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Abbreviations

Abbreviations and Symbols

A
ACzO
Alloc
aq

AU
AUC
Boc
BODIPY
BINAP
br
BRET
BSA

C
Cosy
CTz
CTZ-400a
d
DCM
DDQ
DEA
DEE
DIC
DMA
DMEM
DMF
DMSO
DPBF
DPBS
dppf
E

E. coli
EDTA
El

ESI
etal.
EtOAc
EtOH
FBS
FRET
Grad
H6
HiBiT
HOAc
HMBC
HPLC
HSQC
HRMS
Hz
IPTG
IR

absorbance; absolute response of luminometer
acetic anhydride

allyloxy carbonyl

agqueous

absorbance units

area under curve

tert-butyloxycarbonyl
dipyrrometheneboron difluoride
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
broad

bioluminescence resonance energy transfer
bovine serum albumin

concentration

correlation spectroscopy

coelenterazine

coelenterazine 400a

duplet

dichloromethane
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
diethylamine

diethyl ether

N, N’-diisopropylcarbodiimide
dimethylanthracene

Dulbecco’s modified eagle’s medium

N, N-dimethylformamide

dimethyl sulfoxide
1,3-diphenylisobenzofuran

Dulbecco’s phosphate-buffered saline
1,1'-bis(diphenylphosphino)ferrocene

FRET efficiency

Escherichia coli

ethylenediaminetetraacetic acid

electron ionization

electrospray ionization

and others

ethyl acetate

ethanol

fetal bovine serum

Forster resonance energy transfer

gradient

hexa histidine-tag

11 amino acid peptide that binds with high affinity to LgBiT, forming active NLuc
acetic acid

heteronuclear multiple bond correlation spectroscopy
high-performance liquid chromatography
heteronuclear single quantum coherence
high-resolution mass spectrometry

hertz

Isopropyl B-D-1-thiogalactopyranoside
infrared spectroscopy



Abbreviations

J coupling constant (in NMR spectrometry)
k first-order rate constant

Km Michaelis Menten constant
LB lysogeny broth

LED light-emitting diode

LgBiT large BiT, subunit of NLuc

m multiplet (NMR); medium (IR)
m/z mass-to-charge ratio

MeCN acetonitrile

MeOH methanol

Mtt 4-methyltrityl

NLuc nano luciferase

NaOH sodium hydroxide

NHS N-hydroxysuccinimide

NIS N-iodosuccinimide

NMM N-methylmorpholine

NMR nuclear magnetic resonance
ns nanoseconds

ODeéoo optical density at 600 nm
PPhs triphenyl phosphine

ppm part per million

pTsOH p-toluenesulfonic acid

q quartet

qi quintet

RAM rink amide resin

RFU relative fluorescence units
RLU relative light units

rt room temperature

s singlet (NMR); strong (IR)

SD standard deviation

SPPS solid phase peptide synthesis
t triplet (spectra)

TEA triethylamine

TEBA benzyltriethylammonium chloride
TBS Tris-buffered saline

TFA trifluoracetic acid

TFE trifluoroethanol

THF tetrahydrofuran

TIPS triisopropylsilane

TLC thin-layer chromatography
TMG tetramethyl guanidine

TMS tetramethyl silane

Tris tris(hydroxymethyl)aminomethane
UV-vis ultraviolet-visible

w weak (IR)

(O singlet oxygen quantum yield
(01N luminescence quantum yield

O fluorescence quantum yield

o) chemical shift in parts per million downfield from tetramethyl silane
€ molar extinction coefficient

n solvent refractive index

T fluorescence lifetime



Abbreviations

L) fluorescence lifetime of FRET-donor
Toa fluorescence lifetime of FRET-donor in the presence of the acceptor
A wavelength



Materials and General Procedures

General Information and Experimental Procedures

Materials

All commercial reagents were purchased from the following companies and used without further
purification: benzyl bromide, bis(triphenylphosphine)palladium chloride, trifluoroacetic acid (TFA),
triisopropyl silane (TIPS), caesium carbonate, 2,6-lutidine, phenylsilane, sodium chloride from Acros
organics; sodium borohydride, 1,3-diphenylisobenzofuran (DPBF), boron trifluoride diethyl etherate
and palladium on carbon (10 wt % loading), formic aicd, resazurin sodium salt, phenyl phosphonic
dichloride, iodic acid, rose bengal, sodium azide, sulphur, thionyl chloride and 4-methyltrityl chloride
from Alfa Aesar; 2,4-dimethylpyrrole, palladium(ll) acetate and Fmoc-amino acids for SPPS from from
BLDpharm; oxyma, 6-bromohexanoic acid, N-iodosuccinimide (NIS) and N,N’-diisopropylcarbodiimide
(DIC) from Carbolution; piperidine from Carlo Erba; D,O from Deutero GmbH; CDCl; and DMSO-ds from
Eurisotop; 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP) and di-tert-butyl dicarbonate from
fluorochem; dimethylformamide (DMF) peptide grade from Iris Biotech (Germany); N-
hydroxysuccinimide (NHS) from Novabiochem; Dulbeccos modified eagle medium (DMEM) and
Dulbecco's phosphate buffered saline (DPBS) from Gibco (Thermo Fisher Scientific);
benzyltriethylammonium chloride (TEBA), benzyl 2-bromoacetate and sodium hydroxide from Thermo
Fisher Scientific; fetal bovine serum (FBS) from PAN Biotech; dimethyl sulfoxide (DMSOQ), pyridine, tert-
butanol and absolute ethanol (EtOH) from Merck; iodine, phenyboronic acid, triphenylphosphine, p-
toluenesulfonyl azide solution 11-15 % (w/w) in toluene, tetramethylguanidine (TMG), N-
methylmorpholine (NMM), rhodium(ll) acetate, allyl chloroformate, IGEPAL® CA-630, absolute EtOH,
trypan blue, trypsin-EDTA, 1,2-dibromethane, chlorobenzene, 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ), penicillin-streptomycin, ammonia (25%, aq), isopropyl beta-D-thiogalactoside
(IPTG), 1,4-dioxane, acetic anhydride, propan-1,2-diol, potassium carbonate, sodium carbonate,
sodium thiosulfate, Si-dimethylanthracene (Si-DMA), tergitol and bovine serum albumin (BSA) from
Sigma Aldrich ; tris(hydroxymethyl)aminomethane (Tris) ultrapure from AppliChem; 4-
hydroxybenzaldehyde, ethyl 2-(diethoxyphosphoryl)acetate, benzaldehyde, 1,2-dichlorbenzene,
benzyl alcohol, luminol, nitromethane, potassium tert-butoxide carbon tetrabromide, succinic
anhydride, trifluoro ethanol (TFE), tetrakis(triphenylphosphine) palladium(0) and erythrosine B from
TCl; ethylene diamine, imidazole, kanamycin, L-phenylalanine, L-tyrosine, potassium iodine, tween,
zinc dust and diethylamine from Roth; 2-amino-3,5-dibromopyrazine and
[1,1'-bis(diphenylphosphino)ferrocene]-palladium(ll) dichloride from chemPUR; HPLC-grade methanol
(MeOH), HPLC-grade acetonitril (MeCN), glycerol, triethylamine (TEA), Tris-buffered saline (TBS),
concentrated hydrochlorid acid and acetic acid from VWR. Organic solvents were dried using standard
procedures.'! Water was purified with an ultrapure water purification system (Stakpure).

Unless otherwise stated, all reactions were performed under atmospheric conditions. All purchased
chemicals were used without further purification unless otherwise indicated, all solvents used for
synthesis were purified via distillation except for water and HPLC-grade solvents. If dried solvents were
used, it is mentioned in the synthesis procedures. Silica gel 60 (Merck, 0.063-0.200 mm) was used for
flash column chromatography. Analytical thin-layer chromatography (TLC) was carried out using
pre-coated 60 F254 silica gel slides (Merck). The TLC-plates were developed with the following stains
or visualized via UV irradiation:

1. UV light (254 nm)

2. ninhydrin developer (100 mg ninhydrin, 0.5 mL AcOH, 100 mL n-BuOH)

3. permanganate developer (3 g KMnOys, 20 g K,COs, 5 mL NaOH (aq), 5% (w/v), 300 mL H,0)

4. cerium molybdate developer (12 g of (NH4)2M004, 0.5 g of Ce(NH,)2(M004)s, 15 mL of H,S04, 235 mL
H,0)

All chemical structures were created using ChemDraw 20.0 software.
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Nuclear Magnetic Resonance (NMR) Spectroscopy

NMR spectra were recorded at 300 K using the following instruments: A Bruker AV Il HD 300 MHz
spectrometer at frequencies of 300 MHz (*H) or 75 MHz (*3C); a Bruker AV Il HD 250 MHz at a frequency
of 282 MHz (*°F); and a Bruker AV lll HD 500 MHz spectrometer at frequencies of 500 MHz (*H) or 125
MHz (*3C). 2D-NMR spectra were recorded with a Bruker AV Il HD 500 MHz spectrometer. The 'H and
13C NMR spectra were referenced to solvent residue peaks. As internal standards, deuterated
chloroform (CDCl3) or deuterated dimethyl sulfoxide (DMSO-ds) with tetramethylsilane (TMS) or
deuterated water (D,0) were used. Solvent shifts in ppm: CDCls, § = 7.26 ppm (*H) and 77.2 ppm (*3C);
DMSO-ds, 6 = 2.50 ppm (*H) and 39.5 ppm (*3C); D20, 6 = 4.79 ppm (*H).[2 Automatically measured 'H-
NMR spectra were recorded from -0.5 to 14.0 ppm, manually measured spectra were recorded from -
0.5 to 10.0 ppm, unless otherwise noted. All 3C-NMR spectra were recorded from -5 to 215 ppm. The
assignment of the signals was based on 2D NMR, i.e. HSQC, HMBC and COSY. The coupling constants
(/) are noted in Hz and the multiplicity is specified as follows: s = singlet, d = duplet, t = triplet, q =
guartet, gi = quintet, m = multiplet and br = broad. The evaluation of the obtained spectra was carried
out using Bruker TopSpin 4.1.3 software.

High-Resolution Mass Spectrometry (HRMS)

High resolution electrospray ionization (ESI) mass spectra were acquired with an LTQ-FT Ultra mass
spectrometer (Thermo Fischer Scientific), high resolution electron ionization (EI) mass spectra were
recorded using an AccuTOF GCv mass spectrometer (JEOL). HPLC-MS analysis performed with a LTQ-FT
Ultra coupled to an Agilent 1260 Infinity Il HPLC (Agilent Technologies, USA). The resolution was set to
100,0 - 2000,0.

Infrared Spectroscopy (IR)

The IR spectra were recorded with the Bruker IFS 200 spectrometer. Intensities are reported as follows:
s = strong, m = medium, w = weak band.

Fluorescence Lifetime (t) Measurements

All measurements were carried out in three independent measurements in black clear bottom 96 well
plates (uclear, Greiner Bio-One, reference: 655096, Austria). Samples were measured at 150 uM final
concentration in 60% propan-1,2-diol, 35% EtOH and 5% glycerol. The sample BODIPY-CO;H (22) + CTZ-
400a (1) 1:10 contained 150 uM of BODIPY-CO;H (22) and 1.5 mM of CTZ-400a (1). For each
measurement, 90 pL of the sample solution was added to the wellplate.

The samples were excited at 465nm using a frequency-doubled Ti:Sa-oscillator (Coherent Discovery
NX) operated at 930 nm combined with a beta barium borate crystal (Thorlabs NCLO8) for second
harmonic generation. The repetition rate of 80 MHz was reduced by a pulse picker (APE pulse select)
with a division ratio of 15 to avoid accumulation effects. A Mitutoyo Plan-Apo 10x objective was used
to focus the beam on the sample and the fluorescence was separated from the laser light using a
490 nm longpass dichroic mirror (Thorlabs DMLP490). The fluorescence of the excited samples was
spectrally resolved by a spectrometer (Teledyne Spectra Pro HRS-300) and recorded with a streak
camera setup (Optronis SC-10 with a TSU12-10 slow sweep unit).

Lifetimes T were determined by fitting a monoexponential decay function to the time resolved data
from 3-12 ns. Short and long timescales were excluded to minimize the effect of nonlinear effects (at
early times because of high excitation densities) and noise (at long timescales because the signal

decays). FRET-efficiencies were determinedas E = 1 — ?—A.
D

2
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Figure S1: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, transients
plotted with linear intensity axis, first replicate.
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Figure S2: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, , transients
plotted with linear intensity axis, second replicate.
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Figure S3: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, , transients
plotted with linear intensity axis, third replicate.
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Figure S4: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, transients
plotted with logarithmic intensity axis, first replicate.
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Figure S5: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, transients
plotted with logarithmic intensity axis, second replicate.
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Figure S6: Fluorescence lifetime measurement in 60% propan-1,2-diol, 35% EtOH and 5% glycerol, transients
plotted with logarithmic intensity axis, third replicate.
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Table S1: Fluorescence lifetimes T measured in 60% propan-1,2-diol, 35% EtOH and 5% glycerol of 150 uM stocks.

BODIPY-CO,H | BODIPY-CO,H | BODIPY-CO.H | Long BODIPY- | Short
(22) (22) + CTZ- (22) + CTZ- CTZ (5) BODIPY-CTZ
400a (1) 1:1 400a (1) 1:10 (3)
Replicate 1 4.597 4.372 4.383 3.781 3.672
Replicate 2 4.546 4.526 4.331 3.813 3.595
Replicate 3 4.599 4.508 4.388 3.863 3.585
Mean + SD 4581+0.030 | 4.469+0.084 | 4.367+0.032 | 3.819+0.041 | 3.617+0.048

Table S2: FRET efficiencies in percent measured in 60% propan-1,2-diol, 35% EtOH and 5% glycerol of 150 uM

stocks.

BODIPY-CO,H (22)
+ CTZ-400a (1) 1:1

BODIPY-CO2H (22)
+ CTZ-400a (1)
1:10

Long BODIPY-CTZ
(5)

Short BODIPY-CTZ
(3)

Replicate 1 4.56 4.32 17.46 19.84
Replicate 2 1.20 5.46 16.76 21.52
Replicate 3 1.59 4.21 15.67 21.74
Mean £ SD 2.45+1.84 4.66 £ 0.69 16.63 £0.90 21.03+1.03

Fluorescence Quantum Yield (®¢) Determination

Fluorescence intensity values for the quantum vyields were determined on a FP-6500
spectrofluorometer (Jasco) in a 3400 pl fluorescence quartz cuvette (HellmaAnalytics, 104F-QS, 10 x
10 mm light path) in triplicate using the following settings:

Excitation: 500 nm, 3 nm bandwidth
Emission wavelength scan: 505-650 nm, 3 nm bandwidth.

Absorbance values were measured on a Tecan (Switzerland) Spark 20M multimode microplate reader
at room temperature (rt) in triplicate. From all spectra the corresponding background signal was
subtracted. All measurements were following the procedure of Horibal® and using the equation:

2

P e i) 4
F = st 2
GTadST T]ST

@ Fluorescence quantum yield.

Grad, and Gradgr: Gradient from the plot of integrated fluorescence intensity vs absorbance.
Ny and ngr: Refractive index of the used solvent.

As reference compounds, fluorescein in 0.1 M NaOH (®¢ = 0.790M, n = 1.33000!) and rhodamine B in
EtOH (®f = 0.4901¢, n = 1.3612[") were used.
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High-Performance Liquid Chromatography (HPLC)

For analytical HPLC analysis, an Agilent 1260 Series analytical HPLC-system (Agilent Technologies) with
a flow rate of 1 mL/min at 55 °C was applied. As solvents, ultrapure water with an addition of 0.05%
TFA (A) and MeCN with an addition of 0.03% TFA (B) were used.

Table S3: Columns for analytical HPLC-MS. All analytical runs were performed at 55 °C with a flow rate of
1 mL/min. The specific column and gradient used are noted at the corresponding chromatogram.

Column Column specifications
Column 1 Eclipse XDB-C18 80 A column (1.8 pm, 50 x 4.6 mm; Agilent), 1 mL/min
Column 2 Kinetex XB-C18 100 A column (5 um, 150 x 4.6 mm; Phenomenex), 1 mL/min

Preparative HPLC for peptide purification was carried out at 25 °C by an Agilent 1260 Series preparative
HPLC system (Agilent Technologies). Ultrapure water (A) and MeCN (B) were employed as eluents with
an addition of 0.1 % of TFA for both solvents. The flow rates used are listed in the table below.

Table S4: Columns for preparative HPLC. All preparative runs were performed at 25 °C.
Column ‘ Column specifications
Column 3 ‘ Nucleodur EC 125/2 100-C18 (Macherey & Nagel), 250 x 21 mm, 5 um, 10 mL/min

Singlet Oxygen Quantum Yield (D)) Determination

The singlet oxygen quantum yield (®,) determination was performed based on the protocol reported
by Linden et al.l® using DPBF (21) as singlet oxygen sensor. All measurements were carried out in
triplicates in three independent measurements in black clear bottom 96 well plates (uclear, Greiner
Bio-One, reference: 655096, Austria). While a cuvette could also be used, the plate reader improves
our efficiency. For this purpose, the compound of interest (Csinat = 0.54 uM, added from 5.4 uM stock
solution for samples measured in MeCN and Cfinai = 1.00 uM, added from 10.0 uM stock solution for
samples measured in MeOH) was mixed with the singlet oxygen trap (22, cfina = 200 uM, added from
800 uM stock solution) in 200 uL MeCN or MeOH. The concentrations of the stock solution were
determined using their molar extinction coefficients (Table S5) except for the DPBF stock solution,
which was prepared by weighting. In addition, wells containing: i) 200 uL of MeCN or MeOH and ii)
DPBF (21, 200 uM) in MeCN or MeOH were used as controls. Irradiation was performed with a custom-
made 96-LED-array (Amax = 517 nm, luminous intensity: 16000-27000 mcd, viewing angle: 23°, AVAGO
HLMP-CM2B-120DD, Broadcom Limited, United States). Previously, the luminous intensity was
measured with a photometer (detector integration time: 5 s, 300 scans) for each well in triplicate. The
mean luminous intensity of each well was determined followed by calculating the average luminous
intensity of all wells. For the ®, determination, only LEDs with an intensity * 5% of the average
luminous intensity were used for irradiation. The decrease of the DPBF absorbance at 410 nm was
recorded with a Spark 20M plate reader (Tecan) at 25 °C every 10 s of irradiation, starting with an initial
dark measurement. @, was determined of the following photosensitizers: 21-BODIPY-COH (2), short
21-BODIPY-CTZ conjugate 4, long 21-BODIPY-CTZ conjugate 6 using rose bengal (20, ® (MeCN) = 0.531)
or erythrosine B @, ((MeOH) = 0.62['9) as reference molecule. All photosensitizers as well as DPBF (21)
were handled protected from light.
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rose bengal (20) DPBF (21)
(reference compound) (102 sensor)

long 2I-BODIPY-CTZ conjugate (6) short 2I-BODIPY-CTZ conjugate (4)

Figure S7: Structures of molecules used during singlet oxygen quantum yield (Da) determination.

