Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

Supplementary Information

Turn-ON Fluorescent Affinity Labeling Using a Small Bifunctional O-Nitrobenzoxadiazole

Unit

Takao Yamaguchi, Miwako Asanuma, Shuichi Nakanishi, Yohei Saito, Masateru Okazaki, Kosuke Dodo,
and Mikiko Sodeoka

!Sodeoka Live Cell Chemistry Project, ERATO, JST, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
2Synthetic Organic Chemistry Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

*Correspondence should be addressed to Mikiko Sodeoka (sodeoka@riken.jp)

Table of Contents

SUPPIEMENTANY RESUITS. .. viitt ittt e et e e et e e et e e et e eet e e e te te et aet e aeane e teeennaes S2
SUPPIEMENTArY IMETNOGS. .. ..ottt e e e e e e e e et e e e e e e S17
SUPPIEMENArY RO O ENCES. e ittt et e e e e et e e e e e e S35
L] 0T | - VPR S36

S1



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

Supplementary Results
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Figure S1. In-gel fluorescence analysis of avidin treated with O-NBD or N-NBD compounds (fluorescence image at 530 nm
after excitation at 488 nm). Labeling conditions: 1 uM avidin, 1 pM compound, 25 mM phosphate buffer, pH 7.0, 0 °C, and 1 h.
Comments: No labeling was observed when avidin was treated with O-NBD compounds lacking the ligand unit.
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Figure S2. In-gel fluorescence analysis of avidin treated with O-NBD probes in the absence or presence of biotin (fluorescence
image at 530 nm after excitation at 488 nm). Labeling conditions: 1 uM avidin, 1 pM O-NBD probe, 25 mM phosphate buffer,
pH 7.0, 0 °C, and 1 h. In lanes 3-5, 7-9, and 11-13, avidin was preincubated with 1-100 uM biotin for 1 h at 0 °C before
addition of O-NBD probe.

Comments: Pretreatment with 1 equivalent of biotin completely blocked the labeling.
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Figure S3. In-gel fluorescence analysis of a mixture of avidin and BSA treated with biotin O-NBD probes (fluorescence image
at 530 nm after excitation at 488 nm). Labeling conditions: 1 uM avidin, 1 uM BSA, 1 uM biotin O-NBD probe, 25 mM
phosphate buffer, pH 7.0, 0 °C, for 1 h.

Comments: Selective labeling of avidin was achieved in the presence of a non-target protein, BSA, which contains about sixty
lysine residues. The probes having ethylene glycol linkers (C8EG, Cl1EG and C14EG) exhibited extremely high
target-selectivity (>99.9%).
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Figure S4. In-gel fluorescence analysis of a mixture of avidin and BSA treated with O-NBD probes at 0 °C or room temperature
(fluorescence image at 530 nm after excitation at 488 nm). Labeling conditions: 1 uM avidin, 1 uM BSA, 1 uM O-NBD probe,
25 mM phosphate buffer, pH 7.0, 0 °C or room temperature (23 °C), for 1 h.

Comments: Increase in the labeling temperature from 0 °C to room temperature resulted in faster labeling, but did not reduce

the target-selectivity.
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Figure S5. Absorption spectra of 10 uM avidin (black), 10 uM C14EG (purple) and 10 uM NBD-NHMe (green) in 25 mM
phosphate buffer (pH 7.0).
Comments: The absorbance of NBD-NHMe at 478 nm was found to be 0.244.
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Figure S6. (a) Time course of the absorbance at 478 nm. Conditions for blue squares: 10 uM avidin, 10 uM C14EG, 25 mM
phosphate buffer, pH 7.0, and room temperature. Conditions for red squares: 10 uM C14EG, 25 mM phosphate buffer, pH 7.0,
and room temperature. Conditions for black circles: 10 uM avidin, 25 mM phosphate buffer, pH 7.0, and room temperature.
Conditions for purple triangles: 10 uM avidin (preincubated with 100 uM biotin for 1 h at room temperature before addition of
C14EG), 10 uM C14EG, 25 mM phosphate buffer, pH 7.0, and room temperature. Absorbance of a mixture of avidin and
C14EG at 478 nm: 0.019 (5 min), 0.066 (30 min), 0.101 (1 h), 0.134 (2 h), 0.152 (3 h), 0.163 (4 h), 0.171 (5 h), 0.175 (6 h),
0.182 (9 h), 0.185 (12 h), and 0.190 (24 h). (b) Plots of the reaction time versus Ln C (concentration of C14EG (M)): 10 uM
avidin, 10 uM C14EG, 25 mM phosphate buffer, pH 7.0, and room temperature. Concentration of C14EG was calculated from
UV absorbance at 478 nm, regarding “absorbance = 0.185 (absorbance at 12 h)” as full conversion.

Comments: The labeling yield was calculated based on the absorbance at 478 nm. For example, the labeling yield after 12 h was
found to be 76% (0.185/0.244). According to the supplier’s data sheet, avidin used in our experiments has ~ 80% biotin-binding
activity (12 units/mg). This would be a key reason to why the maximum labeling yield was 78% (after 24 h). The reaction rate

constant of avidin and C14EG at room temperature (23 °C) was found to be 0.78/h.
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Figure S7. Enlarged MS/MS spectrum from ion at m/z 863.86 (see also Figure 4c). The labeling of avidin was carried out under
the following conditions: 1 uM avidin, 1 uM C14EG, 25 mM phosphate buffer, pH 7.0, 0 °C, for 1 h. Main fragmentation series
(y-carboxy and b-amino) are indicated. The details are summarized in Table S1.

Comment: The MS/MS analysis identified the labeled amino acid residue as K111, which is located near the biotin binding-site.
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Table S1. Simulated fragment ion pattern of NBD-modified peptide [SSVNDIGDDWK™(N-NBD)ATR]. Bold blue text
indicates the ions assigned by MASCOT search.

Relative Abundance

Relative Abundance

Fluorescent Intensity (RFU)
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b# b (+) b (2+) seguence y (+) y (2+) y#
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4 388.183 194.595 N 1453.609 727.308 11
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6 616.294 308.651 | 1224.539 612.773 9
7 673.315 337.161 G 1111.455 556.231 8
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Figure S8. LC-LIF-MS analysis of trypsin digests of avidin labeled with C8 (left) or C11EG (right). Labeling of avidin was
carried out under the following conditions: 1 uM avidin, 1 uM O-NBD probe, 25 mM phosphate buffer, pH 7.0, 0 °C, and 1 h.

The labeled avidin was subjected to in-gel tryptic digestion and analyzed by LC-LIF-MS. Chromatograms monitored by total
ion current (TIC) (top), extracted ion in the range of m/z 863.80-863.95, corresponding to N-NBD-[Ser101-Arg114] (middle),

and laser-induced fluorescence (LIF) detector (bottom, Aex = 473 nm, Aem = 500-600 nm). The delay time from the fluorescence

chromatogram to the ion chromatogram was determined to be 1.4 min by using authentic fluorescent peptides.

Comments: Avidin labeled with C8 (or C11EG) exhibited a single peak in the LIF chromatogram. We analyzed this peak
(MS/MS analysis), and identified the NBD-modified peptide residue as K111 [SSVNDIGDDWK™(N-NBD)ATR].
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Figure S9. Time-dependent spectral change of NBD-OMe: 10 uM NBD-OMe in 25 mM phosphate buffer (pH 7.0) after 0 min

(red), 5 h (yellow), 24 h (green), 54 h (light blue), and 69 h (navy blue).
Comments: NBD-OMe was slightly hydrolyzed in phosphate buffer after 69 h at room temperature.
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Figure S10. Time-dependent spectral change of NBD-OMe in the presence of imidazole: 10 uM NBD-OMe and 10 mM
imidazole in 25 mM phosphate buffer (pH 7.0) after 3 h (green), 19 h (light blue), and 43 h (blue). The absorption spectrum of
NBD-OMe is shown by a red line.

Comments: Almost no reaction took place when imidazole was added to NBD-OMe, although the hydrolysis of NBD-OMe

seemed to be slightly accelerated.
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Figure S11. Time-dependent spectral change of NBD-OMe in the presence of 3-methylindole: 10 uM NBD-OMe and 10 mM

3-methylindole in 25 mM phosphate buffer (pH 7.0) after 1 min (yellow), 3 h (green), and 19 h (light blue). The absorption

spectrum of NBD-OMe is shown by a red line.

Comments: Almost no reaction took place when 3-methylindole was added to NBD-OMe, although the hydrolysis of

NBD-OMe seemed to be slightly accelerated.
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Figure S12. Time-dependent spectral change of NBD-OMe in the presence of p-cresol: 10 uM NBD-OMe and 10 mM p-cresol
in 25 mM phosphate buffer (pH 7.0) after 1 min (yellow), 3 h (green), 19 h (light blue), and 43 h (blue). The absorption
spectrum of NBD-OMe is shown by a red line.

Comments: No reaction took place when p-cresol was added to NBD-OMe.
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Figure S13. (a) Time-dependent spectral change of NBD-OMe in the presence of 1-propanethiol: 10 uM NBD-OMe and 10
mM propanethiol in 25 mM phosphate buffer (pH 7.0) after 3 h (green), 15 h (light blue), and 24 h (blue). The absorption
spectra of NBD-OMe and NBD-SEt are shown by red and ocher lines, respectively. (b) Time-dependent spectral change of
NBD-OMe in the presence of 1-propanethiol at pH 6.0 or 8.0: 10 uM NBD-OMe and 10 mM propanethiol in 25 mM phosphate
buffer (pH 6.0 or 8.0).

Comments: No reaction took place when 1-propanethiol was added to NBD-OMe, although the hydrolysis of NBD-OMe
seemed to be slightly accelerated under basic conditions (pH 8.0).
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Figure S14. (a) Time-dependent spectral change of NBD-OMe in the presence of 1-propylamine: 10 uM NBD-OMe and 10
mM propylamine in 25 mM phosphate buffer (pH 7.0) after 1 h (yellow), 6 h (green), 22 h (light blue), and 41 h (blue). The
absorption spectra of NBD-OMe and NBD-NHMe are shown by red and black lines. (b) Plots of the reaction time versus Ln C
(concentration of NBD-OMe (M)). Conditions: 10 uM NBD-OMe and 10 mM propylamine in 25 mM phosphate buffer (pH
7.0) at room temperature. The concentration of NBD-OMe was calculated from UV absorbance at 478 nm regarding
“absorbance = 0.244” as full conversion (see also Figure S5). (c) Time course of the UV absorbance at 478 nm of the mixture of
NBD-OMe and 1-propylamine. Conditions: 10 uM NBD-OMe, 10 mM 1-propylamine, 25 mM phosphate buffer, pH 6.0 (blue
squares) or pH 8.0 (green triangles), and room temperature.

Comments: 1-Propylamine (1000 equiv.) slowly reacted with NBD-OMe to give amino NBD at pH 7.0. The reaction yield after
6 h was calculated to be 6.8% based on the absorbance at 478 nm. The reaction rate constant of NBD-OMe and 1-propylamine

at pH 7.0 was found to be 0.0082/h (pseudo-first-order reaction). The reaction was accelerated under basic conditions (pH 8.0).

lane 1 2 3
pH 6.0 7.0 8.0

fluorescence

CBB stain

relative fluorescence 26 64 100
Figure S15. In-gel fluorescence analysis of avidin treated with C14EG at different pH values (fluorescence image at 530 nm
after excitation at 488 nm). Labeling conditions: 1 uM avidin, 1 uM C14EG, 25 mM phosphate buffer, pH 6.0-8.0, 0 °C, and 1
h.
Comments: The labeling of avidin was accelerated under basic conditions, suggesting that deprotonation of K111 (-NHs", amine
salts) is involved in the labeling event.
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Figure S16. Scatchard plot and saturation curve of specific [°H]PK11195 binding to mouse kidney mitochondria. Assays were

carried out utilizing 0.25-20 nM [3H]PK11195. Non-specific binding was measured in the presence of 1 uM PK11195. Data are
averages of the three experiments.

Comments: The Kq4 value of PK11195 was found to be 1.4 nM.
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Figure S17. Displacement of [3H]PK11195 binding in mouse kidney mitochondria. Bound radioactivity is shown as a
percentage of specific binding in the absence of competitor. Data points represent the means + SEM of triplicate determinations.
ICsp values (nM): 4.4 (1), 9.8 (2), 1.7 (3), 1.9 (PK11195).
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Table S2. Binding affinities of the synthetic compounds to TSPO.

compound Ki (nM)
1 3.2
2 7.2
3 1.3
PK11195 14

The K; values were derived from ICsq values in accordance with the equation of Cheng and Prusoff (see below).
Ki= IC50/[1+L/Kd(L2]
L: concentration of [’H]PK11195 (0.5 nM)
Kg(L): Kg of PK11195 (1.4 nM)

Q Q Q Q
probe (5 uM) — Oéb oéb — Oép 5@
Y 2] v 2]
1 (M) — — (5)(50)(500) — (5)(50)(500) — — (5)(50)(500) — (5)(50)(500) '(\ﬁ\éva)
fluore_scence CBB stain

Figure S18. In-gel fluorescence analysis of mouse kidney mitochondria labeled with 2-ONBD or 3-ONBD in the
absence/presence of 1 (fluorescence image at 530 nm after excitation at 488 nm). Labeling conditions: 0.15 mg/mL
mitochondria, 5 uM O-NBD probe, + 1 (5, 50 and 500 uM), 5 mM Hepes-KOH, pH 7.2, 210 mM mannitol, 70 mM sucrose, 1
mM EGTA, 30 °C, for 1 h. In the competition analysis, the mitochondria were preincubated with 1 for 10 min before addition of
O-NBD probes.

Comments: Labeling of 70, 32 and 28 kDa bands was inhibited by 1 in a dose-dependent manner, suggesting that these bands
were specifically labeled in response to the target-ligand interactions. Although the use of 500 uM 1 completely inhibited the
labeling, we observed precipitation of 1. Thus, this condition was not used for competition analyses.
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pH=3 pH =10 MW

Figure S19. 2-D PAGE analysis of labeled mitochondria. Mitochondria labeled with 3-ONBD were subjected to 2-D PAGE and
visualized with an in-gel fluorescence imager (upper left) and by CBB staining (lower left). Labeling conditions: 5 uM
3-ONBD, 0.15 mg/mL mouse kidney mitochondria, 5 mM Hepes-KOH, pH 7.2, 210 mM mannitol, 70 mM sucrose, 1 mM
EGTA, 30 °C, and 1 h. The upper right gel shows mitochondria labeled with 5 uM 3-ONBD in the presence of 50 uM 1. The
lower right gel shows mitochondria not treated with any probe. The fluorescent spots encircled in red indicate autofluorescent
proteins of mouse kidney mitochondria.

Comments: The spots circled in yellow almost completely disappeared after pretreatment with 50 uM 1. Therefore, these
fluorescent spots show specifically labeled proteins. Meanwhile, fluorescent spots around 40-55 kDa were not affected by
pretreatment of 1 (see upper gels), thus, these spots show non-specifically labeled proteins. However, it is also obvious that
these 40-55 kDa fluorescent spots contain abundant proteins of mouse kidney mitochondria as seen from the CBB stained gel

(lower left gel). Thus, it is confirmed that 3-ONBD selectively labels 32 kDa proteins (spots 1-6).
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Table S3. Proteins identified from the fluorescent spots 1-9 (Figure S19, upper left gel). Each spot was subjected to in-gel
tryptic digestion and analyzed by LC-MS. The identified proteins were ranked by ion score. The proteins in the top 5 or
showing over 60% sequence coverage are listed. VDACs are indicated in blue.

