rdh7 VSLCGGGYCISK + 3ha + NEM
[ntens. ]
20007
602.62 602.96 603.29
10001 603.62
; [T e
CasHi2sChiNg 02052, M+nH, 3+, 602.6222
2000° 3+ 3+ I+
602.62 602.96 603.29 3+
603.62 3+
10007 3+
o | T ot
602.5 603.0 603.5 604.0 m/z

Figure S53. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment VSLCGGGYCISK of Rdh7
labeled by probe 3ha. NEM = N-ethylmaleimide.
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Chdh

KPTQQEAYQVHVGTMR + 3ha

[ntens.
g2 55 292.80 59305 593.30
1000; ’
593.55
0 A
CioaHigaChiN2a 025, M+nH, 4+, 592.5513
15003 s i+ .
592.80 593.05 +
10001 592.55 59330 4+ .
-
500 A 593.55 593,80
0Ll . . . -
592.50 593.00 593.50 m/z

Figure S54. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment KPFTQQEAYQVHVGTMR
of Chdh labeled by probe 3ha.

AVOMGMSSVFFNKGENCIAAGR

Aldh1l1 + 3ha
[ntens.}
20000 o313 93846 gy
1000y | n A A 939.13
0 ! A
CrzsHigzChMN33 03253, M+nH, 3+, 937.7827
o 933;45 3+
{1 3+ 93812 : 938,78 3+
10001 437 7 939.12 3+
939.45
n rrrrr v L L L L l T T ke L l L L
938.0 938.5 939.0 m/z
GENCIAAGR + 3ha
[ntens.
}(104;
2] 69283
1: 693.33 693.83 60433
0] | 69483 ggs533
x10% ) CezHsaChNz01sSy, M+nH, 2+, 692.8335
3 +
{ 69283 ¢ 2+
1.0 69333 go3g3 2+
0.5 69433  2* 2+
0.0, 694.83 69534

692.5 693.0 693.5 694.0 6945 6950 m/z

Figure S55. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragments

AVQMGMSSVFFNKGENCIAAGR (top) and GENCIAAGR (bottom) of Aldh111 labeled by probe 3ha.
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Tubb4b MREIVHLOAGQCGNQIGAK + 3ha

[ntens.
10007
2.0
641.58 642.08
5001 641.83
l 642.33
i A
CnaHigoChMNa302s5;, M+nH, 4+, 641.5761
4e a+ 4+ 4
83 642.08
5001 g41.58 641.83 642.33 4+
642.58 54‘;*33 44+
oL, l _ _ | ) 64308
641.5 642.0 642.5 643.0 m/z

Figure S56. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment
MREIVHLQAGQCGNQIGAK of Tubb4b labeled by probe 3ha. Please note that this fragment features an additional oxidation
(m/z +16) on the methionine residue.

Hmgcl  GYVSCALGCPYEGK + 3ha + NEM

[ntens.
689,98
689.32
10001 l 689.65
69032 690.68
1.02
0 l J 69 1 0

CarHiarChiN2o02a52, M+nH, 3+, 689.3154
1500{ 5, 3+ 3

+
689.65 689.98 3+
10003 689.32 690.32 34 .
500 l 691'55 £90.98
0 . . A
689.5 690.0 690.5 m/z

Figure S57. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment GYVSCALGCPYEGK of
Hmgcl labeled by probe 3ha. NEM = N-ethylmaleimide.

Mgst1 VFANPEDCAGFGK + 3ha
[ntens.
4000{ 616.96 61729 .5 65
617.96
2000 l 618.29
0] 1
CagHi22ChMNg025,, M+nH, 3+, 616.9563
| 3+ 3+ 3+
4000] 61696 617.29 1762 3+
! 617.96 3+
2000 l l l 618.29 51?62
0 | A Y
617.0 617.5 618.0 618.5 m/z

Figure S58. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment VFANPEDCAGFGK of
Mgstl labeled by probe 3ha.
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Bhmt AGASIVGVNCHFDPSVSLQTVK + 3ha

[ntens.
1000 gpg.47 90881 909.14 oo .0
5003 A A A 00051
] A
Eﬂl} Ggsl-%ﬁgCth'D”Sh M"H"IH, 3"", 908.4642
600 909.13  3*
. ' I l 909.80 3t
2001 l 910.13
908.5 909.0 909.5 910.0 m/fz
QVADEGDAIVAGGVSQTPSYLSCK + 3ha
[ntens.
964.15 964.48
20004
963.81 964.82
1000: A 965.15
0 A
CizaHyagChN3:0405, M+nH, 3+, 963.8013
20004 3+ 3 g
=T 954,14 964.47 964 80 34
1 963.80 ' 965.14 3+
1 l I ' 965.47
ol 4141 1 i
964.0 964.5 965.0 m/z
VNEAACDIAR + 3ha
[ntens. ]
] 519.25
2000; 519.59  519.92
10003 520.25
ol ' | 520.59
: CroHio7ChN1a0hg5, M+nH, 3+, 519.2546
] 3
2000{ 51975 3 3+
1 - 519.59 510,07 3+
1000 520.26 3+
] 520.59
0: — ‘ —
£519.5 520.0 520.5 m/fz
Figure S59. Measured (purple) and simulated (turquoise) isotope pattern of the

AGASIVGVNCHFDPSVSLQTVK (top), QYADEGDALVAGGVSQTPSYLSCK (middle), and VNEAACDIAR (bottom) of

Bhmt labeled by probe 3ha.
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Alb

TCVADESAANCDK + 3ha + NEM

I“tErISH
649.28 64961 guqqs
20004 650,28
. l 55{:.51 650.95
3000 ™ 3+ CuHﬁEthﬂ:ﬁz‘, M+nH, 3+, 649.2790
{ 64928 64961 549,95 3+
2000 650.28 3+ 3
10003 L l 650.61 650.95
649.5 650.0 650.5 mfz
YMCENQATISSK + 3ha
[ntens.
1000 52352 .4 624.20
500 l 624.62
0
CasHi26ChN1e 02352, M+nH, 3+, 623.6207
1500{ 3+ 3+ 3+
{1 623.62 623.96 £24.29 3+
1000 624.62 3+ 3
5[13- l szzi.gﬁ 625.29
623.5 624.0 624.5 6250 m/z

Figure S60. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragments TCVADESAANCDK (top)
and YMCENQATISSK (bottom) of Alb labeled by probe 3ha. NEM = N-ethylmaleimide.

Aldh7a1 GEVITTYCPANNEPIAR + 3ha
[ntens.
: 81.72
1000 781.39 782.05
5[1'3' 782.39 ?3%_?3
15m_ 3+ C‘IM '!£1C|1N2602951, M+nH, 3"‘, 781.3850
3+ 78172 78205 3+
10007 781.39 78239 3+
500" l 782.72 783 05
0 v v — ~
781.5 782.0 782.5 783.0 m/z

Figure S61. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment GEVITTYCPANNEPIAR of

Aldh7al labeled by probe 3ha.
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Aldob _ IADQCPSSLAIQENANALAR + 3ha

[ntens.
] 860.77 861.11
40001 860.44 861.44
! 861.77
2(][]-3 A 860.9 L l 862.11
- s
Bﬂm' C‘I‘I-!-H'IEEICI‘IN 3103351, M"'I'IH, 3*, 860.4329
&0004 3+ I+
3+ 860.77 86110 *
40001 860.43 86143 3+
861.77 F
2000 l | 86210
0 §

860.5 861.0 861.5 862.0 m/z

Figure S62. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment
IADQCPSSLAIQENANALAR of Aldob labeled by probe 3ha.

Cps1 CLGLTEAQTR + 3ha
[ntens.]
529.27
300 529,60
[ 529,94
01 A
Bm. CHHn3CI1N1aD|ES1, "m'"““l'll 3+, 525.2?{]3
6001 52?2? 3+ 3+
aol | %50 52908 34
53027 3+ 3+
zug_d l 53!}.6[] 530.94
529.5 530.0 530.5 m/z

Figure S63. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment CLGLTEAQTR of Cpsl
labeled by probe 3ha.

Hbb-b2 GTFASLSELHCDK + 3ha
[ntens.
20001 3464 63497 63531
635.64
1000; l l l 635.97
0 . i
CBBHunCliNszzsu M+I‘IH, 3+, 634.6389
2000{ 3t o 3+
634.64 ©34.97 gasg 3y 3+
1000; 63564 B 3
) l l l aasi.g? 636.31
634.5 635.0 635.5 636.0 m/z

Figure 64. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment GTFASLSELHCDK of Hbb-
b2 labeled by probe 3ha.
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Naprt

GSEVN

VIGIGTSVVTCPK + 3ha

[ntens. +MS, 66.9min, #33563-33578
4001 75240 75273
753.39
200] 752.06 M 753.06 l
ol |
C‘Ii:le'lasCthqozash M+nH, 3+, 752.0618
3+
4001 3+ o240 75273 3+
752.06
753.06 3+
2004 75340 _ 3
l 753.73
ol . : | I
752.0 752.5 753.0 753.5 m/z

Figure S65. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment GSEVNVIGIGTSVVTCPK

of Naprt labeled by probe 3ha.

Prdx6 DFTPVCTTELGR + 3ha
[ntens.
40001 613.01
20004
El‘lifﬂ 611.97 612.30 L
ﬂ i &
] CasHi2eChNwOaa5, M+nH, 3+, 6811.6317
3+ 3+ I+
{ 61163 61197 g1230 3+
1000 I 61263 3+ 34
612.97
U T T T T T T T T '-l T T I-| T -El:-ai.a-[}
611.5 612.0 612.5 613.0 myz
[ntens.
5004 A 611.97 612.30
0 A .
] CasHizeChN1we04:5, M+nH, 3+, 611.6317
3+ 3+ I+
1 61163 611.97 612.30 3+
1000 A A A 61263
0

Figure S66. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment DFTPVCTTELGR of Prdx6

labeled by probe 3ha.

611.6 611.8 612.0 6122 612.4 612.6m/z
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Rida AAGCDFNNVVK + 3ha
[ntens.3
2000 545.23
| s44.60
1000 l 544,93 546.23
i i i
1500 34 - CseHi11ChN1a04g54, M+nH, 3+, 544,5984
544.60 03 o
1000 S44.93 54597 34
545.60 3+
5003 3+
0 l l 29593 546,27
544,5 545.0 545,5 546.0 m/z

Figure S67. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment AAGCDFNNVVK of Rida

labeled by probe 3ha.

Rps28 TGSQGQCTQVR + 3ha
[ntens.
{ s53.60
10003 553.94
5001 I 554,27 554,60
a ". i
CraHuaChN 20565, M+nH, 3+, 553.6007
1500{ 3+ 3
553.60
1000 553.93 55427 3+ ,
554,60 +
5003 l 554.94 *
553.5 554.0 554.5 555.0 m/z

Figure S68. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment TGSQGQCTQVR of Rps28

labeled by probe 3ha.

Rps3 AQCPIVER + 3ha
[ntens.
20004
470.58
470.91
1000/ 471.24
0 ' 471.58
CesHioChN1s0haS,, M+nH, 3+, 470.5770
15007 3+ 24
470.58 +
1000: 47091 g7124 3+
500" 47158 3+ +
ol _ ) anas
470.5 471.0 471.5 4720 m/z

Figure S69. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment AQCPIVER of Rps25 labeled

by probe 3ha.
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Spr

SDGALVDCGTSAQK + 3ha

[ntens.
10001
61506 616.29
5001
616.63
0 |
lum C51H1]5C|1N2902551, M"'I'IH, 3"", 615.9584
3+ 3+ 3+
1 ©615.96 616.29 g1563 3+
500 6169 3 = 3
0 _ _ l | 61763
616.0 616.5 617.0 617.5 mfz

Figure S70. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment SDGALVDCGTSAQK of
Spr labeled by probe 3ha.

Tf NQQEGVCPEGSIDNSPVK + 3ha
[ntens.
10001
799.38
200,04 799.71
500; A h 800.05
0 A
800" 3 N n:mﬂi.-,fchnz,uﬂsb M+nH, 3+, 799.0433
600{_°* 799.38 799.71 3+
a00] 72204 800.04 3+
200/ l l l 800.38
ol : : |
799.0 799.5 800.0 800.5 m/z

Figure S71. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment NQQEGVCPEGSIDNSPVK
of Tf labeled by probe 3ha.

Cyp4ai2a VSSNGCK + 3ha
Intens.
"104. 594,78
595.29 oo 78
21 ’
l l 596.29 596.79
0 | :
x104) , CsaHgzChNiz0135,, M+nH, 2+, 594.7855
+
44 594.79 2+ 2+
595.29 59579 2+
21 596.29 _ 2%
[~ 5979
ol 1

505.0 5955 596.0 596.5 597.0  m/z

Figure S72. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment VSSNGCK of Cyp4al2a
labeled by probe 3ha.

48



Maob YVDLGGSYVGPTQONR + 3ha
[ntens.
707.68
100 707.35 108,02
5009 706.74 l l 708.35
ol 1 | 1
] CagHia3ChN2502650, M+nH, 3+, 707.3504
g ?EIE;EB 3
] 707.35 VP9 708.02 3+
1000 70835 3+
I l 708.69
1) I S S S | I
707.0 707.5 708.0 708.5 m/z
[ntens.
707.68
10001
5003 I 708.35
0 |
] CagH1a3ChN2402650, M+nH, 3+, 707.3504
3+ I+
707.68 3+
1 707.35 708.02
1000 l . 708.35 ?03;59 34
707.5 708.0 708.5 709.0 m/z

Figure S73. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment YVDLGGSYVGPTQNR of

Cyp4al2a labeled by probe 3ha.

Did NETLGGTCLNVGCIPSK + 3ha
[ntens.
776.05
1000y 75 71 77638 ...
5007
0 777.05
CroaHhs2ChNzsQ2952, M+nH, 3+, 775.7106
34 3+ 3+ 3
.
1000] 77e5y 77604 77638 S,
777.05 3t
| 777.38
776.0 776.5 777.0 m/z

Figure S74. Measured (purple) and simulated (turquoise) isotope pattern of the peptide fragment NETLGGTCLNVGCIPSK

of DId labeled by probe 3ha.
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General Information

All commercially available chemicals and solvents were purchased from abcr, Acros Organics,
Alfa Aesar, Fluka, Honeywell, Merck, Roth, Sigma Aldrich, TCI, Thermo Fisher Scientific,
VWR and used without further purification, unless otherwise stated. Experiments were usually
carried out under air with non-dry solvents unless otherwise mentioned. When applying
Schlenk techniques the glass apparatus was dried under oil pump vacuum by heating with a
heat gun, cooled to RT, and flushed with inert gas. In general, when high vacuum (in vacuo)
was stated in experimental procedures, typically a vacuum of 10-2-10" mbar was applied. Dry
solvents were prepared by the below-mentioned procedures and afterwards stored under inert
gas atmosphere (argon) over molecular sieves. In some cases, when explicitly mentioned, dry
solvents were received from the listed suppliers. All reagents were added in a counter stream
of inert gas to keep the inert atmosphere. All reactions were stirred with Teflon-coated magnetic

stirring bars.

The stated temperatures generally refer to the oil bath or the cooling bath temperature.
Temperatures were measured externally if not otherwise stated. When working at a temperature
of 0 °C, an ice-water bath served as the cooling medium. Lower temperatures were achieved
by using an acetone/dry ice cooling bath. Reactions, which were carried out at higher
temperatures than rt, were heated in a silicon oil bath on a heating plate (RCT basic IKAMAG®
safety control, 0-1500 rpm) equipped with an external temperature controller. The water bath
temperature of the rotary evaporator was usually set to 40 °C unless otherwise noted.

Molecular sieves (Sigma-Aldrich, beads with 8-12 mesh) were activated in a round-bottom
flask with a gas outlet adapter by heating them carefully in a heating mantle at level 1 at least
for 24 h under high vacuum until complete dryness was obtained. These activated molecular

sieves were stored at rt under argon atmosphere.

Dry Solvents

Dichloromethane (CH2Cl,): Dichloromethane (stabilized with EtOH) was purchased from
Fisher Scientific, dried over phosphorus pentoxide, distilled and heated under reflux over CaH»
for 24 h. It was distilled into an amber 1 L Schlenk bottle and stored over 4 A molecular sieves

under argon atmosphere.
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N,N-Dimethylformamide (DMF): Anhydrous N,N-dimethylformamide was purchased from

Sigma Aldrich in 99.8% purity. It was transferred into an amber 1 L Schlenk bottle and stored

over activated 4 A molecular sieves under argon atmosphere.

Dimethylsulfoxide (DMSQ): Anhydrous dimethylsulfoxide was purchased from Sigma Aldrich

in 99.9% purity in 1 L glass bottles and stored over 4 A molecular sieves in a brown glass bottle

under Ar atmosphere.

High Performance Liquid Chromatography with Mass Spectrometry (HPLC-
MS)

Analytical HPLC-MS measurements were performed on an Agilent Technologies 1200 Series
system (G1379 Degasser, G1312 Binary Pump, G1367C HiP ALS SL Autosampler, G1330B
FC/ALS Thermostat, G1316B TCC SL column compartment, G1365C MWD SL multiple
wavelength detector (deuterium lamp, 190-400 nm)) equipped with a single quadrupole LCMS
detector “6120 LC/MS” using electrospray ionization source (ESI in positive and negative
mode). Separations were carried out on a C-18-Reversed-Phase column of the type
,,Poroshell® 120 SB-C18, 3.0 x 100 mm, 2.7 um*“ by Agilent Technologies. Flow: Constant

flow rate 0.7 mL/min, T = 35 °C. The following method was used:

MeCN_2_100: 0.0 — 0.1 min, isocratic, 2% MeCN (98% H20 + 0.05% TFA); 0.1 — 8.0 min,
linear, 2% to 100% MeCN (98% to 0% H»O + 0.05% TFA); 8.0 — 11.1 min, isocratic, 100%
MeCN; 11.1 — 11.3 min, linear, 100% to 2% MeCN (0% to 98% H>O + 0.05 % TFA); 11.3 -
12.0 min, isocratic, 2% MeCN (98% H20 + 0.05% TFA).

Gas Chromatography with Mass Spectrometry (GC-MS)

GC-MS analyses were performed on an Agilent Technologies 7890A GC system equipped with
a 5975C mass selective detector (inert MSD with Triple Axis Detector system) by electron-
impact ionization (El) with a potential of E = 70 eV. Herein, the samples were separated
depending on their boiling point and polarity. The desired crude materials or pure compounds
were dissolved, and the solutions were injected by employing the autosampler 7683B in a split
mode 1/20 (inlet temperature: 280 °C; injection volume: 0.2 pL). Separations were carried out
on an Agilent Technologies J&W GC HP-5MS capillary column ((5%-
phenyl)methylpolysiloxane, 30 m x 0.2 mm x 0.25 um) with a constant helium flow rate (He
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5.0 (Air Liquide), 1.085 mL-min-1, average velocity: 41.6 cm-s™). The following method was

used:

MT _50_S: initial temperature: 50 °C for 1 min; linear increase to 300 °C (40 °C-min™); hold
for 5 min; 1 min post-run at 300 °C; detecting range: 50.0-550.0 amu; solvent delay: 2.60 min.

Nuclear Magnetic Resonance Spectroscopy
NMR spectra were recorded on a Bruker Avance 111 300 spectrometer (*H: 300.36 MHz; 1*C:
75.53 MHz) with autosampler, or a Varian Unity Inova 500 spectrometer (*H: 499.87 MHz;
13C: 125.69 MHz; °F: 470.53 MHz), or a Jeol JNM-ECZL 400 MHz NMR Spectrometer
(*F: 376.17 MHz), or another Bruker Avance Il 300 spectrometer (*H: 300.13 MHz; 3C:
75.47 MHz; F: 282.40 MHz) with autosampler.

Chemical shifts ¢ are referenced to the residual proton and carbon signal of the deuterated
solvent (CDCls: & = 7.26 ppm (*H), 77.16 ppm (*3C); CD3OD: & = 3.31 ppm (*H), 49.00 ppm
(13C); DMSO-ds: & = 2.50 ppm (*H), 39.52 ppm (33C); D20: § = 4.79 ppm (*H)).® Chemical
shifts & are given in ppm (parts per million) and coupling constants J in Hz (Hertz). If necessary,
1D spectra (APT) as well as 2D spectra (H,H-COSY, HSQC, HMBC) were recorded for the
identification and confirmation of the structure. Signal multiplicities are abbreviated as
s (singlet), br s (broad singlet), d (doublet), t (triplet), g (quartet), quint (quintet), m (multiplet),
dd (doublet of doublets), td (triplet of doublets), dt (doublet of triplets), and qd (quartet of
doublets). Deuterated solvents for nuclear resonance spectroscopy were purchased from euriso-

top®.

High Resolution Mass Spectrometry (HRMS)

High-resolution mass spectra (LC-ESI-MS/MS) were acquired by data-dependent high-
resolution tandem mass spectrometry on a QExactive Focus (Thermo Fisher Scientific,
Germany). The electrospray ionization potential was set to +3.5 or -3.0 kV, the sheath gas flow
was set to 20, and an auxiliary gas flow of 5 was used. Samples were diluted with an appropriate
solvent (methanol or chloroform) and 1 pL was injected on a SeQuant® ZIC®-pHILIC HPLC
column (Merck, 100 x 2.1 mm; 5 pm; 100 A; peek coated; equipped with a guard column) or
on a RP-column (Waters, ACQUITY UPLC HSS T3 150 x 2.1 mm; 1.8 um with VanGuard
column). The separation solvent (pHILIC: A: CH3CN, B: 25 mM NHsHCO3; RP: A: 0.1%
HCOOH, B: 0.1% HCOOH in CH3CN) was delivered through an Ultimate 3000 HPLC system
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(Thermo Fisher Scientific, Germany) with a flow rate of 100 puL-min™ and appropriate gradients

were used for proper sample elution.

Determination of Melting Points
Melting points were determined on a Mel-Temp® melting point apparatus from Electrothermal
with an integrated microscopical support. They were measured in open capillary tubes with a

mercury-in-glass thermometer and were not corrected.

Thin Layer Chromatography

Analytical thin layer chromatography (TLC) was carried out on Merck TLC silica gel aluminum
sheets (silica gel 60, F254, 20 x 20 cm). All separated compounds were visualized by UV light
(A =254 nm and/or A = 366 nm) and by the listed staining reagents followed by development

in heat.