After the measurement, @, was calculated from the following equation!®:

X — q)ref_ kx _I:;ef
. A kref 1(316

d3: Singlet oxygen quantum yield.
ky and k.. First-order rate constants (103 s) of DPBF consumption in the presence of the to-be-determined compound
and reference, i.e., rose bengal (20), respectively.

IZ and Igef: Absorbance value of the to-be-determined compound and reference, i.e., rose bengal (20), respectively, at the
irradiation wavelength (517 nm).

The corresponding background signal was subtracted for all values.

UV-Vis Spectroscopy

Concentration determinations and UV-vis measurements were performed on a Tecan (Switzerland)
Spark 20M multimode microplate reader at rt. All steady-state measurements were performed in a
quartz cuvette (Hellma Analytics (282-QS)) with a pathlength of 1 cm in an initial volume of 800 pL or
in a quartz cuvette (black, Hellma Analytics (105.200 QS)) with a pathlength of 1 cm in an initial volume
of 100 pL. To determine the concentration, 2 uL were titrated into the cuvette at least four times
without exceeding 10% of the initial volume. The concentration of the stock solution was calculated for
each titration using the Lamber-Beer law. The extinction coefficients used are summarized in table S5.

A=¢-c-l

A = absorbance
& = molar extinction coefficient
¢ = concentration
l = path length
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Table S5: Extinction coefficients used for concentration determination.

Compound Extinction Coefficient

BODIPY-CO,H (22) £(MeCN, 496 nm) = 86086 M-1cm-1{11]
HiBiT peptide (HoN-VSGWRLFKKIS-CONH,, 19) €(H,0, 280 nm) = 5800 M-'cm1{12]

rose bengal (20) g(MeOH, 558 nm) = 104700 M-1cm-(13]
CTZ-400a (2) g(MeOH, 249 nm) = 23086 M-1cm4]

For 2I-BODIPY-CO;H (2) we used the extinction coefficient of the similar compound 17 whose
determination is described in the section: Molecular Extinction Coefficients. For conjugates 3-5 and 4-
6 we used the ones for BODIPY-CO;H (22) and 17, respectively since the coelenterazine moiety does
not absorb at the corresponding wavelength maxima.

Finally, the mean value of the stock solutions from at least four independent measurements was
calculated, ensuring that the difference among any single measurement was below 9%.

Absorbance Spectra

Absorbance spectra were measured at 5.4 uM of the corresponding compound (Figure S2) in MeCN
using a Tecan (Switzerland) Spark 20M multimode microplate reader at room temperature (rt) in a
quartz cuvette (black, Hellma Analytics (105.200 QS)) with a pathlength of 1 cm and 100 pL volume. All
spectra derived from two independent experiments, i.e., from 2 different stock solutions.

R =H, BODIPY-CO>H (22) R = H, short BODIPY-CTZ (3) R = H, long BODIPY-CTZ (5)
R =1, 2-BODIPY-CO,H (2) R= I, short 2I-BODIPY-CTZ (4) / R= 1, long 2I-BODIPY-CTZ (6)

Figure S8: Structures of molecules used in the absorbance and fluorescence measurements.
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Fluorescence Spectroscopy

Fluorescence spectra were recorded with a FP-6500 spectrofluorometer (Jasco) in a 200 plL
fluorescence quartz cuvette (black, Hellma Analytics, 10 x 2 mm light path) in duplicate from two
independent experiments, i.e., from 2 different stock solutions, with the following settings:

For BODIPY derivatives: Excitation: 480 nm, 3 nm bandwidth
Emission wavelength scan: 490-600 nm, 3 nm bandwidth.

For 2I-BODIPY derivatives: Excitation: 528 nm, 3 nm bandwidth
Emission wavelength scan: 535-645 nm, 3 nm bandwidth.

All fluorescence spectra were recorded in MeCN. Solvent blank values were subtracted for every
measurement.

o
(=3
o
1
g

IS
8

— 5uM 2I-BODIPY-CO,H (2)
— 5 uM long 2I-BODIPY-CTZ (6)
5 uM short 2I-BODIPY-CTZ (4)

400

Intensity /| RFU

N
s

T T r T T T
200+ 540 560 580 600 620 640

/ Wavelength / nm

/\

I % T 2 T * 1 * 1 L
540 560 580 600 620 640
Wavelength / nm

Fluorescence / RFU

Figure S9: Fluorescence spectra of iodinated BODIPY derivatives 2, 4, 6 in MeCN measured in duplicate (solid
line: first replicate, dashed line: 2. replicate).

Luminescence Quantum Yield (®g,) Determination

Luminescence measurements for the luminescence quantum yield determination were performed
with an ORION L microplate luminometer MPL4 (Berthold). For absolute calibration of the
luminometer, a luminol solution with known photon emission was used. According to Lee et al.[*%,
1.00 mL of a luminol solution (Asgonm = 1.00) in DMSO emits a total of 9.75 x 10%* photons, thus 100 pL
of a luminol solution (Aseo nm = 0.01) in DMSO emits a total of 9.75 x 10! photons. All measurements
were performed as three independent experiments, i.e., from 3 different stock solutions.

Measurement of the Luminol Reference Solution

Based on the procedure of Lee et al.l'¥, a solution of luminol (Asso nm = 0.01) in dry DMSO and a
saturated solution of potassium tert-butoxide in dry tert-butanol were prepared freshly. To a white 96-
well microtiter plate (Greiner Bio-One, reference: 655074, Austria), 100 uL of the luminol solution was
added. For blank measurements, 100 uL of dry DMSO was added to the well plate. The solvent lines of
the luminometer injection mechanism were primed with the potassium tert-butoxide solution
immediately before the experiment was started. 10 pL of the saturated potassium tert-butoxide
solution were injected to the samples and the luminescence was recorded over 20 min. The AUC (area
under the curve) of the obtained luminescence spectra was integrated, and the obtained value was
used for the calculation of the absolute response of the luminometer (A).

Equation for calculating the absolute response of the luminometer (A)1:

_ photons A: absolute response of the luminometer
~ total counts total counts: AUC of the luminescence spectra

10
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Measurement of the LgBiT-HiBiT Enzyme Complex + CTZ-400a (1) Sample Solution

Firstly, the active NLuc enzyme*”! was formed using a LgBiT/-His-tagged fusion protein (40 pM stock
solution in 25 mM Tris pH 7.5, 150 mM NaCl, 50% glycerol, 0.05% tergitol). For complementation, 50
pL of a solution containing 8.0 nM LgBiT/His-tagged and 400 nM HiBiT (19, 50.0 eq) in Tris buffer (50
mM Tris, 150 mM NaCl, 0.005% Igepal CA-630, pH 7.5) containing BSA (0.1 g/L) was prepared and
incubated (rt, 5 min, 300 rpm). Afterwards, the enzyme mix was diluted by adding 950 uL Tris buffer.
The diluted enzyme mix was further incubated (rt, 10 min, 300 rpm) and then stored at rt for further
30 min. In the meantime, a solution of 47.44 uM CTZ-400a (1) in Tris buffer was prepared and the lines
of the luminometer were primed with that solution. To a white 96-well microtiter plate (Greiner Bio-
One, reference: 655074, Austria), 35 pL of Tris buffer and 25 uL of 4-fold enzyme mix containing: i)
LgBlT/Hls-tagged (C4-f0|d stock = 400 pM; Cfinal = 100 pM) and ”) HiBiT (191 50 €(; Cs-fold stock = 20 nM; Cfinal =
5 nM) were added. For blank measurements, 60 uL of Tris buffer was added to the well plate. 50 pL of
the CTZ-400a (1) solution were injected to the samples and the luminescence was recorded over 160
min. The AUC of the obtained luminescence spectra was integrated, and the obtained value together
with the previously determined absolute response of the luminometer (A) allowed the calculation of
the luminescence quantum yield of NLuc oxidizing CTZ-400a (1).

Equation for calculating the luminescence quantum yield (®g)/%1:

total counts - A ®p;: luminescence quantum yield
D, = number of luciferins A: absolute response of the luminometer
total counts: AUC of the luminescence spectra
A Luminol B Luminol
2.5%107 2.5%x107
; 2x107 2 2x1074 -v- 1. Replicate
= % -e- 2. Replicate
g 1.5x107 g 1.5x107 -=- 3. Replicate
[*3 O
2 1x107+ 9 1x107+
£ £
E  sx1064 £ sxi0ed
w-d -l
0+ 0~
0 5 10 15 20 0 5 10 15 20
Time / min Time / min
C LgBiT-HiBiT Enzyme Complex + CTZ-400a (1)
6x10€
=
-l
(4
o 4x108
Q
c
@
Q
73
£ 2x108
E
3
-l
0 T T T N
0 50 100 150
Time / min

Figure S10: Luminescence measurements for the luminescence quantum yield determination. A) Luminescence
decay of the luminol reference solution. B) Three independent replicates of the luminol reference solution
luminescence decay shown separately. C) Luminescence decay of the enzymatic conversion of CTZ-400a (1) by
the LgBiT-HiBiT enzyme complex. The plots derived from three independent experiments, i.e., from 3 different
stock solutions.
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Table S6: Results of the ®p. determination of LgBiT-HiBiT enzyme complex oxidizing CTZ-400a (1). All values
obtained are mean values derived from three independent experiments. Photons emitted by the luminol solution
(Ase0nm = 0.01) in DMSO: 9.75 x 10*! photons; number of luciferins (CTZ-400a, 1): 1.4284 x10%> molecules.

Mean £ SD SD [%]
AUC (luminol) 30031378 £ 1378517 4.6
A (photons/count) 32512.9+1532.0 4.7
AUC (luciferin) 153282745 + 4666686 3.0
@5 (NLuc + CTZ-400a, 1) 3.49x 103+ 0,107 3.1

Michaelis Menten Constant (K,,) Determination

The experiments were carried out in Tris buffer (50 mM Tris, 150 mM NaCl, 0.005% Igepal CA-630,
pH 7.5). BSA (0.1 g/L) was added from a freshly prepared 10-fold stock solution in Tris buffer before
each experiment. First, concentration determination of freshly prepared stocks of HiBiT peptide 19 in
ultrapure water was performed. To form the active NLuc enzyme’”], a LgBiT/-His-tagged fusion protein
(40 uM stock solution in 25 mM Tris pH 7.5, 150 mM NaCl, 50% glycerol, 0.05% tergitol) was used. For
complementation, 150 L of a solution containing 1.6 uM LgBiT/His-tagged and 80 uM HiBiT (50.0 eq)
in Tris buffer containing BSA (0.1 g/L) was prepared and incubated (rt, 5 min, 300 rpm). Afterwards, the
enzyme mix was diluted by adding 2.85 mL Tris buffer. The diluted enzyme mix was further incubated
(rt, 20 min, 300 rpm) and then stored at rt for further 30 min. In the meantime, a 2-fold dilution series
of BODIPY-CTZ conjugates 3 and 5 (2:1) in Tris buffer starting with 100 uM concentration of the 2-fold
stock (11 concentrations) were prepared. The conjugates 3 and 5 were always handled in the dark.

In this assay, a total volume of 80 pL per well (20 uL Tris buffer, 40 uL of corresponding 2-fold conjugate
dilution and 20 pL 4-fold enzyme mix containing: i) LgBiT/His-tagged (Ca-fold stock = 80 NM; Csinal = 20 NM)
and ii) HiBiT (50 eq; Ca-fold stock = 4 UM; Csinal = 1 UM) was used in a white 96-well microtiter plate (Greiner
Bio-One, reference: 655074, Austria). In addition, wells only containing: i) the enzyme mix (20 pL of 4-
fold enzyme mix (80 nM LgBiT/His-tagged, 4 uM HiBiT) and 60 uL Tris-buffer) and ii) Tris-buffer (80 uL)
were prepared as controls. Furthermore, wells containing 40 uL of 2-fold conjugate dilution (Cfinal =
50 uM) and 40 pl Tris buffer were prepared. The addition to the 96 well plate was always carried out
in the same order. First, Tris buffer was added followed by the addition of the conjugate dilution. After
45 min preincubation time, 20 pL of 4-fold enzyme mix (80 nM LgBiT/His-tagged, 4 uM HiBiT) was
added to the 96 well plate and the solutions in the wells were mixed by pipetting 40 uL up and down
10 times within 3.5 min. The 96 well plate was shaken at 150 rpm at rt in the dark for 1.5 min. 5 min
after substrate (BODIPY-CTZ conjugate 3 and 5) addition, luminescence (100 ms integration time) was
recorded with a Spark 20M platereader (Tecan) at 25 °C.

Michaelis Menten equation[!8l;

_ Vinax * x Vinax: maximum enzyme velocity
Y= K, +x K., Michaelis-Menten constant

Equation for substrate inhibition[*°l:

_ Vinax " X Vinax: maximum enzyme velocity
y= x2 K., Michaelis-Menten constant
Ky +x++4 o
m K, K;: dissociation constant of second bound substrate

12
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Luminescence Spectroscopy

Luminescence spectra were measured with a Spark 20M platereader (Tecan) in duplicate from 2
different stock solutions using 20 nM LgBiT/-His-tagged protein and 1 uM of tested HiBiT peptide (HzN-
GGGGS-VSGWRLFKKIS-CONH3, 19) in the buffer: 50 mM Tris pH 7.5, 150 mM NacCl, 0.005% lgepal CA-
630 in which BSA (0.1 g/L) was added from a freshly prepared 10-fold BSA stock solution. The obtained
enzyme stock was preincubated for 45 min before the addition of the substrate (short BODIPY-CTZ
conjugate 3 and long BODIPY-CTZ conjugate 5: 14.8 uM). The readout was performed 5 min after
substrate addition.

Fluorescence-based Detection of Singlet Oxygen

The experiments were conducted in a mixture of 80% phosphate buffer (10 mM phosphate, 100 mM
NaCl, pH 7.4) and 20% glycerol. All samples were handled protected from light.

First, concentration determination of freshly prepared stocks of HiBiT peptide 19 in ultrapure water
was performed. To form the active NLuc enzyme*7, a LgBiT/-His-tagged fusion protein (40 uM stock
solution in 25 mM Tris pH 7.5, 150 mM NaCl, 50% glycerol, 0.05% tergitol) was used. For
complementation, 150 uL of a solution containing 20.8 uM LgBiT/His-tagged and 31.2 uM HiBiT (19,
1.5 eq) in phosphate buffer containing 20% glycerol was prepared and incubated (rt, 5 min, 300 rpm).
Afterwards, the enzyme mix was diluted by adding 2.85 mL phosphate buffer. The diluted enzyme mix
was further incubated (rt, 10 min, 300 rpm) and then stored at rt for further 30 min. In the meantime,
substrate 4-fold stock solutions of compounds 5 and 6 were prepared.

In this assay, a total volume of 100 uL per well in a black 96-well microtiter plate (Greiner Bio-One,
reference: 655076, Austria) was used. Samples contained phosphate buffer (47.5 uL), the
corresponding substrate (compound 5 or 6) added from a 4-fold stock solution (25 uL,
Ca-fold stock(COmpound 6) = 27.2 UM, Ca-fold stock(COMpound 5) = 50.0 uM) as well as the enzyme mix added
from a 4-fold stock solution (25 pL) containing: i) LgBiT/His-tagged (Ca-fold stock = 1.04 UM; Cfinal = 0.26 LM )
and ii) HiBiT (19, 1.5 eq; Ca-fold stock = 1.56 UM; Cfinal = 0.39 uM). Si-DMA was added from a 40-fold stock
in DMSO (Cao-fold stock = 1.00 MM; Cfinal = 25.0 tM).

In addition, wells containing:

a) 25 ulL of 4-fold substrate 25 WL, Ca-fold stock(COMpound 6) = 27.2 UM, Ca-fold stock(COMpound 5) = 50.0 uM);
2.5 uL of 40-fold Si-DMA in DMSO (Cao-+old stock = 1.00 mM) and phosphate buffer (72.5 uL)

b) 25 pl of 4-fold substrate 25 UL, Ca-foid stock(COMpound 6) = 27.2 UM, Ca-foid stock(COMpound 5) = 50.0 uM)
and phosphate buffer (75 ulL)

c) 25 pL of 4-fold substrate, Cs-fold stock(COMpound 6) = 27.2 UM, Ca-fold stock(COmMpound 5) = 50.0 uM; 25 plL
4-fold of enzyme mix (LgBiT/His-tagged (Ca-fold stock = 1.04 M) and HiBiT (1.5 eq; Ca-fold stock = 1.56 uM) and
phosphate buffer (75 uL)

d) 25 pL 4-fold of enzyme mix (LgBiT/His-tagged (Ca-fold stock = 1.04 uM) and HiBiT (1.5 eq; Catoidstock = 1.56
uM); 2.5 ulL of 40-fold Si-DMA in DMSO (Cao-old stock = 1.00 mM) and phosphate buffer (72.5 pL)

e) 2.5 pL of 40-fold Si-DMA in DMSO (Cso-fold stock = 1.00 mM) and phosphate buffer (97.5 uL)
were prepared as controls.