spot identified protein zzﬁsz:’on M.W. pl score zgegf:gcs(%)
1 delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial precursor [Mus musculus] 0i|7949037 36095 7.6 2222 69
citrate lyase beta subunit [Mus musculus] gi|19073015 37495 8.76 2045 69
electron transfer flavoprotein subunit alpha, mitochondrial [Mus musculus] 0i|227500281 34988 8.62 1394 66
voltage-dependent anion-selective channel protein 1 [Mus musculus] gi|6755963 30737 8.62 948 68
. fumarylacetoacetate hydrolase domain-containing protein 2A [Mus musculus] 9i[29366814 34654 842 809 62
2 citrate lyase beta subunit [Mus musculus] gi|19073015 37495 8.76 2252 73
fumarylacetoacetate hydrolase domain containing 2A, isoform CRA_a [Mus musculus] 0i|148696242 36351 8.73 1834 84
electron transfer flavoprotein subunit alpha, mitochondrial [Mus musculus] gi|227500281 34988 8.62 1054 68
voltage-dependent anion-selective channel protein 2 [Mus musculus] gi|6755965 31713 7.44 183 45
______..voltage-dependent anion-selective channel protein 1 [Mus musculus] = gi|6755963 30737 8.62 126 44
3 electron transfer flavoprotein subunit alpha, mitochondrial [Mus musculus] 0i|227500281 34988 8.62 2927 83
voltage-dependent anion-selective channel protein 1 [Mus musculus] 0i|6755963 30737 8.62 2099 83
prostaglandin E synthase 2 [Mus musculus] gi|260763900 43296 9.11 1558 63
voltage-dependent anion-selective channel protein 2 [Mus musculus] 0i|6755965 31713 7.44 1218 63
__________________ citrate lyase beta subunit [Mus musculus] . . .. _ 919073015 37495 8.76 578 52
4 voltage-dependent anion-selective channel protein 1 [Mus musculus] 0i|6755963 30737 8.62 3878 82
Sdha protein, partial [Mus musculus] gi|15030102 72280 7.11 1228 24
carbonyl reductase [NADPH] 1 [Mus musculus] gi|113680352 30622 8.563 1005 64
pyrroline-5-carboxylate reductase 2 [Mus musculus] 0i|19526878 33638 7.67 1004 55
Electron transferring flavoprotein, alpha polypeptide [Mus musculus] gi|13097375 35018 8.62 788 54
__________________ hydroxyacyl-coenzyme A dehydrogenase, mitochondrial precursor [Mus musculus] _~ ~ gi|111038118 34442 8.76 706 72
5 hydroxyacyl-coenzyme A dehydrogenase, mitochondrial precursor [Mus musculus] 0i|111038118 34442 8.76 2489 85
thiosulfate sulfurtransferase [Mus musculus] 0i|6678449 33445 7.71 1290 53
voltage-dependent anion-selective channel protein 1 [Mus musculus] 0i|6755963 30737 8.62 983 76
~ Sdha protein, partial [Mus musculus] gi|15030102 72280 7.11 440 22
6 voltage-dependent anion-selective channel protein 1 [Mus musculus] 0i|6755963 30737 8.62 4365 86
D-beta-hydroxybutyrate dehydrogenase, mitochondrial precursor [Mus musculus] gi|170014720 38274 9.14 2424 59
hydroxyacyl-coenzyme A dehydrogenase, mitochondrial precursor [Mus musculus] 0i|111038118 34442 8.76 1857 87
V-type proton ATPase subunit E 1 [Mus musculus] gi|45504359 26141 8.44 878 53
ATP synthase subunit gamma, mitochondrial isoform b [Mus musculus] 0i|163838648 30237 8.86 657 46
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII gi|15030102 72280 7.11 6855 72
idase NIT2 [Mus musculus] 0i|12963555 30483 6.44 804 57
nitrilase homolog 1 isoform 2 [Mus musculus] 0i|336088630 31866 6.59 643 62
enoyl-CoA hydratase domain-containing protein 3, mitochondrial precursor [Mus musculus]  gi|31980955 32382 8.6 615 62
Electron transferring flavoprotein, alpha polypeptide [Mus musculus] gi|13097375 35018 8.62 505 28
~hydroxyacylglutathione hydrolase, mitochondrial isoform 1 precursor [Mus musculus] gi[227499238 34082 8.06 441 30
9 cytochrome ¢, somatic [Mus musculus] 0i|6681095 11598 9.61 1766 74
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 7 [Mus musculus] gi|12963571 12568 10.17 1262 84
acyl-coenzyme A thioesterase 13 [Mus musculus] 0i|13385260 15173 8.95 1133 60
cytochrome b-c1 complex subunit 7 [Mus musculus] 0i|13385726 13553 9.1 1123 63
NADH dehydrogenase [ubiguinone] 1 alpha subcomplex subunit 6 [Mus musculus] 0i]13385492 15273 10.1 793 62

Comments: VDACs are the only proteins that exist in all specifically labeled spots (Figure S19, upper left gel, spots 1-6). In
addition to this result, Figure S20 indicated that 3-ONBD selectively labeled VDACs, partner proteins of TSPO. The

autofluorescent spots 7-9 were found to contain flavoproteins or cytochromes.
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Table S4. Proteins identified from the 70, 32 and 28 kDa bands (Figure 6a, lane 4). The 70, 32 and 28 kDa bands were
subjected to in-gel tryptic digestion and analyzed by LC-MS. The identified proteins were ranked by ion score. The proteins in
the top 10 or showing over 60% sequence coverage are listed. VDACs and ANTSs are indicated in blue.

band identified protein ﬁzcn?kleron M.W. pl score zgggf:gcee(%)
70 kDa Sdha protein, partial [Mus musculus] 0i|15030102 72280 7.11 10910 75
very long-chain specific acyl-CoA dehydrogenase, mitochondrial precursor [Mus musculus] gi|23956084 70831 8.91 9922 82
calcium-binding mitochondrial carrier protein Aralar2 isoform 1 [Mus musculus] gi|7657583 74420 8.77 6637 77
calcium-binding mitochondrial carrier protein Aralarl [Mus musculus] gi|27369581 74523 8.43 6637 75
Na(+)/H(+) exchange regulatory cofactor NHE-RF3 [Mus musculus] 0i|225579120 56463 5.34 6415 84
apoptosis-inducing factor 1, mitochondrial precursor [Mus musculus] gi|6755004 66724 9.23 5738 66
carnitine O-palmitoyltransferase 2, mitochondrial precursor [Mus musculus] 0i|162138915 73934 8.59 5561 68
transketolase [Mus musculus] gi|6678359 67588 7.23 4469 78
ATP-binding cassette sub-family D member 3 [Mus musculus] 0i|60218877 75426 9.32 3263 66
_____________ mitochondrial inner membrane protein isoform 1 [Musmusculus] ~~ gil70608131 83848 6.18 3240 54
32 kDa voltage-dependent anion-selective channel protein 1 [Mus musculus] gi|6755963 30737 8.62 9746 76
hydroxyacyl-coenzyme A dehydrogenase, mitochondrial precursor [Mus musculus] 0i|111038118 34442 8.76 7058 86
D-beta-hydroxybutyrate dehydrogenase, mitochondrial precursor [Mus musculus)] gi|170014720 38274 9.14 4578 60
2,4-dienoyl-CoA reductase, mitochondrial precursor [Mus musculus] 0i|13385680 36191 9.1 4293 69
electron transfer flavoprotein subunit alpha, mitochondrial [Mus musculus] gi|227500281 34988 8.62 4275 73
prohibitin 2 [Mus musculus] 0i|126723336 33276 9.83 3696 66
sideroflexin-1 [Mus musculus] 0i|15147224 35626 9.35 3603 62
mitochondrial ATP synthase, H+ transporting F1 complex beta subunit [Mus musculus] 0i|89574015 48047 4.9 2513 51
voltage-dependent anion-selective channel protein 2 [Mus musculus] gi|6755965 31713 7.44 2698 59
hydroxymethylglutaryl-CoA lyase, mitochondrial precursor [Mus musculus] 0i|171543858 34217 8.7 2495 64
Ndufa9 protein, partial [Mus musculus] 0i|13543186 39454 9.55 2311 66
fumarylacetoacetate hydrolase domain-containing protein 2A [Mus musculus] gi|29366814 34654 8.42 2299 74
citrate lyase beta subunit [Mus musculus] gi|19073015 37495 8.76 2054 69
delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial precursor [Mus musculus] gi|7949037 36095 7.6 1972 61
_____________ guanine nucleotide-binding protein G(IY/G(S)/G(T) subunit beta-2 [Mus musculus] _ gi[13937391 37307 56 1014 73
28 kDa ADP/ATP translocase 2 [Mus musculus] gi|22094075 32910 9.74 10960 88
ADP/ATP translocase 1 [Mus musculus] 0i|148747424 32883 9.73 8022 83
phosphate carrier protein, mitochondrial precursor [Mus musculus] 0i|19526818 39606 9.36 5305 72
prohibitin [Mus musculus] gi|6679299 29802 5.57 3980 84
mitochondrial 2-oxoglutarate/malate carrier protein [Mus musculus] 0i|21312994 34133 9.95 3522 76
enoyl-Coenzyme A delta isomerase 3 [Mus musculus] 0i|21312210 35208 9.22 2417 64
Cyc1 protein, partial [Mus musculus] 0i|52350626 34383 9.02 2194 70
Auh protein, partial [Mus musculus] gi|20072952 32621 9.57 1886 58
enoyl-CoA hydratase domain-containing protein 2, mitochondrial isoform 1 precursor [Mus
musculus] 0i|225543400 31832 9.03 1859 54
enoyl-CoA hydratase domain-containing protein 3, mitochondrial precursor [Mus musculus] 0i|31980955 32382 8.6 1824 58
H2-K region expressed gene 6, isoform CRA_e [Mus musculus] 0i|148678295 24988 8.75 1579 66
peroxisomal 2,4-dienoyl-CoA reductase [Mus musculus] 0i|6753622 31280 9.04 1429 60

Comments: VDACs and ANTs were found from the 32 kDa and 28 kDa bands, respectively. However, after careful 2-D PAGE
separation, 28 kDa fluorescent spots were not observed (Figure 6b, Figure S19 and Table S3). For this reason, it remains unclear
whether 3-ONBD has labeled ANTs. The 70 kDa band contained several mitochondrial membrane proteins. Although we could
not find connections between these proteins and TSPO, the result might suggest that the 70 kDa band contains PIGA-interacting

protein(s).
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Figure S20. In-gel fluorescence analysis of VDACs purified from the labeled mitochondria (fluorescence image at 530 nm
after excitation at 488 nm). The labeled mitochondria (lanes 1-3) and purified VDACs (lanes 4-6) are shown. Labeling
condition: 5 pM 3-ONBD, 0.15 mg/mL mouse kidney mitochondria, 5 mM Hepes-KOH (pH 7.2), 210 mM mannitol, 70 mM
sucrose, 1 mM EGTA, 30 °C, and 1 h. In the competition analysis, the mitochondria were preincubated with 50 pM 1 for 10 min.
VDACSs were then purified from the labeled mitochondria according to the reported VDAC-purification method.>*? Initially,
the labeled mitochondria were disrupted by freeze-thaw and centrifuged at 15000 g for 10 min. The pellet was resuspended in
VDAC purification buffer (10 mM Tris-HCI (pH 7.4), 1 mM EDTA, 3% Triton X-100, 0.1 mM PMSF, 0.5 pg/mL leupeptin).
After inverting for 30 min at 4 °C and centrifugation at 32000 g for 1 h, the obtained supernatant was loaded to a
hydroxyapatide/cerite (10:1 w/w) column. The endogenous VDAC in the unbound fractions was analyzed by SDS-PAGE.
Western blotting analysis was performed using mouse monoclonal antibody to VDAC1 (abcam).

Comments: Mouse kidney mitochondria were labeled by 3-ONBD under the general conditions, and the labeled mitochondria
were purified according to the VDAC-isolation protocol and analyzed by SDS-PAGE. The result revealed that 3-ONBD

selectively labeled VDACS in response to PIGA-target interactions.
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Figure S21. In-gel fluorescence analysis of HEK293T cells labeled with 3-ONBD (fluorescence image at 530 nm after
excitation at 488 nm). Labeling condition: 5 uM 3-ONBD, 37 °C, for 1.5 h. In the competition analysis, the cells were
preincubated with 125 uM 1 for 0.5 h at 37 °C. The labeled cells were lysed with solubilization buffer (20 mM Hepes—Na (pH
7.0), 1 mM EDTA, 0.5% Triton X-100, and complete mini (Roche, 1 tablet/10 mL)) and analyzed by SDS-PAGE.

Comments: The 32 and 28 kDa proteins were specifically labeled by 3-ONBD, and the labeling was subject to competition by 1.
The 70 kDa protein was also labeled. In labeling experiments using HEK293T mitochondria, we identified heat shock proteins
(HSPs) from the 70 kDa band. Recently, cytosolic chaperones have been suggested to be involved in the transportation of TSPO

from cytosol to mitochondria.>® Our O-NBD probe 3-ONBD might also label this putative TSPO-HSP complex, although this
remains to be confirmed.

N-NBED (2)

MitoTracker Red

Figure S22. Mitochondrial localization of 2. HEK293T cells were preincubated with 12.5 nM MitoTracker Red CMXRos for
30 min before addition of 2.5 uM 2. After incubation at 37 °C for 1 h, fluorescent images were obtained. Fluorescence images
of N-NBD (left, Ex. 488 nm, Em. 493-548 nm) and MitoTracker Red CMXRos (middle, Ex. 561 nm, Em. 578-678 nm) are
shown. The merged image is also presented with the bright field image (right).

Comments: The known fluorescent TSPO ligand 2 was mainly localized in mitochondria.>* However, as compound 2 itself is
fluorescent, in addition to the fluorescence signals from TSPO-binding probe at mitochondria, signals of the free probe at other
hydrophobic parts of the cells were also observed. In contrast, 3-ONBD clearly labeled mitochondria possibly because only the
PIGA-interacting proteins were labeled with turn-ON fluorescence (Figure 7).
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Figure S23. TSPO knockdown by siRNA (see also Supplementary Methods). HEK293T cells were transfected with 40 nM
Stealth RNAIi, TSPO-HSS141398 (lanes 6 and 7) or TSPO-HSS186329 (lanes 8 and 9), before the labeling with 3-ONBD.
Negative Universal control Med was used as a negative control (lanes 4 and 5). After labeling with 0.5 uM 3-ONBD for 1.5 h,
the cells were lysed and analyzed. In competition analysis, the cells were preincubated with 87.5 uM 1 for 0.5 h before an
addition of 3-ONBD.

Comments: The cells treated with 3-ONBD showed decreased VDAC1 (lane 2). In contrast, TSPO silencing increased VDAC1
expression level (lanes 6-9) as reported previously,™ and the treatment of TSPO ligand 1 for 2 h resulted in up-regulation of
TSPO and VDACL1 (lanes 3, 5, 7 and 9). Although these experimental facts made quantitative analysis of TSPO-VDACL1
complex difficult, the treatment of both siRNA and compound 1 notably inhibited the labeling of 32 kDa proteins (lanes 7 and

9).

600 20
S 500 % —— NBD-NHMe (pH 6.0) = NBD-SEt (pH 7.0)
E ——— NBD-NHMe (pH 7.0) = 15
o 400 ©
2 / \_ ——NBD-NHMe (pH 8.0) g
g 300 3 10
3 100 f \ ER

500 550 600 650 700 450 500 550 600 650
wavelength (nm) wavelength (nm)

Figure S24. Fluorescence spectra of NBD-NHMe (left: Aex 478 nm) and NBD-SEt (right: Aex 431 nm). Conditions: 10 uM
compound in 25 mM phosphate buffer.

Comments: The fluorescence maximum of NBD-NHMe appeared at 550 nm by an excitation at 478 nm (left). In contrast,
NBD-SEt showed no fluorescence under the same conditions (data not shown). The fluorescence spectrum of NBD-NHMe is
unaffected by pH values within the range of 6.0-8.0 (25 mM phosphate buffer, pH 6.0-8.0). NBD-SEt showed a weak
fluorescence at 529 nm by excitation at 431 nm (right). These results are well accorded with the reported results.*® Alkoxy
NBDs, including O-NBD probes and NBD-OMe, showed no fluorescence as reported previously.*® Photophysical properties
(molecular extinction coefficients, fluorescent quantum vyields) of NBD-NHMe, NBD-SMe and NBD-OMe have also been

reported.SGID It is confirmed that the extinction coefficient of NBD-NHMe is similar to the reported value (observed: 24400,

reported: 23000).
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Supplementary Methods
Synthetic Procedure

General Information

All chemicals and reagents were purchased from Sigma-Aldrich Co., LLC, Kanto Chemical Co., Inc., Tokyo Chemical
Industry Co., Ltd., Acros Organics or Wako Pure Chemical Industries, Ltd., and used without further purification. Reactions
were performed under an atmosphere of nitrogen, unless noted otherwise, and monitored by thin-layer chromatography (TLC,
Merck silica gel 60 F,s4) plates. Bands were visualized using UV light or appropriate reagents followed by heating. Flash
chromatography was carried out with silica gel (Silica gel 60N, 40-50 um particle size) purchased from Kanto Chemical Co.,
Inc. NMR spectra were recorded on a JEOL JNM-AL400 or ECP400 spectrometer, operating at 400 MHz for *H-NMR and at
100 MHz for **C-NMR. Proton and carbon chemical shifts were referenced to residual solvent peaks.>’ High-resolution mass
spectra were obtained using a Bruker micrOTOF-Q 1I-RSL mass spectrometer. Melting points were determined by using a

Yanagimoto hot-stage melting point apparatus.

RO
NBD-F, DIPEA j@\
ROH — % ] 4:R=Me
CHCl, N7 7" "NOz2 5:R=(CH,),CH,
40-83% 0-N 6: R = (CHy)20(CH,),0CH3

Scheme S1. Synthesis of alkoxy NBD compounds 4, 5 and 6.

Synthesis of NBD-OMe (4) (Compound 4 was prepared by a different method from the reported procedure.>®?)

MeO
N7 /; NO,

\
o-N
NBD-OMe (4)

MeOH (2.2 uL, 55 pmol) and N,N-diisopropylethylamine (9.5 pL, 55 umol) were added to a solution of NBD-F (10 mg, 55
umol) in anhydrous CH,Cl, (1.5 mL), and the mixture was stirred for 24 h at room temperature. After removal of the solvent,
the residue was purified by preparative TLC (CHCI3) to afford the product NBD-OMe (8.5 mg, 80%) as a yellow solid.
NBD-OMe: 'H NMR (400 MHz, CDCls) & 4.24 (s, 3H), 6.71 (d, J = 8.4 Hz, 1H), 8.56 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz,
CDCl3) 6 57.9, 104.0, 130.1, 134.1, 144.1, 145.3, 155.5; HRMS (ESI) Calcd. for C;HsN3;O4Na: 218.0172, Found 218.0181.