KMnO4: 3.0 g KMnO4 and 20 g K2COs were dissolved in 300 mL H20 and afterwards 5.0 mL
5% ag. NaOH were added.

Flash Column Chromatography

Flash column chromatography was performed on silica gel 60 from Acros Organics with
particle sizes between 35 um and 70 um. Depending on the problem of separation, a 30 to 100-
fold excess of silica gel was used with respect to the dry amount of crude material. The
dimension of the column was adjusted to the required amount of silica gel and formed a pad
between 10 cm and 30 cm. In general, the silica gel was mixed with the eluent and the column
was equilibrated. Subsequently, the crude material was dissolved in the eluent and loaded onto
the top of the silica gel and the mobile phase was forced through the column using a rubber
bulb pump. The volume of each collected fraction was adjusted between 20% and 30% of the

silica gel volume.

X-ray Diffraction
For single crystal X-ray diffractometry all suitable crystals were covered with a layer of silicone
oil. A single crystal was selected, mounted on a glass rod on a copper pin, and placed in the

cold N2 stream provided by an Oxford Cryosystems cryometer (T = 100 K), if not otherwise
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stated. XRD data collection was performed on a Bruker APEX |1 diffractometer with use of Mo
Ka radiation (A = 0.71073 A) from an IuS microsource and a CCD area detector. Empirical
absorption corrections were applied using SADABS. The structures were solved with use of
either direct methods or the Patterson option in SHELXS. Structure refinement was carried out
using SHELXL.! CIF files were edited, validated and formatted with the program OLEX2.%2
The space group assignments and structural solutions were evaluated using PLATON.® All
non-hydrogen atoms were refined anisotropically. All hydrogen atoms were placed in

calculated positions corresponding to standard bond lengths and angles using riding models.
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Experimental Procedures

Overview

= Synthesis of Azidoamine Linkers

2.1 eq. NaN;

NSNS B N AN
Br H,O/IDMF, 80 °C,23h 3
15
99%
1.0 eq. PPh3
1 M HCI/Et,O/EtOAC
0°Ctort,22h
N
HzN/\/\/\/\/\/ 3
2a

19%

2.4 eq. NaOH
2.1 eq. pTsCl

H,O/THF, 0°C, 2 h

HO OO0y 760" > O™ O 0

16
91%
5.0 eq. NaN3
5 mol% TBAI
DMF, 80 °C, 4 h
1.1 eq. PPh
H N/\/O\/\O/\/O\/\N - eq 3 N /\/o\/\o/\/o\/\N
2 3 1 M HCI/Et,0 3 8
2b 0°Ctort, 17 h 17
86% 60%
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= Synthesis of Biphenylcarboxylic Acids

0 0 f)éiqe(ﬁa'fo }1.1 eq. I* o) 0
. . 4
OH | OH H,SO,4 conc. | o~
H,SO,4 conc., rt, 1 h MeOH, reflux
X X X
X =Br, Cl 18, X = Br, 91% 20, X = Br, 90%
19, X =Cl, 65% 21, X =Cl, 90%
(e} (0}
1.3 eq. NBS B
o~ r o~
H,SO,4 conc., rt, 24 h
| |
22
84%
o) 1)  1.2eq.NaNO,

O
Cl 6 M H,SO,4,0°C,2h
o~ 29Uy Cl o~
2) 1.2 eq. Kl
HoN 5 mol% Cul |
6 M H,SOy, rt, 24 h 23

30%

0.5 mol% Pd(OAc),
0} 0.25 eq. TBAB

©/B(OH)2 Br oH 1.9 eq. Na,CO3
+
H,0, 150 °C, 30 min

HoN

1.1eq.

24

86%

1)  1.2eg.NaNO,
6 M Hy,SO,4,0°C,2h
2) 1.2 eq. Kl

6 mol% Cul
6 M HCI, rt, 21 h
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5 mol% [ally/-PdCl],
| 30 mol% PPhg |

R1
1
| (HO).B R 2.4 eq. K,CO;4 O
+ R2
Rz DMSOabs., 100 °C O
12eq. R; =H, -COH 5 R'=-CO,H, R? = H, 42%
R®=H,-CO-H 6, R" = H, R2 = -CO,H, 45%

o) Bpin 5 mol% PdCIy(PPhs), X O R’

R! o . HoN 2.4 eq. K,CO3 »
H,O/DME, 80 °C O

R? NH,
20,R"=1,R?=Br 12eq. 25, X =Br, R" = H, R? =-CO,Me, 74%

3 ) ] ) 3 2 ) o
21,R"=1,R?2=ClI 26, X = Br, R' =-CO,Me, R =H, 57%
22, R'=Br,R2=| 27, X =ClI,R'=H, R? = CO,Me, 83%
23, R'=CI, R2=| 28, X =ClI, R' =-CO,Me, R? = H, 82%

5.0 eq. LIOH*H,0
THF/MeOH/H,0, rt

X R?
® L
NH,

7,X=Br,R'=H, R =-CO,H, >99%
8,X =Br,R"=-CO,H, R>=H, 99%
9,X=Cl,R'=H, R?=CO,H, 97%
10, X = Cl,R'=-CO,H, R? = H, 75%

= Synthesis of Acyclic Diaryliodonium Salts

; 1) 1.2 eq. mCPBA , OTf .
© |\©[R CH,Cl, abs., rt, 10 min ©/'\©[R
+
R2 2) 2.0 eq. TfOH R2
12 eq. 1.0 eq. CH,Cl, abs.,0°Ctort, 1h 18, R' = H, R? = -GO,H, 61%
R'=R2=H or-COzH 1b, R' = -COOH, R? = H, 46%
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= Synthesis of Cyclic Diaryliodonium Salts

1) 1.2 eq. mMCPBA

CH,CI, abs., rt, 10 min

R1
“OTf R?

2) 3.0 eq. TFOH
CH,Clyabs., 0°Ctort, 1.5 h

4,R'=R%=R*=H,R?=-CO,H,R® =1
5R'=|,R?=R*=R%=H, R®=-CO,H
6,R"=1,R2=R3*=R5%=H, R* = -CO,H

G
1c, R'=R?=H, R® =-CO,H, 76%
1d, R' = R®=H, R? =-CO,H, 74%
1e, R'=-CO,H, R2=R% = H, 84%

» Synthesis of Cyclic Diarylbromonium and Diarylchloronium Salts

R1
R2 1) 6 M aq. HCI
NH, O reflux, 1h
2) 6.0 eq. NaNO,
X 0°Ctort,2h
3) 6.0 eq. urea
7,X=Br, R"=-CO,H, R2=H 0°C to 50 °C
8, X =Br,R'=H, R2=-CO,H 0.5to1h

9,X=Cl,R"=-CO,H,R?=H
10, X =CI, R' = H, R? = -CO,H

= Synthesis of Activity-based Probes

1)

Clyt R

11, X =Br, R' =H, R =-CO,H, 72%
12, X =Br, R"=-CO,H, R = H, 67%

13, X =Cl, R' =H, R2=-CO,H, 50%
14, X = Cl, R' = -CO,H, R? = H, 37%

R2

1.01 eq. AgOTf
MeOH, rt, 0.25t0 1.5 h

XfOTf R’
(O~
1f, X =Br, R' = H, R?=-CO,H, 83%

1g, X = Br, R' =-CO,H, R? = H, 85%
1h, X = CI,R' = H, R =-CO,H, 81%
1i, X = Cl, R" = -CO,H, R? = H, >99%

Method A
2.5 eq. SOCl,

DMF abs., 0 °C to rt, 2h

“oTf 2)

P TVES

DMF abs., 0 °C to rt, 2h

3.0 eq. DIPEA
1.2 eq.2

HNT Y7 ON,
2a:Y = (CH,)g

1a-i 2b: Y = (CH,0CH,)s

X=1,Br, Cl

Method B

1.5eq.1
1.0eq. 2

30 mol% DMAP

1.5 eq. EDC*HCI
CH,Cl, abs.,0°Ctort,1.5t0 3 h
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» Synthesis of Methyl tert-butacrylate (t--BAM)

1) 1.15eq. DIPEA

(6] 0 1.09 eq. nBulLi
1.5 eq. H,SO,4 THF abs., -78 °C, 10 min
OH o~
o MeOH, reflux, 22 h o 2) 1.09 eq. (MePPh3)* Br
THF abs., -40 °C to rt, 2h

3) 1.0 eq. 29
THF abs., 0 °C to rt, 1h

29

61%
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Synthesis of Azidoamine Linkers

1,10-Diazidodecane (15)

This compound was prepared according to a procedure described by Roe et al.'4

1 3 5 7 9 N
/\/\/\/\/\/
N 3

2 4 6 8 10
15

In a 100 mL round-bottom flask 1,10-dibromodecane (11.0 g, 36.7 mmol) was dissolved in
50 mL DMF. NaNs (5.00 g, 77.0 mmol) was dissolved in 25 mL H,O and added to the DMF
solution. The reaction mixture was heated to 80 °C for 23 h. After cooling to rt, the reaction
mixture was taken up in 150 mL brine and the product was extracted with CH>Cl, (4 x 100 mL).
The combined organic layers were dried over Na2SOs, filtered, and concentrated under reduced

pressure.
Yield 8.21 g (36.6 mmol, 99%), colorless liquid, C10H20Ne [224.31]

IH NMR (300.36 MHz, CDCl3) & = 3.25 (t, 3Jnu = 6.9 Hz, 4H, H-1, H-10), 1.66 — 1.52 (m,
4H, H-2, H-9), 1.30 (s, 12H, H-3 to H-8) ppm.

13C NMR (75.53 MHz, CDCls) 8 = 51.6 (CHz, C-1, C-10), 29.5 (CH2, C-2, C-9), 29.2 (CH,
C-5, C-6), 29.0 (CHz, C-4, C-7), 26.8 (CHz, C-3, C-8) ppm.

The recorded spectra are in accordance with the reported in literature.

10-Azidodecan-1-amine (2a)

This compound was prepared according to a procedure described by Roe et al.1*

1 3 5 7 9
/\/\/\/\/\/N
H,N 3
2

4 6 8 10
2a

In a 100 mL round-bottom flask 1,10-diazidodecane (15) (3.38 g, 15.0 mmol) was dissolved in
20 mL Et,O/EtOAC (1/1, v/v). 30 mL 1 M HCI were added and the reaction mixture was cooled
to 0 °C via an ice/water bath. PPhs (3.95 g, 15.1 mmol) was added in small portions over a

period of 3 h at 0 °C. The reaction mixture was allowed to warm to rt and was stirred for 22 h
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at rt. After separation of the layers, the aqueous phase was washed with Et,O (3 x 20 mL),
basified to pH 12 with 3 M NaOH, and subsequently extracted with CH2Cl> (3 x 50 mL). The
combined organic layers were dried over Na2SQOq, filtered, and concentrated under reduced
pressure. The crude, colourless oil was purified via flash column chromatography (100 mL
silica gel, 9 x 4 cm, CH2Cl2/MeOH/NH3s = 100/20/1, fraction size: 20 mL).

Yield 569 mg (2.87 mmol, 19%), pale yellow liquid, C1oH22N4 [198.31]
TLC Rf=0.17 (CH2Cl2/MeOH/NH3 = 100/20/1; UV and ninhydrin)

!H NMR (300.36 MHz, CDCls3) § = 3.23 (t, 3Jun = 6.9 Hz, 2H, H-10), 2.69 (t, 3Jun = 7.1 Hz,
2H, H-1), 2.43 (s, 2H, N-H), 1.63 — 1.51 (m, 2H, H-9), 1.50 — 1.38 (m, 2H, H-2), 1.27 (s, 12H,
H-3 to H-8) ppm.

13C NMR (75.53 MHz, CDCl3) 6 = 51.6 (CHp, C-10), 42.7 (CH, C-1), 33.1 (CH,, C-2), 29.6
(CH2), 29.5 (CHy), 29.5 (CH2), 29.2 (CH_), 28.9 (CHy), 26.9 (CH>), 26.8 (CH>) ppm.

The recorded spectra are in accordance with the reported in literature.'*

Tetraethylene glycol di(p-toluenesulfonate) (16)

This compound was prepared according to a procedure described by Jain et al.*®
15 11 20 22
10 21
12 19
13 2 S/’O ' o A S o 2t O\\S@i
\O/\/ \/\O/\/ \/\o/ \\O
7

14 /
© 2 3 6

16

In a 250 mL round-bottom flask a solution of NaOH (1.49 g, 37.3 mmol) in 9 mL H20 was
added to a mixture of tetraethylene glycol (3.05 g, 15.7 mmol) in 5 mL THF. After cooling to
0 °C, a solution of p-toluenesulfonyl chloride (6.16 g, 32.3 mmol) in 35 mL THF was added
dropwise over 1 h at 0 °C and the yellowish reaction solution was then stirred at 0 °C for 1 h
until full conversion was detected by TLC (cyclohexane/EtOAc = 2/3; UV). The reaction
solution was then diluted with 20 mL ice water and extracted with CH2Cl, (3 x 50 mL). The
combined organic layers were washed with brine (1 x 100 mL), dried over Na2SOQa, filtered and
the solvent was removed under reduced pressure. The crude product was used without further

purification.
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Yield 7.21 g (14.3 mmol, 91%), pale yellow liquid, C22H3009S; [502.59]
TLC Rt = 0.47 (cyclohexane/EtOAC = 2/3; UV)

IH NMR (300.36 MHz, CDCl3) §=7.78 (d, 3Jun = 8.2 Hz, 4H, H-10, H-14, H-17, H-21), 7.33
(d, 3Jun = 8.0 Hz, 4H, H-11, H-13, H-18, H-20), 4.19 — 4.10 (m, 4H), 3.66 (m, 4H), 3.56 (s,
8H), 2.44 (s, 6H, H-15, H-22) ppm.

13C NMR (75.53 MHz, CDCls) § = 144.9 (Cq, C-9, C-16), 133.1 (Cq, C-12, C-19), 130.0 (CH,
C-11, C-13, C-18, C-20), 128.1 (CH, C-10, C-14, C-17, C-21), 70.9 (CHs), 70.7 (CH>), 69.4
(CHz), 68.8 (CH2), 21.8 (CH3, C-15, C-22) ppm.

The recorded spectra are in accordance with the reported in literature.™

1-Azido-2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethane (17)

This compound was prepared according to a procedure described by Longo et al.®

1 4 5 8
/\/O\/\ /\/O\/\
N5 (@] ; N5

2 3 6

17

In a 100 mL round-bottom flask tetraethylene glycol di(p-toluenesulfonate) (16) (5.00 g,
9.96 mmol) was dissolved in 30 mL DMF. NaNs (3.24 g, 49.8 mmol) and TBAI (180 mg,
0.487 mmol) were added and the yellow suspension was stirred at 80 °C for 4 h until
quantitative conversion was detected by TLC (cyclohexane/EtOAc = 2/3; UV + KMnQ.). After
cooling to rt, the reaction solution was taken up in 150 mL brine and extracted with EtOAc
(3 x50 mL). The combined organic layers were washed with sat. NH4Cl solution (1 x 50 mL),
dried over Na>SQg, filtered and the solvent was removed under reduced pressure. The crude
product was purified via column chromatography (100 mL silica gel, cyclohexane/EtOAc =
1/1, fraction size: 20 mL).

Yield 1.46 g (5.96 mmol, 60%), orange liquid, CsH1sNsO3 [244.26]
TLC R¢ = 0.60 (cyclohexane/EtOAC = 1/2; KMnOQOs)

'H NMR (300.36 MHz, CDCls3) 8 = 3.73 — 3.59 (m, 12H, H-2 to H-7), 3.45 — 3.32 (m, 4H, H-
1, H-8) ppm.

13C NMR (75.53 MHz, CDCls) § = 70.8 (CH), 70.2 (CH>), 50.8 (CH2, C-1, C-8) ppm.
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The recorded spectra are in accordance with the reported in literature.!’
2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b)

1 o 4 5o 8
H2N/\/ \/\o/\/ \/\N3
2 7

3 6

2b

In a 100 mL round-bottom flask 1-azido-2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethane (17)
(1.01 g, 4.13 mmol) was dissolved in 16 mL 1 M aq. HCI. After cooling to 0 °C via an ice/water
bath, a solution of PPh3 (1.18 g, 4.48 mmol) in 16 mL Et>O was added dropwise over 1 h. The
ice/water bath was then removed, and the colorless reaction solution was stirred for 17 h at rt.
After separation of the layers, the aqueous phase was washed with Et>O (2 x 10 mL), basified
to pH 12 with 2 M NaOH, and subsequently extracted with CH.Cl, (4 x 50 mL). The combined
organic layers were dried over Na2SOs, filtered, and concentrated under reduced pressure. The
crude product was purified via column chromatography (50 mL silica gel, 10 x 2.5 cm,
CH2Cl2/MeOH/NH3 = 10/2/0.1, fraction size: 10 mL).

Yield 768 mg (3.52 mmol, 86%), pale yellow liquid, CsH1sN4O3 [218.26]
TLC Rf = 0.23 (CH2Cl2/MeOH/NH3 = 10/2/0.1; ninhydrin)

IH NMR (300.36 MHz, CDCls) § = 3.71 — 3.58 (m, 10H), 3.50 (t, 3Jun = 5.2 Hz, 2H), 3.41 —
3.34 (M, 2H, H-8), 2.86 (t, 3Jun = 5.2 Hz, 2H, H-1), 1.74 (s, 2H, N-H) ppm.

13C NMR (75.53 MHz, CDCls) 8 = 71.2 (CHg), 70.7 (CH2), 70.7 (CH2), 70.7 (CH2), 70.3 (CH_),
70.1 (CH2), 50.9 (CHz, C-8), 41.2 (CHz, C-1) ppm.

The recorded spectra are in accordance with the reported in literature.’

Synthesis of Biphenylcarboxylic Acids

General Procedure for the 3-lodination of 4-Halobenzoic acids
According to a literature procedure from Kraszkiewicz et al.'8

In a 100 mL round-bottom flask I (4.73 mmol) and NalO4 (1.59 mmol, 1.1 eq of total reactive
I"-species) were added to 30 mL 96% (w/w) H2SO4 and the reaction mixture was stirred for

30 min at rt until a dark brown solution was obtained. The corresponding 4-halobenzoic acid
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(10.0 mmol) was added and the dark brown suspension was stirred for 1 h at rt. The reaction
mixture was then poured onto 300 mL ice water and the product was collected via filtration,
washed with H>O (6 x 100 mL), and dried via suction on the frit. The crude product was
suspended in 50 mL CHCl> and collected via filtration. This process was repeated five times

to remove remaining l2. The final product was eventually dried under high vacuum.

4-Bromo-3-iodobenzoic acid (18)

18

Starting from 4-bromobenzoic acid (2.01 g, 10.0 mmol) iodination was executed as described

in general procedure.
Yield 2.99 g (9.15 mmol, 91%), pale pink solid, C7H4BrlO2 [326.92]
M.p. 235-239 °C

H NMR (300.36 MHz, DMSO-d6) & = 8.36 (s, 1H, H-2), 7.83 (m, 3Jun = 8.2 Hz, 2H, H-5,
H-6) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 165.44 (Cq, C-7), 140.5 (CH, C-2), 134.2 (Cq, C-4),
133.0 (CH, C-6), 131.4 (Cq, C-1), 130.4 (CH, C-5), 102.2 (Cq, C-3) ppm.

4-Chloro-3-iodobenzoic acid (19)

19

Starting from 4-chlorobenzoic acid (1.57 g, 10.0 mmol) iodination was executed as described

in general procedure.
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Yield 1.83 g (6.46 mmol, 65%), pale pink solid, C7H4Cl10; [282.46]
M.p. 205-215°C

'H NMR (300.36 MHz, DMSO-d6) & = 8.38 (s, 1H, H-2), 7.91 (d, 3Jun = 7.5 Hz, 1H, H-6),
7.69 (d, 3Jun = 8.1 Hz, 1H, H-5) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 165.2 (Cq, C-7), 142.0 (C,, C-4), 140.6 (CH, C-2), 130.9
(Cq, C-1), 130.5 (CH, C-6), 129.6 (CH, C-5), 99.0 (Cq, C-3) ppm.

Methyl 4-bromo-3-iodobenzoate (20)

20

In a 100 mL round-bottom flask equipped with a reflux condenser 4-bromo-3-iodobenzoic acid
(18) (1.18 g, 3.61 mmol) was suspended in 30 mL methanol. H2SO4 conc. (400 pL) was added
and the reaction mixture was heated for 7 h under reflux until full conversion was detected by
TLC. The yellow solution was cooled to rt, diluted with 20 mL H»O and extracted with EtOAc
(3 x50 mL). The combined organic layers were washed with brine (1 x 100 mL), dried over
Na2SOg, filtered, and the solvent was removed under reduced pressure. The crude product was
purified via silica filtration (25 mL silica gel, CH>Cl>/MeOH = 10/1).

Yield 1.11 g (3.26 mmol, 90%), colorless solid, CsHsBrlO2 [340.94]
TLC Rf = 0.63 (cyclohexane/EtOAC = 4/1; UV + KMnO,)
M.p. 65 - 66 °C

IH NMR (300.36 MHz, DMSO-d6) 8 = 8.37 (d, “Ju = 1.8 Hz, 1H, H-2), 7.84 (m, *Jup = 8.3,
5.0 Hz, 2H, H-5, H-6), 3.85 (s, 3H, H-8) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 164.4 (Cq, C-7), 140.2 (CH, C-2), 134.7 (Cq, C-4), 133.1
(CH, C-6), 130.2 (CH, C-5), 130.0 (Cq, C-1), 102.5 (Cq, C-3), 52.6 (CHs, C-8) ppm.

The recorded spectra are in accordance with the reported in literature.®
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Methyl 4-chloro-3-iodobenzoate (21)

21

In a 50 mL round-bottom flask 4-chloro-3-iodobenzoic acid (19) (460 mg, 1.63 mmol) was
suspended in 15 mL methanol. H.SO4 conc. (177 pL, 2.0 eq.) was added and the reaction
mixture was heated for 4 h under reflux until full conversion was detected by HPLC. The
colorless solution was cooled to rt, diluted with 15 mL H>O and extracted with EtOAc
(3 x 15 mL). The combined organic layers were washed with brine (1 x 30 mL), dried over
Na2SOyg, filtered, and the solvent was removed under reduced pressure. The crude product was

purified via silica filtration (25 mL silica gel, cyclohexane/EtOAc = 3/1).