The addition to the 96 well plate was always carried out in the same order. First, phosphate buffer was
added to the 96 well plate followed by the addition of the substrate (compound 5 or 6). After 45 min
preincubation time of the enzyme mix, Si-DMA was added followed by the addition of the 4-fold
enzyme mix (80 nM LgBiT/His-tagged, 4 uM HiBiT). The solutions in the wells were mixed by pipetting
50 pL up and down 10 times. The 96 well plate was shaken at 150 rpm at rt in the dark for 40 min. After

13
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that time, fluorescence (excitation: 630 nm, 15 nm bandwidth; emission: 490-600 nm, 15 nm
bandwidth; gain: 180; Z-position: 17240) was recorded with a Spark 20M platereader (Tecan) at 25 °C.

Molar Extinction Coefficients

The molar extinction coefficient of 2I-BODIPY-NH, (17) was determined in MeCN at 528 nm. For this
purpose, a specific amount (>5.00 mg) of the compound was weighted on a Mettler Toledo XP6 micro
balance to prepare a solution of known concentration. Absorbance was measured in a 1400 plL quartz
cuvette (Hellma Analytics, 104F-QS) with a pathlength of 1 cm in a volume of 800 pL. Increasing
amounts of the corresponding stock solution (2 pL per addition) were added without exceeding 10 %
of the initial volume of the cuvette. Solvent blank values were subtracted for every measurement. The
recorded absorbance was between 0.1 and 1 AU to be in concordance with Lambert-Beer law:

A=¢c-c-l

A = absorbance
& = molar extinction coefficient
¢ = concentration
l = path length

The linear regression of the obtained absorbance versus the concentration of the corresponding
compound gave the molar extinction coefficient and the regression value (R?). The experiment was
performed three times independently, i.e., from 3 different stock solutions.

2 1.4+
<
= 1.2+

] R?=0.996

& = 65806 M'cm™’
SD =3.7%

o
< 0.0

0

21-BODIPY-NH, (17)

T 1 T 1
5x10-6 1x10-5  1.5x105  2x10°5
c/M

Figure S11: Extinction coefficient determination of 2I-BODIPY-NH; (17) in MeCN at 528 nm.
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Cell-Based Experiments

General Culture and Handling

All studies were conducted with a stable HEK-293t cell line carrying a vector for the expression of the
NLuc enzyme. HEK-293t cells were grown in flat-bottomed culture flasks (T75, Sarstedt, Germany) in a
humidified cell-culture incubator (Galaxy CO-170 S incubator, New Brunswick Scientific, USA) at 37 °C
under CO; (g) (5 % v/v). As growth medium, DMEM supplemented with FBS (5% v/v), penicillin (100
units mL™), and streptomycin (100 pg mL™) was used. Additives and trypsin were stored at -20 °C,
DMEM and DPBS were stored at 4 °C. All solutions were tempered to 37 °C with a water bath before
usage. Cells were grown to confluency and passaged every 1-3 days using trypsin-EDTA solution ftill
passage 14. All cell-based assays were performed with media containing 5% FBS.

Cell Viability Studies

Seeding: For the determination of seeding densities, cells were counted with a Neubauer cell counter.
200 pL of cell suspension (1.5x 10° cells/mL, DMEM supplemented with FBS (5% v/v)) were added to
the wells of a black 96-well cell culture microplate (Greiner Bio-One, 655086, Austria). The plates were
incubated for 24 h.

Treatment: The next day, the following amounts of cell media were removed: 120 pL for samples,
110 pL for solvent control and 100 pL for untreated cells and background measurements. Afterwards,
10-fold concentrated conjugate stocks (10 pL per well, final concentration 200 — 0.78 uM) in DMEM
media supplemented with FBS (5% v/v)) containing 5 % DMSO (cfina = 0.5%) were added to the cells
under red light irradiation and mixed by pipetting up and down 50 uL of the respective solution 10
times. To wells containing the solvent control, 10 uL DMEM media supplemented with FBS (5% v/v))
containing 5 % DMSO were given (csinal = 0.5%). The plate was covered with alumina foil and incubated
for 24 h in a humidified cell-culture incubator (Galaxy CO-170 S incubator, New Brunswick Scientific,
USA) at 37 °C under CO; (g) (5% v/v).

Data evaluation: After incubation, 20 pL of a 1.63 mM resazurin solution in DPBS was added to each
well and mixed by pipetting up and down 60 pL of the respective solution 10 times. Fluorescence was
measured using a Tecan (Switzerland) Spark 20M multimode microplate reader at rt with the following
settings: excitation wavelength: 560 nm, emission wavelength: 590 nm, bandwidth for excitation and
emission: 10 nm, gain: 80, Z-position: 20000 um. The measurements were carried out at 30-minute
intervals as long as the fluorescence of the untreated cells increased linearly. The cell survival of
untreated cells was assumed as 100% and the slope of each individual well was calculated. Relative
viability = (experimental slope - background slope)/(slope of untreated control-background slope) x
100 %. All values were obtained in triplicates. At least two independent measurements, i.e., from
different stock solutions, were performed.!®

15



Materials and General Procedures

LgBiT/His-tagged Expression and Purification

Single colonies of E. coli BlI21De3 harbouring LgBiT/His-tagged plasmid (Promega) were used to
inoculate starter cultures. The cultures were grown for 18 h at 37 °Cin LB media containing kanamycin
(50 pg/mL). The overnight culture was diluted 1:100 into a flask containing 500 mL of the same media
and grown for 20 h at 37 °C. Overexpression was induced by IPTG (500 uM) when an ODgqo of 0.5 was
reached. Cells were pelleted and re-suspended in a Tris-buffered saline solution (TBS, pH 7.5) with 0.2
mg/mL lysozyme and 1 tablet of ROCHE cOmplete™ protease inhibitor cocktail. For lysate preparation,
the sample was subject to three freeze/thaw cycles and short sonication. The lysate was centrifuged,
and the supernatant was loaded to a nickel-sepharose column (HisTrap FF 1 ml; Cytiva) and then
washed with 6-10 column volumes of buffer A: 25 mM Tris (pH 7.5), 300 mM NaCl, 5% glycerol, 2 mM
imidazole, 0.5 % Tween. Fractions were eluated with buffer B: 25 mM Tris (pH 7.5), 300 mM NaCl, 5%
glycerol, 200 mM imidazole, 0.5 % Tween, collected, pooled, and dialyzed against 50 mM Tris pH 7.5,
500 mM NaCl, 0.005% tergitol and 10% glycerol.

Pet28-LgBit, H6-LgBiT

Sequence:

MGSSHHHHHHSSGLVPRGSHMASMTGGQQMGRGSVGAQGNSGSSGGGGSGGGGSSGVFTLEDFVGDWEQT
AAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVIL
PYGTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTINSGSSGSAGSSGSKSK
LAAALEHHHHHH

Number of amino acids: 240

Molecular weight: 25318.26

Theoretical pl: 6.21

€(280 nm, ultrapure H,0): 19940 Mt cm'?

Purification
Buffer A: 25 mM Tris (pH 7.5), 300 mM NaCl, 5% glycerol, 2 mM imidazole, 0.5 % Tween
Buffer B: 25 mM Tris (pH 7.5), 300 mM NaCl, 5% glycerol, 200 mM imidazole, 0.5 % Tween

The final sample was diluted to a 40 uM stock containing 25 mM Tris pH 7.5, 150 mM NaCl, 50%
glycerol, 0.05% tergitol.
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Organic Synthesis

2,8-Dibenzyl-6-phenylimidazo[1,2-a]pyrazin-3-yl acetate (Ac-CTZ-400a, 27)

QLLC

Scheme S1: Synthesis of Ac-CTZ-400a (27) reported by Coutant et g/.[20]
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Ac-CTZ-400a (27) was synthesized following the procedure of Coutant et al.[?%! First, compound $9 was
oxidized using sulphur, which led to the aromatization. Afterwards, chlorination with phenyl
phosphonic dichloride resulted in the formation of pyrazine 10. Next, compound 26 was synthesized
by a Hartwig-Buchwald cross coupling reaction, which was finally converted into Ac-CTZ-400a (27).129

TLC (UV2sanm): Rr = 0.94 (DCM/MeOH 20:1, v/v).

'H-NMR (300 MHz, DMSO-ds): 6 = 8.74 (s, 1H), 8.05 (d, 3J(H,H) =

—7.19 (m, 8H), 4.48 (s, 2H), 4.09 (s, 2H), 2.37 (s, 3H) ppm.

7.1 Hz, 2H), 7.53 = 7.35 (m, 5H), 7.35

3C-NMR (75 MHz, CDCl3): & = 167.2 (CO), 153.1 (Cy), 139.2 (Cy), 138.2 (C,), 138.0 (Cy), 137.0 (Cy), 135.4
(Cq), 133.8 (Cy), 129.9 (2C; CH), 129.2 (2C; CH), 128.9 (2C; CH), 128.7 (CH), 128.6 (2C; CH), 128.4 (2C;
CH), 126.6 (CH), 126.6 (2C; CH), 126.6 (2C; CH), 109.0 (CH), 39.6 (CH,), 34.4 (CH,), 20.0 (CHs) ppm.

HRMS-ESI (m/z): [M + Na]* calcd for C,sH,3N30,Na: 456.1682; found: 456.1684.
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Figure S12: *H-NMR (300 MHz) spectrum of compound 27 in DMSO-ds.
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Figure S14: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 27 in positive ion mode.
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Deacetylation of Coelenterazine (Ac-CTZ-400a, 27)
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Scheme S2: Deacetylation of Ac-CTZ-400a (27) for in vitro experiments.

A part of Ac-CTZ-400a (27) was deacetylated for in vitro experiments using a protocol based on the
procedure reported by Coutant et al.[?%! For this purpose, Ac-CTZ-400a (27, 1.80 mg, 4.15 umol, 1.00
eq) was dissolved propan-1,2-diol (1.20 mL). Ethanol (500 pL) and concentrated HCI (5.00 L) were
added, and the reaction mixture was shaken at 50 °C for 3 h. After confirmation of full conversion of
the starting material by HPLC, further EtOH (200 pL) and glycerol (100 uL) were added to obtain a final
solvent composition of 60% propan-1,2-diol, 35% EtOH and 5% glycerol. The obtained stock solution
was centrifuged (rt, 1 min, 14000 rpm) and the concentration (~1.5 mM) was rechecked via absorbance
titration as described in the UV-Vis section. The stock was stored in the dark at -80 °C.
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Figure S15: HPLC chromatogram (220 nm, 5 — 95% of solvent B in 6.5 min, column 1) of coelenterazine

deacetylation at to.
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Figure S16: HPLC chromatogram (220 nm, 5 — 95% of solvent B in 6.5 min, column 1) of coelenterazine
deacetylation after 3 h.

HRMS-ESI (m/z): [M + H]* calcd for CyH2,N30: 392.1757; found: 392.1747.
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Figure S17: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 1 in positive ion mode.
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Organic Synthesis

Allyl (6-hydroxyhexyl)carbamate (30)
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Scheme $3: Synthesis of allyl (6-hydroxyhexyl)carbamate (30).21]

According to the procedure of Dufour et al.[?!], 6-aminohexan-1-ol (28, 1.00 g, 8.53 mmol, 1.00 eq) was
dissolved in dry DCM (40.0 mL) under nitrogen atmosphere. TEA (3.00 mL, 21.33 mmol, 2.50 eq) was
added. After cooling the reaction mixture to 0 °C, allyl chloroformate (29, 1.00 mL, 9.39 mmol, 1.10 eq)
was added slowly. The reaction mixture was heated to rt for 22 h with stirring. Afterwards, the reaction
was washed with distilled water (~¥150 mL, 2x), an aqueous solution adjusted to pH 2 with 1 M HCI
(~150 mL, 2x) and brine (~150 mL). Afterwards, the organic phase was dried over Na,SO,, filtered, and
concentrated under reduced pressure. The crude was purified by flash column chromatography using
n-pentane/ EtOAc (1:1, v/v) to give 30 (0.97 g, 4.83 mmol, 57%) as colourless crystals. The
characterization is in agreement with the literature.?3

TLC (permanganate developer): R = 0.24 (n-pentane/EtOAc 1:1, v/v).

1H-NMR (300 MHz, CDCl5): 6 = 5.98-5.85 (m, 1H), 5.29 (dd, 3J(H,H) = 17.2 Hz, 2J(H,H) = 1.6 Hz, 1H), 5.20
(dd, 3J(H,H) = 10.5 Hz, 2J(H,H) = 1.3 Hz, 1H), 4.69 (s, 1H), 4.56 (d, 3J(H,H) = 5.5 Hz, 1H), 3.63 (t, 3J(H,H) =
6.5 Hz, 2 H), 3.18 (t, 3J(H,H) = 7.0 Hz, 2 H), 1.61-1.47 (m, 4H), 1.41-1.33 (m, 4H) ppm.

13C-NMR (75 MHz, CDCl3): 6 = 156.5 (Cy), 133.1 (CH), 117.7 (CH,), 65.6 (CH.), 62.9 (CH,), 41.0 (CH,),
32.7(CH,), 30.1 (CH,), 26.5 (CH,), 25.4 (CH,) ppm.

HRMS-ESI (m/z): [M+H]* calcd for C1oH20NO3: 202.1438; found: 202.1439.
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Figure S18: 'H-NMR (300 MHz) spectrum of compound 30 in CDCls.
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Figure $19: 13C-NMR (75 MHz) spectrum of compound 30 in CDCls.
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Figure S20: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 30 in positive ion mode.
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Organic Synthesis

Allyl (6-bromohexyl)carbamate (31)
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Scheme S4: Synthesis of allyl (6-bromohexyl)carbamate (31).

Based on a procedure of Chatterjee et al.l??, allyl (6-hydroxyhexyl)carbamate (30, 1.00 g, 4.97 mmol,
1.00 eq) was dissolved in dry MeCN (37.0 mL) under nitrogen atmosphere. The solution was cooled to
0 °C and carbon tetrabromide (3.13 g, 9.44 mmol, 1.90 eq) was added followed by slow addition of
triphenylphosphine (2.61 g, 9.94 mmol, 2.00 eq). After 30 min, the solution was warmed to rt and
stirring was continued for 2.5 h. When TLC (permanganate developer) showed complete conversion of
the starting material, the solvent was evaporated, and the remaining residue was dissolved in distilled
water/ EtOAc (~200 mL, 1:1). The organic phase was washed with distilled water (~200 mL, 3x).
Afterwards, the combined aqueous phases were extracted with EtOAc (~200 mL, 2x). The combined
organic phases were washed with brine (~200 mL, 1x) and dried over MgSQ,. The solvent was removed
under reduced pressure, and the crude was purified by flash column chromatography
(n-pentane/EtOAc 9:1 > 4:1 (v/v)) to give the desired product 31 (1.20 g, 4.55 mmol, 91%) as a
colourless oil.

TLC (permanganate developer): Ry = 0.76 (n-pentane/EtOAc 1:1, v/v).

1H-NMR (300 MHz, CDCls): & = 5.95 — 5.86 (m, 1H), 5.33 — 5.19 (m, 2H), 4.70 (s, 1H), 5.56 (d, 3J(H,H) =
3.3 Hz, 2H), 3.40 (t, 3J(H,H) = 6.7 Hz, 2H), 3.18 (g, 3/(H,H) = 6.4 Hz, 2H), 1.86 (quint, 3J(H,H) = 7.2 Hz, 2H),
1.57 -1.43 (m, 6H) ppm.

13C-NMR (125 MHz, CDCls): 6 = 156.4 (-CO0-), 133.1 (CH), 117.8 (CH2), 65.6 (CH,), 41.0 (CH,), 33.9 (CH2),
32.7 (CH,), 30.0 (CHa), 27.9 (CH2), 26.0 (CH,) ppm.

HRMS-ESI (m/z): [M+Na]* calcd for CioH1sBrNO,Na: 286.0413; found: 286.0418.

25



Organic Synthesis

N RH
N /|

J Y L

T T T T T T T T T T T T T

T
13 12 1 10 9 8 7 6 5 3 2 1 PPM

JHE B A

Figure S21: 'H-NMR (300 MHz) spectrum of compound 31 in CDCls.
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Figure $22: 13C-NMR (125 MHz) spectrum of compound 31 in CDCls.
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Figure $23: HSQC spectrum of compound 31 (*H-NMR: 300 MHz, 33C-NMR: 125 MHz, CDCls).
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Figure S24: COSY spectrum of compound 31 (*H-NMR: 300 MHz, CDCls).
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Organic Synthesis

Allyl (6-(4-formylphenoxy)hexyl)carbamate (8)

OH
Ov©/

32
KoCO3, K

Brao o~ _——— O\/\/\/\NHAIIOC
NHAlloc MeCN o
86°C, 14 h X

31 8
91%

Scheme S5: Synthesis of allyl (6-(4-formylphenoxy)hexyl)carbamate (8).

Adapted from the protocol of Yoo et al.[?3, 4-hydroxybenzaldehyde (32, 0.46 g, 3.79 mmol, 1.00 eq),
potassium carbonate (1.26 g, 9.09 mmol, 2.40 eq) and potassium iodine (0.06 g, 0.38 mmol, 0.10 eq)
were suspended in dry MeCN (9.00 mL) under nitrogen atmosphere. Allyl-6-bromohexylcarbamate (31,
1.20 g, 4.54 mmol, 1.20 eq) was dissolved in dry MeCN (4.10 mL) and added to the suspension. The
reaction mixture was heated to 86 °C and refluxed for 14 h. Afterwards, the solid was removed by
filtration and the solvent was evaporated. The residue was purified by flash column chromatography
(n-pentane/EtOAc 3:1 — 1:1 (v/v)) to yield compound 8 (1.05 g, 3.43 mmol, 91%) as a white solid.

TLC (UV254nm): Rr = 0.36 (n-pentane/EtOAc 3:1, v/v).