Synthesis of 5

eSO
N7 /; NO,
5

o-N

1-Octanol (15 uL, 0.27 mmol) and N,N-diisopropylethylamine (16 uL, 0.27 mmol) were added to a solution of NBD-F (18 mg,
0.27 mmol) in anhydrous CH,Cl, (1.5 mL), and the mixture was stirred for 17 h at room temperature. After removal of the
solvent, the residue was purified by preparative TLC (CHCIy) to afford the product 5 (24 mg, 83%) as a yellow solid. 5: M.p.
47-49 °C; "H NMR (400 MHz, CDCl5) & 0.88 (s, 3H), 1.22-1.43 (m, 8H), 1.54 (tt, J = 7.4, 7.4 Hz, 2H), 1.99 (it, J = 7.1, 7.1 Hz,
2H), 4.39 (t, J = 6.8 Hz, 2H), 6.67 (d, J = 8.4 Hz, 1H), 8.54 (d, J = 8.8 Hz, 1H); **C NMR (100 MHz, CDCls) & 14.2, 22.7, 25.9,
28.7,29.2,29.3, 31.9, 71.6, 104.4, 129.6, 134.3, 144.1, 145.4, 155.2; HRMS (ESI) Calcd. for C14H19N30O4Na: 316.1268, Found
316.1279.
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Synthesis of 6

/O\/\O/\/O
N7 NO,

o-N
6

2-(2-Methoxyethoxy)ethanol (15 ulL, 0.13 mmol) and N,N-diisopropylethylamine (87 uL, 0.51 mmol) were added to a solution
of NBD-F (47 mg, 0.26 mmol) in anhydrous CH,CI, (1.5 mL), and the mixture was stirred for 2 d at room temperature. After
removal of the solvent, the residue was purified by silica gel column chromatography (AcOEt/hexane, 1:1) to afford the product
6 (15 mg, 40%) as a yellow paste. 6: "H NMR (400 MHz, CDCl3) & 3.37 (s, 3H), 3.56 (t, J = 4.6 Hz, 2H), 3.74 (t, J = 4.6 Hz,
2H), 4.03 (t, J = 4.6 Hz, 2H), 4.58 (t, J = 4.6 Hz, 2H), 6.76 (d, J = 8.8 Hz, 1H), 8.53 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz,
CDCl3) 6 59.2, 69.1, 70.8, 71.2, 72.0, 105.2, 130.0, 134.1, 144.1, 145.4, 154.9; HRMS (ESI) Calcd. for Cy;H;3N3;0¢Na:
306.0697, Found 306.0700.

Oy—NH 9
o o N-hydroxysuccinimide, EDC; o HN, y m\/\)kN_ linker —0
NNH - HN—linker —OH, DIPEA  "—NH P NBD-F, DIPEA C’s H
HN, C, OH DMF HN, C’ H— linker —OH  DMF/CH,Cl, NG NO,
s 62-81% S 29-65% o-N
biotin 7,8,9,12,13,17,19, and 23 C2, C5EG, C5, C8EG, C8, C11EG, C11, and C14EG

Scheme S2. Synthesis of biotin O-NBD probes.

PPhg, rt, 19 h;
NaN H,O, rt, 10 h
o1~ O g OH 3 NSO g O 2 N O O
H,0,75°C,27h 8 THF 2
97% 10 95% 1

Scheme S3. Synthesis of the linker unit of probe C8EG.

1) MsCl (0.8 equiv.), TEA PPhg, rt, 26 h;
o o CH,Clp, 0°Ctott, 2 h o o H,0, it, 16 h o o
HO "0 "0 Ns/\/ ~ N0 NN 0N HZN/\/ ~ N0 N0
2) NaNs, DMF o THE
°C,12h o 16
80°C, 32% (2 steps from MsCl) 97%

+
N /\/O\/\O/\/O\/\N
3 3
15
52% (2 steps from MsCl)

Scheme S4. Synthesis of the linker unit of probe C11EG.
(0]

/\/\/\/\/\)J\ LT,
HoN OH oo o HN """y

THF,
, reflux, 3 h 18
73%

Scheme S5. Synthesis of the linker unit of probe C11.

1) MsClI (0.8 equiv.), TEA PPhg, rt, 13 h;
CH,Cl,,0°Ctort,15h H,O, rt, 11 h
SO O~ -OH 22 OGO OH 2 A0 O~ OH
HO (¢] (¢} 2) NaN,, DMF Ng O (0] THE HoN (0) O
3,
o 20 22
80°C, 16h 25% (2 steps from MsCl) quant.

+
A0 O Ns
N3 (e) (0]
21
40% (2 steps from MsCl)

Scheme S6. Synthesis of the linker unit of probe C14EG.
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Synthesis of 7 (Compound 7 was prepared by a small modification of a known procedure.>?)

ON-NH 0
HE:“”C,@\/\)LN/\/OH
S

H
7

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 11
h at room temperature. N,N-Diisopropylethylamine (210 pL, 1.2 mmol) and 2-ethanolamine (27 pL, 0.45 mmol) were then
added, and stirring was continued for 3 h. The solvent was removed under reduced pressure, and the residue was taken up in
CH,Cl,. Filtration afforded a white solid, which was washed with CH,ClI, to give the product 7 (79 mg, 67%) as a white solid.
7: 'H NMR (400 MHz, CDCI3/CD50D, 10:1) § 1.34 (tt, J = 7.3, 7.3 Hz, 2H), 1.47-1.68 (m, 4H), 2.13 (t, J = 7.4 Hz, 2H), 2.63
(d, J=12.8 Hz, 1H), 2.82 (dd, J = 4.8, 12.8 Hz, 1H), 2.99-3.10 (m, 1H), 3.20-3.29 (m, 2H), 3.54 (t, J = 4.8 Hz, 2H), 4.22 (dd, J
= 4.6, 7.4 Hz, 1H), 4.41 (dd, J = 5.2, 7.2 Hz, 1H); **C NMR (100 MHz, CDCI5/CD;0D, 10:1) & 25.4, 27.9, 28.2, 35.6, 40.3,
41.9,55.6,60.2, 61.0, 61.8, 164.3, 174.8; HRMS (ESI) Calcd. for C;,H,3N303SNa: 310.1196, Found 310.1195.

Synthesis of C2
O8N NH Q
HN/”“%C,. \/\)LN/\/O
H
s
c2 N7 NO;
O-N

N,N-Diisopropylethylamine (73 uL, 0.41 mmol) and NBD-F (38 mg, 0.21 mmol) were added to a solution of 7 (20 mg, 70
umol) in anhydrous DMF (1.0 mL), and the mixture was stirred for 33 h at room temperature. The solvent was removed under
reduced pressure, and the residue was purified by silica gel column chromatography (CHCIz/MeOH, 10:1 to 8:1), followed by
preparative TLC (CHCI3/MeOH, 10:1), to afford the product C2 (17 mg, 53%) as a light brown solid. The starting 7 was
recovered in 35% yield. C2: 'H NMR (400 MHz, CDCI3/CD30D, 10:1) 6 1.22 (tt, J = 7.7, 7.7 Hz, 2H), 1.33-1.56 (m, 4H), 2.06
(t, J =7.6 Hz, 2H), 2.50 (d, J = 13.2 Hz, 1H), 2.68 (dd, J = 5.0, 13.0 Hz, 1H), 2.89-2.96 (m, 1H), 3.57 (t, J = 5.2 Hz, 2H), 4.09
(dd, J = 4.6, 8.2 Hz, 1H), 4.29 (t, J = 5.4 Hz, 2H), 4.26-4.33 (m, 1H), 6.69 (d, J = 8.8 Hz, 1H), 8.42 (d, J = 8.4 Hz, 1H); **C
NMR (100 MHz, CDCI,/CD;0D, 10:1) & 25.2, 27.9, 28.2, 35.3, 38.0, 40.0, 55.4, 60.1, 61.9, 69.4, 105.1, 129.6, 134.6, 143.9,
145.2, 154.2, 174.8 (The Bc signal of the urea, around 164 ppm, was not observed.); HRMS (ESI) Calcd. for C;gH2,NgOsSNa:
473.1214, Found 473.1212.

89)

Synthesis of 8 (Compound 8 was prepared by a different method from the reported procedure.

(0] Nl" 0o
HN«,,,.O"“\\/\)J\N/\/O\/\OH
H
S
8

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 3 h
at room temperature. N,N-Diisopropylethylamine (210 pL, 1.2 mmol) and 2-(2-aminoethoxy)ethanol (45 uL, 0.45 mmol) were
then added, and stirring was continued for 14 h. The solvent was removed under reduced pressure, and the residue was purified
by silica gel column chromatography (CHCls/MeOH, 10:1 to 5:1) to afford the product 8 (110 mg, 81%) as a white solid. 8: *H
NMR (400 MHz, CDCl3/CD3;0D, 20:1) § 1.41 (it, J = 7.5, 7.5 Hz, 2H), 1.55-1.74 (m, 4H), 2.20 (t, J = 7.4 Hz, 2H), 2.70 (d, J =

6.4 Hz, 1H), 2.88 (dd, J = 4.6, 12.6 Hz, 1H), 3.08-3.15 (m, 1H), 3.40 (t, J = 4.8 Hz, 2H), 3.54 (t, J = 5.0 Hz, 2H), 3.54 (t, J =
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5.0 Hz, 2H), 3.69 (t, J = 4.2 Hz, 2H), 4.29 (dd, J = 4.4, 7.6 Hz, 1H), 4.48 (dd, J = 4.8, 7.6 Hz, 1H); *C NMR (100 MHz,
CDCIy/CD;0D, 20:1) § 25.7, 28.0, 28.3, 35.7, 39.2, 40.6, 55.9, 60.3, 61.4, 62.0, 69.9, 72.3, 164.5, 174.2; HRMS (ESI) Calcd.
for C14H2sN30,SNa: 354.1458, Found 354.1447.

Synthesis of C5EG

N02
OYN%H o
HNM<i7m“\¢f\¢)LN/\\/o\//\o \\N
s H N~G

C5EG

N,N-Diisopropylethylamine (63 uL, 0.36 mmol) and NBD-F (33 mg, 0.18 mmol) were added to a solution of 8 (20 mg, 60
umol) in anhydrous CH,CI,/DMF (1.4 mL, 5:2), and the mixture was stirred for 4 d at room temperature. After removal of the
solvent under reduced pressure, the residue was purified by silica gel column chromatography (CHClz/MeOH, 10:1 to 6:1) to
afford the product C5EG (19 mg, 65%) as a light brown solid. The starting 8 was recovered in 21% yield. C5EG: 'H NMR
(400 MHz, CDCl,/CD;0D, 99:1)  1.39 (it, J = 7.6, 7.6 Hz, 2H), 1.50-1.73 (m, 4H), 2.21 (dt, J = 3.6, 7.2 Hz, 2H), 2.74 (d, J =
6.6 Hz, 1H), 2.89 (dd, J = 4.4, 12.8 Hz, 1H), 3.13 (dt, J = 4.0, 7.0 Hz, 1H), 3.38-3.50 (m, 2H), 3.65 (t, J = 5.0 Hz, 2H), 3.95—
3.99 (m, 2H), 4.30-4.36 (m, 1H), 4.50-4.56 (m, 3H), 6.77 (d, J = 8.0 Hz, 1H), 8.55 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz,
CDCI3/CD3;0D, 99:1) & 25.4, 28.0, 28.1, 35.6, 39.1, 40.4, 55.5, 60.7, 62.3, 68.4, 70.1, 70.5, 105.3, 130.0, 134.4, 144.1, 145.4,
154.6, 166.8, 174.0; HRMS (ESI) Calcd. for CyoH2sNsO7;SNa: 517.1476, Found 517.1464.

Synthesis of 9 (Compound 9 was prepared by a different method from the reported procedure.™°)

O\ NH o
%

HN,,, C, .\“‘\/\)J\ H NN0H
S

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 3 h
at room temperature. N,N-Diisopropylethylamine (210 pL, 1.2 mmol) and 5-amino-1-pentanol (49 pL, 0.45 mmol) were then
added, and stirring was continued for 14 h. The solvent was removed under reduced pressure, and the residue was taken up in
CH,CI,. Filtration afforded a white solid, which was washed with CH,ClI; to give the product 9 (105 mg, 78%) as a white solid.
9: 'H NMR (400 MHz, CDCI3/CD30D, 20:1) 8 1.15-1.59 (m, 12H), 2.01 (t, J = 7.2 Hz, 2H), 2.56 (d, J = 13.2 Hz, 1H), 2.75 (dd,
J=5.0, 12.6 Hz, 1H), 2.91-3.10 (m, 3H), 3.40 (t, J = 6.6 Hz, 2H), 4.14 (dd, J = 4.4, 8.0 Hz, 1H), 4.34 (dd, J = 6.0, 6.0 Hz, 1H);
HRMS (ESI) Calcd. for Cy5H,7N303SNa: 352.1665, Found 352.1658.

Synthesis of C5

NO,
OYNE 0
HN/,,,,O“\‘\MNWO [N
s H N~G

N,N-Diisopropylethylamine (63 pL, 0.36 mmol) and NBD-F (33 mg, 0.18 mmol) were added to a solution of 9 (20 mg, 61
umol) in anhydrous CH,Cl,/DMF (1.8 mL, 5:4), and the mixture was stirred for 4 d at room temperature. After removal of the
solvent under reduced pressure, the residue was purified by silica gel column chromatography (CHCI;/MeOH, 10:1) to afford
the product C5 (13 mg, 43%) as a light yellow solid. The starting 9 was recovered in 37% yield. C5: *"H NMR (400 MHz,
CDCI3/CD50D, 20:1) § 1.40 (it, J = 7.4, 7.4 Hz, 2H), 1.52-1.73 (m, 8H), 1.99 (it, J = 7.2, 7.2 Hz, 2H), 2.17 (dt, J = 3.6, 7.3 Hz,
2H), 2.68 (d, J = 12.8 Hz, 1H), 2.88 (dd, J = 5.0, 12.6 Hz, 1H), 3.09-3.16 (m, 1H), 3.25 (t, J = 6.2 Hz, 2H), 4.28 (dd, J = 5.0,
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7.8 Hz, 1H), 4.37 (t, J = 6.4 Hz, 2H), 4.47 (dd, J = 5.2, 8.0 Hz, 1H), 6.69 (d, J = 8.8 Hz, 2H), 8.54 (d, J = 8.4 Hz, 2H); *C NMR
(100 MHz, CDCl5/CD;0D, 99:1) & 23.1, 25.4, 27.9, 28.0, 28.1, 29.0, 35.7, 38.9, 40.4, 55.4, 59.9, 61.7, 71.0, 104.5, 124.0, 134.3,
143.9, 145.2, 154.8, 164.9, 173.5; HRMS (ESI) Calcd. for Cy1HsNsOsSNa: 515.1683, Found 515.1672.

Synthesis of 10 (Compound 10 was prepared by a small modification of a known procedure.>™)

Ny > OO

10
Sodium azide (590 mg, 9.1 mmol) was added to a solution of 2-[2-(2-chloroethoxy)ethoxy]ethanol (770 mg, 4.5 mmol) in water
(2.2 mL), and the mixture was stirred for 27 h at 75 °C. After removal of the solvent under reduced pressure, Et,O was added,
and the resulting suspension was filtered. The filtrate was concentrated under reduced pressure to afford the product 10 (770 mg,
97%) as a colorless oil. 10: *H NMR (400 MHz, CDCl3) & 2.24 (br-s, 1H), 3.40 (t, J = 5.0 Hz, 2H), 3.61 (t, J = 4.6 Hz, 2H),
3.65-3.71 (m, 6H), 3.74 (t, J = 4.6 Hz, 2H); *C NMR (100 MHz, CDCl;) & 50.8, 61.9, 70.2, 70.5, 70.8, 72.6.

Synthesis of 11 (Compound 11 was prepared by a small modification of a known procedure.>*?)

HN" OO
11

Triphenylphosphine (300 mg, 1.3 mmol) was added to a solution of 10 (200 mg, 1.1 mmol) in THF (5 mL), and the mixture was
stirred for 19 h at room temperature. Water (62 uL, 3.4 mmol) was added to the mixture, and stirring was continued for 10 h.
The solvent was removed under reduced pressure, and water was added to the residue. The aqueous solution was then washed
with toluene, and concentrated under reduced pressure to afford the product 11 (160 mg, 95%) as a colorless oil. 11: *H NMR
(400 MHz, CD;0D) & 2.81 (t, J = 5.2 Hz, 2H), 3.54 (t, J = 5.4 Hz, 2H), 3.58 (t, J = 4.6 Hz, 2H), 3.61-3.71 (m, 6H); *C NMR
(100 MHz, CD30D) 6 42.0, 62.2, 71.3, 71.4, 73.2, 73.7.

Synthesis of 12 (Compound 12 was prepared by a different method from the reported procedure.>**)

0\\7,NH %
HN/,,,,QO"‘\\\/\)J\N/\/O\/\O/\/OH
s H
12

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 27
h at room temperature. N,N-Diisopropylethylamine (430 pL, 2.5 mmol) and 11 (67 mg, 0.45 mmol) were added, and stirring
was continued for 13 h. The solvent was removed under reduced pressure, and the residue was purified by silica gel column
chromatography (MeOH/CHsCI, 1:10 to 1:5) to afford the product 12 (100 mg, 67%) as a white solid. 12: *H NMR (400 MHz,
CDCI3/CD30D, 20:1) & 1.31-1.40 (m, 2H), 1.51-1.72 (m, 4H), 2.16 (t, J = 7.6 Hz, 2H), 2.68 (d, J = 13.2 Hz, 1H), 2.83 (dd, J =
4.8, 13.2 Hz, 1H), 3.02-3.11 (m, 1H), 3.32-3.38 (m, 2H), 3.47-3.59 (m, 8H), 3.64-3.69 (m, 2H), 4.25 (dd, J = 4.4, 7.6 Hz, 1H),
4.45 (dd, J = 5.0, 7.8 Hz, 1H), 6.5 (br-s, 1H), 7.22 (t, J = 5.2 Hz, 1H); HRMS (ESI) Calcd. for C15H»sN30sSNa: 398.1720,
Found 398.1710.