Yield 435 mg (1.47 mmol, 90%), colorless solid, CsHsCI102 [296.49]
TLC Rf = 0.69 (cyclohexane/EtOAC = 3/1; UV + KMnQO,)
HPLC-MS  tr = 6.94 min (method: 2-100-MeCN); m/z (ESI+) = 297 [M+H]*
M.p. 48 —50 °C

IH NMR (300.36 MHz, CDCls) 5 = 8.51 (d, “Jun = 1.8 Hz, 1H, H-2), 7.94 (dd, 3Jun = 8.3,
4Jum = 1.8 Hz, 1H, H-6), 7.51 (d, 3Jun = 8.3 Hz, 1H, H-5), 3.92 (s, 3H, H-8) ppm.

13C NMR (75.53 MHz, CDCls) § = 165.0 (Cq, C-7), 143.7 (Cq, C-4), 141.5 (CH, C-2), 130.5
(CH, C-6), 130.0 (Cq, C-1), 129.4 (CH, C-5), 98.0 (Cq, C-3), 52.7 (CH3, C-8) ppm.

The recorded spectra are in accordance with the reported in literature.?
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Methyl 3-bromo-4-iodobenzoate (22)

This compound was prepared according to a procedure described by Vu et al.?

22

In a 50 mL round-bottom flask methyl 4-iodobenzoate (5.00 g, 19.1 mmol) was dissolved in
25 mL H2S04 conc. N-Bromosuccinimide (4.37 g, 24.6 mmol) was added in one portion and
the reaction mixture was stirred for 24 h at rt until full conversion was detected by HPLC. The
orange solution was poured onto 200 mL ice-cold water and extracted with EtOAc (3 x 30 mL).
The combined organic layers were washed with sat. NaHCO3 solution (1 x 50 mL) and brine
(1 x50 mL), dried over Na.SO4 and the solvent was removed under reduced pressure. The

product was directly used without further purification.
Yield 5.48 g (16.1 mmol, 84%), pale pink solid, CsHeBrlO2 [340.94]

IH NMR (300.36 MHz, DMSO-d6) § = 8.15 — 8.05 (m, 2H, H-2, H-5), 7.61 (dd, 3Ju+ =8.1 Hz,
4Jun = 1.8 Hz, 1H, H-6), 3.85 (s, 3H, H-8) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 164.7 (Cq, C-7), 140.8 (CH, C-5), 132.4 (CH, C-2),
131.1 (Cq, C-3), 129.5 (Cq, C-1), 129.0 (CH, C-6), 109.1 (Cq, C-4), 52.6 (CHs, C-8) ppm.

The recorded spectra are in accordance with the reported in literature.??

Methyl 3-chloro-4-iodobenzoate (23)

23

In a 250 mL round-botom flask methyl 4-amino-3-chlorobenzoate (1.01 g, 5.38 mmol) was
suspended in 50 mL 6 M ag. H2SOg4. After stirring the yellowish reaction mixture for 1 h at rt,
it was cooled to 0 °C via an ice/water bath and a solution of NaNO (443 mg, 6.42 mmol) in

2.5 mL H>O was added and stirred for 1 h at 0 °C. Subsequently, Cul (51.8 mg, 0.272 mmol)
67



and K1 (1.07 g, 6.46 mmol) were added and the dark brown suspension was stirred for 24 h at
rt. The solid was collected by filtration through a sintered glass frit and washed with H>O
(3 x50 mL). Subsequently, the solid was dissolved in 100 mL EtOAc and the organic layer was
washed with sat. NaHCO3 solution (1 x 50 mL) and brine (1 x 100 mL), dried over NaSOg,
filtered, and concentrated under reduced pressure. The crude, dark-brown oil was purified via
column chromatography (70 mL silica gel, 10 x 3 cm, cyclohexane/EtOAc = 10/1, fraction
size: 15 mL).

Yield 491 mg (1.66 mmol, 30%), colorless solid, CsHsCIIO2 [296.49]
TLC Rf = 0.53 (cyclohexane/EtOAc = 10/1; UV + KMnOa)
M.p. 68— 70 °C

IH NMR (300.36 MHz, CDCls) 3 = 8.07 (s, 1H, H-6), 7.95 (d, 3Jun = 8.2 Hz, 1H, H-4), 7.58
(d, 33un = 10.0 Hz, 1H, H-3), 3.92 (s, 3H, H-8) ppm.

13C NMR (75.53 MHz, CDCls) § = 165.7 (Cq, C-7), 140.6 (CH, C-3), 139.2 (Cq, C-1), 131.8
(Cq, C-5), 130.1 (CH, C-6), 128.6 (CH, C-4), 104.6 (Cq, C-2), 52.7 (CHs, C-8) ppm.

The recorded spectra are in accordance with the reported in literature.?3

2'-lodo-[1,1'-biphenyl]-4-carboxylic acid (5)

In a flame-dried and argon-flushed 80 mL Schlenk flask 4-carboxyphenylboronic acid (630 mg,
3.80 mmol), allylpalladium(ll) chloride dimer (70.9 mg, 0.194 mmol) and PPhs (302 mg,
1.15 mmol) were dissolved in 30 mL abs. DMSO. 1,2-Diiodobenzene (600 pL, 1.51 g,
4.59 mmol) and K.COs (1.27 g, 9.15 mmol) were added to the yellow suspension and heated to
100 °C for 66 h. After cooling to rt, the reaction mixture was quenched by the addition of
100 mL 6 M HCI and the product was extracted with CH2Cl, (3 x 100 mL). The combined
organic layers were washed with 6 M HCI (2 x 100 mL), H20O (1 x 100 mL), and sat. Na2S203
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solution (2 x 100 mL) and dried over Na>SOs. After filtration, the solvent was removed under
reduced pressure. The crude, orange-brown solid was adsorbed onto 2 g silica gel and purified
via column chromatography (250 mL silica gel, 13 x 5 cm, cyclohexane/EtOAc = 4/1 to 2/1,

fraction size: 50 mL).

Yield 515 mg (1.59 mmol, 42%), pale orange solid, C13HslO> [324.12]
TLC Rf = 0.23 (cyclohexane/EtOAC = 1/1; UV)
M.p. 235 - 242 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 13.04 (s, 1H, O-H), 8.08 — 7.92 (m, 3H, H-aromatic),
7.54 —7.41 (m, 3H, H-aromatic), 7.35 (dd, 3Jun = 7.6 Hz, *Jun = 1.5 Hz, 1H, H-aromatic), 7.16
(td, 3Jnn = 7.7 Hz, “Jun = 1.6 Hz, 1H H-aromatic) ppm.

13C NMR (75.53 MHz, DMSO0-d6) & = 167.0 (Cq, C-13), 147.8 (Cq, C-7), 145.1 (Cq, C-1),
139.4 (CH, C-9), 130.0 (CH, C-aromatic), 129.7 (CH, C-aromatic), 129.4 (CH, C-aromatic),
129.1 (CH, C-aromatic), 128.5 (CH, C-aromatic), 98.1 (Cq, C-8) ppm.

HRMS calcd (M/z) for C13HslO, [M-H]": 322.9574; found: 322.9572.

The recorded spectra are in accordance with the reported in literature.?*

2'-lodo-[1,1'-biphenyl]-3-carboxylic acid (6)

In a flame-dried and argon-flushed 80 mL Schlenk flask 3-carboxyphenylboronic acid (602 mg,
3.63 mmol), allylpalladium(ll) chloride dimer (66.7 mg, 0.182 mmol) and PPhs (289 mg,
1.10 mmol) were dissolved in 25 mL abs. DMSO. 1,2-Diiodobenzene (710 pL, 1.79 g,
5.43 mmol) and K>COz3 (1.21 g, 8.78 mmol) were added to the yellow suspension and heated to
100 °C for 48 h. After cooling to rt, the reaction mixture was quenched by the addition of
100 mL 6 M HCI and the product was extracted with CH2Cl, (3 x 100 mL). The combined
organic layers were washed with 6 M HCI (1 x 100 mL) and H20 (1 x 150 mL), dried over
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Na.SOg, filtered and concentrated under reduced pressure to a volume of around 50 mL. The
dark red solution was washed with sat. Na2S,0O3 solution (1 x 50 mL) and dried over Na2SOs.
After filtration, the solvent was removed under reduced pressure. The crude, dark-brown solid
was adsorbed onto 2 g silica gel and purified via column chromatography (250 mL silica gel,
13 x 5 cm, cyclohexane/EtOAc = 4/1, fraction size: 50 mL).

Yield 530 mg (1.59 mmol, 45%), grey-brownish solid, C13HqlO> [324.12]
TLC Rf = 0.14 (cyclohexane/EtOAc = 1/1; UV)
M.p. 170 - 175 °C decomp.

!H NMR (300.36 MHz, DMS0-d6) & = 13.09 (s, 1H, OH), 7.99 (m, 3Jun = 10.7, 5.0 Hz, 2H,
H-4, H-9), 7.87 (s, 1H, H-2), 7.63 — 7.55 (m, 2H, H-5, H-6), 7.49 (td, 3Jun = 7.5 Hz, “Jyn =
1.0 Hz, 1H, H-11), 7.38 (dd, *Jun = 7.5 Hz, #J4 4 = 1.5 Hz, 1H, H-12), 7.16 (td, 3Jun = 7.7 Hz,
*Jun = 1.6 Hz, 1H, H-10) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 167.0 (Cq, C-13), 144.9 (Cq, C-7), 143.8 (Cq, C-1),
139.3 (CH, C-9), 133.5 (CH, C-6), 130.6 (Cq, C-3), 130.1 (CH, C-12), 129.8 (CH, C-2), 129.6
(CH, C-10), 128.6 (CH, C-11), 128.5 (CH, C-5), 128.5 (CH, C-4), 98.5 (Cq, C-8) ppm.

HRMS calcd (M/z) for C13HglO2” [M-H]: 322.9574; found: 322.9571.

6-Amino-[1,1'-biphenyl]-3-carboxylic acid (24)

This compound was prepared according to a procedure described by Neuthe et al.®

24

A 30 mL pressure reaction vessel was charged with 4-amino-3-bromobenzoic acid (1.03 g,
4.77 mmol), phenylboronic acid (621 mg, 5.09 mmol), sodium carbonate (972 mg, 9.17 mmol),
TBAB (368 mg, 1.14 mmol), and palladium(Il) acetate (5.4 mg, 0.024 mmol). 10 mL H.O
were added, the reaction vessel sealed, and the reaction mixture was stirred at 150 °C for 30 min

in a preheated oil bath. After cooling to rt, the dark brown reaction mixture was poured into
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50 mL 1 M aqg. HCI and extracted with EtOAc (2 x 60 mL). The combined organic layers were
washed with H20 (1 x50 mL) and brine (1 x 75 mL), dried over Na>SOs, filtered, and the
solvent was eventually removed under reduced pressure. The crude, off-white solid was purified
via column chromatography (100 mL silica gel, 10.5 x 3.5 cm, cyclohexane/EtOAc = 4/1 to
1/1, fraction size: 20 mL).

Yield 873 mg (4.09 mmol, 86%), off-white solid, C13H11NO> [213.24]
TLC Rf = 0.26 (cyclohexane/EtOAc = 1/1; UV)
M.p. 163 - 172 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 12.14 (s, 1H, O-H), 7.64 (dd, 2Jnn = 8.4 Hz, *Jnun =
1.9 Hz, 1H, H-4), 7.56 (d, “Jun = 1.9 Hz, 1H, H-2), 7.51 — 7.33 (m, 5H, H-8 to H-12), 6.78 (d,
3Jum = 8.5 Hz, 1H, H-5), 5.57 (s, 2H, N-H) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 167.4 (Cq, C-13), 149.6 (Cq, C-6), 138.7 (Cq, C-7),
132.0 (CH, C-4), 130.1 (CH, C-2), 128.9 (CH, C-aromatic), 128.6 (CH, C-aromatic), 127.2
(CH, C-10), 124.6 (Cq, C-1), 118.0 (Cq, C-3), 114.1 (CH, C-5) ppm.

HRMS calcd (M/z) for C13H1:NO, [M]*: 213.0790; found: 213.0785.

6-lodo-[1,1'-biphenyl]-3-carboxylic acid (4)

This compound was prepared according to a modified procedure described by Kunz et al.?®

In an argon-flushed 80 mL Schlenk-flask flask 6-amino-[1,1'-biphenyl]-3-carboxylic acid (24)
(987 mg, 4.63 mmol) was suspended in 18 mL H2SO4 conc./H20 (1/2 v/v) and cooled to 0 °C
via an ice/water bath. A solution of NaNO> (392 mg, 5.68 mmol, in 3 mL H>O) was added
dropwise over 1 h at 0 °C and the resulting yellow suspension was then stirred for 1 h at 0 °C.
After addition of Cul (49.9 mg, 0.262 mmol), a solution of KI (919 mg, 5.54 mmol, in 3 mL
H>0) was added dropwise over 10 min at 0 °C. The ice/water bath was removed and the brown,

sluggish reaction mixture was stirred overnight while warming to rt. Full conversion was
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detected by HPLC-MS after 21 h. The reaction mixture was extracted with EtOAc (3 x 50 mL)
and the combined organic layers were washed with H20 (1 x 100 mL), sat. Na>S,03 solution
(1 x 100 mL) and brine (1 x 100 mL), and dried over Na>SOg4. After filtration, the solvent was
removed under reduced pressure. The crude, orange solid was purified via column
chromatography (120 mL silica gel, 12 x 3.5 cm, cyclohexane/EtOAc = 1/1, fraction size:
25 mL).

Yield 626 mg (1.93 mmol, 42%), off-white solid, C13HslO> [324.12]
TLC Rf = 0.11 (cyclohexane/EtOAc = 1/1; UV)

HPLC-MS  tr = 6.41 min (method: 2-100-MeCN); m/z (ESI+) = 325 [M+H]*
M.p. > 220 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) § = 13.18 (s, 1H, O-H), 8.13 (d, 3Ju = 8.2 Hz, 1H, H-5),
7.77 (d, “Jun = 1.6 Hz, 1H, H-2), 7.63 (dd, 2Ji = 8.1 Hz, “Jn s = 1.8 Hz, 1H, H-4), 7.52 - 7.40
(m, 3H, H-9, H-10, H-11), 7.39 — 7.31 (m, 2H, H-8, H-12) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.7 (Cq, C-13), 146.3 (Cq, C-1), 142.9 (Cq, C-7),
139.9 (CH, C-5), 131.0 (Cq, C-3), 130.1 (CH, C-2), 129.4 (CH, C-4), 128.9 (CH, C-8, C-12),
128.2 (CH, C-9, C-11), 128.0 (CH, C-10), 104.9 (Cq, C-6) ppm.

HRMS calcd (M/z) for C13HslO, [M-H]: 322.9574; found: 322.9572.

Methyl 2*-amino-6-bromo-[1,1'-biphenyl]-3-carboxylate (25)

25

An argon-flushed 30 mL Schlenk flask was charged with methyl 4-bromo-3-iodobenzoate (20)
(691 mg, 2.03 mmol), 2-aminophenylboronic acid pinacol ester (540 mg, 2.46 mmol), K.COs
(691 mg, 5.00 mmol) and PdCI>(PPhs). (71.8 mg, 0.102 mmol). DME (6 mL) and H>O (1 mL)
were added and the yellow suspension was stirred for 6 d at 80 °C until full conversion was

detected by HPLC-MS. The orange reaction solution was diluted with 20 mL H>O and extracted
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with EtOAc (3 x 20 mL). The combined organic layers were dried over Na>SQg, filtered and
the solvent was removed under reduced pressure. The crude, orange oil was purified via column
chromatography (200 mL silica gel, 11 x 5 cm, cyclohexane/EtOAc = 10/1 to 5/1, fraction size:
50 mL).

Yield 461 mg (1.51 mmol, 74%), orange solid, C14H12BrNO> [306.16]
TLC Rf = 0.41 (cyclohexane/EtOAC = 4/1; UV + KMnOQa,)
HPLC-MS  tr = 6.04 min (method: 2-100-MeCN); m/z (ESI+) = 306 [M+H]"
M.p. 110-112 °C

'H NMR (300.36 MHz, DMSO0-d6) & = 7.93 — 7.76 (m, 3H, H-2, H-4, H-5), 7.14 — 7.05 (m,
1H, H-10), 6.90 — 6.84 (m, 1H, H-8), 6.75 (d, 3Jun = 8.0 Hz, 1H, H-11), 6.61 (t, 3Jun = 7.3 Hz,
1H, H-9), 4.69 (s, 2H, N-H), 3.85 (s, 3H, H-14) ppm.

13C NMR (75.53 MHz, DMSO0-d6) & = 165.6 (Cq, C-13), 145.1 (Cq, C-12), 140.6 (Cq, C-1),
133.5 (CH, C-5), 132.3 (CH, C-2), 129.7 (CH, C-8), 129.6 (Cq, C-6), 129.5 (CH, C-4), 129.3
(Cq, C-3), 129.0 (CH, C-10), 124.2 (Cq, C-7), 115.9 (CH, C-9), 115.0 (CH, C-11), 52.3 (CHGg,
C-14) ppm.

HRMS calcd (M/z) for C14H13BrNO2" [M+H]*: 306.0124; found: 306.0125.

Methyl 2'-amino-2-bromo-[1,1'-biphenyl]-4-carboxylate (26)

26

An argon-flushed 30 mL Schlenk flask was charged with methyl 3-bromo-4-iodobenzoate (22)
(2.07 g, 3.13 mmol), 2-aminophenylboronic acid pinacol ester (803 mg, 3.67 mmol), K2CO3
(1.05 g, 7.63 mmol) and PdCI>(PPhs)> (111 mg, 0.158 mmol). DME (9 mL) and H20 (1.5 mL)
were added and the dark orange suspension was stirred for 40 h at 80 °C until full conversion
was detected by HPLC-MS. The orange reaction solution was diluted with 20 mL H.O and
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over NaxSOa,
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filtered and the solvent was removed under reduced pressure. The crude, orange oil was purified
via column chromatography (200 mL silica gel, 11 x5 cm, cyclohexane/EtOAc = 10/1,
fraction size: 40 mL).

Yield 551 mg (1.80 mmol, 57%), orange solid, C14H12BrNO> [306.16]
TLC Rf = 0.41 (cyclohexane/EtOAC = 4/1; UV + KMnOQa,)
HPLC-MS  tr = 6.08 min (method: 2-100-MeCN); m/z (ESI+) = 306 [M+H]"
M.p. 112 -117 °C

1H NMR (300.36 MHz, DMSO-d6) & = 8.20 (d, “Jun = 1.4 Hz, 1H, H-5), 7.98 (dd, 3Jun = 7.9,
“Jun = 1.3 Hz, 1H, H-3), 7.45 (d, 3Jun = 7.9 Hz, 1H, H-2), 7.09 (t, 3Jun = 7.0 Hz, 1H, H-10),
6.89 — 6.82 (m, 1H, H-8), 6.75 (d, ®Jun = 8.0 Hz, 1H, H-11), 6.61 (t, 3Jun = 7.3 Hz, 1H, H-9),
4.68 (s, 2H, N-H), 3.89 (s, 3H, H-14) ppm.

13C NMR (75.53 MHz, DMSO-d6) 6 = 165.0 (Cq, C-13), 145.1 (Cq, C-1), 145.0 (Cq, C-12),
133.2 (CH, C-5), 132.4 (CH, C-2), 130.3 (Cq, C-4), 129.4 (CH, C-8), 129.1 (CH, C-10), 128.6
(CH, C-3), 124.2 (Cq, C-7), 124.0 (Cq, C-6), 115.8 (CH, C-9), 115.0 (CH, C-11), 52.5 (CH3s, C-
14) ppm.

HRMS calcd (M/z) for C14H13BrNO2" [M+H]*: 306.0124; found: 306.0125.

2'-Amino-6-bromo-[1,1'-biphenyl]-3-carboxylic acid (7)

In a 25 mL round-bottom flask methyl 2'-amino-6-bromo-[1,1'-biphenyl]-3-carboxylate (25)
(440 mg, 1.44 mmol) was dissolved in 5mL THF. A solution of LiOH-H.O (245 mg,
5.84 mmol) in 7 mL H20 was added and the reaction mixture was stirred for 45 min at rt until
full conversion was detected by HPLC-MS. The dark-green emulsion was diluted with 5 mL
H20, adjusted to pH ~ 2 with 2 M ag. HCI and extracted with EtOAc (4 x 15 mL). The
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combined organic layers were dried over Na>SOs, filtered and the solvent was removed under

reduced pressure.

Yield 421 mg (1.44 mmol, quant.), light brown solid, C13H10BrNO; [292.13]
HPLC-MS  tr =4.97 min (method: 2-100-MeCN); m/z (ESI+) = 292 [M+H]"

M.p. 235 — 240 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 7.83 (dt, 3Jun = 8.4, 5.1 Hz, 2H, H-4, H-5), 7.76 (d,
4Jun = 1.7 Hz, 1H, H-2), 7.09 (t, 3Jun = 6.9 Hz, 1H, H-10), 6.91 — 6.83 (m, 1H, H-8), 6.75 (d,
33un = 7.9 Hz, 1H, H-11), 6.61 (t, 3Jnn = 7.3 Hz, 1H, H-9) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.6 (Cq, C-13), 145.2 (Cq, C-12), 140.4 (Cq, C-1),
133.3 (CH, C-5), 132.5 (CH, C-2), 130.5 (Cq, C-3), 129.8 (CH, C-4, C-8), 129.1 (Cq, C-6),
128.9 (CH, C-10), 124.4 (Cq, C-7), 115.9 (CH, C-9), 114.9 (CH, C-11) ppm.

HRMS calcd (M/z) for C13H11BrNO2" [M+H]*: 291.9968; found: 291.9967.