1H-NMR (300 MHz, DMSO-ds): 5 = 9.86 (s, 1H), 7.85 (dt, “J(H,H) = 2.3 Hz, 3J(H,H) = 8.7 Hz, 2H), 7.17 (t,
3J(H,H) =5.4 Hz, 1H), 7.11 (dt, *J(H,H) = 2.3 Hz, 3J(H,H) = 8.7 Hz, 2H), 5.96-5.83 (m, 1H), 5.25 (dq, 3/(H,H)
=17.2 Hz, %J(H,H) = 1.7 Hz, 1H), 5.15 (dq, 3J(H,H) = 10.4 Hz, 2J(H,H) = 1.4 Hz, 1H), 4.44 (d, 3J(H,H) = 5.3
Hz, 2H), 4.08 (t, 3J(H,H) = 6.5 Hz, 2H), 2.98 (g, 3/(H,H) = 6.6 Hz, 2H), 1.73 (qi, 3/(H,H) = 6.8 Hz, 2H), 1.46-
1.28 (m, 6H) ppm.

13C-NMR (125 MHz, DMSO-ds): 6 = 191.2 (C,), 163.7 (C,), 155.9 (Cy), 133.9 (CH), 131.8 (2C; CH), 129.5
(Cy), 116.8 (CH,), 114.9 (2C; CH), 68.0 (CH,), 64.0 (CH,), 40.1 (CH,), 29.3 (CHa), 28.4 (CH2), 25.9 (CH.,),
25.1 (CH,) ppm.

HRMS-ESI (m/z): [M+Na]* calcd for C;7H,3NO4sNa: 328.1519; found: 328.1520.
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Figure S27: *H-NMR (300 MHz) spectrum of compound 8 in DMSO-ds.

8

o oAy

Y4
.mNV

‘8z
.mm\

0F—

pe—
‘89—

TRIT—~—
9T

.mNHln.f.
TTET—
ceeT"

"G8T—

TE9T—

TTET—

70—

ppm

40

DMSO-ds

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 oppm

210 200

Figure $28: 13C-NMR (125 MHz) spectrum of compound 8 in DMSO-d.
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Figure $30: COSY spectrum of compound 8 (*H-NMR: 300 MHz, DMSO-d).
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Figure S31: HMBC spectrum of compound 8 (*H-NMR: 300 MHz, 13C-NMR: 125 MHz, DMSO-ds).
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Figure S32: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 8 in positive ion mode.
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Organic Synthesis

3-Benzyl-5-bromopyrazin-2-amine (35)
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Scheme S6: Synthesis of 3-benzyl-5-bromopyrazin-2-amine (35).[24

Adapted from the procedure of Yuan et al.[?*! a solution of iodine (491 mg, 1.94 mmol, 0.10 eq) in dry
THF (30.0 mL) and HPLC-grade DMF (20.0 mL) was added to zinc dust (4.91 g, 75.1 mmol, 3.80 eq)
under nitrogen atmosphere using a syringe. The reaction mixture was stirred at rt until the brown
colour of the iodine disappeared. Benzyl bromide (33, 3.52 mL, 29.7 mmol, 1.50 eq) was added slowly
using a syringe and the reaction mixture was heated to 85 °C to reflux. After cooling to rt, 2-amino-3,5-
dibromopyrazine (34, 5.00 mg, 19.8 mmol, 1.00 eq) and a suspension of Pd(PPhs),Cl, (550 mg,
0.78 mmol, 0.04 eq) in THF/DMF 3:2 (75.0 mL) was added. The mixture was stirred at rt while
monitoring the reaction by TLC (UV3s4 nm). After 3 h, complete conversion was confirmed, and the
mixture was filtered through celite using EtOAc. The filtrate was washed with distilled water (~200 mL,
2x). The aqueous phase was extracted with EtOAc (~200 mL, 2x). The combined organic phases were
washed with brine (~200.0 mL, 1x), dried over Na,SO,4 and concentrated under reduced pressure. To
purify the remaining residue, silica gel column chromatography (n-pentane/EtOAc 4:1 — 3:1 — 3:2 —
1:1 (v/v)) was used, yielding the desired product (35, 4.66 g, 17.6 mmol, 89%) as a yellow viscous oil.
The characterization is in agreement with the literature.?4

TLC (UV254nm): Ry = 0.45 (n-pentane/EtOAc 2:1, v/v).

1H-NMR (300 MHz, CDCls): 6 = 8.01 (s, 1H), 7.35-7.27 (m, 3H), 7.23-7.20 (m, 2H), 4.42 (s (br), 2H), 4.07
(s, 2H) ppm.

B3C-NMR (75 MHz, CDCl3): 6 = 152.2 (C,), 142.4 (Cy), 142.0 (CH), 135.8 (Cy), 129.2 (2C; CH), 128.6 (2C;
CH), 127.4 (CH), 126.4 (C), 40.9 (CH:) ppm.

HRMS-ESI (m/z): [M+H]* calcd for C11H11BrNs: 264.0131; found: 264.0141.
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Figure S34: 3C-NMR (75 MHz) spectrum of compound 35 in CDCls.
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Figure S35: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 35 in positive ion mode.
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Organic Synthesis

3-Benzyl-5-phenylpyrazin-2-amine (37)
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Scheme S7: Synthesis of 3-benzyl-5-phenylpyrazin-2-amine (37).[24

Based on the procedure of Yuan et al.?Y, 3-benzyl-5-bromopyrazine-2-amine (35, 414.7 mg,
1.57 mmol, 1.00 eq) and phenylboronic acid (36, 287.1 mg, 2.36 mmol, 1.50 eq) were dissolved in
toluene (22.0 mL) at rt under nitrogen atmosphere. Absolute EtOH (6.20 mL) and a 1 M Na,COs (aq)
solution (15.0 mL) were added. Pd(dppf)Cl; (57.8 mg, 0.08 mmol, 0.05 eq) was suspended in toluene
(9.50 mL) and added to the reaction mixture. The mixture was stirred for 3.5 h at 100 °C. After cooling
to rt, the solution was filtered through celite and washed with EtOAc (~150 mL, 1x). The organic phase
was washed with distilled water (~150 mL, 2x) and brine (~¥150 mL, 1x), dried over Na,SO; and
evaporated. Purification was done by silica gel column chromatography (n-pentane/EtOAc 2:1 — 1:1
(v/v)) yielding 3-benzyl-5-phenylpyrazin-2-amine (37, 373 mg, 1.43 mmol, 91%) as a pale-yellow solid.
The characterization is in agreement with the literature.?*

TLC (UV2s4nm): Ry = 0.28 (n-pentane/EtOAc 2:1, v/v).

'H-NMR (300 MHz, DMSO-ds): 6 = 8.42 (s, 1H), 7.92-7.89 (m, 2H), 7.43-7.34 (m, 4H), 7.32-7.26 (m, 3H),
7.21-7.17 (m, 1H), 6.41 (s, 2H), 4.08 (s, 2H) ppm.

13C-NMR (75 MHz, DMSO-dq): & = 152.7 (Cy), 140.0 (CH), 138.7 (Cy), 138.1 (Cy), 137.1 (Cy), 136.9 (Cy),
128.9 (2C; CH), 128.6 (2C; CH), 128.2 (2C; CH), 127.3 (CH), 126.1 (CH), 124.7 (2C; CH), 38.6 (CH,) ppm.

HRMS-ESI (m/z): [M+H]* calcd for C17H16N3: 262.1339; found: 262.1342.
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Figure S36: *H-NMR (300 MHz) spectrum of compound 37 in DMSO-ds.
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Figure S37: 13C-NMR (75 MHz) spectrum of compound 37 in DMSO-ds.
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Figure S38: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 37 in positive ion mode.
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Ethyl-2-diazo-2-(diethoxyphosphoryl)acetate (39)
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Scheme $8: Synthesis of ethyl-2-diazo-2-(diethoxyphosphoryl)acetate (39).[2°!

Following an adapted procedure of Jaszay et al.?®, TEBA (0.25 g, 1.12 mmol, 0.10 eq) and ground
anhydrous potassium carbonate (6.17 g, 44.6 mmol, 4.00 eq) were suspended in dry toluene (28.4 mL)
under nitrogen atmosphere. Ethyl-2-(diethoxyphosphoryl)-acetate (38, 2.2 mL, 11.2 mmol, 1.00 eq)
was added using a syringe and the reaction mixture was heated to 60 °C. A solution of tosyl azide in
toluene (11-15% (w/w), 16.3 mL, 11.2 mmol, 1.00 eq) was added and the mixture was stirred at 60 °C
for 3 h. The complete conversion was confirmed using TLC (permanganate developer). After cooling to
rt, the precipitate was filtered and washed with EtOAc (~150 mL, 2x). The filtrate was washed with
0.5 M NaOH (~150 mL, 2x), distilled water (~150 mL, 2x 150) and brine (~150 mL, 1x), dried over MgSQ,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-pentane/EtOAc 4:1 — 2:1 — 1:1 — EtOAc, (v/v)) to yield the desired diazo
compound 39 (1.74 g, 6.95 mmol, 62%) as a colorless liquid. The characterization is in agreement with
the literature.[?®

TLC (permanganate developer): Ry = 0.18 (n-pentane/EtOAc 2:1, v/v).
1H-NMR (300 MHz, CDCls): & = 4.29-4.09 (m, 6H), 1.41-1.24 (m, 9H) ppm.

B3C-NMR (75 MHz, CDCl3): 6 = 163.6 (Cq), 163.5 (Cq), 63.8 (CH2), 63.7 (CH,), 61.8 (CH,), 16.3 (CH3), 16.2
(CHs), 14.5 (CHs) ppm.

IR: ¥ = 2984 (w), 2937 (w), 2909 (w), 2124 (s), 1701 (s), 1477 (w), 1446 (w), 1392 (w), 1368 (w), 1273
(s), 1216 (w), 1165 (w), 1095 (w), 1015 (s), 976 (w), 860 (w), 797 (w), 747 (m), 588 (w), 558 (m), 509
(w), 478 (w) cm™2.

HRMS-ESI (m/z): [M+Na]* calcd for CgH1sN,OsPNa: 273.0611; found: 273.0622.
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Figure $39: 'H-NMR (300 MHz) spectrum of compound 39 in CDCls.
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Figure S40: 3C-NMR (75 MHz) spectrum of compound 39 in CDCls.
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Compound 37

Q
SN
0

,o ha (OAC), _N__NH K
+ /\o P\ ‘
chlorobenzene
N2 K 100 °C, 24 h

Scheme S9: Synthesis of ethyl-2-((3-benzyl-5-phenylpyrazin-2-yl)amino)-2-(diethoxyphosphoryl)acetate (7).

Based on a procedure reported by Shakhim et al.l?”], chlorobenzene (7.10 mlL) was added to
aminopyrazine 37 (1.21 g, 4.64 mmol, 1.00 eq) and Rh3(OAc)s (205 mg, 0.46 mmol, 0.10 eq) under
nitrogen atmosphere. Next, the diazo compound 39 (1.48 mL, 6.95 mmol, 1.50 eq) was given. The
reaction mixture was refluxed at 100 °C. After 24 h, the reaction mixture was filtered over celite to
remove the catalyst, followed by purification using silica gel column chromatography (n-pentane/EtOAc
3:2 — 1:1 — 2:3 — pure EtOAc, (v/v)). The desired product 7 (1.59 g, 3.28 mmol, 71%) was isolated as
a brown solid.

TLC (UV2s4nm): Ry = 0.22 (n-pentane/EtOAc 3:2, v/v).

1H-NMR (500 MHz, DMSO-d): & = 8.57 (s, 1H), 7.97 (d, 3J(H,H) = 7.4 Hz, 2H), 7.44 (t, 3J(H,H) = 7.6 Hz,
2H), 7.36-7.33 (m, 3H), 7.31-7.28 (m, 2H), 7.23-7.20 (m, 1H), 6.58 (dd, J(H,H) = 8.8 Hz, 4.4 Hz, 1H), 5.30-
5.23 (m, 1H), 4.36 (d, 2(H,H) = 15.1 Hz, 1H), 4.22 (d, 2J(H,H) = 15.1 Hz, 1H), 4.18-4.11 (m, 2H), 4.10-3.87
(m, 4H), 1.20 (t, 3(H,H) = 7.1 Hz, 3H), 1.18 (t, ¥(H,H) = 7.1 Hz, 3H), 1.11 (t, %(H,H) = 7.1 Hz, 3H) ppm.

13C.NMR (125 MHz, DMSO-ds): 6 = 167.4 (C,), 149.9 (C,), 142.0 (C,), 140.4 (C,), 137.5 (Cy), 136.5 (Cy),
136.1 (CH), 128.8 (2C; CH), 128.8 (2C; CH), 128.5 (2C; CH), 128.0 (CH), 126.5 (CH), 125.3 (2C; CH), 63.1
(CH,), 63.0 (CH,), 61.5 (CH,), 52.5 (CH), 38.7 (CH2), 16.2 (2C; CH3), 13.9 (CHs) ppm.

HRMS-ESI (m/z): [M+Na]* calcd for C,sH30N30sPNa: 506.1815; found: 506.1820.
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Figure S43: *H-NMR (500 MHz) spectrum of compound 7 in DMSO-ds.

= [y
2=
— =

H

A

T
7
S
IL:L—'

60

'1"{:
cSl=2
oD

-
<
o

—e0

|

(=4
o
-

OO W DWW Oo WM

==t I

= ™M

TgE—

N

EG—=

‘T2

"E9
“ee
“E9
TEe

55
Y
|
JLLL
40 ppm
|
I

DMSO-ds

/
£§3.0 ppm

—_ -
™
o

£ \
B 6HT—— — g
6 6FT— T

prL9T— T |l/_

B S el S A I S LAY R AN Ll R ALY AR REAARAR] LAY SRR R T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

210 200

) spectrum of compound 7 in DMSO-de.

Figure S44: 13C-NMR (125 MHz

43



Organic Synthesis

l | "‘ ) 1 lilk ppm

l| Il l H

~100

~120

- 140

| \‘

0 9 8 7 6 5 4 3 2 1 0 ppm

Figure S45: HSQC spectrum of compound 7 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, DMSO-dg).
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Figure S47: HMBC spectrum of compound 7 (*H-NMR: 500 MHz, 13C-NMR: 125 MHz, DMSO-ds).
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Scheme $10: Synthesis of compound 9.

Adapted from the procedures of Shakhim et al.?”! and Hall et al.?8, pyrazine 7 (317 mg, 0.66 mmol,
1.00 eq) and aldehyde 8 (200 mg, 0.66 mmol, 1.00 eq) were dissolved in dry MeOH (16.0 mL) in the
dark and added to a flask under nitrogen atmosphere using a syringe. Tetramethyl guanidine (40,
0.94 mL, 7.53 mmol, 11.5 eq) was added and the reaction mixture was stirred at rt for 2 h. When TLC
(UV2s4 nm) showed no further conversion, the reaction was poured into a mixture of EtOAc/ 0.1 M HCI
(1:1). The product was extracted with EtOAc (150 mL, 3x). The organic phase was washed with brine
(150 mL, 1x), dried over Na,SO, and the solvent was removed under reduced pressure. The remaining
residue was purified by flash column chromatography (DCM/MeOH 200:1 — 100:1 — 50:1, (v/v)) to
receive a red solid. The red solid was dissolved in DCM/ dry MeOH (1:1, 5.40 mL) and treated with an
excess of NaBH4 (248 mg, 6.55 mmol, 10.0 eq). The mixture was stirred for 1 h at rt until TLC (UV254nm)
showed complete conversion. The reaction was quenched with distilled water (~150 mL). Subsequently,
the aqueous phase was extracted with DCM (~150 mL, 3x) and the combined organic phases were
washed with brine (¥150 mL, 1x), dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by flash column chromatography (DCM/MeOH 200:1 — 100:1 — 100:2 — 100:3
— 95:5 — 90:10, (v/v)) to isolate the desired coelenterazine (9, 105 mg, 0.18 mmol, 27%) as an orange
solid.

TLC (UVasanm): Ry = 0.17 (DCM/MeOH 100:1, v/v).

1H-NMR (500 MHz, MeOD-d,): & = 7.62 (s, 2H), 7.46-7.41 (m, 3H), 7.39 (d, 3J(H,H) = 7.6 Hz, 2H), 7.31-
7.20 (m, 6H), 6.80 (d, 3J(H,H) = 8.6 Hz, 2H), 5.94-5.86 (m, 1H), 5.27 (dd, 3J(H,H) = 17.3 Hz, 2(H,H) = 1.5
Hz, 1H), 5.14 (dd, 3J(H,H) = 10.5 Hz, 2J(H,H) = 1.0 Hz, 1H), 4.49 (d, 3J(H,H) = 5.2 Hz, 2H), 4.40 (s, 2H), 4.09
(s, 2H), 3.91 (t, 3J(H,H) = 6.4 Hz, 2H), 3.09 (t, 3J(H,H) = 6.7 Hz, 2H), 1.73 (qi, 3J(H,H) = 7.0 Hz, 2H), 1.53-
1.43 (m, 4H), 1.40-1.35 (m, 2H) ppm.

3C-NMR (125 MHz, MeOD-d,): 6 = 159.2 (2C; C,), 158.8 (Cy), 138.1 (2C; C,), 134.6 (CH), 131.7 (C,),
130.8 (2C; CH), 130.6 (2C; Cy), 130.1 (2C; CH), 129.9 (C,), 129.8 (2C; CH), 129.8 (2C; CH), 128.2 (2C; CH),
127.9 (2C; CH), 126.7 (Cy), 117.3 (CHa), 115.6 (2C; CH), 108.9 (CH), 68.9 (CH.), 66.2 (CHa), 41.7 (CHa),
30.8 (CH,), 30.3 (2C; CH,), 27.6 (2C; CH,), 26.8 (CH,) ppm.

HRMS-ESI (m/z): [M + H]* calcd for CssH39N4O4: 591.2966; found: 591.2967.
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Figure S51: HSQC spectrum of compound 9 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, MeOD-d,).
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Figure S52: COSY spectrum of compound 9 (*H-NMR: 500 MHz, MeOD-d,).
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Scheme S11: Synthesis of compound (13).