Synthesis of C8EG

0 NH o

HN’M’C"N\\/\)J\N/\/O\/\O/\/O
H
S
7 b NO,

N\
CSEG o-N

N,N-Diisopropylethylamine (70 uL, 0.40 mmol) and NBD-F (37 mg, 0.20 mmol) were added to a solution of 12 (25 mg, 67
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umol) in anhydrous DMF (1.0 mL), and the mixture was stirred for 2 d at room temperature. After removal of the solvent under
reduced pressure, the residue was purified by preparative TLC (CHCI3/MeQOH, 5:1) to afford the product C8EG (16 mg, 44%)
as a light yellow solid. The starting 12 was recovered in 46% yield. C8EG: *H NMR (400 MHz, CDCl5) & 1.32-1.43 (m, 2H),
1.52-1.75 (m, 4H), 2.21 (t, J = 7.4 Hz, 2H), 2.73 (d, J = 13.2 Hz, 1H), 2.89 (dd, J = 4.8, 12.8 Hz, 1H), 3.10 (dt, J = 4.4, 7.2 Hz,
1H), 3.37-3.50 (m, 2H), 3.58 (t, J = 4.8 Hz, 2H), 3.64-3.69 (m, 2H), 3.73-3.79 (m, 2H), 4.03 (t, J = 4.6 Hz, 2H), 4.27 (dd, J =
4.6, 8.2 Hz, 1H), 4.51 (dd, J = 5.0, 7.8 Hz, 1H), 4.59 (t, J = 4.6 Hz, 2H), 6.76 (br-s, 1H), 6.81 (d, J = 8.8 Hz, 1H), 8.57 (d, J =
8.4 Hz, 1H); ®*C NMR (100 MHz, CDCl5) & 25.7, 28.1, 28.2, 35.9, 39.3, 40.6, 55.6, 60.5, 62.0, 68.9, 70.0, 70.2, 70.7, 80.0,
105.3, 130.0, 134.4, 144.2, 145.4, 154.7, 164.1, 173.6; HRMS (ESI) Calcd. for C,,H30NgOgSNa: 561.1738, Found 561.1732.

Synthesis of 13

[0} Né" fo)
HN,,, O .N\\/\)L N /\/\/\/\/OH
S

H
13

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 2 h
at room temperature. N,N-Diisopropylethylamine (210 uL, 1.2 mmol) and 8-amino-1-octanol (65 mg, 0.45 mmol) were then
added, and stirring was continued for 1 h. The resulting suspension was filtered to afford a white solid, which was washed with
cold water and Et,O to give the product 13 (120 mg, 81%) as a white solid. 13: *H NMR (400 MHz, CDCIl;/CD50D, 20:1) &
1.20 (s, 10H), 1.28-1.47 (m, 6H), 1.47-1.67 (m, 4H), 2.08 (br-s, 2H), 2.63 (d, J = 12.4 Hz, 1H), 2.70-2.91 (m, 1H), 3.06 (br-s,
3H), 3.39-3.53 (m, 2H), 4.20 (br-s, 1H), 4.39 (br-s, 1H); *C NMR (100 MHz, CDCI3/CD30D, 20:1) & 25.5, 25.5, 26.7, 28.0,
28.3, 29.1, 29.2, 29.2, 32.4, 35.8, 39.3, 40.3, 55.6, 60.1, 61.9, 62.2, 164.2, 173.9; HRMS (ESI) Calcd. for C;gH33N30;SNa:
394.2135, Found 394.2131.

Synthesis of C8

° NH
%

o
HN,,, o \/\)J\ N Ao~ UO0
s H
4 ) NO,

N
C8 o-N

N,N-Diisopropylethylamine (47 ulL, 0.27 mmol) and NBD-F (40 mg, 0.22 mmol) were added to a solution of 13 (20 mg, 54
umol) in anhydrous DMF (2.0 mL), and the mixture was stirred for 27 h at room temperature. The mixture was then diluted
with AcOEt, washed with water and brine, and dried over Na,SO,. The solvent was removed under reduced pressure. The
residue was purified by silica gel column chromatography (CHCl:/MeOH, 10:1), followed by preparative TLC (CHCIl3/MeOH,
20:1), to afford the product C8 (8.5 mg, 30%) as a light brown solid. The starting 13 was recovered in 66% yield. C8: *H NMR
(400 MHz, CDCl5/CD30D, 20:1) & 1.22-1.41 (m, 10H), 1.41-1.54 (m, 6H), 1.54-1.72 (m, 4H), 1.89-1.98 (m, 2H), 2.16 (br-s,
2H), 2.71 (d, J = 12.8 Hz, 1H), 2.75-2.95 (m, 1H), 3.08-3.18 (m, 1H), 3.16 (t, J = 7.0 Hz, 2H), 4.29 (br-s, 1H), 4.34 (t, J = 6.6
Hz, 2H), 4.49 (br-s, 1H), 6.67 (d, J = 8.4 Hz, 1H), 8.52 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCI,/CD50D, 20:1) & 25.6,
25.8, 26.8, 28.0, 28.2, 28.5, 29.1, 29.1, 29.4, 35.8, 39.5, 40.4, 55.5, 60.4, 62.1, 71.4, 104.6, 129.5, 134.5, 144.1, 145.4, 155.1,
164.0, 173.8; HRMS (ESI) Calcd. for Cy4H34NsOeSNa: 557.2153, Found 557.2147.

Synthesis of 14 and 15 (Compound 14 was prepared by a small modification of a known procedure.>')

Ny OOy < Na/\/o\/\o/\/o\/\m)
14 15
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Triethylamine (0.86 mL, 6.2 mmol) was added to a solution of tetraethylene glycol (0.89 mL, 5.2 mmol) in anhydrous CH,CI,
(10 mL). After cooling to 0 °C, methanesulfonyl chloride (0.32 mL, 4.1 mmol) was added dropwise to the solution, and the
mixture was stirred for 1 h at 0 °C and for 1 h at room temperature. The reaction mixture was then washed with 2 N HCI and
brine, and dried over Na,SO,. The solvent was removed under reduced pressure. The residue was then dissolved in DMF (2.0
mL), and sodium azide (301 mg, 4.6 mmol) was added. The mixture was stirred at 80 °C for 12 h, and the solvent was removed
under reduced pressure. Et,0 was added to the residue, and the resulting suspension was filtered. The filtrate was concentrated
under reduced pressure, and the residue was purified by silica gel column chromatography (AcOEt/hexane/MeOH, 1:2:0 to
1:0:0.05) to afford the product 14 (300 mg, 32% from MsCl) and product 15 (260 mg, 52% from MsCI) as colorless oils. 14: *H
NMR (400 MHz, CDCls) & 2.63 (br-s, 1H), 3.39 (t, J = 5.0 Hz, 2H), 3.60 (t, J = 4.6 Hz, 2H), 3.57-3.77 (m, 10H), 3.72 (t, J =
4.6 Hz, 2H); **C NMR (100 MHz, CDCls) & 50.8, 61.8, 70.2, 70.4, 70.7, 70.8, 70.8, 72.6. 15: *H NMR (400 MHz, CDCls) &
3.38 (t, J = 5.0 Hz, 4H), 3.65-3.69 (m, 12H); *C NMR (100 MHz, CDCls) § 50.8, 70.2, 70.8.

Synthesis of 16 (Compound 16 was prepared by a small modification of a known procedure.>')

HN" > OOy
16

Triphenylphosphine (263 mg, 1.0 mmol) was added to a solution of 14 (200 mg, 0.91 mmol) in THF (5 mL), and the mixture
was stirred for 26 h at room temperature. Water (49 uL, 2.7 mmol) was added to the mixture, and stirring was continued for 16
h. The solvent was removed under reduced pressure, and water was added to the residue. The aqueous solution was then washed
with toluene, and concentrated under reduced pressure to afford the product 16 (170 mg, 97%) as a colorless oil. 16: *"H NMR
(400 MHz, CDCly) § 2.77-2.90 (m, 4H), 3.52 (t, J = 5.0 Hz, 2H), 3.57 (t, J = 4.2 Hz, 2H), 3.60-3.68 (m, 6H), 3.69 (t, J = 4.4 Hz,
2H); **C NMR (100 MHz, CDCls) § 41.5, 61.5, 70.1, 70.3, 70.6, 70.7, 73.0, 73.1.

Synthesis of 17

ONNH %
%
HN,,. O _,\\\\/\)J\ H /\/O\/\O/\/O\/\OH
s 17

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 26
h at room temperature. N,N-Diisopropylethylamine (210 uL, 1.2 mmol) and 16 (87 mg, 0.45 mmol) were then added, and
stirring was continued for 16 h. The solvent was removed under reduced pressure, and the residue was purified by silica gel
column chromatography (MeOH/CHCIs, 1:10) to afford the product 17 (106 mg, 62%) as a white solid. 17: *H NMR (400 MHz,
CDCl3) 8 1.39 (tt, J = 7.4 Hz, 2H), 1.56-1.76 (m, 4H), 2.19 (t, J = 7.4 Hz, 2H), 2.71 (d, J = 12.8 Hz, 1H), 2.85 (dd, J = 4.6, 13.0
Hz, 1H), 3.10 (dt, J = 4.4, 7.4 Hz, 1H), 3.35-3.43 (m, 2H), 3.51 (t, J = 4.8 Hz, 2H), 3.55-3.71 (m, 12H), 4.27 (dd, J = 4.6, 7.8
Hz, 1H), 4.47 (dd, J = 5.0, 7.4 Hz, 1H), 6.74 (br-s, 1H), 7.35 (br-s, 1H); **C NMR (100 MHz, CDCls) & 25.8, 28.2, 28.4, 36.0,
39.2, 40.6, 55.8, 60.4, 61.5, 61.9, 70.0, 70.1, 70.2, 70.4, 70.6, 72.7, 164.4, 173.7; HRMS (ESI) Calcd. for C1gH33N30sSNa:
442.1982, Found 442.1993.

Synthesis of C11EG

OYNH o NC2
HN//,,,QC,"“\\/\)LN/\/O\/\O/\/O\/\O g W
H
S

N~3
C1MEG
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N,N-Diisopropylethylamine (62 uL, 0.35 mmol) and NBD-F (33 mg, 0.18 mmol) were added to a solution of 17 (25 mg, 60
umol) in anhydrous CH,Cl, (2.0 mL), and the mixture was stirred for 2 d at room temperature. After removal of the solvent
under reduced pressure, the residue was purified by silica gel column chromatography (MeOH/CH;CI, 1:10), followed by
preparative TLC (MeOH/ACOEt, 3:7), to afford the product C11EG (15 mg, 42%) as a light yellow solid. The starting 17 was
recovered in 37% yield. C11EG: 'H NMR (400 MHz, CDCl3) & 1.34 (tt, J = 7.7, 7.7 Hz, 2H), 1.47-1.71 (m, 4H), 2.17 (t, J =
7.6 Hz, 2H), 2.69 (d, J = 12.4 Hz, 1H), 2.83 (dd, J = 4.8, 12.8 Hz, 1H), 3.05 (dt, J = 4.8, 7.5 Hz, 1H), 3.29-3.41 (m, 2H), 3.50 (t,
J =5.2 Hz, 2H), 3.52-3.62 (m, 6H), 3.68-3.73 (m, 2H), 3.97 (t, J = 4.4 Hz, 2H), 4.25 (dd, J = 4.4, 8.0 Hz, 1H), 4.46 (dd, J = 4.6,
7.4 Hz, 1H), 4.52 (t, J = 4.6 Hz, 2H), 6.76 (d, J = 8.4 Hz, 1H), 6.81 (br-s, 1H), 8.51 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz,
CDCl3) 8 25.7, 28.1, 28.2, 35.9, 39.4, 40.6, 55.6, 60.6, 62.0, 69.0, 69.9, 70.1, 70.5, 70.6, 70.8, 71.1, 105.4, 129.9, 134.5, 144.1,
145.4, 154.8, 164.2, 173.7; HRMS (ESI) Calcd. for C4H3sN¢OgSNa: 605.2000, Found 605.1992.

Synthesis of 18 (Compound 18 was prepared according to a known procedure.>*°)

HN S S S SN oy
18

11-Aminoundecanoic acid (500 mg, 2.5 mmol) was added slowly to a suspension of LiAIH4 (120 mg, 3.0 mmol) in anhydrous
THF (5.0 mL) at 0 °C, and the mixture was stirred for 3 h at 65 °C. The solution was cooled to 0 °C, and NaOH aqg. (1M, 1 mL)
was added to it. Stirring was continued for 30 min at room temperature, and then the mixture was dried over MgSO, and filtered
through a Celite pad. The filtrate was concentrated under reduced pressure to afford the product 18 (340 mg, 73%) as a white
solid. 18: 'H NMR (400 MHz, CD30D) & 1.32 (s, 14H), 1.42-1.58 (m, 4H), 2.63 (t, J = 7.4 Hz, 2H), 3.54 (t, J = 6.6 Hz, 2H);
3C NMR (100 MHz, CDs0D) & 27.0, 28.0, 30.6, 30.7, 30.7, 30.8, 33.5, 33.7, 42.5, 63.0.

Synthesis of 19

0 o
NH
AP
@ i
19

OH

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 21
h at room temperature. N,N-Diisopropylethylamine (210 uL, 1.2 mmol) and 18 (84 mg, 0.45 mmol) were then added, and
stirring was continued for 2 h. The solvent was removed under reduced pressure, and CH,Cl, was added to the residue. The
resulting suspension was filtered to afford a white solid, which was washed with CH,ClI; to give the product 19 (120 mg, 70%)
as a white solid. 19: 'H NMR (400 MHz, CD3;0D) 6 1.32 (br-s, 14H), 1.39-1.79 (m, 10H), 2.19 (t, J = 7.4 Hz, 2H), 2.71 (d, J =
12.8 Hz, 1H), 2.93 (dd, J = 4.8, 12.8 Hz, 1H), 3.16 (t, J = 7.2 Hz, 2H), 3.16-3.24 (m, 2H), 3.54 (t, J = 6.6 Hz, 2H), 4.30 (dd, J =
4.6, 7.8 Hz, 1H), 4.49 (dd, J = 5.2, 7.6 Hz, 1H); **C NMR (100 MHz, CD;0D) & 27.0, 28.0, 29.5, 29.8, 30.4, 30.6, 30.7, 30.8,
33.7,36.8,40.4,41.1, 57.0, 61.6, 63.0, 63.4, 166.1, 175.9; HRMS (ESI) Calcd. for C;;H3sN303SNa: 436.2604, Found 436.2590.

Synthesis of C11

NO.
OY N'%H \/\)?\ 2
HN.,,, C, N 07N

& H /

e A

N,N-Diisopropylethylamine (63 uL, 0.36 mmol) and NBD-F (33 mg, 0.18 mmol) were added to a solution of 19 (25 mg, 60

umol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 2 d at room temperature. After removal of the solvent under
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reduced pressure, the residue was purified by silica gel column chromatography (MeOH/CHClIs, 1:10), followed by preparative
TLC (MeOH/CHCIs, 1:5), to afford the product C11 (13 mg, 37%) as a light brown solid. The starting 19 was recovered in 55%
yield. C11: *H NMR (400 MHz, CDCls) & 1.29 (br-s, 14H), 1.40-1.59 (m, 6H), 1.59-1.81 (m, 4H), 1.94-2.02 (m, 2H), 2.76 (d,
J=12.8 Hz, 1H), 2.93 (dd, J = 5.0, 13.0 Hz, 1H), 3.12-3.24 (m, 1H), 3.23 (t, J = 7.4 Hz, 2H), 4.33-4.39 (m, 1H), 4.39 (t, J =
6.8 Hz, 2H), 4.51-4.59 (m, 1H), 6.03 (br-s, 1H), 6.68 (d, J = 8.4 Hz, 1H), 8.55 (d, J = 8.8 Hz, 1H); HRMS (ESI) Calcd. for
C27H40NgOsSNa: 599.2622, Found 599.2624.

Synthesis of 20 and 21 (Compound 20 was prepared by a different method from the reported procedure.sm)

Ny OO g O < Ny OO N >
20 21

Triethylamine (0.80 mL, 5.7 mmol) was added to a solution of pentaethylene glycol (1.0 mL, 4.7 mmol) in anhydrous CH,Cl,
(30 mL). The mixture was cooled to 0 °C, then methanesulfonyl chloride (0.29 mL, 3.8 mmol) was added dropwise to it, and the
whole was stirred for 4 h at 0 °C and for 11 h at room temperature. The reaction mixture was washed with 1 N HCI and brine,
and then dried over Na,SO,. The solvent was removed under reduced pressure. The residue was dissolved in DMF (1.5 mL),
and sodium azide (280 mg, 4.3 mmol) was added to the resulting solution. The mixture was stirred at 80 °C for 16 h, and the
solvent was removed under reduced pressure. Et,O was added to the residue, and the resulting suspension was filtered. The
filtrate was concentrated under reduced pressure, and the residue was purified by silica gel column chromatography
(CHCI3/MeOH, 50:1) to afford the product 20 (250 mg, 25% from MsCI) and the product 21 (220 mg, 40% from MsCI) as
colorless oils. 20: *H NMR (400 HMz, CDCls) & 2.68 (br-s, 1H), 3.59 (t, J = 4.6 Hz, 2H), 3.65 (br-s, 14H), 3.70 (t, J = 4.8 Hz,
2H); *C NMR (100 MHz, CDCl3) & 50.8, 61.8, 70.1, 70.4, 70.7, 70.7, 70.7, 70.7, 70.8, 72.6. 21: *H NMR (400 MHz, CDCls) &
3.37 (dt, J = 3.2, 4.8 Hz, 4H), 3.63-3.67 (m, 16H); *C NMR (100 MHz, CDCl,) § 50.8, 70.1, 70.7, 70.8, 70.8.

Synthesis of 22

HN OO g OH
22

Triphenylphosphine (170 mg, 0.66 mmol) was added to a solution of 20 (160 mg, 0.60 mmol) in THF (1 mL), and the mixture
was stirred for 13 h at room temperature. Water (32 ulL, 1.8 mmol) was added to it, and the resulting mixture was further stirred
11 h. The solvent was removed under reduced pressure, and water was added to the residue. The aqueous solution was then
washed with toluene, and concentrated under reduced pressure to afford the product 22 (140 mg, quant.) as a colorless oil. 22:
'H NMR (400 MHz, CD;0D) & 2.77 (t, J = 5.4 Hz, 2H), 3.51 (t, J = 5.2 Hz, 2H), 3.55 (t, J = 4.8 Hz, 2H), 3.59-3.69 (m, 14H);
BC NMR (100 MHz, CD30D) 8 42.1, 62.1,71.2,71.4,71.5,71.5,71.5,71.6, 73.5, 73.7.