2'-Amino-2-bromo-[1,1'-biphenyl]-4-carboxylic acid (8)

In a 25 mL round-bottom flask methyl 2'-amino-2-bromo-[1,1'-biphenyl]-4-carboxylate (26)
(501 mg, 1.64 mmol) was dissolved in 5mL THF. A solution of LiOH-H.O (276 mg,
6.58 mmol) in 7 mL H>0 was added and the reaction mixture was stirred for 50 min at rt until
full conversion was detected by HPLC-MS. The olive-colored emulsion was adjusted to pH ~
2 with 2 M aq. HCI and extracted with EtOAc (3 x 15 mL). The combined organic layers were

dried over Na>SOQg, filtered and the solvent was removed under reduced pressure.
Yield 473 mg (1.62 mmol, 99%), brown solid, C13H10BrNO- [292.13]

HPLC-MS  tr =4.96 min (method: 2-100-MeCN); m/z (ESI+) = 292 [M+H]*
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M.p. 159 -161°C

'H NMR (300.36 MHz, DMSO0-d6) § = 8.19 (d, *Jun = 1.4 Hz, 1H, H-5), 7.96 (dd, 3Jnn = 7.9,
4Jyn =1.5Hz, 1H, H-3), 7.42 (d, 3Jun = 7.9 Hz, 1H, H-2), 7.15—7.05 (m, 1H, H-10), 6.86 (dd,
8Jyn =7.4,%un = 1.2 Hz, 1H, H-8), 6.75 (d, 3Jun = 7.9 Hz, 1H, H-11), 6.61 (t, 3Jun = 7.3 Hz,
1H, H-9) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.0 (Cq, C-13), 145.0 (Cq, C-12), 144.6 (Cq, C-1),
133.4 (CH, C-5), 132.2 (CH, C-2), 131.6 (Cq, C-4), 129.5 (CH, C-8), 129.0 (CH, C-10), 128.7
(CH, C-3), 124.4 (Cq, C-7), 123.8 (Cq, C-6), 115.8 (CH, C-9), 115.0 (CH, C-11) ppm.

HRMS calcd (M/z) for C13H11BrNO2" [M+H]*: 291.9968; found: 291.9968.

Methyl 2'-amino-6-chloro-[1,1'-biphenyl]-3-carboxylate (27)

27

An argon-flushed 30 mL Schlenk flask was charged with methyl 4-chloro-3-iodobenzoate (21)
(412 mg, 1.39 mmol), 2-aminophenylboronic acid pinacol ester (368 mg, 1.68 mmol), K.CO3
(476 mg, 3.44 mmol) and PdCI>(PPhs)2 (50.2 mg, 71.5 pumol). DME (6 mL) and H20 (1 mL)
were added and the orange suspension was stirred for 15 h at 80 °C until full conversion was
detected by HPLC. The brown reaction solution was diluted with 20 mL H>O and extracted
with EtOAc (3 x 15 mL). The combined organic layers were washed with brine (1 x 30 mL),
dried over NaxSOg, filtered and the solvent was removed under reduced pressure. The crude,
dark-orange oil was purified via column chromatography (100 mL silica gel, 10.5 x 3.5 cm,
cyclohexane/EtOAc = 10/1, fraction size: 20 mL).

Yield 301 mg (1.15 mmol, 83%), pale orange solid, C14H12CINO; [261.71]
TLC Rf = 0.31 (cyclohexane/EtOAC = 4/1; UV + KMnQOx)
HPLC-MS tr =5.80 min (method: 2-100-MeCN); m/z (ESI+) = 262 [M+H]*

M.p. 89 -91°C
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'H NMR (300.36 MHz, DMS0-d6) § = 7.93 (dd, *Jun = 8.3, “Jun = 2.1 Hz, 1H, H-4), 7.82 (d,
4Jun = 2.0 Hz, 1H, H-2), 7.71 (d, 3Jun = 8.4 Hz, 1H, H-5), 7.16 — 7.03 (m, 1H, H-10), 6.89 (dd,
8Jun=7.4,%Iun=1.2Hz, 1H, H-8), 6.76 (d, 3Jun = 7.9 Hz, 1H, H-11), 6.61 (t, 3Jun = 7.0 Hz,
1H, H-9), 4.70 (s, 2H, N-H), 3.85 (s, 3H, H-14) ppm.

13C NMR (75.53 MHz, DMSO0-d6) & = 165.5 (Cq, C-13), 145.5 (Cq, C-12), 138.5 (Cq, C-1),
138.3 (Cq, C-6), 132.6 (CH, C-2), 130.3 (CH, C-5), 129.9 (CH, C-8), 129.5 (CH, C-4), 129.1
(CH, C-10), 128.7 (Cq, C-3), 122.2 (Cq, C-7), 115.9 (CH, C-9), 115.0 (CH, C-11), 52.3 (CHBa,
C-14) ppm.

HRMS calcd (M/z) for C14H13CINO," [M+H]": 262.0629; found: 262.0630.

Methyl 2'-amino-2-chloro-[1,1'-biphenyl]-4-carboxylate (28)

28

An argon-flushed 30 mL Schlenk flask was charged with methyl 3-chloro-4-iodobenzoate (23)
(811 mg, 2.74 mmol), 2-aminophenylboronic acid pinacol ester (724 mg, 3.30 mmol), K.COs
(945 mg, 6.84 mmol) and PdCI>(PPhs)2 (96.9 mg, 138 umol). DME (12 mL) and H>O (2 mL)
were added and the orange suspension was stirred for 16 h at 80 °C until full conversion was
detected by HPLC. The dark red reaction solution was diluted with 30 mL H,O and extracted
with EtOAc (3 x 20 mL). The combined organic layers were dried over Na>SQg, filtered and
the solvent was removed under reduced pressure. The crude, dark-orange oil was purified via
column chromatography (125 mL silica gel, 10 x 4 cm, cyclohexane/EtOAc = 10/1, fraction
size: 20 mL).

Yield 586 mg (2.24 mmol, 82%), pale pink solid, C14H12CINO; [261.71]
TLC Rf = 0.32 (cyclohexane/EtOAC = 4/1; UV + KMnQOx)
HPLC-MS  tr = 6.15 min (method: 2-100-MeCN); m/z (ESI+) = 262 [M+H]*

M.p. 96 — 100 °C
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1H NMR (300.36 MHz, DMS0-d6) & = 8.03 (s, 1H, H-11), 7.94 (d, 3Jun = 7.9 Hz, 1H, H-6),
7.47 (d, 3Jnn = 7.9 Hz, 1H, H-8), 7.10 (t, ®Jun = 7.9 Hz, 1H, H-2), 6.88 (d, 3Jun = 7.4 Hz, 1H,
H-9), 6.76 (d, 3Jun = 8.0 Hz, 1H, H-3), 6.62 (t, *Jun = 7.3 Hz, 1H, H-1), 4.71 (s, 2H, H4), 3.89
(s, 3H, H-14) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 165.1 (Cgq, C-13), 145.2 (Cq, C-4), 143.1 (Cq, C-7),
133.4 (Cq, C-10), 132.6 (CH, C-8), 130.2 (Cq, C-12), 130.1 (CH, C-11), 129.6 (CH, C-6), 129.1
(CH, C-2), 128.0 (CH, C-9), 122.3 (Cq, C-5), 115.8 (CH, C-1), 114.9 (CH, C-3), 52.5 (CH3s, C-
14) ppm.

HRMS calcd (M/z) for C14H13CINO," [M+H]": 262.0629; found: 262.0630.

2'-Amino-6-chloro-[1,1'-biphenyl]-3-carboxylic acid (9)

In a 10 mL round-bottom flask methyl 2'-amino-6-chloro-[1,1'-biphenyl]-3-carboxylate (27)
(275 mg, 1.05 mmol) was dissolved in 3mL THF. A solution of LiOH-H.O (176 mg,
4.20 mmol) in 4 mL H>O was added and the reaction mixture was stirred for 50 min at rt until
full conversion was detected by HPLC. The dark-orange emulsion was diluted with 10 mL H20,
adjusted to pH ~ 2 with 2 M aq. HCI and extracted with EtOAc (3 x 10 mL). The combined
organic layers were dried over Na>SOg, filtered and the solvent was removed under reduced

pressure.
Yield 251 mg (1.02 mmol, 97%), brown solid, C13H10CINO> [247.68]
HPLC-MS  tr =4.73 min (method: 2-100-MeCN); m/z (ESI+) = 248 [M+H]"
M.p. 218 — 220 °C decomp.

'H NMR (300.36 MHz, DMSO-d6) § = 7.91 (dd, *Ju+ = 8.3, *Jnn = 2.0 Hz, 1H, H-4), 7.80 (d,
“Jun = 1.9 Hz, 1H, H-2), 7.68 (d, 3Jun = 8.3 Hz, 1H, H-5), 7.14 — 7.05 (m, 1H, H-10), 6.93 —
6.86 (m, 1H, H-8), 6.76 (d, 3Jun = 7.9 Hz, 1H, H-11), 6.62 (t, *3Jun = 7.3 Hz, 1H, H-9) ppm.
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13C NMR (75.53 MHz, DMSO-d6) & = 166.5 (Cq, C-13), 145.4 (Cq, C-12), 138.3 (Cq, C-1),
137.8 (Cq, C-6), 132.8 (CH, C-2), 130.1 (CH, C-5), 130.0 (Cq, C-3), 129.9 (CH, C-8), 129.7
(CH, C-4), 129.0 (CH, C-10), 122.5 (Cq, C-7), 115.9 (CH, C-9), 115.0 (CH, C-11) ppm.

HRMS calcd (M/z) for C13H11CINO2* [M+H]": 248.0473; found: 248.0473.

2'-Amino-2-chloro-[1,1'-biphenyl]-4-carboxylic acid (10)

10

In a 100 mL round-bottom flask methyl 2'-amino-2-chloro-[1,1'-biphenyl]-4-carboxylate (28)
(502 mg, 1.92 mmol) was dissolved in 20 mL THF/MeOH/H2O (5/4/1 viviv). LiOH-H20
(325 mg, 7.73 mmol) was then added, and the reaction mixture was stirred for 1 h at rt until full
conversion was detected by HPLC. The dark-green solution was diluted with 20 mL HzO,
adjusted to pH ~ 2 with 2 M aq. HCI and extracted with EtOAc (3 x 30 mL). The combined
organic layers were dried over Na>SOg, filtered and the solvent was removed under reduced

pressure.

Yield 358 mg (1.44 mmol, 75%), off-white solid, C13H10CINO, [247.68]
HPLC-MS  tr =4.92 min (method: 2-100-MeCN); m/z (ESI+) = 248 [M+H]"
M.p. 215 — 219 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 8.01 (s, 1H, H-11), 7.93 (d, 3Jun = 7.7 Hz, 1H, H-6),
7.44 (d, 3Jupn = 7.9 Hz, 1H, H-9), 7.09 (t, 3Jun = 7.1 Hz, 1H, H-2), 6.89 (d, 3Jn 1 = 6.8 Hz, 1H,
H-8), 6.75 (d, 3Jun = 7.9 Hz, 1H, H-3), 6.61 (t, 3Jun = 7.2 Hz, 1H, H-1) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 166.1 (Cq, C-13), 145.3 (Cq, C-4), 142.6 (Cq, C-7),
133.2 (Cq, C-12), 132.4 (CH, C-8), 131.5 (Cq, C-10), 130.3 (CH, C-11), 129.7 (CH, C-6), 129.0
(CH, C-2), 128.2 (CH, C-9), 122.5 (Cq, C-5), 115.9 (CH, C-1), 115.0 (CH, C-3) ppm.

HRMS calcd (M/z) for C13H11CINO2* [M+H]": 248.0473; found: 248.0474.
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Synthesis of Diarylhalonium Salts

(4-Carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1a)

This compound was prepared according to a modified procedure described by Bielawski et
al.?’
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la

In a flame-dried and argon-flushed 80 mL Schlenk flask 4-iodobenzoic acid (514 mg, 2.07
mmol), mCPBA (77 w%) (545 mg, 2.43 mmol) and benzene (220 pL, 194 mg, 2.48 mmol)
were added to 20 mL abs. CH2Cl> and the colorless suspension was stirred at rt for 10 min.
After cooling to 0 °C via an ice/water bath, triflic acid (360 uL, 616 mg, 4.10 mmol) was added
dropwise over 10 min. The resulting dark green suspension was stirred for 30 min at 0 °C and
then 30 min at rt. After concentration of the reaction mixture under reduced pressure, the
remaining residue was taken up in 50 mL Et,O and stirred for 20 min at rt. The product was

collected by filtration, washed with Et2O (3 x 10 mL) and dried under high vacuum.
Yield 595 mg (1.25 mmol, 61%), light brown solid, C14H10F310sS [474.19]
M.p. 191 - 193 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 8.34 (d, 3Jun = 8.4 Hz, 2H, H-8, H-12), 8.27 (d, 3Jux
= 7.7 Hz, 2H, H-4, H-6), 8.00 (d, 3Jnn = 8.4 Hz, 2H, H-9, H-11), 7.68 (t, 3Jun = 7.3 Hz, 1H,
H-2), 7.54 (t, 3Jun = 7.7 Hz, 2H, H-1, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) 6 = 166.2 (Cq, C-13), 135.4 (CH, C-4, C-6, C-8, C-12),
133.9 (Cq, C-10), 132.3 (CH, C-2), 132.1 (CH, C-9, C-11), 131.9 (CH, C-1, C-3), 120.8 (Cq, C-
7), 116.6 (Cq, C-5) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.
HRMS calcd (M/z) for C13H10lO2" [M-OTf]*: 324.9720; found: 324.9720.

The recorded spectra are in accordance with the reported in literature.?’
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(3-Carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1b)

This compound was prepared according to a modified procedure described by Bielawski et
al.?’

1b

In a flame-dried and argon-flushed 80 mL Schlenk flask 3-iodobenzoic acid (508 mg,
2.05 mmol), mCPBA (77 w%) (552 mg, 2.47 mmol) and benzene (220 pL, 194 mg,
2.48 mmol) were added to 20 mL abs. CH2Cl, and the light brown suspension was stirred at rt
for 10 min. After cooling to 0 °C via an ice/water bath, triflic acid (360 uL, 616 mg, 4.10 mmol)
was added dropwise over 5 min. The resulting yellow-orange emulsion was stirred for 30 min
at 0 °C and then 3 h at rt. After concentration of the reaction mixture under reduced pressure,
the remaining residue was taken up in 40 mL Et.O and stirred for 20 min at rt. The product was

collected by filtration, washed with Et2O (3 x 10 mL) and dried under high vacuum.
Yield 446 mg (0.941 mmol, 46%), light brown solid, C14H10F310sS [474.19]
M.p. 145 - 148 °C decomp.

'H NMR (300.36 MHz, DMSO-d6) 5 =8.76 (s, 1H, H-12), 8.45 (d, *Jun = 7.5 Hz, 1H, H-8),
8.30 (d, 3Jnn = 7.5 Hz, 2H, H-4, H-6), 8.16 (d, *Jun = 7.6 Hz, 1H, H-10), 7.73 — 7.61 (m, 2H,
H-2, H-9), 7.54 (t, ®Jun = 7.4 Hz, 2H, H-1, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 165.5 (Cg, C-13), 139.1 (CH, C-8), 135.7 (CH, C-12),
135.4 (CH, C-4, C-6), 133.7 (Cq, C-11), 132.5 (CH, C-10), 132.2 (CH, C-2), 132.0 (CH, C-9),
131.8 (CH, C-1, C-3), 116.6 (Cq, C-5), 116.5 (Cq, C-7) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C13H10l02" [M-OTf]*: 324.9725; found: 324.9717.

2-Carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1c)

This compound was prepared according to a modified procedure described by Bielawski et
a_|.27
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1c

In a flame-dried and argon-flushed 30 mL Schlenk flask 6-iodo-[1,1"-biphenyl]-3-carboxylic
acid (4) (493 mg, 1.52 mmol) and mCPBA (77 w%) (413 mg, 1.84 mmol) were added to 5-
10 mL abs. CH2ClI> and the pale orange suspension was stirred at rt for 10 min. After cooling
to 0 °C via an ice/water bath, triflic acid (410 pL, 701 mg, 4.67 mmol) was added dropwise and
the resulting grey suspension was stirred for 10 min at 0 °C prior to warming to rt. After stirring
for 1.5 h at rt, the reaction mixture was concentrated under reduced pressure. The remaining
residue was taken up in 30 mL Et>O and stirred for 30 min at rt. The product was collected by
filtration, washed with Et2O (3 x 5 mL) and dried under high vacuum,

Yield 546 mg (1.16 mmol, 76%), light grey solid, C14HgF310sS [472.17]
M.p. > 265 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 13.62 (bs, 1H, O-H), 8.88 (s, 1H, H-8), 8.62 (d, 3Jux
= 7.6 Hz, 1H, H-5), 8.35 (d, 3Jn 1 = 8.5 Hz, 1H, H-11), 8.22 (t, 3Ju = 8.9 Hz, 2H, H-2, H-10),
7.92 -7.82 (m, 1H, H-4), 7.75 (t, *Jun = 7.5 Hz, 1H, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.4 (Cq, C-13), 142.3 (Cq, C-7), 140.9 (Cq, C-6),
133.4 (Cq, C-9), 1315 (CH, C-3), 131.0 (CH, C-4, C-10), 130.9 (CH, C-11), 130.5 (CH, C-2),
127.5 (CH, C-5), 127.0 (CH, C-8), 126.2 (Cq, C-12), 122.1 (Cq, C-1) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C13HglO2" [M-OTf]*: 322.9563; found: 322.9562.

3-Carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1d)

This compound was prepared according to a modified procedure described by Bielawski
et al.?’
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1d

In a flame-dried and argon-flushed 30 mL Schlenk flask 2'-iodo-[1,1"-biphenyl]-4-carboxylic
acid (5) (299 mg, 0.922 mmol) and mCPBA (77 w%) (244 mg, 1.09 mmol) were added to 6 mL
abs. CH2Cl, and the orange suspension was stirred at rt for 10 min. After cooling to 0 °C via an
ice/water bath, triflic acid (240 pL, 410 mg, 2.73 mmol) was added dropwise and the resulting
light brown suspension was stirred for 10 min at 0 °C prior to warming to rt. After stirring for
1.5 hat rt, the reaction mixture was concentrated under reduced pressure. The remaining residue
was taken up in 30 mL Et20 and stirred for 20 min at rt. The product was collected by filtration,

washed with Et2O (3 x 5 mL) and dried under high vacuum.
Yield 320 mg (0.677 mmol, 74%), off-white solid, C14HgF310sS [472.17]
M.p. >320 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 13.57 (s, 1H, O-H), 8.77 (d, *Jun = 1.2 Hz, 1H, H-11),
8.56 (t, 3Jun = 7.2 Hz, 2H, H-aromatic), 8.31 (dd, 3Jun = 8.2 Hz, *Jun = 1.3 Hz, 1H, H-9), 8.24
(d, 3Jnn = 7.6 Hz, 1H, H-aromatic), 7.89 (t, *Jun = 7.1 Hz, 1H, H-aromatic), 7.77 (t, 3Jun = 7.2
Hz, 1H, H-aromatic) ppm.

13C NMR (75.53 MHz, DMSO0-d6) & = 165.6 (Cq, C-13), 145.5 (Cq, C-7), 140.7 (Cq, C-6),
132.6 (Cq, C-10), 132.0 (CH, C-aromatic), 131.6 (CH, C-11), 131.3 (CH, C-9), 130.9 (CH, C-
aromatic), 130.7 (CH, C-aromatic), 127.8 (CH, C-aromatic), 126.8 (CH, C-aromatic), 122.7
(Cq, C-aromatic), 121.8 (Cq, C-aromatic) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C13HslO,* [M-OTf]*: 322.9563; found: 322.9562.

4-Carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1e)

This compound was prepared according to a modified procedure described by Bielawski et
a_|.27
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In a flame-dried and argon-flushed 30 mL Schlenk flask 2'-iodo-[1,1'-biphenyl]-3-carboxylic
acid (6) (403 mg, 1.24 mmol) and mCPBA (77 w%) (337 mg, 1.50 mmol) were added to 8 mL
abs. CH2Cl. and the brown solution was stirred at rt for 10 min. After cooling to 0 °C via an
ice/water bath, triflic acid (320 pL, 547 mg, 3.64 mmol) was added dropwise and the resulting
grey suspension was stirred for 10 min at 0 °C prior to warming to rt. After stirring for 1.5 h at
rt, the reaction mixture was concentrated under reduced pressure. The remaining residue was
taken up in 40 mL Et,O and stirred for 20 min at rt. The product was collected by filtration,
washed with Et2O (3 x 5 mL) and dried under high vacuum.

Yield 491 mg (1.04 mmol, 84%), off-white solid, C14HsF310sS [472.17]
M.p. 214 - 218 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) 5 = 8.75 (d, 3Jun = 7.5 Hz, 1H, H-8), 8.56 (d, 3Jnn = 7.2
Hz, 1H, H-5), 8.29 (d, *Jnn = 7.8 Hz, 2H, H-2, H-10), 8.05 (t, *Jnn = 7.6 Hz, 1H, H-9), 7.89 (t,
33y = 7.4 Hz, 1H, H-4), 7.75 (t, 3Jnun = 7.3 Hz, 1H, H-3) ppm.

13C NMR (75.53 MHz, DMS0-d6) & = 167.2 (Cq, C-13), 141.5 (Cq, C-7), 139.9 (Cq, C-6),
132.0 (CH, C-9), 131.3 (CH, C-3), 130.7 (CH, C-4), 130.6 (CH, C-aromatic), 130.3 (CH, C-
aromatic), 130.3 (CH, C-8), 129.8 (Cq, C-11), 127.3 (CH, C-5), 122.8 (Cq, C-1), 120.5 (Cq, C-
12) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C13HglO2" [M-OTf]": 322.9563; found: 322.9561.

2-Carboxydibenzo[b,d]bromol-5-ium chloride (11)

This compound was prepared according to a modified procedure described by Yoshida et al.?®
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11

In a 100 mL round-bottom flask 2'-amino-6-bromo-[1,1'-biphenyl]-3-carboxylic acid (7)
(340 mg, 1.16 mmol) was suspended in 15 mL 6 M aq. HCI and stirred for 1 h at 100 °C. After
cooling to 0 °C via an ice/water bath, a solution of NaNO3 (482 mg, 6.99 mmol) in 3 mL H.O
was added and the brown suspension was stirred for 2 h while warming to room temperature.
After subsequent cooling to 0 °C, urea (418 mg, 6.96 mmol) was added in one portion and the
reaction mixture was stirred for 1 h at 50 °C until gas evolution ceased and full conversion was
detected by HPLC-MS. The product was collected by filtration using a sintered glass frit,
washed with ice water (2 x 10 mL) and Et2O (2 x 10 mL) and dried under high vacuum.