13

Based on a procedure reported by Coutant et al.’?%, coelenterazine 9 (130 mg, 220 pmol, 1.00 eq) was
dissolved in acetic anhydride (4.00 mL, 42.2 mmol, 192 eq) and stirred at rt for 2 h in the dark. When
TLC (UV2sanm) showed complete conversion of the starting material, the mixture was diluted with EtOAc
(~100 mL) and washed with distilled water (~100 mL, 3x) and brine (~100 mL, 1x) followed by drying
over Na;SO4. The solvent was evaporated, and the crude product was purified by flash column
chromatography (DCM/MeOH 100:1 — 100:2, (v/v)) to obtain 13 (139 mg, 218 umol, 99%) as a red
solid.

TLC (UV2s4nm): Rr = 0.17 (DCM/MeOH 100:1, v/v).

1H-NMR (300 MHz, MeOD-da): & = 8.29 (s, 1H), 7.91 (d, 3J(H,H) = 7.1 Hz, 2H), 7.46 (d, 3J(H,H) = 7.2 Hz,
2H), 7.39-7.30 (m, 3H), 7.24 (t, 3J(H,H) = 7.5 Hz, 2H), 7.17-7.14 (m, 1H), 7.12 (d, 3J(H,H) = 8.7 Hz, 2H),
6.79 (d, 3J(H,H) = 8.7 Hz, 2H), 5.96-5.83 (m, 1H), 5.26 (dd, 3J(H,H) = 17.2 Hz, 2J(H,H) = 1.5 Hz, 1H), 5.14
(dd, 3J(H,H) = 10.5 Hz, 2J(H,H) = 0.9 Hz, 1H), 4.51 (s, 2H), 4.48 (s, 2H), 4.03 (s, 2H), 3.88 (t, 3J(H,H) = 6.4
Hz, 2H), 3.07 (t, 3J(H,H) = 7.0 Hz, 2H), 2.23 (s, 3H), 1.71 (qi, 3J(H,H) = 6.6 Hz, 2H), 1.53-1.41 (m, 4H), 1.39-
1.31 (m, 2H) ppm.

13C-NMR (125 MHz, MeOD-ds): 6 = 169.0 (Cy), 159.2 (Cy), 158.7 (Cq), 153.2 (Cy), 140.2 (Cy), 139.0 (C),
137.6 (Cy), 136.8 (Cy), 134.6 (CH), 134.5 (CH), 131.1 (Cy), 131.0 (2C; CH), 130.5 (C,), 130.4 (2C; CH), 129.6
(2C; CH), 129.5 (Cy), 129.3 (2C; CH), 127.5 (CH), 127.4 (2C; CH), 117.3 (CH,), 115.6 (2C; CH), 111.1 (CH),
68.9 (CHa), 66.2 (CH,), 41.7 (CH,), 39.9 (CHa), 33.4 (CH,), 30.8 (CHa), 30.2 (CH,), 27.5 (CH,), 26.8 (CH,),
20.0 (CHs) ppm.

HRMS-ESI (m/z): [M + H]* calcd for C3sHa1N4Os: 633.3082; found: 633.3100.
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Scheme S12: Synthesis of compound 42.

Coelenterazine 13 (160 mg, 0.25 mmol, 1.00 eq) and Pd(PPhs)s (28.9 mg, 25.0 umol, 0.10 eq) were
added to a solution of succinic anhydride (41, 506 mg, 5.06 mmol, 20.0 eq) in DMF (1.00 mL).
Afterwards, phenylsilane (274 mg, 2.53 mmol, 10.0 eq) was added and the reaction mixture was stirred
under nitrogen atmosphere at rt in the dark for 45 min. Afterwards, the mixture was filtered over celite
and the supernatant was purified by using EtOAc. The filtrate was concentrated and purified by flash
column chromatography (n-pentane — n-pentane/EtOAc 1:1 + 1% HOAc (v/v)). The product-containing
fractions were combined, and the solvent was evaporated. To remove the remaining DMF and HOAc,
the residue was dissolved in EtOAc (~50.0 mL) and washed with distilled water/ brine (9:1, ~50.0 mL,
5x). The aqueous phase was extracted with EtOAc (~50.0 mL, 3x) and the combined organic phases
were dried with brine (~50.0 mL) and MgSO,. After evaporation of the solvent, the product 42 (137 mg,
0.21 mmol, 83%) was obtained as an orange oily solid.

TLC (UV2s4nm): R = 0.22 (n-pentane/EtOAc 1:1+ 1% HOAc, v/v).

H-NMR (500 MHz, MeOD-d.): & = 8.39 (s, 1H), 7.98 — 7.96 (m, 1H), 7.65 — 7.64 (m, 1H), 7.49 — 7.34 (m,
5H), 7.31—7.23 (m, 3H), 7.20 — 7.14 (m, 2H), 6.84 — 6.81 (m, 2H), 4.54 (s, 1.2H; CHa, penzy), 4.40 (s, 0.8H;
CH>, benzy1), 4.10 (s, 0.8H; CH>, venzyl), 4.07 (s, 1.2H; CHy, benzy), 3.95 — 3.90 (m, 2H), 3.18 — 3.14 (m, 2H),
2.58 — 2.55 (m, 2H), 2.45 — 2.42 (m, 2H), 2.28 (s, 1.97H; COOCHs), 2.24 (s, 0.21H; COOCHs), 2.09 (s,
0.25H; COOCHs), 2.01 (s, 0.26H; COOCHs), 1.99 (s, 0.31H; COOCHs), 1.78 —1.71 (m, 2H), 1.55—-1.44 (m,
4H), 1.42 - 1.36 (m, 2H) ppm.

13C-NMR (125 MHz, MeOD- ds): 6 = 176.3 (COOH), 174.4 (CONH), 169.2 (COCHs), 159.3 (C,), 153.4 (C),
140.5 (C,), 139.1 (C,), 137.8 (Co), 136.9 (Cy), 134.7 (Co), 131.1 (Cy), 131.0 (CH), 130.8 (CH), 130.7 (Cy),
130.4 (CH), 130.1 (CH), 129.8 (CH), 129.7 (CH), 129.7 (CH), 129.4 (CH), 128.2 (CH), 127.9 (CH), 127.6
(CH), 127.6 (CH), 115.6 (CH), 115.5 (CH), 111.3 (CH), 68.9 (CH.), 40.4 (CH,), 39.9 (CH,), 33.4 (CH,), 31.6
(CH,), 30.4 (CH,), 30.3 (CH,), 30.3 (CH,), 27.7 (CH2), 26.9 (CH,), 20.0 (CHs) ppm.

HRMS-ESI (m/z): [M - H]" calcd for C3gH39N4Os: 647.2875; found: 647.2871.
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Figure S61: '"H-NMR (500 MHz) spectrum of compound 42 in MeOD-d..
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Compound 44

Mtt-Cl

N pyridine Mt~ NH;
2 DCM H
43 0°C —r1t,4h 44

82%

Scheme S13: Synthesis of compound 44.

Following the procedure of Albert et al.??, ethylene diamine (43, 0.92 g, 15.4 mmol, 9.00 eq) was
dissolved in DCM (3.50 mL). Pyridine (2.50 mL) was added to the solution. After cooling the reaction
mixture to 0 °C, 4-methyltrityl chloride (0.50 g, 1.70 mmol, 1.00 eq) was added portion wise. The
solution was allowed to warm to rt and stirred for 4 h. Subsequently, the solvent was removed under
reduced pressure. The residue was dissolved in a mixture of DCM and water containing 1% TEA
(~100 mL). The aqueous phase was extracted with DCM (~100 mL, 3x). The combined organic phases
were dried over MgSQO, followed by removal of the solvent under reduced pressure. The crude was
purified by flash column chromatography (EtOAc, 1% TEA) to yield the product (44, 0.44 g, 1.40 mmol,
82%) as a pale orange oil. The characterization is in agreement with the literature.?”

TLC (ninhydrin developer): R; = 0.20 (EtOAc + 1% TEA).

H-NMR (300 MHz, CDCls): § = 7.48 (dd, 3J(H,H) = 7.5 Hz, 4H), 7.36 (d, J(H,H) = 8.2 Hz, 2H), 7.29 - 7.23
(m, 4H), 7.19 = 7.15 (m, 2H), 7.08 (d, *J(H,H) = 8.0 Hz, 2H), 2.80 (t, *J(H,H) = 5.9 Hz, 2H), 2.31 (s, 3H),
2.21(t, 3J(H,H) = 5.9 Hz, 2H) ppm.

13C-NMR (75 MHz, CDCl3): 6 = 146.4 (2C; C,), 143.2 (C,), 135.8 (Cy), 128.7 (4C; CH), 128.7 (2C; CH), 128.6
(4C; CH), 127.8 (2C; CH), 126.2 (2C; CH), 70.5 (CNH), 46.4 (CH,), 42.8 (CH,), 21.0 (CHs) ppm.

HRMS-ESI (m/z): [M + Na]* calcd for C2;H24N>Na: 339.1832; found: 339.1840.
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Organic Synthesis
Benzyl-2-(4-formylphenoxy)acetate (46)

1) K»CO;4

acetone o
OH 65 °C, 15 min
KEj/ 2)65°C — 1t ov§0
O‘ 3) [0} K©/
B
r\)ko/\Ph 0

32 45 46

65°C, 18 h

90%

Scheme S14: Synthesis of benzyl-2-(4-formylphenoxy)acetate (46).

Adapted from the procedure of Bensinger et al.3%, 4-hydroxybenzaldehyde (32, 2.30 g, 18.8 mmol, 1.00
eq) was dissolved in acetone (50.0 mL). Potassium carbonate (5.73 g, 41.4 mmol, 2.20 eq) was added
and the suspension was heated at 65 °C to reflux for 15 min. Afterwards, the mixture was cooled to rt
and benzyl 2-bromoacetate (45, 8.63 g, 37.7 mmol, 2.00 eq) was added. The reaction mixture was
stirred for 18 h at 65 °C. When complete conversion was observed, distilled water was added (~200 mL),
and the aqueous phase was extracted with EtOAc (~200 mL, 3x). The combined organic phases were
washed with brine (~¥200 mL, 1x) and dried over Na,SO,. The solvents were removed under reduced
pressure and the obtained crude was purified by flash column chromatography (n-pentane/EtOAc 5:1
— 2:1 — 1:1 (v/v)) to give the product (46, 4.60 g, 17.0 mmol, 90%) as a colourless oil, which
crystallized to white solid after one day storage at 4 °C. The characterization is in agreement with the
literature.3%

TLC (UV254nm): R = 0.64 (n-pentane/EtOAc 2:1, v/v).

1H-NMR (300 MHz, CDCls): 6 = 9.89 (s, 1H), 7.83 (d, 3J(H,H) = 8.8 Hz, 2H), 7.39 — 7.31 (m, 5H), 6.99 (d,
3J)(H,H) = 8.8 Hz, 2H), 5.25 (s, 2H), 4.75 (s, 2H) ppm.

13C-NMR (125 MHz, CDCls): 6 = 190.8 (CHO), 168.1 (CO0), 162.7 (Cy), 135.1 (C,), 132.1 (2C; CHy), 130.9
(Cq), 128.8 (CH), 128.8 (2C; CH), 128.7 (2C; CH), 115.1 (2C; CH), 67.4 (CH3), 65.3 (CH,) ppm.

HRMS-ESI (m/z): [M + H]* calcd for C16H1504: 271.0965; found: 271.0959.
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62



Relative Abundance

100
90—}

N W OB O O N @
o o o o o o o
P b e b e e 1

=y
[=]

261 1,0729 263.1170

Organic Synthesis

271.0959

270.0887

272,0992

273.1026 2754525 279.0923 282.1116  2856.0721

[=]
(=l =)

0
o
Leil

@
(=]
1

271.0965 NL:

1.95E4

CigH1a OgH:

CigH1504

p (gss. s /p:40) Chrg 1

R: 30000 Res .Pwr . @FWHM

272.0999

270

273.1024 2761101 278.1150
LARASLAARME RARRE RARAERRARE AL REEE REARE RERR RN LR A

275 280 285
m/z
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BODIPY-CO;H (22)

Qofo 1) cat. TFA, DCM, rt, 16 h

2)DDQ, rt,2h

H
o) N 3) TEA, BF3- OEty, 0°C —rt,4.5h
+ 2 | Y,
4) Hp, Pd/C, EtOH/ DCM 1:1,rt, 16 h

11% over 4 steps

Scheme S15: Synthesis of BODIPY-COzH (22).

Adapted from the conditions described by Kolemen et al.3Y and Romanelli et al.3?, benzyl-protected
4-carboxybenzaldehyde (46, 100 mg, 0.37 mmol, 1.00 eq) and 2,4-dimethyl pyrrole (47, 0.08 mL, 0.77
mmol, 2.10 eq) were dissolved in degassed DCM (7.00 mL) under nitrogen atmosphere. A drop of TFA
was added and the mixture was stirred for 16 h at rt in the dark. After the consumption of the starting
material was confirmed by TLC (UV2s4 nm), DDQ (83.3 mg, 0.37 mmol, 1.00 eq) and degassed DCM
(2.00 mL) was added to the mixture. Stirring was continued at rt for 2 h in the dark. Then, TEA (0.51
mL, 3.67 mmol, 10.0 eq) was added. The reaction mixture was cooled to 0 °C, then boron trifluoride-
diethyl ether complex (0.47 mL, 3.67 mmol, 10.0 eq) was added dropwise and the stirring was
continued for 4.5 h at rt. Afterwards, the reaction mixture was washed with NaHCOs (~150.0 mL, 1x)
and distilled water (~150 mL, 2x). The aqueous phase was extracted with DCM (~150 mL, 3x) and the
combined organic phases were washed using brine (~¥200 mL, 1x) and dried over Na,SO4. After
evaporating the solvent, the gained crude was purified by flash column chromatography
(n-pentane/EtOAc 9:1 — 4:1 — 2:1 (v/v)). The obtained substance was dissolved in a 1:1 mixture of
EtOH/ DCM (50.0 mL). Pd/C (27.5 mg) was added, and the reaction mixture was stirred strongly under
hydrogen atmosphere at rt in the dark. After 16 h, all solid components were removed by filtration of
the reaction mixture over celite and washed with EtOAc. The solvent was evaporated, and the product
was purified by flash column chromatography (n-pentane/EtOAc 1:1 (v/v) — EtOAc, 1% formic acid) to
yield the product 22 (15.6 mg, 0.04 mmol, 11%) as an orange solid.

TLC (UV2s4nm): Rr = 0.21 (DCM/MeOH 50:1 + 1% formic acid, v/v).

H-NMR (500 MHz, CDCls): § = 7.22 (dt, 3J(H,H) = 8.7 Hz, “J(H,H) = 2.5 Hz, 2H), 7.05 (dt, 3J(H,H) = 8.7 Hz,
4J(H,H) = 2.5 Hz, 2H), 5.97 (s, 2H), 4.76 (s, 2H), 2.55 (s, 6H), 1.41 (s, 6H) ppm.

13C.NMR (125 MHz, CDCls): 6 = 172.7 (C,), 164.3 (Cy), 158.2 (2C; Cy), 155.7 (Cy), 143.2 (Cy), 141.3 (Cy),
131.9 (Cq), 131.9(Cy), 129.7 (2C; CH), 128.8 (Cy), 121.4 (CH), 121.4 (CH), 115.5 (2C; CH), 65.0 (CH,), 14.7
(2C; CHs), 14.7 (2C; CH3) ppm.

19F-NMR (282 MHz, CDCl3): & = -146.2 (dd, Y(B, F) = 33.1 Hz, 2F, BF,) ppm.
HRMS-ESI (m/z): [M - H] calcd for Ca1H20BF2N,03: 397.1544; found: 397.1543.
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Figure S74: 13C-NMR (125 MHz) spectrum of compound 22 in CDCls.
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Figure S76: COSY spectrum of compound 22 (*H-NMR: 500 MHz, CDCls).
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Figure S77: HMBC spectrum of compound 22 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, CDCls).
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2|-BODIPY-COH (2)

Scheme S16: Synthesis of 2I-BODIPY-CO;H (2).

To a solution of the BODIPY 22(150 mg, 0.38 mmol, 1.00 eq) and iodine (239 mg, 0.94 mmol, 2.50 eq)
in MeOH (15.0 mL), a solution of iodic acid (133 mg, 0.75 mmol, 2.00 eq) in distilled water (0.55 mL)
was added. The reaction mixture was stirred at 60 °C for 5 min, cooled to rt, and then diluted with
chloroform (~100 mL). The organic phase was washed with saturated Na;S;03 solution (~100 mL, 3x)
in water followed by extraction of the aqueous phase with chloroform (100 mL, 3x). The combined
organic phase was washed with brine (~¥150 mL, 1x) and dried over Na,SO4, the solvent was removed
under reduced pressure and the crude was purified by flash column chromatography (n-pentane/EtOAc
2:1— 1:1 (v/v), 1% formic acid) to yield the iodinated BODIPY 2 (208 mg, 0.32 mmol, 85%) as an intense
pink solid.

TLC (UV2s4nm): Ry = 0.74 (EtOAc + 1% formic acid).

1H-NMR (300 MHz, CDCls): & = 7.19 (dt, 3J(H,H) = 8.8 Hz, *J(H,H) = 2.3 Hz, 2H), 7.08 (dt, 3J(H,H) = 8.8 Hz,
4J(H,H) = 2.3 Hz, 2H), 4.78 (s, 2H), 2.64 (s, 6H), 1.42 (s, 6H) ppm.

13C-NMR (125 MHz, CDCls): 6 = 172.6 (Cy), 164.2 (Cy), 158.4 (2C; Cq), 157.0 (Cq), 145.4 (C), 140.9 (Cy),
131.7 (2C; Cy), 129.5 (2C; CH), 128.4 (C,), 115.8 (2C; CH), 85.9 (2C; Cy), 64.9 (CH,), 17.3 (2C; CHs), 16.2
(2C; CHs) ppm.