Synthesis of 23

O§/,,N(i-| o
HN,, O..\\\\/\)J\ N /\/o\/\o/\/o\/\o/\/OH
S

H
23

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 26
h at room temperature. N,N-Diisopropylethylamine (210 uL, 1.2 mmol) and 22 (110 mg, 0.45 mmol) were then added, and
stirring was continued for 22 h. The solvent was removed under reduced pressure, and the residue was purified by silica gel
column chromatography (MeOH/CHCIs, 1:10 to 1:5), followed by preparative TLC (MeOH/CHCI3, 1:5), to afford the product
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23 (120 mg, 62%) as a white solid. 23: "H NMR (400 MHz, CDCls) & 1.40 (tt, J = 7.4 Hz, 2H), 1.56-1.77 (m, 4H), 2.21 (t, J =
7.2 Hz, 2H), 2.72 (d, J = 13.2 Hz, 1H), 2.87 (dd, J = 5.0, 13.0 Hz, 1H), 3.10 (dt, J = 4.4, 7.2 Hz, 1H), 3.35-3.45 (m, 2H), 3.53 (t,
J = 4.8 Hz, 2H), 3.55-3.66 (m, 14H), 3.70 (t, J = 4.6 Hz, 2H), 4.29 (dd, J = 4.8, 8.0 Hz, 1H), 4.48 (dd, J = 5.2, 7.6 Hz, 1H), 5.79
(br-s, 1H), 6.56 (br-s, 1H), 7.17 (br-s, 1H); *C NMR (100 MHz, CDCls) & 25.7, 28.1, 28.3, 29.8, 35.9, 39.3, 40.6, 55.7, 60.4,
61.6, 62.0, 70.1, 70.1, 70.2, 70.5, 70.5, 70.6, 72.8, 164.3, 173.9; HRMS (ESI) Calcd. for C,yH37N3O;SNa: 486.2244, Found

486.2248.
Synthesis of C14EG
O 0
NH
HE;‘C,\M‘\/\)]\ N /\/O\/\O/\/O\/\O/\/O
e el
C14EG N7 NO,
O-N

N,N-Diisopropylethylamine (40 uL, 0.23 mmol) and NBD-F (14 mg, 78 umol) were added to a solution of 23 (18 mg, 39 umol)
in anhydrous CH,Cl, (1.5 mL), and the mixture was stirred for 2 d at room temperature. After removal of the solvent under
reduced pressure, the residue was purified by silica gel column chromatography (MeOH/CHCl3, 1:10 to 1:5), followed by
preparative TLC (MeOH/CHCl3, 1:5), to afford the product C14EG (7.0 mg, 29%) as a light yellow solid. The starting 23 was
recovered in 31% yield. TC14EG: *H NMR (400 MHz, CDCl3) & 1.42 (tt, J = 7.4, 7.4 Hz, 2H), 1.57-1.78 (m, 4H), 2.22 (t, J =
7.6 Hz, 2H), 2.73 (d, J = 13.2 Hz, 1H), 2.90 (dd, J = 4.8, 12.8 Hz, 1H), 3.13 (dt, J = 4.4, 7.4 Hz, 1H), 3.38-3.45 (m, 2H), 3.55 (t,
J = 5.0 Hz, 2H), 3.60-3.70 (m, 10H), 3.74-3.77 (m, 2H), 4.02 (t, J = 4.6 Hz, 2H), 4.31 (dd, J = 4.6, 7.8 Hz, 1H), 4.50 (dd, J =
4.8, 7.6 Hz, 1H), 4.58 (t, J = 4.6 Hz, 2H), 6.38 (br-s, 1H), 6.80 (br-s, 1H), 6.82 (d, J = 8.4 Hz, 1H), 8.56 (d, J = 8.4 Hz, 1H); **C
NMR (100 MHz, CDCls) 6 25.7, 28.2, 28.2, 35.9, 39.3, 40.7, 55.6, 60.4, 61.9, 69.1, 70.0, 70.2, 70.5, 70.6, 70.7, 70.7, 70.8, 71.2,
105.4, 129.9, 134.4, 144.2, 145.4, 154.8, 167.4, 173.5; HRMS (ESI) Calcd. for C;sH3sNgO10SNa: 649.2262, Found 649.2267.

0 o)
N-hydroxysuccinimide, EDCI, rt, 7 h; NH H
o) ydroxy . S 7h o \

§NH 0 ethylenediamine, DIPEA, rt, 3 h NH o NBD-CI, DIPEA HN,, /™" \/\)J\N ~N

HN, % .\\\/\)J\OH HN p "‘\\/\)LN/\/NHQ S ——— s H

C, DMF C N MeOH, 1, 1.5 h N ONO,
s s 0 d
biotin 24 64% (2 steps) 25 o-N

Scheme S7. Synthesis of biotin N-NBD probe 25.

Synthesis of 24 (Compound 24 was prepared by a different method from the reported procedure.>'")

ON—NH 0
HN/,,,,G“‘\\MNNNHZ

S H

24

N-Hydroxysuccinimide (52 mg, 0.45 mmol) and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (120 mg, 0.61
mmol) were added to a solution of biotin (100 mg, 0.41 mmol) in anhydrous DMF (1.5 mL), and the mixture was stirred for 7 h
at room temperature. N,N-Diisopropylethylamine (360 uL, 2.0 mmol) and ethylenediamine (140 uL, 2.0 mmol) were added,
and stirring was continued for 3 h. The solvent was removed under reduced pressure, and CHCI; was added to the residue. After
filtration, the white solid was washed with CHCI; to afford the product 24 as a white solid. 24: "H NMR (400 MHz, CD;0D) &
1.44 (t, J=7.6 Hz, 2H), 1.52-1.82 (m, 4H), 2.24 (t, J = 7.4 Hz, 2H), 2.32-2.43 (m, 2H), 2.43-2.51 (m, 2H), 2.70 (d, J = 13.2 Hz,
1H), 2.87 (dd, J = 5.2, 12.8 Hz, 1H), 3.15-3.40 (m, 1H), 4.30 (dd, J = 4.4, 8.0 Hz, 1H), 4.49 (dd, J = 4.4, 8.0 Hz, 1H); HRMS
(ESI) Calcd. for C1oH;,N4O,SNa: 309.1356, Found 309.1362.
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Synthesis of 25

ON-NH o
%

H
HN,,, "“\\/\)J\N/\/ N
s H
4 ) NO,

N
25 0-N

N,N-Diisopropylethylamine (360 pL, 2.1 mmol) and NBD-CI (82 mg, 0.41 mmol) were added to a solution of 24 in MeOH (10
mL), and the mixture was stirred for 1.5 h at room temperature. After removal of the solvent under reduced pressure, the residue
was purified by silica gel column chromatography (MeOH/CH3CI, 1:10) to afford the product 25 (120 mg, 64% from biotin) as
an orange solid. 25: M.p. 116-119 °C; 'H NMR (400 MHz, CDCI3/CD30D, 10:1) 8 1.17-1.57 (m, 6H), 2.06 (dt, J = 2.4, 7.2 Hz,
2H), 2.53 (d, J = 13.2 Hz, 1H), 2.72 (dd, J = 4.8, 13.2 Hz, 1H), 2.90-2.96 (m, 1H), 3.34-3,52 (m, 4H), 4.05-4.15 (m, 1H), 4.33
(dd, J = 5.0, 7.8 Hz, 1H), 6.12 (d, J = 8.8 Hz, 1H), 8.33 (d, J = 8.8 Hz, 1H); HRMS (ESI) Calcd. for C1gH,3N;OsSNa: 472.1374,
Found 472.1369.

cl MeHN
MeNH,/MeOH, DIPEA
VeV, IER

N7 NO, CH,Cl,, 1t, 16 h N7 NO,

-N 68% o-N
NBD-NHMe (26)
H
f \/\/\/\/N
1-octylamine, DIPEA
MeOH, rt, 12 h NG NO,

Vo
49 -
94% 27 O-N

EtS
EtSH, DIPEA
CH,Cly, 11, 2.5 h N7 NO,
63% O-N
NBD-SEt (28)

Scheme S8. Synthesis of NBD compounds 26, 27 and 28.

Synthesis of NBD-NHMe (26) (Compound 26 was prepared by a different method from the reported procedure.>®?)

MeHN
N\/ /; NO,

O-N
NBD-NHMe (26)

Methylamine (2 M in MeOH, 0.5 mL, 1.0 mmol) and N,N-diisopropylethylamine (175 uL, 1.0 mmol) were added to a solution
of NBD-CI (100 mg, 0.50 mmol) in anhydrous CH,Cl, (3.0 mL), and the mixture was stirred for 16 h at room temperature.
After removal of the solvent, the residue was purified by silica gel column chromatography (CHCIl3/MeOH, 20:1) to afford the
product NBD-NHMe (66 mg, 68%) as an orange solid. NBD-NHMe: *H NMR (400 MHz, CDCl5/CD;0D, 10:1) & 3.06 (s, 3H),
6.04 (d, J = 8.8 Hz, 1H), 8.40 (d, J = 8.8 Hz, 1H); HRMS (ES]I) Calcd. for C;HsN,O3Na: 217.0332, Found 217.0338.

Synthesis of 27

H
\/\/\/\/N:Q
27 N\/ / N02
o0-N
N,N-Diisopropylethylamine (180 pL, 1.0 mmol) and NBD-CI (100 mg, 0.50 mmol) were added to a solution of n-octylamine
(83 uL, 0.5 mmol) in MeOH (5.0 mL), and the mixture was stirred for 12 h at room temperature. After removal of the solvent
under reduced pressure, the residue was purified by silica gel column chromatography (CH3Cl) to afford the product 27 (140 mg,
94%) as a dark red solid. 27: M.p. 98-100 °C; 'H NMR (300 MHz, CDCl3) 6 1.88 (t, J = 6.8 Hz, 3H), 1.23-1.53 (m, 10H), 2.81
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(tt, J = 7.4, 7.4 Hz, 2H), 3.49 (dt, J = 6.6, 6.6 Hz, 2H), 6.17 (d, J = 8.7 Hz, 1H), 6.27 (br-s, 1H), 8.49 (d, J = 8.7 Hz, 1H); °C
NMR (100 MHz, CDCl3) 6 14.2, 22.7, 27.1, 28.7, 29.2, 29.3, 31.8, 44.2, 98.6, 124.0, 136.7, 144.0, 144.4; HRMS (ESI) Calcd.
for C14H20N403Na: 315.1428, Found 315.1425.

Synthesis of NBD-SEt (28) (Compound 28 was prepared by a different method from the reported procedure.>®)

EtS
N7 /; NO,

o-N
NBD-SEt (28)

Ethanethiol (37 uL, 0.50 mmol) and N,N-diisopropylethylamine (175 uL, 1.0 mmol) were added to a solution of NBD-CI (100
mg, 0.50 mmol) in anhydrous CH,CI; (3.0 mL), and the mixture was stirred for 2.5 h at room temperature. After removal of the
solvent, the residue was purified by silica gel column chromatography (AcOEt/hexane, 1:3) to afford the product NBD-SEt (71
mg, 63%) as a yellow solid. NBD-SEt: *H NMR (400 MHz, CDCl3) & 1.52 (t, J = 7.6 Hz, 3H), 3.30 (q, J = 7.3 Hz, 2H), 7.14 (d,
J =7.6 Hz, 1H), 8.40 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) & 13.2, 26.2, 120.3, 130.8, 132.7, 142.0, 142.6, 149.3;
HRMS (ESI) Calcd. for CgH;N303SNa: 248.0100, Found 248.0107.

oxalyl chloride, rt, 6 h;

DIPEA, 6-amino-1-hexanol H-N
rt,12h (o] NBD-F, DIPEA -0
THF N/\/\/\/OH DMF, rt, 2.5d O A0 @A
46% H 10%
. 0,
29 (recovery of SM: 32%) 2-ONBD NO,
O,N
oxalyl chloride, rt, 2 h; H O
DIPEA, dibutylamine N 3-bromo-1-propanol HO "N N7 0N
t,12h o) K»CO4 NBD-F, DIPEA o-N = o)

- =

DMF, 1t, 2.5d
o N-"Bu
63% By

u
. 149
(recovery of SM: 14%) 3.ONBD

DMF, rt, 22 h

THF .
79% nBy 70%

Scheme S9. Synthesis of 2-ONBD and 3-ONBD.

Synthesis of 29

A solution of oxalyl chloride (0.13 mL, 1.6 mmol) in anhydrous THF (1.0 mL) was added dropwise to a stirred solution of
2-phenylindole (0.20 g, 1.0 mmol) in anhydrous THF (3.0 mL) at 0 °C, and the mixture was stirred for 6 h at room temperature.
6-Amino-1-propanol (0.36 mg, 3.1 mmol) and N,N-diisopropylethylamine (1.1 mL, 6.2 mmol) were added to the mixture, and
stirring was continued for 12 h. The solvent was removed under reduced pressure, and the residue was taken up in AcOEt. This
solution was washed with water and brine, dried over Na,SOy, and evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (MeOH/CHCIs, 1:20) to afford the product 29 (172 mg, 46%) as a yellow foam. 29: *H
NMR (400 MHz, CDCl5/CD;0D, 20:1) § 1.10-1.26 (m, 4H), 1.28 (tt, J = 7.2, 7.2 Hz, 2H), 1.41 (tt, J = 6.9, 6.9 Hz, 2H), 2.89 (t,
J = 7.4 Hz, 2H), 3.47 (t, J = 6.8 Hz, 2H), 7.13-7.22 (m, 4H), 7.22-7.31 (m, 2H), 7.31-7.36 (m, 2H), 8.10 (d, J = 7.2 Hz, 1H);
3C NMR (100 MHz, CDCIl5/CD;0D, 20:1) & 25.2, 26.5, 28.7, 32.2, 39.1 and 39.3, 62.2, 109.9 and 109.9, 111.8 and 111.9,
121.4,122.8,123.7,127.9 and 128.0, 128.3, 129.2, 129.4, 131.9 and 132.0, 136.0 and 136.2, 148.3 and 148.4, 165.3 and 165.4,
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187.2; HRMS (ESI) Calcd. for C2,H24N,03Na: 387.1679, Found 387.1676.

Synthesis of 2-ONBD

/\/\/\/O\@N
2-ONBD NO

N,N-Diisopropylethylamine (0.11 mL, 0.66 mmol) and NBD-F (60 mg, 0.33 mmol) were added to a solution of 29 (60 mg, 0.11
mmol) in anhydrous DMF (0.7 mL), and the mixture was stirred for 2.5 d at room temperature. After removal of the solvent
under reduced pressure, the residue was purified by silica gel column chromatography (CHsCl/MeOH, 30:1), followed by
preparative TLC (CH3Cl/MeOH, 30:1), to afford the product 2-ONBD (6.0 mg, 10%) as a light yellow paste. The starting 29
was recovered in 32% yield. 2-ONBD: 'H NMR (400 MHz, CDCls) & 1.31-1.41 (m, 2H), 1.43-1.54 (m, 2H), 1.87 (tt, J = 6.8,
6.8 Hz, 2H), 3.12 (dt, J = 6.5, 6.5 Hz, 2H), 4.19 (t, J = 6.4 Hz, 2H), 6.49 (d, J = 8.4 Hz, 1H), 6.93 (t, J = 6.0 Hz, 1H), 7.04-7.10
(m, 3H), 7.16 (dd, J = 7.6, 7.6 Hz, 1H), 7.22-7.27 (m, 3H), 7.31 (dd, J = 7.4, 7.4 Hz, 1H), 8.07 (d, J = 7.6 Hz, 1H), 8.44 (d, J =
8.4 Hz, 1H), 9.63 (br-s, 1H); *C NMR (100 MHz, CDCls) & 25.3, 26.2, 28.4, 29.0, 39.1, 71.1, 104.5, 110.1, 111.9, 121.6, 123.0,
123.9, 128.1, 128.6, 129.0, 129.6, 129.6, 132.1, 134.4, 135.8, 144.1, 145.3, 147.7, 154.9, 164.3, 186.8; HRMS (ESI) Calcd. for
CagH2sNsOgNa: 550.1697, Found 550.1705.

Synthesis of 1 (Compound 1 was prepared by a small modification of a known procedure.>*)

A solution of oxalyl chloride (0.27 mL, 3.1 mmol) in anhydrous THF (2.0 mL) was added dropwise to a stirred solution of
2-phenylindole (0.40 g, 2.1 mmol) in anhydrous THF (6.0 mL) at 0 °C, and the mixture was stirred for 2 h at room temperature.
Dibutylamine (1.1 mL, 6.2 mmol) and N,N-diisopropylethylamine (2.1 mL, 12 mmol) were added to the mixture, and stirring
was continued for 12 h. After removal of the solvent under reduced pressure, the residue was purified by silica gel column
chromatography (AcOEt/hexane, 1:3) to afford the product 1 (615 mg, 79%) as a light yellow solid. 1: *H NMR (400 MHz,
CDCl3) § 0.78 (t, J = 7.6 Hz, 3H), 0.84 (t, J = 6.4 Hz, 3H), 1.07-1.22 (m, 6H), 1.47 (tt, J = 7.8, 7.8 Hz, 2H), 2.97 (t, J = 7.2 Hz,
2H), 3.07 (t, J = 7.8 Hz, 2H), 6.95 (dd, J = 7.6, 7.6 Hz, 2H), 7.10-7.27 (m, 6H), 8.17 (d, J = 8.0 Hz, 1H), 10.6 (br-s, 1H); °C
NMR (100 MHz, CDCl3) 8 13.7 and 13.9, 20.0 and 20.4, 29.2 and 30.5, 44.8 and 48.4, 110.5, 112.2, 121.8, 122.9, 123.6, 127.4,
128.0, 129.4, 129.6, 130.8, 135.9, 147.7, 168.3, 187.1; HRMS (ESI) Calcd. for C4H2sN,0,Na: 399.2043, Found 399.2043.