Yield 261 mg (0.838 mmol, 72%), off-white solid, C13HsBrCIlO; [311.56]
HPLC-MS  tr = 3.30 min (method: 2-100-MeCN); m/z (ESI+) = 275, 277 [M-CI]*
M.p. 205-210°C

IH NMR (300.36 MHz, DMSO-d6) & = 8.96 (s, 2H, H-, H-8, H-11), 8.90 (d, 3Jun = 7.7 Hz,
1H, H-2), 8.70 (d, 3Jun = 5.6 Hz, 1H, H-5), 8.28 (d, 3Jun = 7.8 Hz, 1H, H-10), 7.89 (d,
3Jun = 6.5 Hz, 1H, H-4), 7.84 (d, *Jup = 7.0 Hz, 1H, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.1 (Cq, C-13), 140.8 (Cq, C-12), 138.2 (Cq, C-1),
135.9 (Cq, C-7), 134.6 (Cq, C-6), 133.7 (Cq4, C-9), 131.7 (CH, C-3), 131.5 (CH, C-10), 131.1
(CH, C-2), 126.5 (CH, C-aromatic), 126.4 (CH, C-aromatic), 126.3 (CH, C-aromatic), 126.2
(CH, C-aromatic) ppm.

HRMS calcd (M/z) for C13HgBrO," [M-CI]*: 274.9702; found: 274.9700.

2-Carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1f)

This compound was prepared according to a modified procedure described by Yoshida et al.?
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1f

In a 25 mL round-bottom flask 2-carboxydibenzo[b,d]bromol-5-ium chloride (11) (260 mg,
0.835 mmol) was suspended in 20 mL MeOH and a solution of silver trifluoromethanesulfonate
(220 mg, 0.856 mmol) in 5 mL MeOH was added. After stirring for 1.5 h at rt, the brown
suspension was filtered, and the filtrate was evaporated to dryness. The residue was taken up in
5 mL Et,0 and the product was collected by filtration, washed with Et2O (3 x 5 mL) and dried

under high vacuum.

Yield 293 mg (0.689 mmol, 83%), light brown solid, C14HgBrFsOsS [425.17]
HPLC-MS  tr = 3.28 min (method: 2-100-MeCN); m/z (ESI+) = 275, 277 [M-OTf]"*
M.p. > 225 °C decomp.

'H NMR (300.36 MHz, DMSO-d6) & = 13.78 (s, 1H, O-H), 9.03 (d, *Jun = 1.6 Hz, 1H, H-8),
8.84 —8.73 (m, 1H, H-5), 8.59 (d, 3Ju 4 = 8.9 Hz, 1H, H-11), 8.49 (d, 3Jun = 8.3 Hz, 1H, H-2),
8.34 (dd, 3Jun =8.9,Iun = 1.7 Hz, 1H, H-10), 7.95 (t, 3Jun = 7.2 Hz, 1H, H-4), 7.88 (m, 1H,
H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 166.0 (Cq, C-13), 139.7 (Cq, C-12), 137.2 (Cq, C-1),
136.0 (Cq, C-7), 134.7 (Cq, C-6), 134.0 (Cq, C-9), 132.3 (CH, C-3), 132.0 (CH, C-10), 131.3
(CH, C-4), 126.9 (CH, C-5), 126.7 (CH, C-8), 125.9 (CH, C-11), 125.5 (CH, C-2) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C13HsBrO2* [M-OTf]*: 274.9702; found: 274.9700.
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3-Carboxydibenzo[b,d]bromol-5-ium chloride (12)

This compound was prepared according to a modified procedure described by Yoshida et al.?

12

In a 100 mL round-bottom flask 2'-amino-2-bromo-[1,1'-biphenyl]-4-carboxylic acid (8)
(402 mg, 1.38 mmol) was suspended in 15 mL 6 M aq. HCI and stirred for 1 h at 100 °C. After
cooling to 0 °C via an ice/water bath, a solution of NaNO (567 mg, 8.22 mmol) in 3 mL H.O
was added. The ice bath was removed, and the brown suspension was stirred for 2 h at rt.
Subsequently, urea (494 mg, 8.22 mmol) was added in one portion at 0 °C (ice bath). The
resulting light brown suspension was then slowly warmed to 50 °C and full conversion could
be detected by HPLC after 40 min. The reaction mixture was again cooled to 0 °C and the
product was collected by filtration using a sintered glass frit, washed with ice water (2 x 10 mL)
and Et20 (2 x 10 mL) and dried under high vacuum.

Yield 289 mg (0.928 mmol, 67%), off-white solid, C13HsBrCIO; [311.56]
HPLC-MS  tr = 3.35 min (method: 2-100-MeCN); m/z (ESI+) = 275, 277 [M-CI]*
M.p. 208 —212 °C

IH NMR (300.36 MHz, DMSO-d6) = 13.70 (s, 1H, O-H), 9.39 (s, 1H, H-11), 8.88 (d, 3Jux
= 8.2 Hz, 1H, H-2), 8.64 (t, 3Jun = 7.6 Hz, 2H, H-5, H-8), 8.38 (d, 3Jn+ = 8.0 Hz, 1H, H-9),
7.95 (t, 3Jup = 7.4 Hz, 1H, H-4), 7.87 (t, 3Jun = 7.3 Hz, 1H, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 165.4 (Cq, C-13), 139.0 (Cq, C-7), 138.6 (Cq, C-1),
137.4 (Cq, C-12), 134.4 (Cq, C-6), 133.1 (Cq, C-10), 132.3 (CH, C-3), 131.5 (CH, C-9), 131.2
(CH, C-4), 127.2 (CH, C-11), 126.7 (CH, C-5), 126.3 (CH, C-2), 125.7 (CH, C-8) ppm.

HRMS calcd (M/z) for C13HgBrO2" [M-CI]*: 274.9702; found: 274.9701.
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3-Carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1g)

This compound was prepared according to a modified procedure described by Yoshida et al.?

19

In a 25 mL round-bottom flask 3-carboxydibenzo[b,d]bromol-5-ium chloride (12) (235 mg,
0.754 mmol) was suspended in 20 mL MeOH and a solution of silver trifluoromethanesulfonate
(196 mg, 0.762 mmol) in 5 mL MeOH was added. After stirring for 1 h at rt, the light brown
suspension was filtered, and the filtrate was evaporated to dryness. The residue was taken up in
10 mL Et20 and the product was collected by filtration, washed with Et2O (3 x 5 mL) and dried

under high vacuum.
Yield 272 mg (0.640 mmol, 85%), light brown solid, C14HsBrFz;0sS [425.17]
M.p. > 275 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) 5 = 13.84 (s, 1H), 9.05 (s, 1H, H-11), 8.68 (t, 3Jun = 7.4 Hz,
2H, H-5, H-8), 8.51 (d, 3Jnn = 8.4 Hz, 1H, H-2), 8.41 (d, 3Jnun = 8.1 Hz, 1H), 7.99 (t, 3Jup =
7.4 Hz, 1H, H-4), 7.95 - 7.87 (m, 1H, H-3) ppm.

13C NMR (75.53 MHz, DMSO-d6) § = 165.3 (Cq, C-13), 139.1 (Cq, C-7), 137.7 (Cq, C-1),
136.4 (Cq, C-12), 134.5 (Cq, C-6), 133.4 (Cq, C-10), 132.8 (CH, C-3), 131.7 (CH, C-9), 131.4
(CH, C-4), 127.1 (CH, C-5), 126.6 (CH, C-11), 126.2 (CH, C-8), 125.7 (CH, C-2) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C13HsBrO2" [M-OTf]": 274.9702; found: 274.9701.
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2-Carboxydibenzo[b,d]chlorol-5-ium chloride (13)

This compound was prepared according to a modified procedure described by Yoshida et al.?

13

In a 100 mL round-bottom flask 2'-amino-6-chloro-[1,1'-biphenyl]-3-carboxylic acid (9)
(648 mg, 2.62 mmol) was suspended in 15 mL 6 M aq. HCI and stirred for 1 h at 100 °C. After
cooling to 0 °C via an ice/water bath, a solution of NaNO2 (1.08 g, 15.7 mmol) in 6 mL H.O
was added and the brown suspension was stirred for 2.5 h while warming to room temperature.
After subsequent cooling to 0 °C, urea (946 mg, 15.8 mmol) was added in one portion and the
reaction mixture was stirred for 30 min at 50 °C until gas evolution ceased and full conversion
was detected by HPLC-MS. The product was collected by filtration using a sintered glass frit,
washed with ice water (2 x 10 mL) and Et2O (2 x 10 mL), dried under high vacuum, and

directly used for the next step.
Yield 353 mg (1.32 mmol, 50%), brown solid, C13HsCl,0; [267.11]

HPLC-MS  tr = 3.26 min (method: 2-100-MeCN); m/z (ESI+) = 231 [M-CI]*

2-Carboxydibenzo[b,d]chlorol-5-ium trifluoromethanesulfonate (1h)

This compound was prepared according to a modified procedure described by Yoshida et al.?®

1h

In a 25 mL round-bottom flask 2-carboxydibenzo[b,d]chlorol-5-ium chloride (13) (353 mg,

1.32 mmol) was dissolved in 15 mL MeOH and silver trifluoromethanesulfonate (339 mg,
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1.32 mmol) was added. After stirring for 15 min at rt, the brown suspension was filtered through
a sintered glass frit, and the filtrate was evaporated to dryness. The residue was taken up in
5 mL Et,0O and the product was collected by filtration, washed with Et2O (3 x 5 mL) and dried

under high vacuum.
Yield 409 mg (1.07 mmol, 81%), pale brown solid, C14HgCIF30sS [380.72]
M.p. 152 — 160 °C decomp.

IH NMR (300.36 MHz, DMSO-d6) & = 13.87 (bs, 1H, O-H), 9.16 (d, *Ju 4 = 1.8 Hz, 1H, H-8),
8.87 (dd, 3Jun = 7.3, “Jun = 1.8 Hz, 1H, H-5), 8.77 (d, 3Jun = 9.0 Hz, 1H, H-11), 8.71 — 8.63
(m, 1H, H-2), 8.44 (dd, 3Jun = 9.0, *Jun = 1.8 Hz, 1H, H-10), 8.06 — 7.91 (m, 2H, H-3, H-4)
ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 165.7 (Cq, C-13), 142.7 (Cq, C-12), 140.9 (Cq, C-1),
134.3 (Cq, C-9), 132.7 (Cq, C-aromatic), 132.4 (CH, C-3), 132.3 (CH, C-10), 131.8 (CH, C-4),
131.5 (C,, C-aromatic), 126.1 (CH, C-5, C-8), 123.3 (CH, C-11), 122.9 (CH, C-2) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C13HsCIO,* [M-OTf]*: 231.0207; found: 231.0208.

3-Carboxydibenzo[b,d]chlorol-5-ium chloride (14)

This compound was prepared according to a modified procedure described by Yoshida et al.?®

14

In a 50 mL round-bottom flask 2'-amino-2-chloro-[1,1'-biphenyl]-4-carboxylic acid (10)
(310 mg, 1.25 mmol) was suspended in 15 mL 6 M ag. HCI and stirred for 1 h at 100 °C. After
cooling to 0 °C via an ice/water bath, a solution of NaNO> (524 mg, 7.59 mmol) in 3 mL H,O
was added and the yellowish suspension was stirred for 1.5 h while warming to room
temperature. After subsequent cooling to 0 °C, urea (453 mg, 7.54 mmol) was added in one

portion and the reaction mixture was stirred for 30 min at 50 °C until gas evolution ceased. The
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product was collected by filtration using a sintered glass frit, washed with ice water (2 x 10 mL)

and Et20O (2 x 10 mL), dried under high vacuum, and directly used for the next step.

Yield 125 mg (0.468 mmol, 37%), brown solid, C13HsCl.0, [267.11]

3-Carboxydibenzol[b,d]chlorol-5-ium trifluoromethanesulfonate (1i)

This compound was prepared according to a modified procedure described by Yoshida et al.?®

1i

In a 25 mL round-bottom flask 3-carboxydibenzo[b,d]chlorol-5-ium chloride (14) (125 mg,
0.468 mmol) was dissolved in 10 mL MeOH and silver trifluoromethanesulfonate (122 mg,
0.474 mmol) was added. After stirring for 15 min at rt, the grey suspension was filtered, and
the filtrate was evaporated to dryness. The residue was taken up in 5 mL Et2O and the product

was collected by filtration, washed with Et2O (3 x 5 mL), and dried under high vacuum.
Yield 177 mg (0.465 mmol, quant.), pale pink solid, C14HgCIF30sS [380.72]
M.p. 207 — 210 °C decomp.

IH NMR (300.36 MHz, DMS0-d6) § = 9.26 (d, “Jn# = 1.0 Hz, 1H, H-11), 8.80 — 8.67 (m, 3H,
H-2, H-5, H-8), 8.47 (dd, 3Jun = 8.1, “Jnp = 1.0 Hz, 1H, H-9), 8.09 — 7.96 (m, 2H, H-3, H-4)
ppm.

13C NMR (75.53 MHz, DMSO-d6) & = 165.1 (Cg, C-13), 141.2 (Cq, C-12), 140.0 (Cq, C-1),
135.7 (Cq, C-7), 133.7 (Cq, C-10), 132.9 (CH, C-3), 132.2 (CH, C-9), 131.9 (CH, C-4), 131.2
(Cq, C-6), 126.2 (CH, C-5 or C-8), 125.4 (CH, C-5 or C-8), 124.1 (CH, C-11), 123.1 (CH, C-2)
ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C13HsCIO2" [M-OTf]": 231.0207; found: 231.0207.
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Synthesis of Diarylhalonium ABPP probes

General Procedure A for the Synthesis of lodonium- and Bromonium-based
Probes via Acyl chloride

In a flame-dried and argon-flushed 20 mL Schlenk flask the corresponding
iodonium/bromonium compound (0.422 mmol) was dissolved in 4 mL abs. DMF and cooled to
0 °C via an ice/water bath. SOCI, (76.6 puL, 126 mg, 1.06 mmol) was added dropwise to the
solution at 0 °C. The stopper was exchanged against a bubbler and the resulting suspension was
stirred for 2 h at rt. The solvent and the volatiles were then removed under oil pump vacuum at
40 °C with a cooling trap. The residue was taken up in 2 mL CHCl; and again all volatiles
were removed under reduced pressure with a cooling trap. This process was repeated twice. The
crude intermediate was taken up in 4 mL abs. DMF and cooled to 0 °C via an ice/water bath.
DIPEA (220 pL, 163 mg, 1.26 mmol) was added and the reaction mixture was stirred for
10 min at 0 °C. Subsequently, the corresponding azido amine (0.506 mmol) was added to the
reaction mixture and the resulting suspension/solution was stirred for 10 min at 0 °C and then
2 h at rt. After removal of the solvent and volatiles under reduced pressure, the crude product
was adsorbed onto 500 mg silica gel and purified via column chromatography (120 mL silica
gel, 12x3.5cm, CH.Cl./MeOH = 50/1to 10/1, fraction size: 25 mL). After column
chromatography, remaining DIPEA was removed by dissolving the product in 20 mL CHCl,
and washing this solution with 1 M ag. HCI (2 x 20 mL). The organic layer was dried over
Na>S0s, filtered and the solvent was removed under reduced pressure. The product was then

collected via precipitation from EtOAc/cyclohexane or CH2ClI2/Et;0.

General Procedure B for the Synthesis of Chloronium-based Probes via
Carbodiimide-mediated Amidation

In an argon-flushed 30 mL Schlenk flask the corresponding azido amine (0.151 mmol) was
dissolved in 5 mL abs. CH2Cl> and cooled to 0 °C via an ice/water bath. The corresponding
chloronium compound (0.227 mmol) and DMAP (45.0 pumol) were added and the suspension
was stirred for 10 min at 0 °C. Subsequently, EDC hydrochloride (0.227 mmol) was added, the
ice-water bath removed and the reaction mixture was stirred while warming to rt until full

conversion was detected by HPLC-MS (1.5 — 3 h). The solvent was removed under reduced
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pressure and the crude product was purified via column chromatography (50 mL silica gel, 7 x
3 cm, CH2Cl2/MeOH = 10/1, fraction size: 10 mL).

(4-((10-Azidodecyl)carbamoyl)phenyl)(phenyl)iodonium
trifluoromethanesulfonate (3aa)
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3aa

Starting from (4-carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1a) (201 mg,
0.424 mmol) and 10-azidobutan-1-amine (2a) (107 mg, 0.540 mmol) synthesis of (4-((10-
azidodecyl)carbamoyl)phenyl)(phenyl)iodonium trifluoromethanesulfonate  (3aa) was

executed as described in general procedure A.

Yield 90 mg (0.138 mmol, 32%), pale yellow solid, C24H30F3IN4O4S [654.49]
TLC Rf=0.31 (CH2Cl2/MeOH = 7/1; UV and KMnOs)
M.p. 75 - 82 °C decomp.

'H NMR (300.36 MHz, DMSO-d®) & = 8.59 (t, 1H, N-H), 8.23 (d, 3Jun = 8.3 Hz, 2H, H-8, H-
12), 8.16 (d, 3Jun = 7.5 Hz, 2H, H-4, H-6), 7.82 (d, 3Jun = 8.3 Hz, 2H, H-9, H-11), 7.58 (t,
8Jun =7.3 Hz, 1H, H-2), 7.46 (t, 3Jun = 7.6 Hz, 2H, H-1, H-3), 3.32 — 3.16 (M, 4H, H-14, H-
23), 1.49 (m, 3Jup = 6.2 Hz, 4H, H-15, H-22), 1.25 (s, 12H, H-16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) § = 164.9 (Cq, C-13), 137.1 (Cy, C-10), 134.8 (CH, C-4, C-
6), 134.7 (CH, C-8, C-12), 131.3 (CH, C-1, C-3), 131.2 (CH, C-2), 129.7 (CH, C-9, C-11),
122.9 (Cq, C-7), 120.3, 50.6 (CH,, C-23), 28.9 (CHs), 28.8 (CH2), 28.7 (CHs), 28.5 (CH2), 28.2
(CHz), 26.4 (CHy), 26.1 (CH>) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23Hz0IN4O™ [M-OTf]": 505.1459; found: 505.1458.
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(4-((2-(2-(2-(2-
Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)(phenyl)iodonium
trifluoromethanesulfonate (3ab)

R 229 -
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Starting from (4-carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1a) (204 mg,
0.429 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (113 mg,
0.520 mmol) synthesis of (4-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)(phenyl)iodonium
trifluoromethanesulfonate (3ab) was executed as described in general procedure A. The crude
product purified via column chromatography (100 mL silica gel, CH2Cl./MeOH = 24/1,
fraction size: 20 mL).

Yield 73 mg (0.109 mmol, 25%), off-white amorphous solid, Cz2H2sF3IN2sO7S
[674.43]
TLC Rf = 0.31 (CH2Cl2/MeOH = 7/1; UV and KMnO4)

'H NMR (300.36 MHz, DMSO-d®) & = 8.71 (s, 1H, N-H), 8.26 (d, 3Jun = 8.4 Hz, 2H, H-8, H-
12), 8.18 (d, 3Jun = 7.4 Hz, 2H, H-4, H-6), 7.85 (d, 3Jun = 8.4 Hz, 2H, H-9, H-11), 7.60 (t,
83y = 7.3 Hz, 1H, H-2), 7.48 (t, 3Jun = 7.6 Hz, 2H, H-1, H-3), 3.60 — 3.47 (m, 12H, H-15 to
H-20), 3.44 — 3.36 (m, 4H, H-14, H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 165.2 (Cq, C-13), 136.8 (Cq, C-10), 134.8 (CH, C-4, C-
6), 134.8 (CH, C-8, C-12), 131.3 (CH, C-1, C-3), 131.3 (CH, C-2) 129.7 (CH, C-9, C-11), 122.9
(Cq, C-7), 120.2 (Cq, C-5), 69.8 (CHy), 69.7 (CH>), 69.6 (CH2), 69.2 (CH>), 68.7 (CH2), 50.0
(CHz, C-21) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/2) for CaiHa6INO4* [M-OTH]*: 525.0993; found: 525.0993.
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(3-((10-Azidodecyl)carbamoyl)phenyl)(phenyl)iodonium
trifluoromethanesulfonate (3ba)
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3ba

Starting from (3-carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1b) (199 mg,
0.420 mmol) and 10-azidobutan-1-amine (2a) (105 mg, 0.540 mmol) synthesis of (3-((10-
azidodecyl)carbamoyl)phenyl)(phenyl)iodonium trifluoromethanesulfonate  (3ba) was
executed as described in general procedure A.

Yield 133 mg (0.203 mmol, 48%), colorless solid, C24Hz0F3IN4O4S [654.49]
TLC Rt = 0.34 (CH2CIl2/MeOH = 7/1; UV and KMnOQOgy)
M.p. 125 - 135 °C decomp.

'H NMR (300.36 MHz, DMSO-d®) & = 8.66 (s, 1H, N-H), 8.60 (s, 1H, H-12), 8.30 (d, 3Jun =
7.8 Hz, 1H, H-8), 8.18 (d, 3Jun = 7.7 Hz, 2H, H-4, H-6), 8.02 (d, 3Jun = 7.7 Hz, 1H, H-10),
7.58 (M, 3Jnun = 13.9, 7.4 Hz, 2H, H-2, H-9), 7.48 (M, %Jun = 15.4, 7.6 Hz, 2H, H-1, H-3),
3.32-3.22 (m, 3Jup = 15.3, 6.4 Hz, 4H, H-14, H-23), 1.50 (s, 4H, H-15, H-22), 1.26 (s, 12H,
H-16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 164.1 (Cq, C-13), 137.1 (CH, C-8), 134.9 (CH, C-4, C-
6), 133.8 (CH, C-12), 131.3 (CH, C-1, C-3), 131.3 (CH, C-2), 131.1 (CH, C-9), 129.5 (CH, C-
10), 120.3 (Cq, C-5), 120.1 (Cq, C-7), 50.6 (CH2, C-23), 39.4 (CH,, C-14), 28.9 (CH>), 28.8
(CHa), 28.7 (CH2), 28.5 (CH>), 28.2 (CHs), 26.4 (CH>), 26.1 (CH2) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23H30IN4O™ [M-OTf]": 505.1459; found: 505.1459.
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(3-((2-(2-(2-(2-
Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)(phenyl)iodonium
trifluoromethanesulfonate (3bb)
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3bb

Starting from (3-carboxyphenyl)(phenyl)iodonium trifluoromethanesulfonate (1b) (198 mg,
0.418 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (111 mg,
0.508 mmol) synthesis of (3-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)(phenyl)iodonium

trifluoromethanesulfonate (3bb) was executed as described in general procedure A.