19F-NMR (282 MHz, CDCls): 6 = -145.6 (dd, Y(B,F) = 32.3 Hz, 2F; BF,) ppm.
HRMS-ESI (m/z): [M - H] calcd for Ca1H1sBF212N,03: 648.9477; found: 648.9479.
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Figure S81: 3C-NMR (125 MHz) spectrum of compound 2 in CDCls.
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Figure S83: COSY spectrum of compound 2 (*H-NMR: 300 MHz, CDCls).

71



Organic Synthesis

| ppm

: - 60

~100
~120
140
e ¢ . ' ~160
~180

~200

10 9 8 7 6 5 4 3 2 1 0 ppm
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Figure S86: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 2 in negative ion mode.
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BODIPY-CONH-NH; (15)

1) NHS, DIC
THF, rt, 30 min

NH
2) MtHN"2
44
NMM, THF, t, 30 min

3) DCM/ TFE/ HOAc/ TIPS
22 65:20:10:5
t,1h

70% over 3 steps

Scheme S17: Synthesis of BODIPY-CONH-NH; (15).

Based on synthetic procedures described by Akizawa et al.*¥! and Bollhagen et al.3¥, BODIPY 22
(150 mg, 0.45 mmol, 1.00 eq) and N-hydroxysuccinimide (54.2 mg, 0.56 mmol, 1.25 eq) were dissolved
in dry THF (984 pL). DIC (64.0 uL, 0.49 mmol, 1.10 eq) was added and the reaction mixture was shaken
at rt for 30 min under nitrogen atmosphere. During this time, Mtt-protected ethylenediamine (44,
572 mg, 1.81 mmol, 4.00 eq) was dissolved in dry THF (800 L) followed by addition of NMM (199 pL,
1.81 mmol, 4.00 eq). When complete NHS ester formation was shown by TLC (UV2s4 nm), the prepared
amine solution was added to the reaction mixture. The mixture was shaken for further 30 min at rt
under nitrogen atmosphere. After complete conversion, the mixture was diluted with DCM (~50 mL)
and washed with brine (~50 mL, 2x) acidified with citric acid. The aqueous phase was extracted with
DCM (~50 mL, 3x). The combined organic phase was concentrated under reduced pressure. For the last
step, the crude was dissolved in dry DCM/ TFE/ HOAc/ TIPS (65:20:10:5, 22.9 mL). The reaction mixture
was stirred at rt under nitrogen atmosphere. After 1 h, complete conversion was confirmed by TLC
(UV2s4 nm). The solvent was evaporated, and the remaining residue was purified by flash column
chromatography (DCM-NH3/MeOH 9:1 (v/v)) to give compound 15 (140 mg, 0.32 mmol, 70%) as an
orange solid.

TLC (UVasanm): R = 0.20 (DCM/MeOH 9:1 + 0.2% DEA, v/v).

'H-NMR (300 MHz, MeOD-d,):1! § = 7.26 (d, 3J(H,H) = 8.8 Hz, 2H), 7.19 (d, 3J(H,H) = 8.8 Hz, 2H), 6.06 (s,
2H), 4.61 (s, 2H), 3.38 (t, 3J(H,H) = 6.2 Hz, 2H), 2.79 (t, 3J(H,H) = 6.2 Hz, 2H), 2.48 (s, 6H), 1.45 (s, 6H)
ppm.

13C-NMR (125 MHz, MeOD-d,): 6=173.8,171.9,171.1, 159.9, 159.8, 156.6, 156.6, 144.5, 144.5, 143.3,
143.2, 132.9, 130.8, 130.7, 129.5, 129.4, 122.2, 116.7, 116.7, 68.2, 41.2, 40.1, 39.9, 38.9, 14.8, 14.8,
14.8, 14.5 ppm. [

19F.NMMR (282 MHz, CDCls): 6 =-147.0 (dd, 2J(B,F) = 32.5 Hz, 2F; BF,) ppm.
HRMS-ESI (m/z): [M + H]* calcd for Ca3H2sBF2N4O,: 441.2272; found: 441.2265.

[31'In 13C spectra, two closely spaced signal sets (= 0.1 ppm) were observed for nearly all while only one
signal set was found in the *H-NMR was found. This may be due to an overlap of signals caused by the
high similarity of the two conformational isomers. A possible explanation might be the double bond
character of the amide bond.?®
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21-BODIPY-CONH-NH; (16)

1) NHS, DIC
THF, rt, 30 min

NH
2) MttHNT 2
44

NMM, THF, rt, 30 min

3) DCM/ TFE/ HOAc/ TIPS
2 65:20:10:5
t,1h

~60% over 3 steps

Scheme 518: Synthesis of 2I-BODIPY-CONH-NH; (16).

Based on synthetic procedures described by Akizawa et al.B3 and Bollhagen et al.?*, 1,-BODIPY 2
(160 mg, 0.25 mmol, 1.00 eq) and NHS (35.5 mg, 0.31 mmol, 1.25 eq) were dissolved in dry THF
(640 pL). DIC(42.0 pL, 0.27 mmol, 1.10 eq) was added and the reaction mixture was shaken at rt for 30
min under nitrogen atmosphere. During this time, the coupling of the amine was prepared. For this,
Mtt-protected ethylenediamine (44, 311 mg, 0.98 mmol, 4.00 eq) was dissolved in dry THF (930 pL)
followed by addition of NMM (108 pL, 0.98 mmol, 4.00 eq). When NHS ester formation was completed,
the prepared amine solution was added to the reaction mixture. The mixture was shaken for further
30 min at rt under nitrogen atmosphere. After complete conversion, the mixture was diluted with DCM
(~50.0 mL) and washed with brine (~50.0 mL, 1x) acidified with citric acid. The aqueous phase was
extracted with DCM (~50.0 mL, 3x). The combined organic phase was concentrated under reduced
pressure. For the last step, the crude was dissolved in dry DCM/ TFE/ HOAc/ TIPS (65:20:10:5, 12.6 mL).
The reaction mixture was stirred at rt under nitrogen atmosphere. After 1 h, complete conversion was
confirmed by TLC (UV2s4 nm). The solvent was evaporated, and the remaining residue was purified by
flash column chromatography (DCM-NHs/ MeOH 9:1 (v/v)) to give compound 16 (~101 mg,
~0.15 mmol, ~60%) as pink solid.

TLC (UVasanm): Ry = 0.13 (DCM/MeOH 9:1 + 0.2% DEA, v/v).

1H-NMR (300 MHz, MeOD-da): & = 7.28 (dd, 3J(H,H) = 8.8 Hz, 4J(H,H) = 1.9 Hz, 2H), 7.22 (dd, 3J(H,H) =
8.8 Hz, Y(H,H) = 3.3 Hz, 2H), 4.65 (s, 1.2H), 4.62 (s, 0.8H), 3.53 (t, 3J(H,H) = 6.1 Hz, 0.8H), 3.45-3.41 (m,
2H), 2.86 (t, 3J(H,H) = 6.2 Hz, 1.2H), 2.58 (s, 6H), 1.47 (s, 6H) ppm.

13C-NMR (125 MHz, MeOD-d,): 6 = 173.8 (COO), 164.3 (C,), 160.3 (Cy), 158.5 (Cq), 157.7 (Cq), 155.0 (Cq),
146.6 (Cy), 143.3 (Cy), 135.6 (Cy), 132.8 (C,), 130.7 (2C; CH), 129.0 (C,), 124.4 (Cy), 117.1 (2C; CH), 68.2
(CH,), 45.7 (2C; CH5), 20.0 (4C; CH3) ppm.

19F.NMR (282 MHz, CDCls): 6 =-145.7 (dd, 2J(B,F) = 32.2 Hz, 2F; BF,) ppm.

HRMS-ESI (m/z): [M + H]+ calcd for CazHa6BF212N4O3: 693.0205; found: 693.0207.
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Figure S94: 'H-NMR (300 MHz) spectrum of compound 16 in MeOD-d..
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IThe impurities visible in the 3 C-NMR spectra were not affecting the next synthesis step; however,

they prevented informative 2D-NMR spectra
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Long-linker BODIPY-CTZ Conjugate (5)

o
\F NN
o) (6]
Y= C 1) NHS, DIC | |
N THF (dry) N
N rt, 45 min H
o

15

NMM, THF (dry)
t,1h

25%

Scheme S19: Synthesis of long-linker BODIPY-CTZ conjugate 5.

Coelenterazine 42 (50.0 mg, 77.0 umol, 1.00 eq) was dissolved in dry THF (200 pL). NHS (11.1 mg,
96.0 pumol, 1.25 eq) and DIC (10.7 mg, 85.0 umol, 1.10 eq) were added, and the mixture was shaken at
rt in the dark under nitrogen atmosphere for 45 min. When successful NHS-ester formation was
observed by TLC (UV2s4nm), a solution of BODIPY 15 (33.9 mg, 77.0 umol, 1.00 eq) and NMM (15.6 mg,
154 pumol, 2.00 eq) in dry THF (300 uL) was added to the reaction mixture. After 1 h, complete
conversion was reached. The reaction mixture was diluted with DCM (~50.0 mL) and the organic phase
was washed with distilled water (~50.0 mL, 2x). The organic phase was extracted with DCM (~50.0 mL,
1x) and the combined organic phases were washed with brine (~50.0 mL) and dried over MgSQ,. The
solvent was removed under reduced pressure and the obtained crude was purified by flash column
chromatography (DCM/MeOH, 0.5% — 1% — 2% — 3% — 4% — 5% — 10%, (v/v)) to yield the
conjugate 5(19.8 mg, 19.0 umol, 25%) as an orange solid. Compound 5 was stored in the dark at -80 °C.

TLC (UV2sanm): Ry = 0.33 (DCM/MeOH 9:1, v/v).

H-NMR (500 MHz, MeOD-da): 6 = 7.66 (s, 2H), 7.50 — 7.43 (m, 3H), 7.39 (d, ¥(H,H) = 7.4 Hz, 2H), 7.29
(t, 3J(H,H) = 7.6 Hz, 2H), 7.23 = 7.20 (m, 6H), 7.19 — 7.15 (m, 2H), 6.79 (d, 3J(H,H) = 8.7 Hz, 2H), 6.01 (s,
2H), 4.56 (s, 2H), 4.40 (s, 2H), 4.10 (s, 2H), 3.90 (t, 3J(H,H) = 6.3 Hz, 2H), 3.39 (t, 3J(H,H) = 6.3 Hz, 2H),
3.15 (t, 3J(H,H) = 6.3 Hz, 2H), 2.48 — 2.46 (m, 2H), 2.46 (s, 6H), 2.45 — 2.42 (m, 2H), 1.72 (quint, 3J(H,H)
= 7.1 Hz, 2H), 1.52 — 1.44 (m, 4H), 1.41 (s, 6H), 1.40 — 1.34 (m, 4H) ppm.

13C-NMR (125 MHz, MeOD-da): 6 = 175.3 (CONH), 174.4 (CONH), 171.1 (CONH), 159.9 (2C; C,), 159.9
(Cq), 159.2 (Cy), 156.5 (2C; Cy), 144.5 (2C; Cy), 143.3 (Cy), 132.9 (Cq), 132.9 (Cy), 130.8 (2C; CH), 130.8
(Cq), 130.7 (Cq), 130.7 (Cy), 130.7 (3C; CH), 130.5 (Cy), 130.1 (2C; CH), 129.8 (2C; CH), 129.7 (3C; CH),
129.3 (2C; Cy), 128.1 (Cq), 127.9 (CH), 126.4 (CH), 122.2 (CH), 122.2 (CH), 122.2 (CH), 116.8 (2C; CH),
115.5 (2C; CH), 68.8 (CH2), 68.2 (CH,), 40.4 (CH,), 40.1 (CH,), 39.9 (CH,), 32.3 (CH,), 32.1 (CH,), 30.4
(CH,), 30.3 (CH,), 27.7 (CHa), 26.9 (CH,), 17.3 (CH,), 17.1 (CH), 14.8 (2C; CHs), 14.6 (2C; CHs) ppm.

19F-NMMR (282 MHz, MeOD-d,): 6 = -147.0 (dd, YJ(B,F) = 31.7 Hz, 2F; BF;) ppm.

HRMS-ESI (m/z): [M + H]* calcd for CsoHeaBF,NsOg: 1029.5014; found: 1029.5001.
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Figure S102: HMBC spectrum of compound 5 (*H-NMR: 500 MHz, 33C-NMR: 125 MHz, MeOD-d,).
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Figure S103: °>F-NMR spectrum of compound 5 in MeOD-d, (282 MHz).
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Figure S104: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 5 in positive ion mode.
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Long-linker 2I-BODIPY-CTZ Conjugate (6)

0
e 0 K
— 1) NHS, DIC ||
NN THF (dry) N
i, 1h H
2) N
0

16

NMM, THF (dry)
rt, 1.5 h

27%

Scheme S20: Synthesis of long-linker 2I-BODIPY-CTZ conjugate 6.

Coelenterazine 42 (50.0 mg, 77.0 umol, 1.00 eq) was dissolved in dry THF (200 pL). NHS (17.7 mg, 154
pmol, 2.00 eq) and DIC (10.7 mg, 85.0 umol, 1.10 eq) were added and the mixture was shaken at rt in
the dark under nitrogen atmosphere for 1 h. When successful NHS-ester formation was observed by
TLC (UV2s4 nm), a solution of BODIPY 16 (53.3 mg, 77.0 umol, 1.00 eq) and NMM (15.6 mg, 154 umol,
2.00 eq) in dry THF (300 pL) was added to the reaction mixture. After 1 h, complete conversion was
reached. The reaction mixture was diluted with DCM (~50.0 mL), and the organic phase was washed
with distilled water (~50.0 mL, 2x). The organic phase was extracted with DCM (~50.0 mL, 1x) and the
combined organic phases were dried over MgS0O.. The solvent was removed under reduced pressure
and the obtained crude was purified by flash column chromatography (DCM/MeOH, 0.5% — 1% — 2%
— 3% — 4% — 10%, (v/v)) to yield the conjugate 6 (26.2 mg, 21.0 umol, 27%) as pink solid. Compound
6 was stored in the dark at -80 °C.

TLC (UVa2s4nm): Ry = 0.49 (DCM/MeOH 9:1, v/v).

H-NMR (500 MHz, MeOD-d,): 6 = 7.64 (s, 2H), 7.49 — 7.45 (m, 3H), 7.39 (d, 3J(H,H) = 7.4 Hz, 2H), 7.28
(t, 3J(H,H) = 7.7 Hz, 2H), 7.24 — 7.19 (m, 8H), 6.79 (dt, 3J(H,H) = 8.7 Hz, , *J(H,H) = 2.4 Hz, 2H), 4.59 (s,
2H), 4.40 (s, 2H), 4.09 (s, 2H), 3.89 (t, 3J(H,H) = 6.4 Hz, 2H), 3.40 (t, 3J(H,H) = 5.3 Hz, 2H), 3.14 (t, 3J(H,H)
=7.0 Hz, 2H), 2.55 — 2.53 (m, 6H), 2.47 — 2.45 (m, 4H), 1.72 (quint, 3J(H,H) = 7.1 Hz, 2H), 1.52 — 1.44 (m,
4H), 1.43 (s, 6H), 1.38 — 1.29 (m, 4H) ppm.

13C-NMR (125 MHz, MeOD-da): 6 = 175.3 (CONH), 174.4 (CONH), 171.0 (CONH), 160.3 (2C; C,), 159.1
(2C; C), 157.7 (2C; Cy), 146.6 (2C; Cy), 143.2 (Cy), 138.0 (2C; Co), 132.8 (2C; Cy), 131.7 (C,), 130.8 (2G;
CH), 130.7 (3C; CH), 130.2 (3C; CH), 129.8 (4C; CH), 128.9 (2C; C,), 128.2 (2C; Cy), 127.9 (3C; CH), 117.1
(2C; CH), 115.5 (2C; CH), 85.9 (2C; C,), 68.8 (CH.), 68.2 (CH,), 40.4 (CH,), 40.1 (CH,), 39.9 (CH,), 32.3
(CHa), 32.1 (2C; CHa), 30.4 (CH,), 30.3 (2C; CHa), 27.7 (CH,), 26.9 (CH,), 17.6 (2C; CHs), 16.2 (2C; CHs)
ppm.

19E-NMR (282 MHz, MeOD-d.): § = -146.5 (dd, Y(B,F) = 31.7 Hz, 2F; BF,) ppm.

HRMS-ESI (m/z): [M + H]* calcd for CsoHe:BF21:NsOg: 1281.2947; found: 1281.2979.
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Figure S109: HMBC spectrum of compound 6 (*H-NMR: 500 MHz, 33C-NMR: 125 MHz, MeOD-d,).

-146.3
-146.4
——-146.6

/
TN-146.7

A A A A s P b

T T T T T T T T T T T T
-140 141 -142 -143 -144 -145 -146 -147 -148 -149 -150 ppm

Figure S110: >F-NMR spectrum of compound 6 in MeOD-d,; (282 MHz).

90



Relative Abundance

1005

1281.2979

1282.3010

1280.3009

J\

1279.2842
A

Organic Synthesis

1283.3041

1284.3070
A

1286.4833 1289.4687
A A

1005
90
80
70
80
50
40
30
20

-
(=]

1281.2947

1282.2974

1280.2974

NL:
1.04E4

CsgHg1 BF2 12 Ng Og H:
CsgHs2B1F212NgOsg

p (gss, s /p:40) Chrg 1

R: 90000 Res .Pwr. @FWHM

1283.3002

1284.3031

| 1286.3086 1288.3141 1280.3195

o

| T
1276

LRARRI RS LALRS AR AL EAARY LA LARRE AL LA |
1278 1280 1282

[AARAI LARM
1284

LBARANRAAR LAY RS RARRH LAR RAAAS LA ALK LALLM LA ARER LAALS
1286 1288 1290

miz
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L-Tyrosine ethyl ester (49)

OH 1) SOCl, OH
EtOH
0 °C, 30 min
—_
HoN OH 2)5h, 90 °C HoN o~

o 91% 8]
48 49

Scheme S21: Synthesis of L-tyrosine ethyl ester (49).