Synthesis of 30

Potassium carbonate (0.11 g, 0.77 mmol) and 3-bromo-1-propanol (28 uL, 0.32 mmol) were added to a solution of 1 (0.10 g,
0.27 mmol) in anhydrous DMF (1.0 mL), and the mixture was stirred for 22 h at room temperature. The mixture was then

diluted with AcOEt, washed with water and brine, dried over Na,SO,, and evaporated under reduced pressure. The residue was
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purified by silica gel column chromatography (AcOEt/hexane, 1:1) to afford the product 30 (80 mg, 70%) as colorless foam. 30:
'H NMR (400 MHz, CDCl5) & 0.82 (t, J = 7.8 Hz, 3H), 0.85 (t, J = 7.8 Hz, 3H), 1.02-1.23 (m, 6H), 1.49 (it, J = 7.6, 7.6 Hz, 2H),
1.69 (tt, J = 6.5, 6.5 Hz, 2H), 2.32 (s, 1H), 2.76 (t, J = 7.8 Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 3.39 (t, J = 5.8 Hz, 2H), 3.95 (t, J =
7.4 Hz, 2H), 7.29-7.37 (m, 4H), 7.42-7.52 (m, 4H), 8.39-8.43 (m, 1H); *C NMR (100 MHz, CDCls) & 13.8 and 14.0, 20.0 and
20.4, 29.5 and 30.7, 32.6, 41.1, 44.6 and 48.6, 59.2, 110.4, 112.0, 122.6, 123.4, 124.0, 126.7, 128.2, 129.5, 130.0, 130.8, 136.3,
148.2, 167.7, 187.6; HRMS (ESI) Calcd. for C,7H3,N,O3Na: 457.2462, Found 457.2453.

Synthesis of 3-ONBD

3-ONBD
N,N-Diisopropylethylamine (66 uL, 0.39 mmol) and NBD-F (35 mg, 0.19 mmol) were added to a solution of 30 (28 mg, 64

umol) in anhydrous DMF (1.0 mL), and the mixture was stirred for 2.5 d at room temperature. After removal of the solvent

under reduced pressure, the residue was purified by silica gel column chromatography (AcOEt/hexane, 1:1), followed by
preparative TLC (AcOEt/hexane, 1:1), to afford the product 3-ONBD (24 mg, 63%) as a light yellow paste. The starting 30 was
recovered in 14% yield. 3-ONBD: 'H NMR (400 MHz, CDCl3) & 0.81 (t, J = 7.4 Hz, 3H), 0.84 (t, J = 7.0 Hz, 3H), 1.02-1.23
(m, 6H), 1.46 (tt, J = 7.6, 7.6 Hz, 2H), 2.27 (t, J = 6.1, 6.1 Hz, 2H), 2.77 (t, J = 7.8 Hz, 2H), 2.93 (t, J = 8.0 Hz, 2H), 4.12 (t, J
= 5.8 Hz, 2H), 4.31 (t, J = 6.6 Hz, 2H), 6.42 (d, J = 7.6 Hz, 1H), 7.22-7.34 (m, 5H), 7.34-7.41 (m, 2H), 7.44 (d, J = 8.0 Hz, 1H),
8.40 (d, J = 8.0 Hz, 1H), 8.45 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz, CDCl5) & 13.8 and 14.0, 20.1 and 20.4, 28.7, 29.6 and
30.7, 40.2, 44.6 and 48.5, 67.1, 104.7, 109.9, 112.6, 123.0, 123.7, 124.2, 126.9, 128.3, 129.2, 129.9, 130.1, 130.9, 133.9, 136.2,
144.0, 145.1, 147.7, 154.0, 167.4, 187.7; HRMS (ESI) Calcd. for C33H3sNsOsNa: 620.2480, Found 620.2486.

Boc,0 NBD-CI, DIPEA H
Ha A MeOH, 0°C tort, 17 h  Bo¢HN I DMF, 0°Ctort, 12n  BooHN I
quant. 31 70% 32 N NO,
o-N
HCl aq. /\/\/\/“
THF, MeOH, reflux, 28 h  HCI"HN
74% 33 N7 NO,

oxalyl chloride, rt, 3 h;
DIPEA, 33,1t,14 h

THF
1%

Scheme S10. Synthesis of reported fluorescent TSPO ligand 2.3

Synthesis of 31 (Compound 31 was prepared by a small modification of a known procedure.>'°)

BocHN/\/\/\/NHZ
31

Di-tert-butyl dicarbonate (0.50 g, 2.3 mmol) in MeOH (10 mL) was added dropwise over 3 h to a solution of hexamethylene

diamine (1.1 g, 9.2 mol) in MeOH (20 mL) at 0 °C, and the mixture was stirred for 4 h at the same temperature. The reaction

mixture was further stirred for 10 h at room temperature, and then concentrated under reduced pressure. After addition of water,
S30
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the resulting mixture was extracted with Et,0. The combined organic phase was dried over Na,SO,, and the solvent was
removed under reduced pressure to afford the product 31 (500 mg, quant.) as a colorless oil. 31: *"H NMR (400 MHz, CD;0D) &
1.29-1.36 (m, 4H), 1.42 (s, 9H), 1.42-1.50 (m, 4H), 2.61 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H); **C NMR (100 MHz,
CD;0D) 8 27.7, 27.7, 28.8, 30.9, 33.8, 41.2, 42.5, 79.8, 158.6.

Synthesis of 32 (Compound 32 was prepared by a small modification of a known procedure.>)

§
BOCHN/\/\/\/
32 N7 NO;

\

O-N

N,N-Diisopropylethylamine (0.71 mL, 4.2 mmol) and NBD-CI (280 mg, 1.4 mmol) were added to a solution of 31 (300 mg, 1.4
mmol) in anhydrous DMF (3.0 mL) at 0 °C, and the resulting mixture was stirred for 2 d at room temperature. After removal of
the solvent under reduced pressure, the residue was purified by silica gel column chromatography (CHCIy) to afford the product
32 (370 mg, 70%) as a brown paste. 32: *H NMR (400 MHz, CDCls) & 1.33-1.53 (m, 6H), 1.40 (s, 9H), 1.79 (tt, J = 7.2, 7.2 Hz,
2H), 3.10 (t, J = 6.6 Hz, 2H), 3.44-3.54 (m, 2H), 4.63 (br-s, 1H), 6.15 (d, J = 8.8 Hz, 1H), 6.99 (br-s, 1H), 8.44 (dd, J = 2.0, 8.8
Hz, 1H); BC NMR (100 MHz, CDCl3) & 26.1, 26.3, 28.3, 28.5, 30.0, 40.2, 43.8, 79.3, 98.6, 123.3, 136.8, 144.1, 144.3, 156.3.

Synthesis of 33 (Compound 33 was prepared by a small modification of a known procedure.54)

N
HOIH N>
33 N7 NO
N

32 (260 mg, 0.69 mmol) was dissolved in THF (2.0 mL) and MeOH (0.5 mL), and 12 M HCI (0.1 mL) was added. The mixture
was refluxed for 28 h, and then the solvent was removed under reduced pressure. The residue was washed with CHCI; to afford
the product 33 (160 mg, 74%) as a red solid. 33: *H NMR (400 MHz, CD;0D) & 1.43-1.58 (m, 4H), 1.71 (tt, J = 7.3, 7.3 Hz,
2H), 1.81 (tt, J = 7.1, 7.1 Hz, 2H), 2.95 (t, J = 7.6 Hz, 2H), 3.54 (br-s, 2H), 6.31 (d, J = 9.2 Hz, 1H), 8.45 (d, J = 9.2 Hz, 1H).

Synthesis of 2 (Compound 2 was prepared by a small modification of a known procedure.s“)

Oxalyl chloride (24 uL, 0.29 mmol) was added to a stirred solution of 2-phenylindole (50 mg, 0.26 mmol) in anhydrous THF
(1.5 mL) at 0 °C, and the mixture was stirred for 3 h at room temperature. 33 (90 mg, 0.29 mmol) and
N,N-diisopropylethylamine (0.27 mL, 1.6 mmol) were then added to the mixture, and stirring was continued for 14 h. After
removal of the solvent under reduced pressure, the residue was purified by silica gel column chromatography (MeOH/CHCls,
1:10), followed by preparative TLC (MeOH/CHCI,, 1:10), to afford the product 2 (15 mg, 11%) as an orange solid. 2: *H NMR
(400 MHz, CDCI3/CD30D, 20:1) 6 1.22-1.32 (m, 2H), 1.32-1.41 (m, 4H), 1.66 (tt, J = 7.2 Hz, 2H), 2.96 (t, J = 6.6 Hz, 2H),
3.36 (br-s, 2H), 6.03 (d, J = 8.8 Hz, 1H), 7.14-7.19 (m, 2H), 7.28-7.35 (m, 4H), 7.42-7.46 (m, 2H), 8.02-8.07 (m, 1H), 8.33 (d,
J=8.8 Hz, 1H); BC NMR (100 MHz, CDCI3/CD30D, 20:1) 5 26.1, 26.2, 28.0, 28.7, 38.8, 43.7, 98.5, 109.9, 111.7, 121.4, 122.8,
123.8, 127.1, 127.9, 128.3, 129.2, 129.4, 132.1, 136.1, 137.0, 144.1, 148.4, 165.5, 187.1; HRMS (ESI) Calcd. for
CasH2sNsOsNa: 549.1857, Found 549.1856.
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A~ Boc,0, NaHCO3 o~
e e
HoN OH MeOH. rt, 18 h BocHN OH

quant. 34

BocHN ™ "N 1) TFA, CH,Cl,
34, DEAD, PPh, o 1,20 h
L
CH,Cly, tt, 28 h ™" 2) NBD-CI, DIPEA
65% g MeOH, rt, 16 h
1 35 71% (2 steps)

Scheme S11. Synthesis of fluorescent TSPO ligand 3.

S20
)

Synthesis of 34 (Compound 34 was prepared by a small modification of a known procedure.

BocHN” " 0H
34

3-Amino-1-propanol (0.18 mL, 2.3 mmol) was added dropwise to a solution of di-tert-butyl dicarbonate (0.50 g, 2.3 mmol) and
sodium hydrogen carbonate (0.39 g, 4.6 mmol) in MeOH (10 mL), and the mixture was stirred for 18 h at room temperature.
After removal of the solvent, the residue was taken up in water and extracted with AcOEt. The combined organic layer was
washed with brine and dried over Na,SO,4. The solvent was removed under vacuum to afford the product 34 (0.40 g, quant.) as a
colorless oil. 34: *H NMR (400 MHz, CDCl3) & 1.43 (s, 3H), 1.65 (it, J = 5.9 Hz, 2H), 3.27 (t, J = 6.4 Hz, 2H), 3.65 (t, J = 6.0
Hz, 2H); *C NMR (100 MHz, CDCl3) & 28.5, 33.0, 37.1, 59.4, 79.8, 157.3.

Synthesis of 35

Diethyl azodicarboxylate (72 pL, 0.40 mmol) was added to a solution of triphenylphosphine (110 mg, 0.40 mmol), 1 (100 mg,
0.27 mmol) and 34 (70 mg, 0.40 mmol) in anhydrous CH,Cl, (1.5 mL), and the mixture was stirred for 28 h at room
temperature. The solvent was removed under reduced pressure, and the residue was purified by silica gel column
chromatography (AcOEt/hexane, 1:3 to 1:2), followed by preparative TLC (MeOH/CHClI5;, 1:100), to afford the product 35 (92
mg, 65%) as a colorless paste. 35: 'H NMR (400 MHz, CDCls) § 0.83 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.0 Hz, 3H), 1.05-1.23 (m,
6H), 1.40 (s, 9H), 1.50 (tt, J = 7.7, 7.7 Hz, 2H), 1.81 (tt, J = 7.1, 7.1 Hz, 2H), 2.79 (t, J = 7.8 Hz, 2H), 2.91-3.01 (m, 4H), 3.93 (t,
J = 7.6 Hz, 2H), 4.22-4.34 (m, 1H), 7.33-7.37 (m, 3H), 7.37-7.43 (m, 2H), 7.46-7.53 (m, 3H), 8.42-8.47 (m, 1H); *C NMR
(100 MHz, CDCl3) § 13.9 and 14.0, 20.1 and 20.4, 28.5, 29.6 and 30.7, 30.4, 37.9, 41.7, 44.6 and 48.6, 79.6, 110.1, 112.2, 122.9,
123.4, 124.0, 126.9, 128.3, 129.6, 130.1, 130.9, 136.1, 147.9, 155.9, 167.5, 187.7; HRMS (ESI) Calcd. for Cs,H43N304Na:
556.3146, Found 556.3155.

Synthesis of 3

O,N
0-N

Trifluoroacetic acid (140 pL, 1.8 mmol) was added to a solution of 35 (24 mg, 44 umol) in CH,CI; (1.5 mL), and the mixture
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was stirred for 20 h at room temperature. Saturated NaHCO3; was added to it, and the resulting mixture was extracted with
CH,CI,. The combined organic layer was washed with brine, and dried over Na,SO,4. The solvent was removed under reduced
pressure, and the crude material was dissolved in MeOH (2 mL). N,N-Diisopropylethylamine (15 uL, 89 pumol) and NBD-CI
(8.9 mg, 44 umol) were added to the solution, and stirring was continued for 16 h at room temperature. After removal of the
solvent under reduced pressure, the residue was purified by silica gel column chromatography (MeOH/CHCI3, 1:100), followed
by preparative TLC (MeOH/CHCI3, 1:100), to afford the product 3 (19 mg, 71%) as an orange solid. 3: M.p. 88-89 °C; 'H
NMR (400 MHz, CDCl3) § 0.83 (t, J = 7.0 Hz, 3H), 0.84 (t, J = 6.8 Hz, 3H), 1.01-1.12 (m, 2H), 1.14 (it, J = 6.8, 6.8 Hz, 2H),
1.18 (tt, J = 7.2, 7.2 Hz, 2H), 1.48 (tt, J = 7.6, 7.6 Hz, 2H), 2.00 (tt, J = 6.6, 6.6 Hz, 2H), 2.79 (t, J = 7.8 Hz, 2H), 2.95 (t, J = 7.8
Hz, 2H), 3.27-3.36 (m, 2H), 4.02 (t, J = 7.2 Hz, 2H), 5.87 (d, J = 8.4 Hz, 1H), 6.76 (br-s, 1H), 7.25-7.33 (m, 8H), 8.29-8.34 (m,
2H); BC NMR (100 MHz, CDCIl3) & 13.8 and 14.0, 20.1 and 20.4, 28.1, 29.5 and 30.7, 40.9, 41.3, 44.7 and 48.6, 98.9, 110.0,
112.2, 122.6, 123.7, 124.3, 126.6, 128.3, 129.1, 130.1, 130.6, 135.8, 136.4, 143.9, 144.1, 147.7, 167.7, 187.6; HRMS (ESI)
Calcd. for Ca3H3sNgOsNa: 619.2639, Found 619.2646.
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General information for LC-LIF-MS system

Materials for HPLC analysis

Trifluoroacetic acid (TFA), distilled water containing 0.1vol% formic acid (FA), and acetonitrile (MeCN) containing 0.1vol%
FA were purchased from Kanto Chemical Co., Inc.

Liquid chromatography and mass spectrometry

Mass spectra were acquired using a LTQ Orbitrap XL equipped with an electrospray ionization (ESI) source (Thermo Fisher
Scientific, Inc.). For automatic measurement, the system was controlled by Xcalibur software (Thermo Fisher Scientific, Inc.).
Full mass scan was acquired in the FT mode (resolution 60,000) and MS/MS scan (CID) was acquired in the ion trap (IT) mode
or FT mode. In the nano flow HPLC system (UltiMate 3000 nano LC system, Thermo Fisher Scientific, Inc.), an Acclaim
PepMap 100 C18 (0.075 i. d. x 150 mm, Thermo Fisher Scientific, Inc.) and a ZORBAX 300SB-C18 (0.3 i. d. x 5 mm, Agilent
Technologies, Inc.) were used as analytical and trap columns, respectively. For the analytical column, mobile-phase A (distilled
water containing 0.1vol% FA and 4vol% MeCN) and mobile-phase B (MeCN containing 0.1vol% FA) were utilized.
Mobile-phase C (distilled water containing 0.1vol% TFA) and mobile-phase D (MeCN containing 0.1vol% TFA) were used for
the trap column. Gradient elution was done with mobile-phase A and mobile-phase B at a flow rate of 250 nL/min. Database
search was performed using a peptide sequencing program, Proteome Discoverer (Thermo Fisher Scientific, Inc.) through a
database MS/MS ion search, and with MASCOT (www.matrixscience.com). Theoretical mass value of peptides was calculated
by Xcalibur software.

Laser-induced fluorescence detector

The laser-induced fluorescence (LIF) detector (LIF 727, GL Sciences, Inc.) was fitted with a 6 nL flow cell and connected to the
nano flow HPLC system (UltiMate 3000 nano LC system, Thermo Fisher Scientific, Inc.). Parameters of the LIF 727 were as
follows; PMT 700V, response 0.5 sec, output range 1 RFU/FS1V, band pass filter 500-600 nm.

TSPO knock-down

HEK293T cells were plated in 6 well plates at the density of 2.5x10° cells per well. Cells were transfected with 40 nM Stealth
RNAIi (TSPO-HSS141398, TSPO-HSS186329; Invitrogen Life Technologies) using X-tremeGENE siRNA Transfection
Reagent (Roche) and Opti-MEM | reduced serum medium (Gibco Life Technologies). Negative Universal control Med
(Invitrogen Life Technologies) was used as a negative control. After 24 h incubation, medium was changed to fresh growth
medium. After further incubation for 24 h, cells were pretreated with or without 1 (87.5 uM) for 0.5 h and then treated with
3-ONBD (0.5 uM) for 1.5 h. After the treatment of compounds, cells were washed with PBS and lysed with lysis buffer (20
mM Hepes—Na (pH 7.0), 1 mM EDTA, 0.5% Triton X-100, and complete mini (Roche, 1 tablet/10 mL)).