Yield 105 mg (0.156 mmol, 37%), off-white amorphous solid, Cz2H2sF3IN4O7S
[674.43]
TLC Rf=0.28 (CH2Cl2/MeOH = 7/1; UV and KMnOQa)

'H NMR (300.36 MHz, DMSO-d®) § = 8.76 (s, 1H), 8.62 (s, 1H, H-12), 8.31 (d, 3Jun = 7.9 Hz,
1H, H-8), 8.18 (d, Jun = 7.7 Hz, 2H, H-4, H-6), 8.03 (d, 3Jun = 7.7 Hz, 1H, H-10), 7.57 (dt,
83y =12.0, 7.6 Hz, 2H, H-2, H-9), 7.46 (t, 3Jun = 7.7 Hz, 2H, H-1, H-3), 3.61 — 3.48 (m, 12H,
H-15 to H-20), 3.45 — 3.40 (m, 2H, H-14), 3.37 (m, 2H, H-21) ppm.

13C NMR (75.53 MHz, DMSO-d°®) § = 164.3 (Cq, C-13), 137.2 (CH, C-8), 136.8 (Cq, C-), 134.8
(CH, C-4, C-6), 133.8 (CH, C-12), 131.3 (CH, C-1, C-3), 131.2 (CH, C-2), 131.1 (CH, C-9),
129.6 (CH, C-10), 120.4 (Cq, C-aromatic), 120.2 (Cq4, C-aromatic), 69.8 (CH>), 69.7 (CH>), 69.6
(CH>), 69.2 (CHy), 68.7 (CH>), 50.0 (CH2, C-21), 39.4 (CH,, C-14) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C21H26IN4O4™ [M-OTHf]*: 525.0993; found: 525.0992.
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2-((10-Azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate
(3ca)

8 14 16 18 20 22

3ca

Starting from 2-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1c) (202 mg,
0.428 mmol) and 10-azidodecan-1-amine (2a) (109 mg, 0.550 mmol) synthesis of 2-((10-
azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (3ca) was executed
as described in general procedure A.

Yield 137 mg (0.210 mmol, 49%), colorless solid, C24H28F3IN4O4S [652.47]
TLC R = 0.27 (CH2CIl2/MeOH = 10/1; UV and KMnOa)
M.p. 200 — 204 °C

'H NMR (300.36 MHz, DMSO-d®) & = 8.79 (s, 1H, H-8), 8.75 (s, 1H, N-H), 8.60 (d, 3Jun =
8.1 Hz, 2H, H-2, H-11), 8.44 (d, ®Jun = 7.3 Hz, 1H, H-5), 8.04 (d, 3Jun = 8.1 Hz, 1H, H-10),
7.84 (t, 3Jupn = 7.1 Hz, 1H, H-4), 7.68 (t, *Jun = 7.1 Hz, 1H, H-3), 3.33 — 3.23 (m, 4H, H-14,
H-23), 1.55 (d, ®Jun = 5.9 Hz, 2H, H-15), 1.50 (d, 3Jun = 6.2 Hz, 2H, H-22), 1.25 (s, 12H, H-
16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 164.9 (Cq, C-13), 141.4 (Cq, C-7), 140.8 (Cq, C-6), 136.6
(Cq, C-9), 130.7 (CH, C-3, C-11), 130.5 (CH, C-2), 130.3 (CH, C-4), 128.8 (CH, C-10), 126.9
(Cq, C-12), 126.4 (CH, C-5), 124.5 (Cq, C-1), 124.3 (CH, C-8), 50.6 (CH2, C-23), 29.0 (CH>),
28.8 (CH2), 28.7 (CH2), 28.5 (CH), 28.2 (CHy), 26.5 (CH2), 26.1 (CH2) ppm.

19F NMR (376.17 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23sH2sIN4O* [M-OTf]": 503.1302; found: 503.1298.
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2-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]iodol-5-ium
trifluoromethanesulfonate (3cb)
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Starting from 2-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1c) (201 mg,
0.426 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2c) (111 mg,
0.509 mmol) synthesis of 2-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]iodol-5-ium
trifluoromethanesulfonate (3cb) was executed as described in general procedure A.

Yield 137 mg (0.204 mmol, 48%), off-white solid, C22H24F3IN4O-S [672.41]
TLC Rf = 0.29 (CH2CIl2/MeOH = 10/1; UV and KMnO4)
M.p. 162 — 165 °C

'H NMR (300.36 MHz, DMSO-d®) & = 8.87 (s, 1H, N-H), 8.82 (s, 1H, H-8), 8.66 — 8.56 (m,
2H, H-2, H-11), 8.44 (d, 3Jun = 7.8 Hz, 1H, H-5), 8.05 (d, 3Jun = 8.4 Hz, 1H, H-10), 7.84 (t,
8y = 7.4 Hz, 1H, H-4), 7.69 (t, 3Jun = 7.4 Hz, 1H, H-3), 3.63 — 3.47 (m, 14H), 3.36 (s, 2H,
H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) 3 = 165.1 (Cq, C-13), 141.4 (Cq, C-7), 140.8 (Cq, C-6), 136.3
(Cq, C-9), 130.7 (CH, C-3, C-11), 130.6 (CH, C-2), 130.3 (CH, C-4), 128.8 (CH, C-10), 127.1
(Cq, C-12), 126.3 (CH, C-5), 124.6 (Cq, C-1), 124.4 (CH, C-8), 69.8 (CH,), 69.7 (CHz), 69.2
(CH>), 68.9 (CH2), 49.9 (CH,, C-21) ppm.

19F NMR (376.17 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C21H24IN4O4™ [M-OTH]": 523.0837; found: 523.0840.
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3-((10-Azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate
(3da)
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Starting from 3-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1d) (201 mg,
0.425 mmol) and 10-azidodecan-1-amine (2a) (101 mg, 0.511 mmol) synthesis of 3-((10-
azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (3da) was executed
as described in general procedure A.

Yield 111 mg (0.170 mmol, 40%), off-white solid, C2saH28F3IN4O4S [652.47]
TLC Rf = 0.40 (CH2CIl2/MeOH = 10/1; UV and KMnOa)
M.p. 194 - 198 °C decomp.

'H NMR (300.36 MHz, DMSO-d®) 6 = 8.90 (d, “Jun = 1.1 Hz, 1H, H-11), 8.74 — 8.63 (m, 2H,
N-H, H-2), 8.50 (d, 3Jun = 8.1 Hz, 2H, H-5, H-8), 8.22 — 8.12 (m, 1H, H-9), 7.83 (t, 3Jun =
7.1 Hz, 1H, H-4), 7.70 (t, 3Jun = 7.2 Hz, 1H, H-3), 3.32 — 3.23 (m, 4H, H-14, H-23), 1.51 (d,
83y = 5.8 Hz, 4H, H-15, H-22), 1.26 (s, 12H, H-16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 164.8 (Cq, C-13), 143.3 (Cq, C-7), 140.7 (Cq, C-6), 136.5
(Cq, C-10), 130.9 (CH, C-3), 130.8 (CH, C-2), 130.4 (CH, C-4), 130.2 (CH, C-11), 128.3 (CH,
C-9), 126.9 (CH, C-8), 125.8 (CH, C-5), 125.0 (Cq4, C-aromatic), 124.3 (C4, C-aromatic), 50.6
(CH2, C-23), 29.0 (CH>), 28.9 (CH2), 28.9 (CH.), 28.7 (CH>), 28.5 (CH>), 28.2 (CH>), 26.5
(CH2), 26.1 (CH.) ppm.

19F NMR (376.17 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23sH2sIN4O* [M-OTf]": 503.1302; found: 503.1299.
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3-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzol[b,d]iodol-5-
ium trifluoromethanesulfonate (3db)

R, 9
;22 -
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3db

Starting from 3-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1d) (200 mg,
0.424 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (111 mg,
0.508 mmol) synthesis of 3-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]iodol-5-ium

trifluoromethanesulfonate (3db) was executed as described in general procedure A.

Yield 155 mg (0.231 mmol, 54%), off-white solid, C22H24F3IN4O7S [672.41]
TLC Rt = 0.34 (CH2Cl2/MeOH = 10/1; UV and KMnOs)
M.p. 125-130°C

IH NMR (300.36 MHz, DMSO-d®) & = 8.92 (s, 1H, H-11), 8.78 (s, 1H, N-H), 8.66 (d, *Jip =
8.0 Hz, 1H, H-2), 8.54 — 8.45 (m, 2H, H-5, H-8), 8.19 (d, *Ju = 7.8 Hz, 1H, H-9), 7.83 (t, *Jun
= 7.1 Hz, 1H, H-4), 7.70 (t, 3Jun = 7.3 Hz, 1H, H-3), 3.54 (m, 12H, H-15 to H-20), 3.46 (m,
2H, H-14), 3.37 (m, 2H, H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) 8 = 165.0 (Cg, C-13), 143.5 (Cq, C-7), 140.6 (Cq, C-6), 136.1
(Cq, C-10), 130.9 (CH, C-3), 130.8 (CH, C-2), 130.4 (CH, C-4), 130.3 (CH, C-11), 128.4 (CH,
C-9), 126.9 (CH, C-5), 125.8 (CH, C-8), 125.1 (Cq, C-1), 124.4 (C,, C-12), 69.8 (CHy), 69.7
(CH2), 69.6 (CHy), 69.2 (CHz), 68.8 (CH), 50.0 (CH2, C-21), 39.5 (CH,, C-14) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C21H24IN4O4* [M-OTf]*: 523.0837; found: 523.0840.
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4-((10-Azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate
(3ea)

3ea

Starting from 4-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1e) (198 mg,
0.420 mmol) and 10-azidodecan-1-amine (2a) (110 mg, 0.555 mmol) synthesis of 4-((10-
azidodecyl)carbamoyl)dibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (3ea) was executed
as described in general procedure A. The crude product was purified via column
chromatography (120 mL silica gel, CH2Clo/MeOH = 24/1, fraction size: 20 mL).

Yield 93 mg (0.143 mmol, 34%), off-white solid, C24H28F31N4O4S [652.47]
TLC Rt = 0.34 (CH2Cl2/MeOH = 10/1; UV and KMnOgy)
M.p. >170 °C decomp.

IH NMR (300.36 MHz, DMSO-df) 5 = 9.70 (s, 1H, N-H), 8.82 (d, 3Jun = 7.9 Hz, 1H, H-2),
8.69 (d, 3Jnn = 7.6 Hz, 1H, H-8), 8.53 (d, 3Jun = 7.5 Hz, 1H, H-5), 8.45 (d, 3Jun = 7.6 Hz, 1H,
H-10), 8.03 (t, 3Jun = 7.7 Hz, 1H, H-9), 7.85 (t, 3Jun = 7.2 Hz, 1H, H-4), 7.72 (t, 3Jupn = 7.2
Hz, 1H, H-3), 3.42 (dd, 3Jun = 12.1, 6.4 Hz, 2H, H-14), 3.28 (t, 341 = 6.8 Hz, 2H, H-23), 1.60
(m, 2H, H-15), 1.53 — 1.44 (m, 2H, H-22), 1.28 (m, 12H, H-16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 163.7 (Cq, C-13), 141.6 (Cq, C-7), 139.3 (Cq, C-6), 131.2
(CH, C-9), 131.0 (CH, C-2), 130.6 (CH, C-3), 130.4 (CH, C-4), 129.4 (Cq, C-11), 129.2 (CH,
C-8), 127.4 (CH, C-10), 126.6 (CH, C-5), 122.3 (Cq, C-aromatic), 122.2 (Cq, C-aromatic), 50.6
(CHa2, C-23), 40.5 (CH, C-14), 28.8 (CH>), 28.6 (CH>), 28.5 (CH>), 28.5 (CH>), 28.2 (CH>),
26.4 (CH2), 26.1 (CH.) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23sH2sIN4O* [M-OTf]": 503.1302; found: 503.1302.
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4-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]iodol-5-
ium trifluoromethanesulfonate (3eb)

3eb

Starting from 4-carboxydibenzo[b,d]iodol-5-ium trifluoromethanesulfonate (1e) (205 mg,
0.425 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (116 mg,
0.511 mmol) synthesis of 4-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]iodol-5-ium
trifluoromethanesulfonate (3eb) was executed as described in general procedure A.

Yield 178 mg (0.265 mmol, 61%), off-white solid, C22H24F3IN4O-S [672.41]
TLC Rf = 0.40 (CH2CIl2/MeOH = 10/1; UV and KMnOa)
M.p. 148 — 150 °C

!H NMR (300.36 MHz, DMSO-d®) § = 9.81 (s, 1H, N-H), 8.77 (d, 3Jun = 8.0 Hz, 1H, H-2),
8.69 (d, 3Jun = 7.6 Hz, 1H, H-8), 8.52 (d, 3Jun = 7.5 Hz, 1H, H-5), 8.47 (d, 3Jun = 7.6 Hz, 1H,
H-10), 8.03 (t, 3Jun = 7.6 Hz, 1H, H-9), 7.85 (t, 3Jun = 7.3 Hz, 1H, H-4), 7.72 (t, 3Jun = 7.5
Hz, 1H, H-3), 3.71 — 3.46 (m, 14H, H-14 to H-20), 3.33 (s, 2H, H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) & = 164.1 (Cg, C-13), 141.6 (Cq, C-7), 139.2 (Cq, C-6), 131.3
(CH, C-9), 131.0 (CH, C-2), 130.7 (CH, C-3), 130.5 (CH, C-4), 129.3 (CH, C-8), 129.3 (Cq, C-
11), 127.5 (CH, C-10), 126.6 (CH, C-5), 122.2 (Cq, C-12), 122.1 (Cq, C-1), 69.8 (CHo), 69.7
(CH2), 69.2 (CH>), 68.3 (CHz), 49.9 (CH,, C-21), 40.5 (CHa, C-14) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C21H24IN4O4™ [M-OTH]": 523.0837; found: 523.0835.
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2-((10-Azidodecyl)carbamoyl)dibenzo[b,d]bromol-5-ium
trifluoromethanesulfonate (3fa)

R §
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F O
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3fa

Starting from 2-carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1f) (180 mg,
0.423 mmol) and 10-azidodecan-1-amine (2a) (97.0 mg, 0.489 mmol) synthesis of 2-((10-
azidodecyl)carbamoyl)dibenzo[b,d]bromol-5-ium  trifluoromethanesulfonate  (3fa) was
executed as described in general procedure A. The crude product was purified via column
chromatography (120 mL silica gel, 12 x 3.5 cm, CH2Cl>/MeOH = 10/1, fraction size: 20 mL).

Yield 139 mg (0.230 mmol, 54%), ochre amorphous solid, C2sH28BrFsN4O4S [605.47]
TLC Rt = 0.39 (CH2Cl2/MeOH = 7/1; UV and KMnOs)

'H NMR (300.13 MHz, DMSO-d®) & = 8.95 (d, *Jun = 1.2 Hz, 1H, H-8), 8.84 (t, *Jyn = 5.2
Hz, 1H, N-H), 8.71 (t, 3Jupn = 8.8 Hz, 2H, H-2, H-11), 8.59 (d, 3Jun = 7.2 Hz, 1H, H-5), 8.19
(dd, 3Jun = 8.8, “Jun = 1.2 Hz, 1H, H-10), 7.96 (t, 3Jun = 7.4 Hz, 1H, H-4), 7.85 (t, 3Jun=7.5
Hz, 1H, H-3), 3.32 — 3.25 (m, 4H, H-14, H-23), 1.61 — 1.46 (m, 4H, H-15, H-22), 1.29 (m, 12H,
H-16 to H-21) ppm.

13C NMR (75.47 MHz, DMSO-d®) & = 164.4 (Cq, C-13), 138.6 (Cq, C-12), 137.7 (Cq, C-1),
137.4 (Cq, C-9), 1355 (Cq, C-7), 134.9 (Cq, C-6), 131.9 (CH, C-3), 131.2 (CH, C-4), 130.1
(CH, C-10), 126.2 (CH, C-5), 125.9 (CH, C-aromatic), 125.8 (CH, C-aromatic), 124.4 (CH, C-
8), 50.6 (CHz2, C-23), 29.0 (CH2), 28.9 (CHz), 28.8 (CHz), 28.5 (CH2), 28.2 (CH2), 26.5 (CHy),
26.2 (CHz) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C23H2sBrN4O™ [M-OTf]": 455.1441; found: 455.1444.
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2-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]bromol-5-
ium trifluoromethanesulfonate (3fb)

Q
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Starting from 2-carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1f) (180 mg,
0.423 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (112 mg,
0.513 mmol) synthesis of 2-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]bromol-5-ium

trifluoromethanesulfonate (3fb) was executed as described in general procedure A. The crude
product was purified by dissolving it in 20 mL CH2Cl> and washing the resulting solution with
1 M ag. HCI (8 x 20 mL) to remove remaining DIPEA. The combined aqueous layers were then
extracted with CH2Cl, (3 x 50 mL). The combined organic layers were dried over NaxSOa,

filtered and the solvent was removed under reduced pressure.

Yield 78 mg (0.125 mmol, 30%), off-white amorphous solid, C22H24BrFsN4O7S
[625.41]

HPLC-MS  tr = min (method: 2-100-MeCN); m/z (ESI+) = 475, 477 [M-OTf]*

!H NMR (300.13 MHz, DMSO-d®) § = 9.01 (s, 2H, H-8, N-H), 8.87 (t, 3Jun = 8.8 Hz, 2H, H-
2, H-11), 8.58 (d, 3Jun = 7.5 Hz, 1H, H-5), 8.19 (dd, 3Jun = 8.8, “Jun = 1.3 Hz, 1H, H-10),
7.94 (t, Jup = 7.4 Hz, 1H, H-4), 7.83 (t, 3Jun = 7.9 Hz, 1H, H-3), 3.56 (m, 14H, H-14 to H-
20), 3.36 (d, ®Jn,n = 5.3 Hz, 2H, H-21) ppm.

13C NMR (75.47 MHz, DMSO-d®) & = 164.7 (Cq, C-13), 139.2 (Cq, C-12), 138.1 (Cq, C-1),
136.9 (Cq, C-9), 135.5 (Cq, C-7), 134.8 (Cq, C-6), 131.6 (CH, C-3), 131.1 (CH, C-4), 129.9
(CH, C-10), 126.2 (CH, C-aromatic), 126.1 (CH, C-aromatic), 126.0 (CH, C-aromatic), 124.4
(CH, C-8), 69.8 (CH>), 69.7 (CH2), 69.2 (CH>), 68.8 (CH2), 50.0 (CH., C-21) ppm.
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19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C21H24BrN4O4* [M-OTHf]*: 475.0975; found: 475.0975.

3-((10-Azidodecyl)carbamoyl)dibenzo[b,d]bromol-5-ium
trifluoromethanesulfonate (3ga)
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Starting from 3-carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1g) (180 mg,
0.423 mmol) and 10-azidodecan-1-amine (2a) (97.4 mg, 0.491 mmol) synthesis of 3-((10-
azidodecyl)carbamoyl)dibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (3ga) was
executed as described in general procedure A. The crude product was purified via column
chromatography (120 mL silica gel, 12 x 3.5 cm, CH>Cl>/MeOH = 10/1, fraction size: 20 mL).

Yield 158 mg (0.261 mmol, 62%), ochre gum, C24H28BrFaN4O4S [605.47]
TLC Rf = 0.37 (CH2CI2/MeOH = 10/1; UV and KMnOy)

'H NMR (300.13 MHz, DMSO-d®) & = 8.97 (d, *Jun = 1.0 Hz, 1H, H-11), 8.87 (t, 3Jun =
5.3 Hz, 1H, N-H), 8.68 (d, 3Jun = 8.3 Hz, 1H, H-8), 8.65 (dd, 3Jun = 7.9, 1.3 Hz, 1H, H-5),
8.56 (d, 3Jun = 8.1 Hz, 1H, H-2), 8.35 (dd, 3Jup = 8.2, “Jup = 1.0 Hz, 1H, H-9), 7.97 (t, 3Jun
=7.2 Hz, 1H, H-4), 7.92 — 7.84 (m, 1H, H-3), 3.30 (t, 3Jun = 6.9 Hz, 4H, H-14, H-23), 1.61 —
1.45 (m, 4H, H-15, H-22), 1.27 (s, 1H, 12H, H-16 to H-21) ppm.

13C NMR (75.47 MHz, DMSO-d®) § = 163.8 (Cq, C-13), 137.5 (Cq, C-aromatic), 137.5 (Cq, C-
aromatic), 137.3 (Cq, C-aromatic), 136.9 (Cq, C-aromatic), 134.7 (Cq, C-6), 132.4 (CH, C-3),
131.3 (CH, C-4), 129.1 (CH, C-9), 126.8 (CH, C-5), 125.9 (CH, C-8), 125.8 (CH, C-2), 125.4
(CH, C-11), 50.6 (CH2, C-23), 29.0 (CHy), 28.9 (CH.), 28.9 (CH2), 28.7 (CH2), 28.5 (CH>),
28.2 (CH2), 26.5 (CHy), 26.2 (CH2) ppm.

19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.
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HRMS calcd (M/z) for C23H2sBrN4O™ [M-OTf]": 455.1441; found: 455.1444.

3-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]bromol-5-
ium trifluoromethanesulfonate (3gb)

R, 0
22 -
F%—ﬁ—o
F O
o 0
2 1, Brdz 4, 14
O 1B3N"N_O_ V7 4
36 7 o H 15 Y\O/\/O 21
4 5 8 19 2 N
3gb

Starting from 3-carboxydibenzo[b,d]bromol-5-ium trifluoromethanesulfonate (1g) (180 mg,
0.423 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2b) (106 mg,
0.486 mmol) synthesis of 2-((2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)dibenzo[b,d]bromol-5-ium
trifluoromethanesulfonate (3gb) was executed as described in general procedure A. The crude
product was purified via column chromatography (50 mL silica gel, 10x2.5cm,
CH2Cl2/MeOH = 10/1 to 4/1, fraction size: 10 mL).

Yield 92 mg (0.147 mmol, 35%), off-white solid, C22H24BrFsN4O7S [625.41]
HPLC-MS  tr = 4.11 min (method: 2-100-MeCN); m/z (ESI+) = 475, 477 [M-OTf]"*
TLC Rt = 0.26 (CH2Cl2/MeOH = 7/1; UV and KMnO,)

M.p.

!H NMR (300.13 MHz, DMSO-d®) § = 9.19 (s, 1H, H-11), 8.96 (t, 3Jun = 5.2 Hz, 1H, N-H),
8.90 (d, 3Jun = 8.5 Hz, 1H, H-2), 8.64 (d, 3Jun = 8.2 Hz, 1H, H-8), 8.61 (d, 3Jnn = 8.0 Hz, 1H,
H-5), 8.33 (d, 3Jun = 8.1 Hz, 1H, H-9), 7.93 (t, 3Jun = 7.4 Hz, 1H, H-4), 7.84 (t, *Jun = 7.3 Hz,
1H, H-3), 3.62 — 3.52 (m, 12H, H-15 to H-20), 3.51 — 3.45 (m, 2H, H-14), 3.38 (s, 2H, H-21)
ppm.