Adapted from the procedure of Moshikur et al.13%], [-tyrosine (48, 400 mg, 2.21 mmol, 1.00 eq) was
suspended in absolute EtOH (4.50 mL). The suspension was cooled to 0 °C and thionyl chloride (400 pL,
5.53 mmol, 2.50 eq) was added over 30 min at 0 °C, leading to a clear solution. The reaction mixture
was allowed to warm to rt and then heated to 90 °C to further react for 5 h. The reaction mixture was
poured in distilled water/ EtOAc (1:1, ~100 mL) and the aqueous phase was extracted with EtOAc (~50.0
mL, 3x). The organic phase was washed with brine (50.0 mL, 1x), dried over MgS0O, and concentrated
under reduced pressure. The crude was purified by flash column chromatography (10% MeOH in DCM)
to yield 49 (421 mg, 2.01 mmol, 91%) as colourless solid. The characterization is in agreement with the
literature.!3%!

TLC (UV2s4nm): Ry = 0.39 (DCM/MeOH 9:1, v/v).

1H-NMR (500 MHz, CDCls): & = 6.99 (dt, 3J(H,H) = 8.4 Hz, *J(H,H) = 2.4 Hz, 2H), 6.67 (dt, 3J(H,H) = 8.4 Hz,
4J(H,H) = 2.4 Hz, 2H), 4.18 (q, ¥(H,H) = 7.0 Hz, 2H), 3.70 (dd, 3J(H,H) = 7.7 Hz, 3J(H,H) = 5.2 Hz, 1H), 3.46
(s (br), 2H), 3.03 (dd, 2J(H,H) = 13.8 Hz, 3J(H,H) = 5.2 Hz, 1H), 2.82 (dd, 2J(H,H) = 13.8 Hz, 3/(H,H) = 7.7
Hz, 1H), 1.26 (s, 3H) ppm.

13C-NMR (125 MHz, CDCl3): 6 = 175.0 (COO), 155.5 (C;0H), 130.5 (2C; CH), 128.0 (C), 115.9 (2C; CH),
61.3 (CH.), 55.7 (CH), 39.9 (CH), 14.3 (CHs) ppm.

HRMS-ESI (m/z): [M + H]* calcd for C11H16NO3: 210.1125; found: 210.1120.
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Figure $113: 13C-NMR (125 MHz) spectrum of compound 49 in CDCls.
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Figure S114: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 49 in positive ion mode.
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Ethyl (tert-butoxycarbonyl)-L-tyrosinate (50)

OH OH
Boc,0
TEA
—_—
o
H,N ~ MeOH BocHN O~
0°C — 1,16 h

(0] o
49 93% 50

Scheme S22: Synthesis of ethyl (tert-butoxycarbonyl)-L-tyrosinate (50).

Based on a procedure of Bae et al.3”), [-tyrosine ethyl ester (49, 2.00 g, 9.56 mmol, 1.00 eq) was
dissolved in MeOH (18.0 mL), the solution was cooled to 0°C and TEA (1.34 mL, 9.56 mmol, 1.00 eq)
was added followed by the dropwise addition of a solution of Boc,0 (2,29 g, 10.5 mmol, 1.10 eq) in
MeOH (4.00 mL). The reaction mixture was allowed to warm to rt and stirred for 16 h. After full
conversion of the starting material, the reaction mixture was evaporated to dryness and the residue
was dissolved in distilled water/ EtOAc (~200 mL, 1:1). The aqueous phase was extracted with EtOAc
(~200 mL, 3x). Afterwards, the organic phase was washed with distilled water (~200 mL, 2x), brine
(~200 mL, 1 x) and dried over Na,SO.. The solvent was removed under reduced pressure and the crude
was purified by flash column chromatography (n-pentane/EtOAc 4:1 — 2:1 (v/v)) to give the desired
product 50 (2.76 g, 8.92 mmol, 93%) as white solid.

TLC (cerium molybdate developer): R; = 0.38 (n-pentane/EtOAc 2:1, v/v).

1H-NMR (300 MHz, CDCl; ): § = 6.97 (d, 3J(H,H) = 8.29 Hz, 2H), 6.72 (d, 3J(H,H) = 8.29 Hz, 2H), 5.01 (d,
3)(H,H) = 7.67 Hz, 1H), 4.51 (m, 1H), 4.16 (q, 3J(H,H) = 6.92 Hz, 2H), 3.00 (m, 2H), 1.42 (s, 9H), 1.25 (t,
3J)(H,H) = 6.92 Hz 3H) ppm.

13C-NMR (125 MHz, CDCls): 6 = 172.3 (0-C=0), 155.4 (0-C=0), 155.2 (C-OH), 130.6 (2C; CH), 127.8 (Cy),
115.6 (2C; CH), 80.2 (Cy), 61.6 (CH,), 54.8 (CH), 37.8 (CH,), 28.4 (3C; CHs), 14.3 (CHs) ppm.

HRMS-ESI (m/z): [M - H]" calcd for C16H22NOs: 308.1503; found: 308.1500.
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Figure S115: '"H-NMR (300 MHz) spectrum of compound 50 in CDCls.
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Figure $116: 13C-NMR (125 MHz) spectrum of compound 50 in CDCls.
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Figure S117: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 50 in negative ion mode.
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Benzyl 6-bromohexanoate (53)

@ﬁm

(0]

2 —»52 BI’M
Br. (9)
OH pTSOH
toluene
51 145°C, 4 h 53

73%

Scheme S23: Synthesis of benzyl 6-bromohexanoate (53).

Following the procedure of Li et al.138], 6-bromohexanoic acid (51, 709 uL, 5.13 mmol, 1.00 eq), benzyl
alcohol (52, 587 plL, 5.64 mmol, 1.10 eq), p-toluenesulfonic acid (pTsOH, 97.6 mg, 0.51 mmol, 0.10 eq)
and toluene (5.50 mL) were added in a flask. A Dean-Stark apparatus was connected to the flask and
the mixture was heated to 145 °C to reflux for 4 h. The reaction mixture was cooled to rt and
concentrated under reduced pressure. The obtained crude was purified by flash column
chromatography (n-pentane/ EtOAc 50:1 — 25:1) to yield the product 53 (1.07 g, 3.75 mmol, 73%) as
a colourless liquid. The characterization is in agreement with the literature.3%

TLC (permanganate developer): Ry = 0.17 (n-pentane/ EtOAc 50:1, v/v).

1H-NMR (300 MHz, CDCls): 6 = 7.40-7.30 (m, 5H), 5.12 (s, 2H), 3.39 (t, 3J/(H,H) = 6.7 Hz, 2H), 2.38 (t,
3J(H,H) = 7.5 Hz, 2H), 1.87 (qi, 3J(H,H) = 7.7 Hz, 2H), 1.68 (qi, 3/(H,H) = 7.9 Hz, 2H), 1.52-1.42 (m, 2H)

13C-NMR (75 MHz, CDCl3): 6 = 173.4 (CO0), 136.2 (Cq), 128.7 (2C; CH), 128.4 (3C; CH), 66.3 (CH,), 34.2
(CH2), 33.6 (CH2), 32.5 (CH,), 27.8 (CH,), 24.2 (CH2) ppm.

HRMS-EI (m/z): [M] calcd for C13H17BrO,: 284.04119; found: 284.04059.
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Figure S118: 'H-NMR (300 MHz) spectrum of compound 53 in CDCls.
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Figure S119: 13C-NMR (75 MHz) spectrum of compound 53 in CDCls.
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Organic Synthesis

Tolerance:5.00[ppm], 2.00 .. [mDa] Unsaturation Number:-1.5 .. 50.0 (Fraction:Both)
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Figure S120: Measured (top) and calculated (bottom) HRMS-EI spectrum of 53.
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Compound 54

OH o K2C03 \/\/j/\
B \/M
+ I o
lo) MeCN (dry)
BocHN ~ 86 °C. 15 h BocHN
[¢]
50 96%

53

Scheme S24: Synthesis of compound 54.

Ethyl (tert-butoxycarbonyl)-L-tyrosinate (50, 2.90 g, 9.37 mmol, 1.00 eq), potassium iodine (156 mg,
0.94 mmol, 0.10 eq) and potassium carbonate (3.11 g, 22.5 mmol, 2.40 eq) were suspended in dry
MeCN (33.8 mL) under nitrogen atmosphere. Then, benzyl 6-bromohexanoate (53, 3.21 g, 11.2 mmol,
1.20 eq) was added. The reaction mixture was heated to 86 °C and refluxed for 15 h. Afterwards, the
suspension was filtered over celite and rinsed with DCM (~200 mL). The solvent was removed under
reduced pressure, and the crude was purified by flash column chromatography (n-pentane/EtOAc 9:1
— 1:1) to give the product 54 (4.60 g, 8.95 mmol, 96%) as a colourless oil.

TLC (permanganate developer): Ry = 0.30 (n-pentane/EtOAc 6:1, v/v).

1H-NMR (500 MHz, CDCls): & = 7.36-7.30 (m, 5H), 7.02 (d, 3J(H,H) = 8.6 Hz, 2H), 6.79 (d, 3J(H,H) =

Hz, 2H), 5.12 (s, 2H), 4.95 (d, 3J(H,H) = 7.9 Hz, 1H), 4.50 (d, 3J(H,H) = 6.6 Hz, 1H), 4.16 (q, 3J(H,H) =
Hz, 2H), 3.91 (t, 3J(H,H) = 6.5 Hz, 2H), 3.06-2.98 (m, 2H), 2.40 (t, 3J(H,H) = 7.6 Hz, 2H), 1.80-1.75 (m, 2H),
1.75-1.69 (m, 2H), 1.52-1.46 (m, 2H), 1.42 (s, 9H), 1.24 (t, 3J(H,H) = 7.1 Hz, 3H) ppm.

13C-NMR (125 MHz, CDCl3): 6 = 173.6 (Cy), 172.1 (Cy), 158.3 (Cy), 155.3 (Cy), 136.2 (Cy), 130.5 (2C; CH),
128.7 (2C; CH), 128.3 (3C; CH), 128.1 (Cy), 114.7 (2C; CH), 79.9 (C,), 67.8 (CH2), 66.3 (CH,), 61.4 (CH,),
54.7 (CH), 37.6 (CH2), 34.4 (CH,), 29.1 (CH,), 28.5 (3C; CHs), 25.8 (CH), 24.8 (CH,), 14.3 (CHs) ppm.

HRMS-ESI (m/z): [M + Na]* calcd for CsH3sNO7Na: 536.2619; found: 536.2618.
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Figure S121: 'H-NMR (500 MHz) spectrum of compound 54 in CDCls.
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Figure $122: 13C-NMR (125 MHz) spectrum of compound 54 in CDCls.
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Figure $123: HSQC spectrum of compound 54 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, CDCls).
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Figure S124: COSY spectrum of compound 54 (*H-NMR: 500 MHz, CDCls).
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Figure S125: HMBC spectrum of compound 54 (*H-NMR: 500 MHz, 13C-NMR: 125 MHz, CDCls).
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Figure S126: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 54 in positive ion mode.
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Compound 11

o)
\/\/j/\ 30% TFA \/\/j/\
o DCM
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BocHN I @2 2)rt, 1h

98%

Scheme S25: Synthesis of compound (11).

Compound 54 (300 mg, 0.58 mmol, 1.00 eq) was dissolved in DCM (2.10 mL). The solution was cooled
to 0 °C and a solution of TFA (1.80 mL) in DCM (2.10 mL) was added dropwise. After 30 minutes, the
reaction mixture was left warm until rt, and it was continuously stirred for 1 h. When complete
conversion of the starting material was confirmed by TLC (ninhydrin developer), the solvent was
evaporated under reduced pressure. TFA was removed by co-evaporation with toluene (~10.0 mL, 3x).
to give the product 11 as a yellow oil (301 mg, 0.57 mmol, 98%).

TLC (ninhydrin developer): Rf = 0.44 (DCM/MeOH 19:1 + 0.1% TEA, v/v).

1H-NMR (300 MHz, CDCls): & = 7.39-7.31 (m, 5H), 7.09 (d, 3J(H,H) = 8.6 Hz, 2H), 6.84 (d, 3J(H,H) =
Hz, 2H), 5.11 (s, 2H), 4.25 (g, ¥(H,H) = 7.1 Hz, 3H), 3.91 (t, 3(H,H) = 6.4 Hz, 2H), 3.27 (dd, 3J(H,H) =
Hz, 2J(H,H) = 14.6 Hz, 1H), 3.15 (dd, 3J(H,H) = 6.8 Hz, 2J(H,H) = 14.6 Hz, 1H), 2.39 (t, 3J(H,H) = 7.5 Hz, 2H),
1.82-1.66 (m, 4H), 1.53-1.43 (m, 2H), 1.24 (t, 3J(H,H) = 7.1 Hz, 3H) ppm.

13C.NMR (125 MHz, CDCl3): 6 = 175.2 (C,), 173.6 (Cy), 158.1 (Cy), 136.2 (Cy), 130.4 (2C; CH), 129.2 (2C;
CH), 128.7 (3C; CH), 128.3 (C,), 114.7 (2C; CH), 67.8 (CH2), 66.3 (CH2), 61.1 (CH,), 56.1 (CH), 40.3 (CH,),
34.4 (CH,), 29.1 (CH,), 25.8 (CH,), 24.8 (CH3), 14.4 (CHs) ppm.

HRMS-ESI (m/z): [M + Na]* calcd for C,4H32NOs: 414.2275; found: 414.2270.
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Figure $128: 3C-NMR (125 MHz) spectrum of compound 11 in CDCls.
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Figure $130: COSY spectrum of compound 11 (*H-NMR: 300 MHz, CDCl;).
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Figure S131: HMBC spectrum of compound 11 (*H-NMR: 300 MHz, 13C-NMR: 125 MHz, CDCls).
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Figure S132: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 11 in positive ion mode.
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2-Nitrovinylbenzene (57)

1) _NOy
56
NaOH,q, MeOH

OAO 0°C, 15 min \
2) 3 M HClaq

55 52% 57

NO,

Scheme S26: Synthesis of 2-nitrovinylbenzene (57).

Based on the procedure of Worrall“?, nitromethane (56, 5.00 mL, 94.2 mmol, 1.00 eq) and
benzaldehyde (55, 9.60 mL, 94.2 mmol, 1.00 eq) were dissolved in MeOH (19.0 mL). The reaction
mixture was cooled to 0 °C. A solution of NaOH (3.96 g, 98.9 mmol, 1.05 eq) in distilled water (5.00 mL)
was cooled to 4 °C by the addition of crushed ice and then added to the reaction mixture portion wise.
Additional, MeOH (10.0 mL) was added, and the mixture was stirred for 15 min at 0 °C. After that,
distilled water and crushed ice were added to the flask until the solution became clear. For the second
step, the reaction mixture of the first step was added dropwise to 3 M HCIl (aq), and a yellow solid
formed immediately. The cloudy mixture was decanted and then filtrated to get a light yellow solid.
The solid was washed with distilled water (~100 mL, 3x) and then melted by heating. After cooling to
rt, yellow crystals formed, and the upper layer of water was removed. EtOH (~20.0 mL) was added to
the solid and the suspension was heated until full dissolution. Then, a hot filtration was performed,
and the filtrate was allowed to cool to room temperature to give the desired product 57 (7.30 g,
49.0 mmol, 52%) as a yellow solid. The characterization is in agreement with the literature.*!

TLC (permanganate developer): Ry= 0.64 (n-pentane/EtOAc 9:1, v:v).

1H-NMR (500 MHz, CDCls): 6 = 8.00 (d, 3/=13.6 Hz, 1H), 7.59 (d, 3/=13.6 Hz, 1H), 7.57-7.54 (m, 2H), 7.52-
7.49 (m, 1H), 7.47-7.44 (m, 2H) ppm.

13C-NMR (125 MHz, CDCl3): 6 = 139.2 (CH), 137.3 (CH), 132.3 (CH), 130.2 (C,), 129.5 (2 x CH), 129.3 (2
x CH) ppm.

HRMS-EI (m/z): [M]* calcd for CsH;NO,: 149.04768; found: 149.04810.
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Figure $133: *H-NMR (500 MHz) spectrum of compound 57 in CDCls.
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Figure $134: 3C-NMR (125 MHz) spectrum of compound 57 in CDCls.
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Figure S135: Measured (top) and calculated (bottom) HRMS-EI spectrum of 57.
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L-Phenylalanine ethyl ester (25)
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Scheme S27: Synthesis of ethyl L-phenylalanine ethyl ester (25).

Based on the procedure of Moshikur et al.3%, a suspension of L-phenylalanine (58, 4.82 g, 29.2 mmol,
1.00 eq) in EtOH (32.0 mL) was cooled to 0°C. Thionyl chloride (7.32 mL, 101 mmol, 3.46 eq) was added
dropwise and the resulting solution was then refluxed for 5 h at 90 °C. After full conversion of the
starting material, the reaction mixture was evaporated to dryness to give a white solid, which was
treated with saturated aqueous Na,COs until pH 9 was reached. The mixture was extracted with EtOAc
(~200 mL, 2x) and the combined organic phase was dried over Na,SO4 and evaporated under reduced
pressure, which gave the pure L-phenylalanine ethyl ester (25, 4.97 g, 25.7 mmol, 88%).

TLC (ninydrin developer): Rf= 0.67 (DCM/MeOH 9:1 + 0.1% TEA, v/v).

H-NMR (500 MHz, CDCls): & = 7.31-7.19 (m, 5H), 4.16 (g, 3J(H,H) = 7.2 Hz, 2H), 3.71 (t, 3J(H,H) = 6.5 Hz
1H), 3.08 (dd, 2(H,H) = 13.6 Hz, 3J(H,H)= 5.4 Hz, 1H), 2.86 (dd, 2J(H,H) = 13.5 Hz, %J(H,H) = 8.0 Hz, 1H),
1.24 (t, 3J(H,H) = 7.2 Hz, 3H) ppm.