Animal experiment
Kidney mitochondria were prepared from female B6 mice (Nihon SLC, Hamamatsu, Japan). All procedures were conducted

according to the RIKEN guidelines for animal research and were approved by the RIKEN Animal Experiments Committee.

Western blotting

To detect VDACL, TSPO and tubulin, anti-VDAC1/Porin (1:1000, abcam, ab14734), anti-PBR (1:10000, abcam, ab109497)

and anti-o-tubulin (1:1000, sigma, T9026) antibodies were used, respectively. Goat anti-mouse IgG (1:2000, Bio-Rad,

#170-6516) and goat anti-rabbit 1gG (1:2000, Santa Cruz Biotechnology, SC-2004) were used as secondary antibodies.

Immunoreactive bands were detected using a chemiluminescence reagent (Immobilon Western chemiluminescent HRP substrate,
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Millipore) with a luminescent image analyzer (LAS-4000, Fujifilm).
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= X_Acq Duratien = 1.03809024 (sl
X_Domain - 13¢
~ * Freg = 100.50247863 [HHz)
= X offuet = 100.0 [ppml
o X_Poiats - 32768
= X_Prascans -4
i 4 5 - b. I
= X_Swe = 31.56565657 [kRzl
- X_sweep_Clipped = 25.35252525 [kiz]
= Irz_| = Proton
- Irr_Freq = 401.28219856 [MHE]
il Irr offaar = & [ppm]
Clipped = PALSE
P | Scans - 512
2 = Toral_scans = 512
Ba- | L ‘ ] Relaxation Delay = 1lal
g . N Lk Recvr_Ga - 60
5 mp_set -
b A R T P PR R R T T T TP r e T pr e vy prr vy er| X_80_Wideh -
200080.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 0O ;t:i:l- =
|1 | 1 X_Atn = &(dn]
| | g 1 /,J} ] X Pulne = 1.33331331 [un)
— = T — | Trx_Ata_Dec = 22.028 48]
o o500 O o= £ O g ¥oe - 22.028[dB
2 2 2 S SRR RERE TS Yt z 3ioaeianl
Lot} rrh ™ o ot o S B R i s e S s ]
w -] L] O PN =000 00 oo o oo i ITE_Pwldth =911 [ma]
s = -1 <t <k F T T T o0 ohoh on ) 04 61 0 o] Decoupling = TRUE
X : parts per Million : Carbon1 3
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DFILE
& COMNT
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351 H.als
auto
I:}ql Feb 24 21:12:43 2012
NON
395.75 MHz
124.00 KHz
10277.00 Hz
16384
7912.96 Hz
16
2.0705 sec
4.9290 sec
6.40 usec

2l8¢c

1H

7.26 ppm
0.60 Hz
21

453 H part2.als

auto :

Mon Jul 30 09:41:26 2012
1H

NON
395.75 Mtz
124.00 KHz
10277.00 Hz
16384

7912.96 Hz
16
2.0705 sec

4.9290 sec
6.40 usec
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17:¥400_500¥453_C_part 2. als
auto DFILE
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— 164.333
— 7.
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35.
29,
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25.
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s M iRC

e el |

|'I1'I'I1I'Tl'll1iil T
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453 C_part2.als

auto
Man Jul 30 09:51:26 2012
13C

BCM
99,45 Ml [z
94.00 KHz
10308.00 Hz
2768
26845.64 Hz
170

1.2206 sec

1.7790 sec
6.50 usec

455 H.als
auto
?g Aug 05 16:52:21 2012

NON
395.75 MHz



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

auto
-] - — — — -
3§ I 3B §% I §323%38B3=333R9 E8% §E8
g5 I 9% 38 £ Erfceéegdessgzss | 9a% NR%
ONNH %
%
HN,,,,,O-““\/\)LN/\/O\/\O/\/O\/\O/\/O
H
S
C14EG N7 TNOp

o-N

auto

ON-NH 0
HE‘O"‘\\\/\)J\N/\/NHZ
S

N
Y
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o
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e
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455 C 2.als

auto
Sun Aug 05 18:36:32 2012
13C
BCM
99.45 MHz
94,00 KHz
10309.00 Hz
32768
26845.64 Hz
2061

1.2206 sec
1.7790 sec
6.50 usec

361 _H.als
auto
'{'ﬁu Feb 23 22:38:07 2012
NON
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124,00 KHz

10277.00 Hz
16384

T912.96 Hz
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362 H 2.als

auto
Mon Feb 27 21:05:54 2012
1

382 H.als
Wed Apr 25 13:46:24 2012
1H

NON
395.75 MHz
124,00 KHz
10277.00 Hz
16384
7912.96 Hz

16
2.0705 sec
4.9290 sec

6.40 usec
H
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L3
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DFILE 363_H.als

2% 8 =28 32*8ssz;aa:gwmmwwwg COMNT
B% ] /=S BEYSRERESERIUSIYASSSSREBE DATIM  Thu Mar 01 13:52:28 2012
.- -] [ (=X B R R i k(S (S S R O O S (P U (- P P
OBNUC  1H
EXMOD  NON
OBFRQ 300.40 MHz
OBSET 130.00 KHz
OBFIN 1150.00 Hz
H POINT 16384
PN FREQU 6006.01 Hz
SCANS 16
ACQTM 2.7279 sec
27 N7 NO PD 4.2720 sec
o-N PW1 5.50 usec
IRNUC  1H
CTEMP 218¢
SLVNT ~ CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 16
f 1
o3
ﬁ | f
PP
lll]lll]l]!]llllll]l][llIll]l|III1IIII1|IIHIII[I[IIIII1III|!I1II[IlllI[IIIIIII[IIIIIIIII[IIIIIIlllll
14.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S DFILE  DEFAULTALS
o3 DO~ = -0 O O
285 % 3 2 B £ 3R38528 DATIM  Thu Mar 01 14:22:27 2012
338§ g S5 ¥ S%3858 OBNUC  13C
EXMOD  BCM
OBFRQ 75.45 MHz
OBSET 124.00 KHz
OBFIN 1840.00 Hz
POINT 32768
¥ FREQU 20356.23 Hz
e VY SCANS 573
ACQTM 1.6097 sec
NO PD 1.3900 sec
a7 N 2 PWI 4.20 usec
IRNUC  1H
CTEMP 212¢
SLVNT ~ CDCL3
EXREF 77.16 ppm
BF 1.20 Hz
! RGAIN 25

- b
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15.0

40
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9.0
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20

T Ets

N7 NO,
i o-N
. NBD-SEt (28)

10.0 9.0 8.0

>

8.405
8386

X : parts per Million : Proton

o
o

L
ES t
(o
L - A

R R AR SRR SRS RS RS R R RSt SRS RaS AR ERARES SRR ARSS RRERARRERS RRAARARARA RAR,

7.0 6.0 5.0 4.0 30 20 1.0

7248
?
e
?_

7.153
7.134

abundance

0.5

EtS

T N7 No
= | o-N
NBD-SEt (28)

05

04

P E———

X : parts per Million : Carbon13

we-- PROCESSING PARAMETRRS ----
de_balance( O, PALSE }

mexp({ 0.3[Hzl. 0

trapesoidi 9[%1.
zerofilll 1 )
£EL{ 1. TRUE, TRUE )
machinephase

pa

EUFLC@#E: : TY383_proton-1-1.jdl

-0ls] )
ols], #0[w), 100(%] )

Filename = C:\Docusents and Setting

Author = delta

Exparimant = proten. jxp

Sanple_Td = TYI83

Solveat = CHLORDFORM-.

Crwakivn_Tine = 15-AFR-3012 13:15:15

Revision _Time = 25-APR-2012 14:35:27

Currant Tims = 25-APR-2012 14135148
3 - single_pulse

Data_Pormae = 1D COMPLRX

Dim Bize = 13107

Dim_Title = Pzoteon

Dim_Units = [ppml

Dimeneions -X

site = JHH-BCS400

Spectromater = DELTAZ_MMR

Field Strength 9.42499681(T] (400 [Mnz] )

X _Aeq Duracien 2.1757953[a]

% Domain iH

X _Frag 401.28219056 [MHx)

X_ofteet 51

x_roints 16384

¥ _Prascann 1

X_Rescluticn 0.45960208 [Hz]

X_Sweep 753012048 [kHz]
X_swesp_Clipped §.02400639 [kiz]
Irr Domain Proton
Izz_Freg 401, 78219856 [MHz]
Irr Offset 5 [gpml

Tri Domain Froton
Tri_Freg 401, 28219856 [MHz]
Tri offaet 5 [ppn]

Clipped FALSE

Scans L]

Total Seanm L]

Relaxation Delay = 5(al
Recv:_Gain - 30

Temp_Get = 21.8([4c]

X_90 Wideh = 12.2[un]

X_hog Time = 1.1757952 [a]
X_hngle = 45[degl]

X_Aen = 2[dn]

X Pulue = 6.1[un]

Tre Mode - off

Tri_Mods = OLE

e T T T e T e e S Lt s
200190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 40.0 30.0 200 10.0 @

S REREE !

}.

LA A

149287
142.623
141.974
132.675
130.823
120312
77475
77.160
76.845
26.179

S56

i

13.196

&JEOL

===~ PROCESSING PARAMETERS ----

mzoid{ O[%]. O[%], BOIW], 100(%] }

era;
zerofill( 1 )
ffe({ 1, TRUE, TRUE )
machinephane

rpm
reference{ 77.11604 (ppm]. 45 (ppm] )

B FC@m#:: TY383_Carbon-1-1 jdf

= Ci\Documents and Setting|
Author = delta
Experipent = carbon. jxp
Sangle_Id = TY383
Solvent = CHLOROPORM-D
Creation Time ® 18-APR-2013 13:16:37
Revision_Time = 25-APR-2012 14:47:04
Current_Time = 25-APR-2012 14:47:27
Comment = single pulse decoupled g|
Data_Format = 1D COMPLEX
Dim_Size = 26214
Dim Title » Carbonll
Dim Oniks = [ppm]
Dimensionn - X
Site = JHM-EC3400
Spactromater = DELTAZ NMR
Field IMRz]

5. 4}
1.03005024 (8]
i

100.90247963 [MHz]

= 100.0 [ppnal

- 32768

-4
X = 0.96310718 [Hx]
X _Sweep = J1.56565657 [kHz]
X_Sweep Clipped = 25.25252525 [kuz]
Irr_pomain = Proten
Irr_Freq = 401.20219056 [MHx]
Trr Offset = 5lppm]
Clipped - FALSE
scans = 512
Total Scans = 513
Relaxation Delay = llsl
Recvr_Gain - 60

Gt = 23.1[de]

X 50 Widch = 10.8[un]
X_Acq_Time = 1.03805024 (8]
X_angle = 30[dag)
X_Atn = £[dA]
X_Pulse = 3.5[un]
Irx_Ata_Dec - 21.497[dB]
Irr_Atn_Noa = 21.487[dB)
Irr_MNoise = WALTZ
Irr_Pwidth = 0.115 [mn]
Decoupling = TRUE




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

DFILE 397 H.als

auto
::é’gﬂ gwhgggggacﬂwmgumvm E:g2333”m!322§2§“53%2523*§ COMNT  auto
..... e by o o e e e e .“:"'."!“3”“’:*"'“‘”” SHSHSSSS5S2S DATIM Tue May 15 17:15:38 2012
00 00 G0 b= F= f= = E= b= b= b= b= b= t= b= b= b B b e b= b b 5 03 030 00 0 ©F v+t i vt 4t 7d 3t ek v vt ot ok 7 ek e h 7 i OBNUC R

POINT 16384
FREQU 7912.96 Hz
SCANS 16
ACQTM 2.0705 sec
FD 4.9290 sec
PW1 6.40 usec
IRNUC  1H
/\/\/\/OH CTEMP 206 ¢
N SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 12
]
I
=
=
| -]
s ) [=:3
2 S - S
{ L
:[ = JLJ STHR
IIIIIIIIIiHIIIIIIIIIIFIIIII][]ITII1III|II1ITIIII|IIlIII1I1|[|HIIIII|IIIfIIlII[I[TIIIrI!lIIIIIIIII‘PTm'lil
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
auto DFILE 397 C.als
- - MO MNOnNNORS — — — — — a
8 as SRESEHEEREIEEREEse #8283 SBINEFERS 8222 BATIM Tue May 15 17:29:58 2012
g S 2288s-a85NgdEC22 ke ggdggddss Sdks el
L OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.84 Hz
SCANS 258
ACQTM 1.2206 sec
PD 1.7790 sec
PW1 6.50 usec
IRNUC  1H
CTEMP
SLVNT Dcrﬁ o
EXREF .16 ppm
BF 1.20 Hz
RGAIN 28
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50

b JEOL

N-O ===~ FROCESSING PARAMETERS ----
;o dc_balance( 0, rm:l r

N sexp( 0.2[Hz], 0.0

trapezoid( O[%]. n[\:l, Bo(s], 1000%] )

serofill( 1}
#fe{ 1, TRUE, TRUE )
NO, machinephane
wpm

4.0

ELFICE ¥ Tv4d_proton-1-1.jdf

C:\Documants and Sstting)
delta
proton. jxp
TY404

Filenane
Author
Experiment
Sample_Id
Solvent

4 Craation Time
4 Revinion Time
Curzent_Time

30

CHLOROFORM-11
30-MAY-2012 21:23:17
J0-MAY-2012 21:37:26
I0-MAY-2012 21:37:41

EEEEERE

conment
Dara_Format
1 Dim_Size

1 Din_Title
nim Unitn
it | Dinenaiona
o) Site
spectrometer

single pulee
1D COMPLEX
13107

Froton

[ppe)

x

JRM-ECS400
DELTAZ_}MR

Field Strength
X_Anq Duration

5.42499EB1[T] {400 [HH=] )
2.1757952 [w]

i
401.38219856 [Miz]
5 [ppm]

16304

1
0.45960208 [Hz]
7.53013048 [kHz)
€.0240963% [kHz]

K l“lﬂ _Clipped
e Irz_Domain

- Irr_Freq

- Irr_Dffset

Proton

401. 20219056 [MHz]
5 [ppm]

Proton
401.28219956 [HHz]
5 [ppml

FALSE

12

32

Tri Domain

fAym Tri_Freq
o . - ] 5 all= Trd, ot!nt
=g ! = e clipped
= = - b Scann
I | 1| (AT Total Scaas

.| - ) " | I S — | CINS— | E— i
T T T T [T T E e Tt et et et e tr s prerrorrerpr| Relaxation Delay

10.0 9.0 .0 7.0 6.0 50 0 3.0 2.0 0 | Reerr uin

4 10 Tenp Get

mi X_50_Width

T P - X_Acq_Time

AN A A AN A A e |

28 82f =428 ZRUSZ0BEIRT [

Bl o WG n Y T e IR
-1 < o o r"\rﬁrﬁrﬁ ___________

1

 —
201
2.00

0.9%
1.01

abundance

s(=]

4
20.714€)

2 [un]
2.1757952(n]
45 [deg)

2.4 48]
6 [us]
off

off

9.633

X : parts per Million : Praton

auto DFILE 404_0 als
=883
5353 DATIM 'muuwmoe-:sszamz
[REE |
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
32768
26845.64 Hz
12284
ACQTM 1.2206 sec
FD 1.7790 sec
PW1 6.50 usec
N-O IRNUC 1H
e CTEMP 209¢
_N SLVNT  CDCL3
EXREF 77.16 ppm

BF 1.20 Hz
NO, RGAIN 28

104.500
77.481
77.366
77.160

839
71.053

— 186.818
— 164.325
154
]4'."
145
44
135
134
132
129,
129,
129
128
128
123
123
121
- 35120

ERERSEUAAE e AR ]

II”“IIIHL”I””“ H”””;L”I“”“ IlIFIIlIIDLH'IIITTII TTTTTTITTT VI ITIT I I T ITT T TTTTT a|||||rpﬁ’(—
200.0 180.0 160.0 140.0 120.0 100.0 .0 .0 .0 .0
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DFILE 398 H.als

auto
Wi o OO TN—m T YOS - 0 e e D ww COMNT auto
ZE8 _?““§§EEE:E:;£&‘ 83§$S§§§3$$~=§§§§§§$§q;g DATIM  Wed May 16 16:13:00 2012
L TP PPN NE N MM i o GodNNN S S S S SSS3SS4 0BNUC  1H
EXMOD  NON

— 10.628
1
1
2
2
2
2

KL%%W(‘%,U '\W W OBFRQ 395.75 MHz
OBSET 124,00 KHz
OBFIN 10277.00 Hz

POINT 16384
FREQ%J 791?.698 Hz
ACQTM 2.0705 sec
FD 4.9290 sec
FW1 6.40 usec
IRNUC 1H