13C NMR (75.47 MHz, DMSO-d%) & = 164.3 (Cq, C-13), 138.2 (Cq, C-1), 137.8 (Cq, C-12),
137.5 (Cq, C-7), 137.0 (Cq, C-10), 134.7 (Cq, C-6), 131.9 (CH, C-3), 131.2 (CH, C-4), 129.1
(CH, C-9), 126.5 (CH, C-5), 126.3 (CH, C-2), 125.8 (CH, C-11), 125.5 (CH, C-8), 69.8 (CHy),
69.7 (CH2), 69.7 (CH>), 69.3 (CH), 68.8 (CHz), 50.0 (CH;, C-21) ppm.
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19F NMR (282.40 MHz, DMSO-d®) § = -77.8 ppm.

HRMS calcd (M/z) for C21H24BrN4O4* [M-OTHf]*: 475.0975; found: 475.0977.

2-((10-Azidodecyl)carbamoyl)dibenzo[b,d]chlorol-5-ium
trifluoromethanesulfonate (3ha)
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Starting from 2-carboxydibenzo[b,d]chlorol-5-ium trifluoromethanesulfonate (1h) (86.4 mg,
0.227 mmol) and 10-azidodecan-1-amine (2a) (30.0 mg, 0.151 mmol) synthesis of 2-((10-
azidodecyl)carbamoyl)dibenzo[b,d]chlorol-5-ium  trifluoromethanesulfonate (3ha) was
executed as described in general procedure B.

Yield 55.3 mg (98.6 pumol, 65%), off-white solid, C24H28CIF3N4O4S [561.02]
HPLC-MS  tr = 6.15 min (method: 2-100-MeCN); m/z (ESI+) = 411 [M-OTf]*
TLC Rf = 0.23 (CH2Cl2/MeOH = 7/1; UV and KMnO,)

M.p. 115-118°C

'H NMR (300.36 MHz, CDCl3) & = 8.76 (d, *Jun = 1.3 Hz, 1H, H-8), 8.40 (t, 3Jun = 9.8 Hz,
3H, H-2, H-5, H-10), 8.24 (dd, 3Jun = 9.1, “Jup = 1.5 Hz, 1H, H-10), 7.92 (t, 3Jun = 4.9 Hz,
1H, N-H), 7.79 — 7.64 (m, 2H, H-3, H-4), 3.43 (dd, 3Jun = 12.5, 6.2 Hz, 2H, H-14), 3.25 (d,
3Jun = 7.0 Hz, 2H, H-23), 1.66 (d, 3Jun = 6.4 Hz, 2H, H-15), 1.63 — 1.51 (m, 2H, H-22), 1.32
(m, 12H, H-16 to H-21) ppm.

13C NMR (75.53 MHz, CDCl3) § = 164.2 (Cq, C-13), 140.2 (Cq, C-12), 139.9 (Cq, C-1), 139.1
(Cq, C-9), 132.7 (CH, C-3 or C-4), 132.4 (CH, C-3 or C-4), 131.9 (CH, C-10), 131.9 (Cq, C-
aromatic), 131.5 (Cq, C-aromatic), 126.3 (CH, C-aromatic), 124.4 (CH, C-8), 122.7 (CH, C-
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aromatic), 51.6 (CHa, C-23), 40.9 (CHz, C-14), 29.6 (CHs), 29.4 (CH), 29.3 (CHs), 29.2 (CHy),
29.0 (CH2), 27.2 (CHy), 26.8 (CHz) ppm.

19F NMR (470.53 MHz, CDCl3) 5 = -78.3 ppm.

HRMS calcd (M/z) for C23H2sCIN4O* [M-OTHf]*: 411.1952; found: 411.1936.

3-((10-Azidodecyl)carbamoyl)dibenzo[b,d]chlorol-5-ium
trifluoromethanesulfonate (3ia)
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Starting from 3-carboxydibenzo[b,d]chlorol-5-ium trifluoromethanesulfonate (1i) (63.2 mg,
0.166 mmol) and 10-azidodecan-1-amine (2a) (30.0 mg, 0.151 mmol) synthesis of 3-((10-

azidodecyl)carbamoyl)dibenzo[b,d]chlorol-5-ium  trifluoromethanesulfonate  (3ia) was

executed as described in general procedure B.

Yield 47.0 mg (83.8 umol, 55%), off-white solid, C24H28CIF3N4O4S [561.02]
HPLC-MS  tr = 6.11 min (method: 2-100-MeCN); m/z (ESI+) = 411 [M-OTf]*
TLC Rt = 0.34 (CH2Cl2/MeOH = 7/1; UV and KMnOa)

M.p. 152 — 155 °C

'H NMR (300.36 MHz, DMSO-d®) § = 9.14 (s, 1H, H-11), 8.90 (s, 1H, N-H), 8.76 (d, 3Jun =
8.2 Hz, 1H, H-8), 8.73 — 8.67 (m, 2H, H-2, H-5), 8.41 (d, 3Jun = 7.4 Hz, 1H, H-9), 8.09 — 7.90
(m, 2H, H-3, H-4), 3.39 — 3.25 (m, 4H, H-14, H-23), 1.68 — 1.42 (m, 4H, H-15, H-22), 1.28 (s,
12H, H-16 to H-21) ppm.

13C NMR (75.53 MHz, DMSO-d®) § = 163.5 (Cq, C-13), 140.9 (Cq, C-12), 140.3 (Cq, C-1),
137.7 (Cq, C-10), 134.1 (Cq, C-7), 132.6 (CH, C-3 or C-4), 131.8 (CH, C-3 or C-4), 131.4 (Cq,
C-6), 129.6 (CH, C-9), 126.0 (CH, C-5), 125.1 (CH, C-8), 123.1 (CH, C-2), 122.7 (CH, C-
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11), 50.6 (CHz, C-23), 28.9 (CH3), 28.9 (CH_), 28.8 (CHz), 28.7 (CH3), 28.5 (CH_), 28.2
(CH>), 26.4 (CH2), 26.1 (CH>) ppm.

19F NMR (470.53 MHz, DMSO-d®) § = -77.7 ppm.

HRMS calcd (M/z) for C23H28CINsO* [M-OTf]*: 411.1952; found: 411.1937.
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Synthesis of Methyl t-butacrylate (t-BAM)

Methyl 3,3-dimethyl-2-oxobutanoate (29)

6 O 1
AN 207
(0]

29

In a 100 mL round-bottom flask H2SO4 conc. (2.33 mL, 42.8 mmol) was added to a solution of
3,3-dimethyl-2-oxobutanoic acid (3.71 g, 28.5 mmol) in 25 mL MeOH and the mixture was
heated for 22 h under reflux until full conversion was detected by GC-MS. Subsequently, the
reaction solution was cooled to rt, concentrated under reduced pressure, poured into 25 mL ice
water, and extracted with Et,O (4 x 15 mL). The combined organic layers were washed with
sat. NaHCOs3 solution (1 x 25 mL) and brine (1 x 25 mL), dried over Na>SOs, filtered and the
solvent was removed under reduced pressure. The crude product was purified via Kugelrohr
distillation (50 mbar, 75 — 105 °C).

Yield 2.51 g (17.4 mmol, 61%), colorless liquid, C7H1203 [144.17]
GC-MS tr = 3.22 min (method: MT_50_S); m/z (%) = 144 (2), 85 (25), 57 (100)
!H NMR (300.36 MHz, CDCl3) & = 3.84 (s, 3H, H-1), 1.25 (s, 9H, H-5 to H-7) ppm.

13C NMR (75.53 MHz, CDCls) § = 201.9 (Cq, C-3), 164.2 (Cq, C-2), 52.3 (CH3, C-1), 42.7 (Cq,
C-4), 25.8 (CHs, C-5 to C-7) ppm.

The recorded spectra are in accordance with the reported in literature.?®
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Methyl 3,3-dimethyl-2-methylenebutanoate (t-BAM) (30)

4a,b

30

In a flame-dried and argon-flushed 250 mL two-neck round-bottom flask diisopropylamine
(240 mL, 1.73 g, 17.1 mmol) was dissolved in 100 mL THF abs. and cooled to -78 °C
(acetone/dry ice). Subsequently, n-BuLi (2.5 M in hexanes, 6.45 mL, 16.1 mmol) was added.
After stirring at -78 °C for 10 min, methyl triphenylphosphonium bromide (5.75 g, 16.1 mmol)
was added in one portion and the yellow solution was stirred for 2 h at -40 °C and 1.5 h at rt.
The reaction mixture was cooled to 0 °C and methyl 3,3-dimethyl-2-oxobutanoate (29) (2.14 g,
14.8 mmol) was added dropwise. After stirring for 1 h at rt, full conversion was detected by
GC-MS and the reaction mixture was quenched by the addition of 15 mL 1 M aqg. HCI. The
layers were separated and the aqueous layer was extracted with Et:O (3 x 20 mL). The
combined organic layers were washed with H>O (2 x 25 mL) and brine (1 x 100 mL), dried
over NaxSOq, filtered, and the solvent was removed under reduced pressure. The residue was
taken up in 20 mL n-pentane, the resulting precipitates were filtered off using a sintered glass
frit and the filtrate was concentrated under reduced pressure. The crude product was purified
via Kugelrohr distillation (48 mbar, 65 — 95 °C).

Yield 1.12 g (7.79 mmol, 53%), colorless liquid, CsH1402 [142.20]

GC-MS tr = 3.20 min (method: MT _50_S): m/z (%) = 142 (11), 127 (67), 111 (36), 95
(96), 83 (85), 73 (91), 67 (100), 55 (67)

'H NMR (300.36 MHz, CDCls) & = 5.92 (s, 1H, H-4a), 5.52 (s, 1H, H-4b), 3.73 (s, 3H, H-1),
1.20 (s, 9H, H-6 to H-8) ppm.

13C NMR (75.53 MHz, CDCls) & = 168.4 (Cq, C-2), 150.2 (Cq, C-3), 121.2 (CH2, C-4), 51.5
(CHs, C-1), 35.0 (Cq, C-5), 29.5 (CH3, C-6 to C-8) ppm.

The recorded spectra are in accordance with the reported in literature.?®
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Mechanistic Experiments

Cyclic Voltammetry

Cyclovoltammograms were recorded at rt using an Autolab PGSTAT12 potentiostat in a three-
electrode cell with platinum disc, platinum wire, and silver wire as working (WE), counter (CE)
and reference electrodes (RE), respectively. A 0.1 M solution of BusNCIO4 in dry acetonitrile
served as the supporting electrolyte. Dry nitrogen gas was bubbled through the solutions for 5
min prior to electrochemical experiments. Ferrocene was used as the internal reference to

determine peak potentials.

Spin-trapping EPR

EPR spectra were recorded by a Magnettech Miniscope MS 300 EPR spectrometer under
nitrogen atmosphere. The spin trap (PBN) with no background EPR signal was dissolved
together with the corresponding halonium salts in MeOH/H20. A saturated solution of NADH
was rapidly added to those mixtures and resulting EPR spectra were recorded within 1 min after

mixing.

'H NMR and CIDNP

'H NMR and CIDNP spectra were recorded using a Bruker Avance 200 MHz NMR
spectrometer. NADH was added to a solution of halonium salt in CD30OD/D20 in the NMR
tube. After rapid mixing, CIDNP spectrum of the ongoing reaction was recorded using the
following NMR pulse sequence: presaturation of the background (waltz16) — 3 ps delay (to
create CIDNP polarizations) — RF pulse (4 ps) — acquisition. This should allow detection of

pure CIDNP polarizations with minimal contamination by the background.

HPLC-MS Analysis of t-BAM Experiments

Sample solutions from redox reaction of 1f or 1h, respectively, with NADH and t-BAM (30) in
D>0/MeCN-d3 were directly injected into the HPLC-MS system and analyzed with the standard
method (MeCN_2_100; see section Materials & Methods). Cationic fragmentation products of
t-BAM (30) adducts could be detected.
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Spectrophotometric Activity Assays

Changes in the activity of NQO1 with or without pre-incubation with probe 3aa were
investigated by using a dual-beam spectrophotometer (Specord 200Plus, Analytic Jena, Jena,
Germany) at 25 °C. All samples were prepared in 50 mM HEPES, pH 7.0 and the final reaction
mixture contained 200 UM NADH, 200 uM menadione (dissolved in EtOH), and 10 nM
NQOL. In the experiments with labeled enzyme, NQO1 (40 uM) was pre-incubated with
800 uM 3aa (dissolved in DMSO) and 800 uM NADH for 1 h at 37 °C. The reaction mixtures
were first incubated for 2 min at 25 °C, whereupon the reaction was started by the addition of
labeled/unlabeled enzyme. The decrease in absorption caused by the breakdown of NADH was
measured for 60 s at 365 nm. In all cases the reference cuvette was filled with 50 mM HEPES,
pH 7.0.

UV-Vis Spectrophotometric Experiments

Changes in the flavin spectrum of NQO1 during reduction with NADH and reaction with
different probes were recorded using a dual-beam spectrophotometer (Specord 200Plus,
Analytic Jena, Jena, Germany). All samples were prepared in 50 mM HEPES, pH 7.0 and
spectra were recorded from 300 to 800 nm.

Probes were dissolved in DMSO and then diluted to a final concentration of 100 mM.

The enzyme NQOL1 was diluted to a final concentration of 40 uM in in 50 mM HEPES, pH 7.0
and the initial spectrum of the flavin cofactor was recorded from 300 to 800 nm. Afterwards,
NADH was added in the desired concentration (2-fold or 4-fold excess, 80 or 160 uM,
respectively) and spectra were recorded in regular intervals (every 60 s). Representative spectra

of the reduction of the flavin cofactor were selected and plotted.

The sample with the reduced NQO1 was either left under aerobic conditions and the reoxidation
of the flavin cofactor after consumption of the entire NADH was followed from 300 to 800 nm,
or the protein sample with the reduced flavin cofactor was used for testing the reaction of NQO1
with different probes. Therefore, 400 uM (10 eq.) of the respective probe were added to the
measurement cuvette after addition of NADH and after verification of the reduced flavin
spectrum. The reaction of the reduced flavin cofactor with the probes was again monitored by

measuring the resulting spectra in regular time intervals (every 60 s).
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In all cases the reference cuvette was filled with 50 mM HEPES, pH 7.0 containing
0.4% DMSO. All samples were centrifuged at 13000 rpm for 5 min before recording the final
spectrum to remove turbidities that would otherwise cause baseline drift.

Biochemical Experiments

Recombinant Enzyme Experiments

Alcohol dehydrogenase from Saccharomyces cerevisiae (ADH) was purchased from Sigma-
Aldrich (Merck, Darmstadt, Germany). Recombinant Rhodococcus jostii eugenol oxidase
(EUOX) was a kind gift of Wolfgang Kroutil, University of Graz, Austria, and recombinant
human aldehyde dehydrogenase 2 (ALDHZ2) of Alexander Kollau and Bernd Mayer, University
of Graz, Austria. Doris Ribitsch, University of Natural Resources and Life Science, Tulln an
der Donau, Austria, kindly provided recombinant Athrobacter nicotianae choline oxidase
(CHO) and Clostridium carboxidivorans formate dehydrogenase (FDH). Recombinant
cytochrome P450 enzymes (CYP 10v3/10v4 (Phenylbacterium zucineum); CYP 13v3 (linalool
8-monooxygenase; Mycobacterium intracellulare)) were kind gifts of Anton Glieder, TU Graz,
Austria. 10 pg of pure protein solution was incubated with 1.5 nmol probe (0.15 uL 10 mM
solution in DMSO; 30 — 40 uM final concentration), and no probe as control for 1 h at 37 °C.
For the concentration-dependent labeling experiments with NQO1, 10 pug of pure protein
solution was incubated with 0.03 — 1.5 nmol 3aa (0.15 pL 0.2 — 10 mM solution in DMSO; 1
— 50 uM final concentration), and no probe as control for 1 h at 37 °C. For the inhibition
experiments with NQO1, 10 pg of pure protein solution was pre-incubated with
300 or 600 pmol dicoumarol (0.15 or 0.30 L 2 mM solution in DMSO; 10 or 20 uM final
concentration) for 15 min at 30 °C, followed by incubation with 0.9 nmol 3aa (0.15 pL 6 mM
solution in DMSO; 30 uM final concentration) for 1 h at 30 °C. Reduction and alkylation was
performed by adding the same volume of a mixture of 4 M urea, 20 mM tris(2-
carboxyethyl)phosphine (TCEP), and 60 mM N-ethylmaleimide (NEM) to the enzyme/probe
solution and incubation for 10 min at 95 °C. 1 nmol Dibac-atto633 (1 pL 1 mM in DMSQO) was
added to a solution containing 1 pg reduced and alkylated protein and then the mixture was
incubated for 1 h at 37 °C in the dark. Then, samples were prepared for SDS-PAGE by adding
3.5 pL of a 5/2 (v/v) mixture of Invitrogen™ NuPAGE™ LDS Sample Buffer (4X) (Thermo
Fisher Scientific) and Invitrogen™ NuPAGE™ Sample Reducing Agent (10X) (Thermo Fisher

Scientific) followed by incubation for 5 min at 95 °C. The prepared samples were then loaded
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on Invitrogen™ NuPAGE™ Bis-Tris Midi Protein Gels (4 to 12%, 1.0 mm) (Thermo Fisher
Scientific) in 3-(N-morpholino)propanesulfonic acid (MOPS) buffer and SDS-PAGE was
performed using an Invitrogen™ ZOOM® Dual Power Supply with the following settings:
200 V, 400 mA, 200 W. The protein gel was subsequently scanned for active proteins with Cy5
settings on a Biorad ChemiDoc MP imaging system. Further, the whole protein stain was
performed with Krypton fluorescent protein stain (Thermo Fisher Scientific) and visualized
with Cy3 settings on a Biorad ChemiDoc MP imaging system. Used buffers for probe labeling
for the different pure enzymes: ALDH2: 50 mM TrisHCI pH 8.5, 4 mM NAD™; EUOX: 20 mM
TrisHCI pH 7.5; CHO: 10 mM TrisHCI pH 7.5, 1 mM NADH; FDH: 20 mM NaPOs pH 6.5;
Cyp: 100 mM KH2PO4;, NQO1: Dulbecco’s Phosphate Buffered Saline (DPBS), 100 uM
NADH were added directly before addition of the probe. In the denaturation gel, the
denaturation samples were adjusted to 1% w/w SDS concentration by the addition of 20% w/w

aq. SDS-solution and incubated for 10 min at 95 °C prior to probe labeling.

Expression of NQOL1 and Corresponding Amino Acid Sequence

Human NQO1 WT was produced in E. coli BL21 [pET28a — NQO1] with a hexahistidine tag
(underlined) at the C-terminus.

Amino Acid Sequence:

MGSSHHHHHHSSGLVPRGSHMVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGW
EVVESDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGHLSPDIVAEQKKLE
AADLVIFQFPLQWFGVPAILKGWFERVFIGEFAYTYAAMYDKGPFRSKKAVLSITTG
GSGSMYSLQGIHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWK
KRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGLSVGHHLGKSIPT
DNQIKARK

In vitro Labeling Experiments of Mouse Liver Tissues

C57bl6 mice were housed in a clean and temperature-controlled environment with unlimited
access to food and water on a regular 12 h/12 h light/dark cycle. Male and female mice aged 8-
10 weeks were sacrificed in ad libitum fed state and livers were harvested for further analyses.

The experiment was performed in accordance with the European Directive 2010/63/EU.
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Murine fresh liver was cut into small pieces using a scalpel. A few parts (3-4 mm?®) were
incubated either with 150 pL PBS containing 30 uM probe or without probe as negative control
(n=6). After 1 h of incubation at 37 °C, each sample was separately homogenized by
sonication. The cell pellet was removed by centrifugation at 7000 g and the protein content of
the supernatant was determined with the BCA protein assay kit (Thermo Fisher Scientific)
according to the manufacturer’s instruction. Activity-based gel electrophoresis was performed

as stated below.

Activity-based Gels

30 - 50 pg of already reduced and NEM-ylated protein extract were incubated for 1 h with the
fluorophore DIBAC-atto633. The samples were then prepared for SDS PAGE by adding a
5/2 (viv) mixture of Invitrogen™ NuPAGE™ LDS Sample Buffer (4X) (Thermo Fisher
Scientific) and Invitrogen™ NuPAGE™ Sample Reducing Agent (10X) (Thermo Fisher
Scientific) followed by incubation for 5 min at 95 °C. The prepared samples were then loaded
on Invitrogen™ NuPAGE™ Bis-Tris Midi Protein Gels (4 to 12%, 1.0 mm) (Thermo Fisher
Scientific) in MOPS buffer and SDS-PAGE was performed using an Invitrogen™ ZOOM®
Dual Power Supply with the following settings: 200 V, 400 mA, 200 W. The protein gel was
scanned for active proteins with Cy5 settings on a Biorad ChemiDoc MP imaging system.
Afterwards, whole protein was stained with Krypton fluorescent protein stain (Thermo Fisher

Scientific) and visualized with Cy3 settings on a Biorad Chemidoc MP.

Protein Enrichment Experiments

500 ug protein was subjected to acetone precipitation. Re-solubilization and reduction were
performed in 100 pL 100 mM TrisHCI, pH = 8.5, with 1% SDS w/v and 10 mM TCEP for
10 min at 95 °C. Alkylation was performed with NEM at a final concentration of 30 mM NEM
at 37 °C for 30 min. After addition of 1200 pmol dibenzocyclooctyne (DBCO)-TEV-Biotin
strain promoted click linker (Figure S23, PiChem, Austria), the click reaction was carried out
under shaking at 37 °C and 500 rpm overnight. Samples were diluted to < 0.1% SDS
concentration and excess linker was removed employing 3 kDa cut-off filters. The retentate was
washed twice with 500 pL 8 M urea, 100 mM Tris-HCI, pH = 8.5 and once with 2 M urea, 100
mM TrisHCI, pH = 8.5. Enrichment was performed using 12 pL streptavidin-agarose resin
(Thermo Fisher Scientific) on an overhead rotator in plugged spin columns (Thermo Fisher
Scientific) for 4 h. The beads were washed once with 2 M urea, 100 mM TrisHCI, pH = 8.5,
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and once with 100 mM TrisHCI, pH = 8.5, 2 M urea, 0.5 mM ethylenediaminetetraacetic acid
(EDTA), 1 mM DTT, and once again with 2 M urea, 100 mM Tris-HCI, pH = 8.5, before
incubation with 200 pL 100 mM Tris-HCI, pH = 8.5, containing 400 ng trypsin (Promega), for
10 h. The supernatant of the on-bead digest was harvested by centrifugation (500 g, 5 min).