CTEMP l48¢c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 11

2 82
w ] "
b X &
L S | ! _
PPM
IIlIIlII'IlI'IIIlII'I[lIlIIlIIl]H][IHIllII’[IIII|I|l||||[|||]||||[ITIIIIrIII’]I]'IlHIIIIFI[I'II|IIII!ll[l[l[llllllfllll[lTrﬂ
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
auto r~ £ greegrnms aw n = gOMNT 39;!6&313
= — -« w0 S oo aui
g S & BS3TSRIEE T 22y $& 25 3588 DATIM  Wed May 16 16:22:32 2012
& 8 5 S83%855d5 < EEe o3 gg sSgos OBNUC  13C
o AaSSSNANS Ao EXMOD  BoM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS 167
ACQTM 1.2206 sec
FD 1.7790 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 183 ¢
SLVNT CDCL3
N-"Bu EXREF 77.16 ppm
/ BF 1.20 Hz
RGAIN 28
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=
=0
-
N <u.- PROCEGEING PARAMBTHRS ----
= dc_balance( 0, PALSE }
wezp{ 0.2[Rzl. 0.00u] )
= ] trapezcid( 0[], 0[%]. 80[%]. 10008l }
e serofill 1 }
— ®{ 1, TRUE, TRUE )
machinephase
PR
=
= BUFICE:: TY402B_proton-1-1.jdf
=4
o |
Filanams = C:\Documents and Eetebing|
Author = delea
S Expexizent = protoa.ixp
o sample_Id = TY402D
Golvent = CHLOROFORM-D
3 Creation Time ® 24-MAY-3012 20
= Rovisicn_Time = 4-MAY-201Z 31
P Current_Tine = Z4-MAY-201% 21:08:
Comment = single_pulss
= Data_Format = 1D COMPLEX
= Dim_Size = 13107
Dim Title = Proton
Dim Units = lppn)
3 Dimensions -x
= Site = JHM-EC5400
Ll Spectromater = DELTAZ_NMR
Field Strength = 3.42499681(T1 (400 [MHz]}
= X_Acqg Duration = 2.17579%52(s]
-+ X_Domain 1H
X Freg 401.39219856 [HHz)
X offnet = & [ppm]
= X_Polnts = 16384
il X_Prescans -1
x . 0. [H2]
X_Swmep = 7.53012048 [kRz]
X_Swesp Clipped = &.0240963% [kHz]
=3 Tr_Domain = Proton
I Irr Freg = 401.30219054 [HHz)
Trr_offast = 5 [ppm)
Tri_Domain = Proton
5 =] Tei _Freg = 401.282198%56 [MHx]
g- Tri_offaer = 5 [ppm]
= clipped = PALSE
g e ] g jig g Scans = 16
=] E Mo ~ J\ft—. - Total Scans - 16
Lk -
L Trvarre ' o SR EEAREERE Relaxation Delay =
Recvr_Gain -
9.0 8.0 7.0 6.0 5.0 4.0 3.0 Tamp_Get ik
x_90_wideh -
A AL rt
X_hagle
Lo oo me o X_Atn
3388028 8 T
eieied Aen clel ol Tri Mode
L ——— -
===+ PROCESSING PARAMETERS ----
de balance( 0, FALSH )
sexpl 2.00Hz]1. 0.0[al )
trapescid{ 0[%], § BOINl, 100(%] )
merofilli 1 )
££e{ 1, TRUE, TRUE )
machinephase
pom
WFE®®:  Tya0za_Carbon-1-1.jdf
Filename = Ci\Documents and Setting|
| Authox - delta |
Experiment = carbon.jxp |
Sample Td = TY403A
Solvent = CHLOROFORM-:
o Creation Time = 24-MAY-2012 20:48:14
S Revipion Time = 24-MAY-3013 21:27:48
Current_Time = 24-MAY-20132 21:28:07
= = single pulse decoupled
= = 1D COMPLEX
] - 36214
~ = Carbonll
= . = [ppml
1 =X
2 1 = JTHM-ECS400
= = DELTAZ_NMR
i - 5.42459601[T] (400 [Miz])
= = 1.03865024 [n]
= 13¢
= 100.90247863 [MHz]
- = 100.0(pps]
= = 12768
-4
" - 0.9633073% [Hz]
= = 11.56565657 [kHe]
1 = 35.252515325 [kKa]
- = Proton
= Irz_Freg = 401.28319856 [MHz]
Irr_offsmet = 5{ppa]
—d clipped = FALSE
: Scanm - 128
8= | Total_Scans = 128
N N .
g .1 | . on Delay = 1[s]
g =~ Y , i e v =al
= ] = 20.9[dC]
= '..,,..,,....,-..-,.-<.!...,,.,..,....,....,,...,..‘.,‘..-,.,..,..,.,.‘..,...‘,,........,,..,,.”.,n.,1..‘.,‘.n,”.q.”.,..:_M‘_L;‘M :;n;:ﬂienum
220.0 200.0 180.0 160.0 14000 12010 100.0 RO.O 60.0 40.0 20.0 0 =200 5 Angia - 20 (deg)
1o X_Atn - §.9(dB]
L LN A I AAN
Irr_Atn Dec = 22.028[dB
s & 7 2%s58%9 82 E2ES88388% Bestms oo
= = o Eei=in an =z = FTnoewmoo e by bl i
[ [ [ o o4 — e oen = L
E & & ®masinds EEE ¢35 RAREST oS
X : parts per Million : Carbon13
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DFILE 403A H.als
‘” ?3 g@g;ﬁ‘l‘!g COMNT
oo p 1 @edimEme DATIM Mon May 28 22:53:24 2012
H

0 1

EXMOD  NON

OBFRQ 395.75 MHz
OBSET 124.00 KHz
OBFIN 102;7.!]0 Hz

POINT 16384
O2N FREQU 7912.96 Hz
SCANS 16
ACQTM 2.0705 sec
N FD 4.9290 sec
\ PW1 6.40 usec
IRNUC 1H
CTEMP 21.9¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 20
]
!
3
3
: . L B
| st -
L 1 ) \
IIIfI]IIrl||IIIIITTlJII||IIFIlII[IITIrlI|IIIIHITI|IIIIIIHIIIIII]III|IIIIIlIHlHIIIIIII|IIIII1III|'|_l
10.0 9.0 7.0 4.0 0.0
auto = S DFILE 403A_C 4.als
CrRRERSEEENR2RE8E%S & = ARy guee s COMNT  auto
& ¥ qrﬁgg—.qqqqc\awqﬁ%"mﬁfz = 238 £ S35 S8 g383 DATIM  Tue May 20 08:47:44 2012
5 E 25ESESS83558Sg8dg 2 EEE 5 £I¥ S 888 88=:S OBNUC  13C
= L EOa L e RO, BOM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
32768
FREQU 26845.64 Hz
O,N 11744
ACQTM 1.2206 sec
I 1.7790 sec
N PW1 6.50 usec
\ IRNUC H
CTEMP 204 ¢
SLVNT  CDCL3
EXREF 77.16 ppm
BF 1.20 Hz
RGAIN 26
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auto DFILE 456_H.als

=2 = O 00 00 = £ U3 13 3 0 b= £ 40 b= 03 L o O i - — MNT
g8 F58ES32S3ISHENNS388R33R228 B B8RS R R B SRR BB ERE PO S e 05 12:47:39 2012
r 50 05 05 00 00 00 00 G0 £ b= b= b= B= b= b= b= b= b= b= b= b= b= b b= 5 3 05 05 €75 65 05 €73 00 0 0 rmt 7t 74 7 1 1 1t 1 7t ok ok et d o] OBNUC 1H il
EXMOD  NON
OBFRQ 395.75 Mz
OBSET 124.00 KHz
OBFIN 10277.00 Hz
POINT 16384
FREQU 7912,96 Hz
SCANS 16
ACQTM 2.0705 sec
E\I?v 4,9290 sec
L 1 6.40 usec
N-O IRNUC 1H
I N CTEMP 25.3¢c
SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
2 NO, RGAIN 17
]
8
!‘" =
S
w
2
gIE 2
2y @ P
] o« =
= e o ? \
- I
A _H—j_
PPM
IlIrIII]IJHIIIIIII IIIII1II1[I]HIIIII|IIIIIIIII[H!IJIII|[JII1II1IFITIIIIIIII|r]IIIIIIIIIII||lI|||lII!IlIII|I'I[II[I[TrT1
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
aUto 2 OION=MOM=0 omowgc—-mwnwwm—-gm —em DO O et = o9 gg&ﬁr :E&Cjah
§  S93NESS3RESSIneREEEETIIaC 8% 3532882538888 DATIM_  Sun Aug 05 14:55:48 2012
& EEEREREE BRI et EEe EEEEEEERE R OBNUC  13C
T o T e EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS 2539
ACQTM 1.2206 sec
FD 1.7790 sec
PW1 6.50 usec
IRNUC  IH
=5 CTEMP 243¢
) SLVNT  CDCL3
| _N EXREF 77.16 ppm
BF 1.20 Hz
RGAIN 27

562



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

=) = —
-+
<
Ll |
a ---- PROCESSING PARAMETERS -
i dc_balance( 0. FALSE
- mexp( 0. ]
traperoid( 0(%], O[v], 80[%), 100[%] )
= zexofilli 1)
* ffe( 1, TRUE, TRUR )
= machinephase
PP
=] EUFICH#:  TYS03A3 proon-
=
=24 - - —
o Pilenane = £i\Documenes and Setting)
i Author = delta
=i Expeziment = proton.ixp
4 Sanple_Id = TYS03B3
e solvent = CHLOROPORN-D
1 Creation Time = 14-DEC-1013 20:02:08
Revision_Tine = 14-DEC-2013 21:21:17
= Current_Time = 14-DEC-2012 21:21:52
-
= single_pulse
= 1D COMPLEX
=] Din_Bize = 13107
= Dim Title = Proton
1 Din Units = [ppm]
| Dinensions - X
—E| Sitw = JHM-ECS400
wi ] Bpectromater = DELTAZ MM
] Field Strength = §.42439681(T] (400 (MHz})
=] X_Acq_Duration . :'.'11'57953[-]
- = 401.28319856 [MHz]
1 - Sippal
= 16384
24 o -1
Lt} = = 0.45960208 [He]
i - P = 7.53013048 [kHa]
1 X_Sweep_Clipped = 6.02409639 [kHz]
o3 Irr_Domain = Proton
| Ier Frag = 401.38215886 [MHR]
Irr offnet = §{ppm]
Tri_Domain = Proton
Tri_Freq = 40128219856 [MNz]
E offset = 5(ppm]
] = FALSE
= -4
5 ad Total_Scans -4
2
= RERREAR. Relaxation Dwlay = S[=]
Reove_Gain =34
10.0 9.0 Tenp_Get = 22.10dc]
x_90_wWideh = 13 [ua]
¥ Aeq Time = 3.1757953[s]
X_Aagle = 45 [degl
| X_Atn = 3[dn]
X_Fulse = 6.5 [un]
| Irr Mads = off
Tri Mode - Off

- PROCESSING PARAMETERS ----
de_balamea( 0, FALSE }

sexpl 2.00Hz]. 0.0(8] )

crapezoid{ O[%]. O[%]. BO[%]. 100[%] )
zerofill( 1 )

£EL( 1, TRUE, TRAUE )

machinephase
| ppm
1 35 reference! 77.1255% [ppm], 7.26(ppm] )
1 GUFE@ : TY50383_Carbon-1-1.4df
|
<
| Filename ® Ci\Documents and Setting
1 Authos - delta
] Experisent = carbon. jxp
w1 sample_Id = TY50383
<] salvent = CHLOROFORM-D
1 Creation Time = 14-DEC-2013 20:03:01
Revision Time - 1 BC-2012 21:132:31
current_Tine = 14-DBC-2012 2113104

| Comment

| = single pulss decoupled g
Data_Format = 1D COMPLEX
Dim_Size = 26214
Dim Ticle « Carbanll
1 Dim Unien = [ppm]
1 Dimensions - X
1 Site = JHH-ECSA00
Lo 1 Spectromster = DELTAZ_MMR
o
1 Field Strength = 3.42499681(T] (400 [MHal)
X_Acg Duzation = 1.03805024 [a]
X_Domain - 13¢
% Frag = 100.90247863 [Mea]
i % Offmet = 100.0 [ppml
< 1 -4
= 0.9633073% [He]
= 31.5€565657 [kHx)
_Clipped = 25.35252525 KRzl
1 | _Domain - Protenm
- Irr_PFrag = 401.28219856 [MHz]
| Ter offner = % [ppm]
1 | | Clipped = PALSE
o 1 Scans - 512
g | Total _Scans = 512
= 1 L I Relaxation Delay » 1[s]
E o ot - , " |‘ I,|' v .|. X o 1‘:1 1 Recve_Gaia - 50
.§ } Tenp_Get = aa(dc]
I I I R I T O L = 4[ua)
200490.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 20.0 100 |¥Ac3, Tine * Lotvidoata)
3 X_Atn = 6[dn)
| | I YL J )\\ /] ]I \ oA \ ¥ Pulas « 3fun)
P, 1 .\ AL I AR T A T Irc_Atn Dec = 21.5351dB]
ra ~ N —~ = GO o [l S B M- ] Irs_Atn_Noe - 24.535(d8]
b 82 = =SE3H HS A= RRBE REIERT  |1muoise « LTS
= =~ i~ St rmo flo Pl R R - - e Ire_pwideh = 0.115(na]
o o oo R i B Lo R e A R e Decoupling = TRUE
X : parts per Million TCarbonl 3

S63



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2014

| o odEDL
=
= N/ ) =«xs PROCESSING PARAMETERS ----
1 \ dc_balance( 0, ru.s! b
1 O/N mexpi 0.2[nzl. 0.0[a
] trapezoid( 0[%], nm, BR[N], 10008 }
| sarofill( 1 )
{ ffe( 1, TRUE, TRUE )
| machinephane
=] wom
W)
) 3 BUFICeh®:: Ty507 3 proton-1-1.jdf
| Filenane « €:\Dacuments and Setting|
| Author = delta
=2 Experineat = proten.jxp
-] sample_1d = TYS07 1
1 Solvent « CHLOROFORM-D
1 Creation Tims ® 17-DEC-2012 131441238
| Mevision Time = 17-DEC-2012 14:12:20
| Current_Time = 17-DEC-2012 14113:52
Comment ningle pulu
o Dat 1D COMPLI
fouc Din_Size = 13107
Dim Title = Proton
| Din Units = [ppm]
| Dimensions .
| Site = JHM-ECS400
{ Spectrometer = DELTAZ_NMR
1 Field Strength = 9.43459681[T] (400 [MEal)
= | X_Acq Puration 2.,1757952 (8]
o1 = 10
| « 401283189856 [MHx)
| = &(ppa]
) = 16384
| | = 0.45960208 [He]
| = - = 7.53013048 [kHz]
= % _Swowp_ :upo-ou = 6.02409635 [kiz]
= Proten
et [l = 401.28319856 [MHn)
) Irr_offset = 3[ppn]
| ! w Ted Domain = Protom
| Tri_Freg = 401.28215856 [MAz]
| = - - = ) & Tri_nffset = Sippal
- ! = = = J = f Q‘J F =] J{ . clipped = PALSE
s ] d e ' { - e SR S = Scans -
g5 1 i Total Scans -8
8 e
[ '..,......,.......,;..............,...,......-..,.........|........-|......-.-|...-..-..,....---..,---------,hlmti:n_ﬂ-hv-:;ll
Recvr Gain -
9.0 8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0 -1.0 Tenp_ Gat - 21.91601
| [} X_50_wWidth = 13 [us]
i /\ I\‘ M A\ _,/'l T\ X_Acqg Tinme = 2.1757952[a)
\ AT\ il / v W I e —_— * Angle = 45 [deg]
| = - =R} RN Rl e -1 = X_Atn = 3[dB]
mo I~ &L = MOlS S o = X Pulse = 6.5 [us]
e R&8&8 & o % S oSS mAas oo TFr Mode = off
oo oo e v e e L T ] = e =
X ¢ parts per Million : Proton
< 0JEDL
N7 ]
1 b’ ---- PROCESSING PARAMETERS ----
de balanes( 0, PALEE |
sexpl 2.0(Hz], 0.00s
traposoid( 01%1, 0[%). 8008, 1000%] )
zezefilli 1}
i ffe( 1. TRUE, TRUE )
- machinephase
- B
3 TR TY507_Carbon-1-1.jdt
1 Filanams = Ci\Documents and Setting|
Author = delta
- Experiment = carbon. ixp
= Sanple_1d - TY507
Solvent = CHLOROFORM-D
Creation_Time = 17-DEC-2012 08:56:41
Revision_Time = 17-DEC-2012 11:35:16
current _Tims = 17-DRC-2012 11:35:44
Conment = ningle pulse decoupled g
= 1D COMPLEX
4 m_ - 25214
Dim_Title = Carbenll
o Dim Uniem = [ppm]
= Dimensionn - X
{ Site = JHM-ECSA00
) Spectroneter = DELTAZ_NMR
| Fisld Streangth = 9.424996E1(T] (400 (MHz))
X_Acg Duration = 1.03809024 (sl
X_Donain -
X_Fregq = 100,90247863 (M=)
1 x offaer = 100.0 [ppn]
X_Points = 32760
- X_Frescans -4
= A_mapalution = 0.96330739 [Hz)
{ X Swm « 11.56568657 (kHa]
{ ‘ X_Sweep Clipped = 215.25252535(kHz]
| Irr_Domain = Proton
{ | Izz_¥req = 401, 20215056 [Miz]
| Irr _DEfset = 5(ppnl
clipped = FALEE
P | Soans = 2048
2 1 | | | | | Total_Bcans - 2048
1 11
‘g | “ L Relaxation Delay = 1[n]
S = i » v - i - k9 Ve Vo Rucvi_Gain - 60
= Temp_Get = 32.3[dc]
= Povvagonings Ve g e pEer s P v R e e s e ep ey oy [ X 90 width = 9[us]
2000900 180, U I'.-'[.'I 0 Iﬁl{] ll IS(l ll I4[.'| 0 130.0 120, I] llll (0 100.0 90.0 8.0 70.0 60.0 500 40. 0 300 200 100 Q :-::{:l" . §af:::?°" = |
1 X_Atn - &ldB]
| ) I ,J}'|' (| | 4\ ) A N & L rulse <3 sl
/ 7). %, i) / L AN VAN TN Ir Atn Dee « 21.9357dm)
= - TN A SOOI W L] NN £ YRS Irc_Atn_Nos = 24.535148]
= - OO WL D e = D 00 D o oo O -+ (= B ] a2 B .
] ' mSo®moSmme = 8 T == LEm% gn mOdm T peiah bt
% & S3IFEENASSE ¥ EEE g3Ise SR |82z [Nl iaa
X : parts per Million Carbonl ¥
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