LC-MS/MS Analysis and Bioinformatics for Protein Enrichment Experiments

One third of the on-bead digest was separated on the Evosep One equipped with an lonOpticks
Aurora Series UHPLC C18 column (15 cm x 75 pum ID, 1.7 pum) (lonOpticks, Australia). The
LC-method Whisper_40SPD was used with solvent A being 0.1% formic acid in water and
solvent B acetonitrile containing 0.1% formic acid while maintaining the column at 40 °C. The
timsTOF Pro mass spectrometer (Bruker Daltonics, Germany) was operated in positive mode
with enabled trapped ion mobility spectrometry (TIMS) at 100% duty cycle (100 ms ramp
time). Source capillary voltage was set to 1500 V and dry gas flow to 3 L-min at 180 °C. Scan
mode was set to data independent parallel accumulation—serial fragmentation (diaPASEF)
using parameters previously optimised with py_diAID.% In brief, 24 isolation windows from
m/z 300 to 1,200 and 1/Kg 0.7 to 1.35 were defined. After MS1 scan, two isolation windows
were fragmented per TIMS ramp resulting in an overall DIA cycle time of 1.38 s. The mass
spectrometry proteomics data were deposited to the ProteomeXchange®*? Consortium via the
PRIDE® partner repository with the dataset identifier PXD043873 and reviewer account
details: reviewer_pxd043873@ebi.ac.uk, pw: 785SJoUH.

The LC-MS/MS data were analyzed by DIANN 1.8.1 by searching the public SwissProt murine
database containing all common contaminants. Cysteine NEM-ylation was set as fixed
modification and methionine oxidation was considered as variable. Digestion enzyme was
trypsin with a maximum of one missed-cleavage sites allowed. Acceptance parameters for
identification were set to 1% false discovery rate (FDR) for peptide-spectrum matching (PSM),
protein as well as site decoy fraction. Mass accuracies and scan windows size for match between

runs was determined automatically by the algorithm.

Data processing was performed with Perseus software version 2.0.1.0. Data was filtered for
decoy hits and contaminants. After log2 transformation, proteins were filtered for containing at
least 4 valid values in probed or control groups. Missing values were imputed with random
numbers that are drawn from a Gaussian distribution. The values were optimized to simulate a

typical abundance region that the missing values would have if they had been measured.
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Pairwise statistical analysis of proteins in probed vs. non-probed samples was performed
employing a one-sided Student’s t-test. The entire dataset was also analyzed by ANOVA and
Tukey’s Post-Hoc test to determine differences between probes. For each statistical analysis in
Perseus, multi-testing correction was done in with permutation-based FDR with parameters
So=0.1to 2 and FDR = 0.05.

Cluster analysis was performed in Python 3.7.7 employing the packages matplotlib 3.5.3,
pandas 1.3.3, numpy 1.21.6, and seaborn 0.12.2, linkage complete, distance Euclidean.

Probes Site Analysis

500 pg protein was reduced in 50 mM TrisHCI, pH = 8.5, with 1% SDS w/v and 10 mM TCEP
for 10 min at 95 °C and subsequently alkylated with NEM at a final concentration of 30 mM at
37 °C for 30 min before acetone precipitation. Samples were re-solubilized in 200 mM TrisHCI,
pH = 8.5, with 1% SDS, and Cu-catalyzed click reaction was performed with 21 uM
dialkoxydiphenylsilane (DADPS)-Biotin alkyne linker (Figure S39, Vector Laboratories) using
7.8 mM THPTA (tris-hydroxypropyltriazolylmethylamine) (both Vector Laboratories),
1.9 mM copper(ll) sulfate and 19 mM sodium ascorbate for 60 min at rt. After 1:12 dilution
with 8 M urea, 100 mM Tris-HCI, pH = 8.5, excess linker was removed employing 3 kDa cut-
off filters. Retentate was washed once with 400 pL 8 M urea, 100 mM Tris-HCI, pH = 8.5 and
twice with 2 M urea, 100 mM TrisHCI, pH = 8.5. Enrichment was performed using 15 pL
streptavidin-agarose resin (Thermo Scientific) on an overhead rotator in plugged spin columns
(Thermo Scientific) for 4 h. The beads were then washed three times with 2 M urea, 100 mM
TrisHCI, pH = 8.5, before overnight incubation with 200 uL 2 M urea, 100 mM TrisHCI,
pH = 8.5 containing 800 ng Trypsin/Lys-C Mix (Promega). After collection of the supernatant
of the on-bead digest by centrifugation (300 g, 5 min), the beads were washed with phosphate
buffered saline (1 x 120 pL) and 5% MeCN in Milli-Q® H20 (3 x 120 pL). The residual bound
peptides were eluted using 20 ul 10% formic acid for 30 min at rt, followed by a 5 min bead
washing step with 20 pl 4% MeCN in Milli-Q® H.0 while collecting both fractions in the same
tube. 5 pl of the resulting eluate was subjected to LC-MS/MS analysis.

LC-MS/MS Analysis and Bioinformatics for Probed Site Analysis

Chromatography was carried out on an Ultimate 3000 RSLCnano System (ThermoFisher

Scientific, MA, USA) equipped with an lonopticks Aurora Series UHPLC C18 column

(250 mm x 75 um, 1.7 um) (lonopticks, Australia). Solvent A was 0.1% formic acid in H.O
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and solvent B MeCN + 0.1% formic acid. Total LC-MS/MS run time per sample was 94 min.
Flow: Constant flow rate 400 nL/min, T = 40 °C. The following gradient was used: 0 — 13 min,
isocratic, 2% B; 13 — 33 min, linear, 2% to 10% B; 33 — 53 min, linear, 10% to 25% B; 53 — 63
min, linear, 25% to 37% B; 63 — 73 min, linear, 37% to 80% B; 73 — 83 min, isocratic, 80% B;
83 — 84 min, linear, 80% to 2% B; 84 — 94 min, isocratic, 2% B.

The timsTOF HT mass spectrometer (Bruker Daltonics, Germany) was operated in positive
mode with enabled Trapped lon Mobility Spectrometry (TIMS) at 100% duty cycle (100 ms
ramp and accumulation time). Source capillary voltage was set to 1600 V and dry gas flow to
3 L/min at 180 °C. Scan mode was set to parallel accumulation-serial fragmentation (PASEF)
for the scan range of 100-1700 m/z. Precursor selection was based on their intensity (data
dependent acquisition) and the precursors were allowed to accumulate for the total of four
ramps per PASEF cycle, bringing the total cycle time to 0.53 s. The mass spectrometry
proteomics data were deposited to the ProteomeXchange®*2 Consortium via the PRIDE®®
partner repository with the dataset identifier PXD043873 and reviewer account details:
reviewer_pxd043873@ebi.ac.uk, pw: 785SJoUH.

The LC-MS/MS data were analyzed using FragPipe 22.0 software®* with incorporated
MSFragger version 4.1, lonQuant version 1.10.27 and Philosopher version 5.1.1 searching
FASTA entries from Mus musculus and common contaminants (17335 Swiss-Prot entries,
downloaded on 10.06.2024 from UniProt). Starting with the FragPipe LFQ-MBR workflow the
following search criteria were changed and applied, respectively: enzyme ‘stricttrypsin’, max.
missed cleavage sites: 2; N-ethylmaleimide (NEM) on Cys, oxidation on Met, and the used
probe plus cleaved DADPS biotin linker allowed on any amino acid were set as variable
modifications. More precisely, the used modification mass of the cleaved linker-probe
conjugate was 384.2525 Da for 3aa, 538.1943 Da for 3ga, and 494.2448 Da for 3ha. The
precursor and fragment mass tolerance were set to 20 ppm. Identification acceptance criteria
included a max. 1% false discovery rate (FDR) on PSMs, peptides and proteins using razor
peptides for protein FDR scoring. Additionally, MSBooster was omitted and three ions with a

minimum frequency of 0.5 were used for protein quantification.

The resulting peptide tables were used for investigating the identified peptides containing the
target probe modification. The hits of the 3ga and 3ha probes were further verified through
comparison of their distinct MS1 spectra to simulated isotopic patterns unique to chlorine and
bromine containing probes using Bruker Compass DataAnalysis software (version 6.1).
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Crystallographic Data

Table S5. Crystallographic data of diarylhalonium salts 1c, 1f, and 1h.

Compound
CCDC number
Empirical formula
Formula weight [g'mol™]
Temperature [K]
Crystal system
Space group

a[A]

b [A]

c[A]

o [°]

BI°]

v [°]

Volume [A3]

4

pealc [grem™]

u [mm™]

F(000)
Radiation

20 range for data collection [°]
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole [e-A~]

lc

2145617
C14HgF310sS
472.16
100.03
triclinic

P1
7.0091(7)
10.6673(11)
11.7572(12)
63.230(5)
75.790(5)
85.689(5)
760.20(14)
2

2.063

2.301

456

MoKa
(A=0.71073)

1.997 to 30.161

-9<h<9,
-15<k <15,
-16<1<16

40453

4407
[Rint = 0.1267]

4407/0/221
1.053

R1 =0.0430,
WR2 = 0.0535

R1=0.0783,
WR2 = 0.0609

3.136/-2.844

123

1f

2149555
CusHgF3BrOsS
425.17
100(2)
monoclinic
P21/n
6.4902(3)
18.8943(9)
12.3367(6)
90
95.462(2)
90
1505.95(12)
4

1.875

2.926

840

MoKa
(A=0.71073)

1.978 to 30.158

'9Sh589
-26 <k <26,
-17<1<17

61285

4391
[Rint = 0.0558]

4391/0/219
1.011

R: =0.0237,
WR> = 0.0606

R1 = 0.0265,
WR2 =0.0620

0.514/-0.468

1h

2145616
Ci14HgF3ClOsS
380.71
99.99
triclinic

P1
6.6746(4)
8.0822(6)
13.7840(10)
95.756(2)
99.723(2)
97.231(2)
721.43(9)

2

1.753

0.469

384

MoKa
(A=0.71073)

1.511 to0 30.189

'9Sh599
-11<k<11,
-19<1<19

39301

4150
[Rint = 0.0496]

4150/0/219
1.091

R: =0.0349,
WR> =0.0912

R1 = 0.0369,
WR>2 = 0.0925

0.593/-0.537
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Figure S75. *H-NMR (300.36 MHz, CDCls) of compound 15.
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Figure S76. 3C-NMR (75.53 MHz, CDClIs) of compound 15.
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Figure S77. *H-NMR (300.36 MHz, CDCls) of compound 2a.
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Figure S78. 3C-NMR (75.53 MHz, CDClIs) of compound 2a.

125

f~10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

f-23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

r-1000

-2000



244

3800

3600
0 Q 3400
S

oy
g \O/\/o\/\o/\/o\/\o/s\b

_~7.80
~-7.77
_~734
~N-7.32

4

4

4

3

3

3

3

3

3

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

| [ 1000

800

600

400

200

r-200

4.00-
4,041
4131
5.09-1
7.441
5981

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S79. 'H-NMR (300.36 MHz, CDCls) of compound 16.
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Figure S80. C-NMR (75.53 MHz, CDClIs) of compound 16.
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Figure S81. *H-NMR (300.36 MHz, CDCls) of compound 17.
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Figure S82. *C-NMR (75.53 MHz, CDCl3) of compound 17.
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Figure S83. *H-NMR (300.36 MHz, CDCls) of compound 2b.
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Figure S84. 3C-NMR (75.53 MHz, CDCls) of compound 2b.
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Figure S85. *H-NMR (300.36 MHz, DMSO-ds) of compound 19.
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Figure S86. 3C-NMR (75.53 MHz, DMSO-ds) of compound 19.
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Figure S87. *H-NMR (300.36 MHz, DMSO-ds) of compound 18.
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Figure S88. 3C-NMR (75.53 MHz, DMSO-ds) of compound 18.
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Figure S89. *H-NMR (300.36 MHz, DMSO-ds) of compound 20.
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Figure S90. 3C-NMR (75.53 MHz, DMSO-ds) of compound 20.
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Figure S91. *H-NMR (300.36 MHz, DMSO-ds) of compound 22.

10000

164.7
—140.8
1324
1295
-129.0
109.1
526

o 9000
Br o~ 8000

I 7000
6000
5000
4000
3000

2000

1000

-1000
-2000
-3000
-4000
-5000
-6000

-7000

210 200 190 180 170 160 150 140 130 120 110 ¢ {00 ) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm

Figure S92. 3C-NMR (75.53 MHz, DMSO-ds) of compound 22.
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Figure S93. 'H-NMR (300.36 MHz, CDCls) of compound 21.
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Figure S94. 3C-NMR (75.53 MHz, CDCl3) of compound 21.
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Figure S95. 'H-NMR (300.36 MHz, CDCls) of compound 23.
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Figure S96. 3C-NMR (75.53 MHz, CDClIs) of compound 23.
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Figure S97. *H-NMR (300.36 MHz, DMSO-ds) of compound 5.
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Figure S98. 3C-NMR (75.53 MHz, DMSO-ds) of compound 5.
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Figure S99. *H-NMR (300.36 MHz, DMSO-ds) of compound 6.
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Figure S100. 3C-NMR (75.53 MHz, DMSO-ds) of compound 6.
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Figure S101. *H-NMR (300.36 MHz, DMSO-ds) of compound 24.
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Figure S102. 3C-NMR (75.53 MHz, DMSO-ds) of compound 24.
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Figure S103. *H-NMR (300.36 MHz, DMSO-ds) of compound 4.
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Figure S104. 3C-NMR (75.53 MHz, DMSO-ds) of compound 4.
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Figure S105. *H-NMR (300.36 MHz, DMSO-ds) of compound 25.
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Figure S106. 3C-NMR (75.53 MHz, DMSO-ds) of compound 25.
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Figure S107. *H-NMR (300.36 MHz, DMSO-ds) of compound 26.
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Figure S108. 3C-NMR (75.53 MHz, DMSO-ds) of compound 26.
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Figure S109. *H-NMR (300.36 MHz, DMSO-ds) of compound 7.
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Figure S110. 3C-NMR (75.53 MHz, DMSO-ds) of compound 7.
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Figure S111. *H-NMR (300.36 MHz, DMSO-ds) of compound 8.
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Figure S112. 3C-NMR (75.53 MHz, DMSO-ds) of compound 8.
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Figure S113. *H-NMR (300.36 MHz, DMSO-ds) of compound 27.
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Figure S114. 3C-NMR (75.53 MHz, DMSO-ds) of compound 27.
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Figure S115. *H-NMR (300.36 MHz, DMSO-ds) of compound 28.
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Figure S116. 3C-NMR (75.53 MHz, DMSO-ds) of compound 28.
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Figure S118. 3C-NMR (75.53 MHz, DMSO-ds) of compound 9.
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Figure S119. *H-NMR (300.36 MHz, DMSO-ds) of compound 10.
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Figure S120. 3C-NMR (75.53 MHz, DMSO-ds) of compound 10.
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Figure S122. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1a.
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Figure S123. ¥F-NMR (470.53 MHz, DMSO-ds) of compound 1a.
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Figure S124. 'H-NMR (300.36 MHz, DMSO-ds) of compound 1b.
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Figure S125. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1b.
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Figure S126. **F-NMR (470.53 MHz, DMSO-ds) of compound 1b.
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Figure S128. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1c.
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Figure S129. F-NMR (282.40 MHz, DMSO-ds) of compound 1c.
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Figure S130. 'H-NMR (300.36 MHz, DMSO-ds) of compound 1d.
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Figure S131. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1d.
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Figure S132. **F-NMR (282.40 MHz, DMSO-ds) of compound 1d.
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Figure S133. *H-NMR (300.36 MHz, DMSO-ds) of compound 1e.

FE O 2 FE2H33333888
I \ VS
F%§—o
F o 0

4.5

4.0

3.5

0.5

210 200 190 180 170 160 150 140 130 120 110 100 _ 90
f1 (ppm)

Figure S134. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1e.
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Figure S135. F-NMR (470.53 MHz, DMSO-ds) of compound 1e.
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Figure S136. 'H-NMR (300.36 MHz, DMSO-ds) of compound 11.
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Figure S137. 3C-NMR (75.53 MHz, DMSO-ds) of compound 11.
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Figure S138. 'H-NMR (300.36 MHz, DMSO-ds) of compound 1f.
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Figure S139. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1f.
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Figure S140. °F-NMR (282.40 MHz, DMSO-ds) of compound 1f.
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Figure S142. 3C-NMR (75.53 MHz, DMSO-ds) of compound 12.
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Figure S144. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1g.
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Figure S145. F-NMR (282.40 MHz, DMSO-ds) of compound 1g.
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Figure S146. 'H-NMR (300.36 MHz, DMSO-ds) of compound 1h.
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Figure S147. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1h.
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Figure $148. °F-NMR (470.53 MHz, DMSO-ds) of compound 1h.
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Figure S149. *H-NMR (300.36 MHz, DMSO-ds) of compound 1i.
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Figure S150. 3C-NMR (75.53 MHz, DMSO-ds) of compound 1i.
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Figure S151. *F-NMR (470.53 MHz, DMSO-ds) of compound 1i.
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Figure S152. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3aa.
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Figure S153. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3aa.
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Figure S154. ®F-NMR (470.53 MHz, DMSO-ds) of compound 3aa.
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Figure S155. *H-NMR (300.36 MHz, DMSO-ds) of compound 3ab.
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Figure S156. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ab.
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Figure S157. *F-NMR (470.53 MHz, DMSO-ds) of compound 3ab.

E O \ Y N
I
F—8-0 o
F 0 .
I N/\/\/\/\/\/N3
PRGN

v /// //

3.32
3.30
3.27
3.24
3.22

[

Y

— 1.50
—1.26

200

1.00
104 £
1.00 L
2.08 4

4.04
1233

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

r-200

10.5 100 9.5 9.0 8.5

0 7.5 7.0 6.5 6.0

® 14099 I

55 5.0
f1 (ppm)

Figure S158. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3ba.
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Figure S159. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ba.
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Figure S160. °F-NMR (470.53 MHz, DMSO-ds) of compound 3ba.
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Figure S161. *H-NMR (300.36 MHz, DMSO-ds) of compound 3bb.
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Figure S162. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3bb.
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Figure S163. **F-NMR (470.53 MHz, DMSO-ds) of compound 3bb.
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Figure S164. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3ca.
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Figure S165. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ca.
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Figure S166. °F-NMR (376.17 MHz, DMSO-ds) of compound 3ca.
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Figure S167. *H-NMR (300.36 MHz, DMSO-ds) of compound 3cb.

F O SERSERRNEIT 333
F)—$-0 S N
F (@] +
o
H
O N\/\O/\/O\/\O/\/N3
0

LU
W Vi Wl il lnm " iy Wi

5.0 4.5 4.0

68.9
49.9

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

Figure S168. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3cb.
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Figure S169. *F-NMR (376.17 MHz, DMSO-ds) of compound 3cb.
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Figure S170. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3da.
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Figure S171. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3da.
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Figure S172. **F-NMR (376.17 MHz, DMSO-ds) of compound 3da.
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Figure S173. *H-NMR (300.36 MHz, DMSO-ds) of compound 3db.
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Figure S174. 83C-NMR (75.53 MHz, DMSO-ds) of compound 3db.
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Figure S175. F-NMR (470.53 MHz, DMSO-ds) of compound 3db.
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Figure S176. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3ea.
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Figure S177. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ea.
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Figure S178. F-NMR (470.53 MHz, DMSO-ds) of compound 3ea.
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Figure S179. *H-NMR (300.36 MHz, DMSO-ds) of compound 3eb.
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Figure S180. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3eb.
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Figure S181. F-NMR (470.53 MHz, DMSO-ds) of compound 3eb.
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Figure S182. 'H-NMR (300.13 MHz, DMSO-ds) of compound 3fa.
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Figure S183. 3C-NMR (75.47 MHz, DMSO-ds) of compound 3fa.
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Figure S184. *F-NMR (282.40 MHz, DMSO-ds) of compound 3fa.

178

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

r-2000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




H
“llii N \\///\\()//“\\N//()\\v//’\\(),/“\\\//P43

I// S LS

P
1.01 I

- 1.96
1.99

2.03 =<

J1400]

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

r-200

11,5 11.0 105 10.0 95

T T T T T
6.0 5.5
f1 (ppm)

50 45 4.0

Figure S185. *H-NMR (300.13 MHz, DMSO-ds) of compound 3fb.
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Figure S186. 3C-NMR (75.47 MHz, DMSO-ds) of compound 3fb.
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Figure S187. *F-NMR (282.40 MHz, DMSO-ds) of compound 3fb.
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Figure S188. 'H-NMR (300.13 MHz, DMSO-ds) of compound 3ga.
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Figure $189. 3C-NMR (75.47 MHz, DMSO-ds) of compound 3ga.
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Figure S190. F-NMR (282.40 MHz, DMSO-ds) of compound 3ga.
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Figure S192. 3C-NMR (75.47 MHz, DMSO-ds) of compound 3gb.
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Figure S193. F-NMR (282.40 MHz, DMSO-ds) of compound 3gb.
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Figure S194. 'H-NMR (300.36 MHz, DMSO-ds) of compound 3ha.
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Figure S195. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ha.
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Figure S196. °F-NMR (470.53 MHz, DMSO-ds) of compound 3ha.
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Figure S197. *H-NMR (300.36 MHz, DMSO-ds) of compound 3ia.
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Figure S198. 3C-NMR (75.53 MHz, DMSO-ds) of compound 3ia.
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Figure S199. F-NMR (470.53 MHz, DMSO-ds) of compound 3ia.
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Figure S200. *H-NMR (300.36 MHz, CDCls) of compound 29.

186

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




164.2

—52.3

—42.7

25.8

210 200 190 180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Figure S201. 3C-NMR (75.53 MHz, CDCls) of compound 29.
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Figure S202. 'H-NMR (300.36 MHz, CDCls) of compound 30.
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Figure S203. 3C-NMR (75.53 MHz, CDCIs) of compound 30.
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