3C-NMR (125 MHz, CDCl3): § = 175.2 (COO0), 137.5 (C,), 129.4 (2C; CH), 128.7 (2C; CH), 126.9 (CH), 61.0
(CH>), 56.0 (CH), 41.3 (CH>), 14.3 (CHs) ppm.

HRMS-ESI (m/z): [M]* calcd for C11H16NO,: 194.1176; found: 194.1168.
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Figure S136: 'H-NMR (500 MHz) spectrum of compound 25 in CDCls.
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Figure S137: 13C-NMR (125 MHz) spectrum of compound 25 in CDCls.
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Figure S138: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 25 in positive ion mode.
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3-Benzyl-5-phenylpiperazin-2-one (23)
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Scheme S28: Synthesis of 3-benzyl-5-phenylpiperazin-2-one (23).

Based on the procedure of Coutant et al.?%, 2-nitrovinylbenzene (57, 6.96 g, 47.0 mmol, 1.00 eq) and
L-phenylalanine ethyl ester (25, 9.00 g, 47.0 mmol, 1.00 eq) were dissolved in a small amount of DCM
and the solution was stirred for 20 min at rt. After that time, the solvent was removed under reduced
pressure to give a thick yellow oil. The formation of the 1,4-adduct was confirmed via 'H NMR. Next,
the obtained oil was added to a cold (4 °C) mixture of dioxane (200 mL) and 37% HCI (77.3 mL). The
reaction mixture was cooled to 0 °C and zinc dust (22.2 g, 0.35 mol, 7.40 eq) was added portion-wise
over 10 min while stirring rapidly. The suspension was allowed to warm to rt and stirring was continued
at rt. After 2h, the mixture was diluted in water, brought to pH 11 using an excess of 25% aqueous
ammonia and extracted with EtOAc (~150 mL, 3x). The organic layer was washed with a small amount
of 25% aqueous ammonia (~20 mL, 1x) water (~150 mL, 1x), brine (~¥150 mL, 1x), dried over Na,SO4
and concentrated to dryness to give the crude amino ester 60 as a dark yellow oil. The oil was heated
at 140 °C for 3 h under reduced pressure to allow the removal of the EtOH formed. Finally, the obtained
mixture of crystalline solid and yellow oil was dispersed in boiling cyclohexane followed by the removal
of unreacted L-phenylalanine ethyl ester by filtration yielding the desired compound 23 (7.86 g,
29.4 mmol, 63%) as white solid. The characterization is in agreement with the literature.l?%

TLC (ninhydrin developer): R = 0.67 (DCM/MeOH 9:1 + 1% TEA, v/v).

H NMR (300 MHz, CDCls): & = 7.29-7.16 (m, 10H), 6.72 (s, 1H), 4.00-3.95 (m, 1H), 3.76 (dd, 3J(H,H) =
10.1 Hz, 2J(H,H) = 2.5 Hz; 1H), 3.60 (dd, ¥(H,H) = 13.6, 2J(H,H) = 2.5 Hz, 1H), 3.27 (m, 2H), 2.84 (dd,
3J(H,H) = 13.6 Hz, 3J(H,H) = 10.1 Hz, 1H), 1.87 (s, 1H) ppm.

13C NMR (75 MHz, CDCl3): 6 = 171.4 (N-C=0), 140.3 (C,), 138.4 (Cy), 129.5 (2C; CH), 128.8 (2C; CH),
128.8 (2C; CH), 128.3 (CH), 126.9 (2C; CH), 126.8 (CH), 60.9 (CH), 57.8 (CH), 50.0 (CH.), 38.6 (CH.) ppm.

HRMS-ESI (m/z): [M+H]* calcd for C17H19N,0: 267.1492; found: 267.1484.
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Figure S139: 'H-NMR (300 MHz) spectrum of compound 23 in CDCls.
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Figure S140: 13C-NMR (75 MHz) spectrum of compound 23 in CDCls.
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Figure S141: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 23 in positive ion mode.
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3-Benzyl-5-phenylpyrazin-2-ol (24)
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Scheme S29: Synthesis of 3-benzyl-5-phenylpyrazin-2-ol (24).

Based on the procedure of Coutant et al.?®) 3-benzyl-5-phenylpiperazin-2-one (23, 1.50 g, 29.2 mmol,
1.00 eq) and sulphur (1.92 g, 59.9 mmol, 2.00 eq) were heated to reflux in 1,2- dichlorobenzene (107
mL) for 17 h. The reaction mixture was concentrated to dryness and the crude was purified by flash
column chromatography (n-pentane/EtOAc 3:1 (v/v) — EtOAc — DCM/MeOH 4:1 (v/v)) to give the
desired product 24 (6.90 g, 26.2 mmol, 88%) as a brown solid. The characterization is in agreement
with the literature.

TLC (UVa2sanm): R = 0.67 (EtOAc/n-pentane 4:1, v/v).

!H NMR (300 MHz, DMSO-ds): 6 = 12.43 (s, 1H), 7.88 (s, 1H), 7.84 (d, 2H, 3/=7.4 Hz), 7.39-7.28 (m, 7H),
7.30 (m, 3H), 4.06 (s, 2H) ppm.

13C NMR (75 MHz, DMSO-d;): 154.9 (C,), 137.9 (Cy), 135.9 (Cy), 129.1 (CH), 129.0 (CH), 128.8 (CH), 128.6
(CH), 128.4 (CH), 128.3 (CH), 128.2 (CH), 128.2 (CH), 127.2 (CH), 126.7 (C,), 126.4 (CH), 124.4 (CH), 124.0
(Cq), 33.9 (CH;) ppm.

HRMS-ESI (m/z): [M-H] calcd for C17H13N,0: 261.1033; found, 261.1035.
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Figure S142: *H-NMR (300 MHz) spectrum of compound 24 in DMSO-ds.
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Figure S143: 13C-NMR (75 MHz) spectrum of compound 24 in DMSO-ds.
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Figure S144: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 24 in negative ion mode.
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3-Benzyl-2-chloro-5-phenylpyrazine (10)

N OH N Cl
g ]
@/E\N PhPOCI, @/E\N
100 °C
24 10

5h
69%

Scheme S$30: Synthesis of 3-benzyl-2-chloro-5-phenylpyrazine (10).

Based on the procedure of Coutant et al.l?® 3-benzyl-5-phenylpyrazin-2-ol (24, 0.026 mol) was
dispersed in phenyl phosphonic dichloride (13.0 mL) and the suspension was stirred at 100 °C for 5 h.
The resulting solution was poured onto water and stirred for 15 min. This was basified with 25%
ammonia (aq) and extracted with EtOAc (~200 mL, 3x). The combined organic phases were washed
with water (~200 mL), brine (~200 mL) and dried over Na;SOs. The solvent was removed under reduced
pressure and the crude was purified by flash column chromatography (n-pentane/EtOAc 1:1) to give
the desired product 10 (5.08 g, 18.1 mmol, 69%) as a brown solid.

TLC (UV2sanm): Rr = 0.61 (EtOAc/n-pentane 4:1, v/v).

1H NMR (300 MHz, CDCls): & = 8.66 (s, 1H), 8.01 (m, 2H), 7.49 (m, 3H), 7.36 (m, 2H), 7.29 (m, 2H), 7.25
(m, 1H), 4.38 (s, 2H) ppm.

BCNMR (75 MHz, CDCls): 6 = 153.8 (Cq), 150.5 (Cq), 147.0 (Cq), 138.7 (CH), 137.2 (Cq), 135.5 (Cy), 130.2
(CH), 129.3 (CH), 129.2 (CH), 128.7 (CH), 127.0 (CH), 126.9 (CH), 41.4 (CH,) ppm.

HRMS (m/z): [M+H]* calcd for C17H14CIN,: 281.0840, found: 281.0836.
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Figure S145: 'H-NMR (300 MHz) spectrum of compound 10 in CDCls.
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Figure S146: 13C-NMR (75 MHz) spectrum of compound 10 in CDCls.
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Figure S147: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 10 in positive ion mode.
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Scheme S31: Synthesis of compound 12.

Based on the procedure of Coutant et al.l?”, 3-benzyl-2-chloro-5-phenylpyrazine (10, 100 mg, 356
pmol, 1.00 eq), Cs,C03 (371 mg, 1.14 mmol, 3.20 eq), Pd(OAc),(4.04 mg, 17.8 umol, 0.05 eq) and BINAP
(16.6 mg, 26.7 umol, 0.075 eq.) were weight in a flask and connected to high vacuum for 1 h.
Compound 11 (162 mg, 392 umol, 1.10 eq) was dissolved in dry MeCN (1.42 mL) and added under inert
atmosphere. The reaction mixture was heated to 60 °C and stirred for 12 h. The resulting brown
suspension was dispersed in DCM, the solution was filtered over celite, rinsed with DCM (~200 mL) and
the filtrate was concentrated to dryness. The crude was purified by flash column chromatography
(n-pentane/EtOAc 9:1 — 4:1, v/v) to give the pure product (12, 179 mg, 272 umol, 76%) as yellow oil.

TLC (ninydrin developer): Rs = 0.53 (n-pentane/EtOAc 4:1 + 0.1% TEA, v/v).

H NMR (500 MHz, CDCls): & = 8.39 (s, 1H), 7.93-7.91 (m, 2H), 7.45 (t, 3J(H,H) = 7.9 Hz, 2H), 7.36-7.32
(m, 7H), 7.27-7.26 (m, 1H), 7.26-7.22 (m, 2H), 7.20-7.18 (m, 2H), 6.84 (d, 3J(H,H) = 8.6 Hz, 2H), 6.70 (d,
3J(H,H) = 8.6 Hz, 2H), 5.12 (s, 2H), 4.89-4.87 (m, 2H), 4.13-4.09 (m, 4H), 3.91 (t, ¥(H,H) = 6.5 Hz, 2H),
3.11-3.07 (m, 1H), 3.01-2.97 (m, 1H), 2.41 (t, 3J(H,H) = 7.5 Hz, 2H), 1.82-1.77 (m, 2H), 1.75-1.71 (m, 2H),
1.54-1.48 (m, 2H), 1.18 (t, 3J(H,H) = 7.1 Hz, 3H) ppm.

13C NMR (125 MHz, CDCl3): 6 = 173.6 (Cy), 172.7 (C,), 158.9 (Cy), 150.5 (Cq), 141.3 (Cy), 141.1 (Cy), 137.6
(Cq), 137.0 (CH), 136.6 (C), 136.2 (C4), 130.3 (2C; CH), 128.9 (3C; CH), 128.9 (2C; CH), 128.8 (2C; CH),
128.7 (3C; CH), 128.4 (3C; CH), 128.1 (C,), 127.9 (CH), 127.0 (CH), 125.8 (2C; CH), 114.6 (2C; CH), 67.7
(CH,), 66.3 (CH3), 61.3 (CH,), 55.1 (CH), 41.0 (CH,), 37.0 (CH,), 34.4 (CH3), 29.1 (CH,), 25.8 (CH,), 24.8
(CH,), 14.3 (CHs) ppm.

HRMS (m/z): [M+H]* calcd for C41H4sN30s: 658.3275; found: 658.3256.
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Figure $148: 'H-NMR (500 MHz) spectrum of compound 12 in CDCls.
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Scheme S$32: Synthesis of compound 14.

Based on the adapted procedure of Coutant et al.[?9, the pyrazine 12 (275 mg, 0.42 mmol, 1.00 eq) and
NaOH (66.9 mg, 1.67 mmol, 4.00 eq) were dissolved in dry THF (2.10 mL) under inert atmosphere. The
solution was stirred in the dark for 16 h at rt. After such time, a solution of acetic anhydride (79.0 pL,
0.84 mmol, 2.00 eq) in dry THF (1.00 mL) was added, and continuously stirred in the dark for 2 h at rt.
After the second step, the reaction mixture was diluted with EtOAc (~50 mL) and washed with distilled
water (~ 100 mL, 2x), brine (~ 100 mL) and dried over MgSQ,. The crude was purified by flash column
chromatography (n-pentane/EtOAc 4:1 — 2:1 — 1:1 + 0.1% HOAc (v/v)) to give the desired product 14
(124 mg, 0.22 mmol, 38%) as an orange oil.

TLC (UV2s4nm): Rr = 0.45 (EtOAc/n-pentane 1:1 + 1% HOAC, v/v).

'H NMR (500 MHz, CDCl;): 6 = 7.88-7.85 (m, 2H), 7.79-7.75 (m, 1H), 7.60 (d, 3J(H,H) = 7.5 Hz, 2H), 7.46-
7.36 (m, 3H), 7.30 (t, 3J(H,H) = 7.8 Hz, 2H), 7.23-7.15 (m, 3H), 6.83-8.81 (m, 2H), 4.61 (s, 2H), 4.13 (s,
2H), 3.93 (t, 3J(H,H) = 6.6 Hz, 2H), 2.39 (t, 3J(H,H) = 7.5 Hz, 2H), 2.19 (s, 3H), 1.82-1.77 (m, 2H), 1.74-1.68
(m, 2H), 1.55-1.49 (m, 2H) ppm.

13C NMR (125 MHz, CDCls): 6 = 178.3 (C,), 167.3 (Cy), 157.8 (Cy), 152.9 (Cq), 139.3 (Cy), 137.9 (Cy), 136.9
(Cq), 135.7 (Cq), 133.6 (Cy), 130.1 (CH), 130.1 (C,), 130.0 (CH), 129.9 (2C; CH), 129.8 (C,), 128.9 (2C; CH),
128.7 (CH), 128.4 (2C; CH), 126.6 (CH), 126.6 (2C; CH), 114.6 (2C; CH), 109.0 (CH), 67.8 (CH2), 39.5 (CH.),
33.9 (CH,), 33.3 (CHa), 29.1 (CH,), 25.7 (CHa), 24.6 (CH,), 20.1 (CH3) ppm.

HRMS-ESI (m/z): [M-H] calcd for C34H3,N30s: 562.2347; found: 562.2350.
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Figure S154: 'H-NMR (500 MHz) spectrum of compound 14 in CDCls.
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Figure S157: COSY spectrum of compound 14 (*H-NMR: 500 MHz, CDCl;).

130



Relative Abundance

100

Organic Synthesis

|

LLLL,

l

L um'” ll

L]

40
-— 60
-— 80
;100
-—120
[N L
140
-—160
- -—130

200

10

ppm

Figure $158: HMBC spectrum of compound 14 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, CDCls.
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Figure S159: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 14 in negative ion mode.
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Synthesis of BODIPY-N3 (64) and 21-BODIPY-N; (65)

BODIPY-N; (64) and 1,-BODIPY-N3 (65) were synthesized following the procedure that was previously
reported by the Vazquez lab (Linden et al. 1),

H
N
N2,

Br/\/Br BF N3

oH J/ 47
o TFA (cat), DCM
K2C03 NaNj rt, 14 h
- B — e
EtOH DMF 2) DDQ, rt, 30 min
_ 90°C, 14 h 165°C, 3 h 3) TEA, BF5 - OEt,
o _ 0°C,2h
82% 92% 0
33%
32 62 63

Scheme $33: Synthesis of BODIPY-Ns (64) and 1,-BODIPY-N3 (65) reported by Linden et al.l!¥l following an altered
literature procedure of the Huang lab.1*? The halogenation step was performed according to Li et al.[*3]

BODIPY-NH; (17)

PPhs
—_—

H,O/ THF
40°C,2h

99%

Scheme S34: Synthesis of BODIPY-NH, (17).

Triphenylphosphine (64.1 mg, 240 umol, 2.00 eq) was suspended in degassed, distilled water (140 uL)
under nitrogen atmosphere. Azide 64 (50.0 mg, 130 umol, 1.00 eq) was dissolved in degassed THF
(557 pL) and added to the suspension. The reaction mixture was heated to 40 °C and stirred for 2 h.
The solvent was evaporated, and the obtained crude was purified by flash column chromatography
(DCM/MeOH 98:2 — 95:5 — 90:10, (v/v) + 1% TEA) to yield compound 17 (49.4 mg, 129 umol, 99%)
as an orange solid.

TLC (UVasanm): Ry = 0.41 (DCM/MeOH 19:1 + 1% TEA, v/v).

1H-NMR (500 MHz, CDCl3): 6 = 7.17 (dt, 3J(H,H) = 8.7 Hz, %J(H,H) = 2.2 Hz, 2H), 7.02 (dt, 3J(H,H) = 8.7 Hz,
4J(H,H) = 2.2 Hz, 2H), 5.97 (s, 2H), 4.10 (t, 3J(H,H) = 5.1 Hz, 2H), 3.20 (t, ¥(H,H) = 5.1 Hz, 2H), 2.55 (s,
6H), 1.42 (s, 6H) ppm.

13C-NMR (125 MHz, CDCls): 6 = 159.3 (2C; C,), 155.5 (2C; Cy), 143.2 (C,), 141.8 (Cy), 131.9 (Cy), 129.4
(2C; CH), 127.6 (2C; Cy), 121.3 (2C; CH), 115.2 (2C; CH), 69.1 (CH,), 41.2 (CH,), 14.8 (2C; CHs), 14.7 (2C;
CHs) ppm.

19E-NMR (282 MHz, CDCls): 6 = -146.3 ppm (dd, Y(B,F) = 33.6 Hz, 2F, BF,) ppm.
HRMS-ESI (m/z): [M + H]* calcd for Ca1HasBF,NsO: 384.2057; found: 384.2044.
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Figure $161: 13C-NMR (125 MHz) spectrum of compound 17 in CDCls.
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Figure $162: HSQC spectrum of compound 17 (*H-NMR: 500 MHz, 3C-NMR: 125 MHz, CDCls).
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Figure $163: COSY spectrum of compound 17 (*H-NMR: 500 MHz, CDCl;).
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Figure S166: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 17 in positive ion mode.
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21-BODIPY-NH, (18)

PPhs
Ho0, THF

40°C,2h

89%

Scheme $35: Synthesis of compound 2I-BODIPY-NH, (18).

Triphenylphosphine (32.3 mg, 123 pumol, 2.00 eq) was suspended in degassed, distilled water (70.0 pL)
under nitrogen atmosphere. Azide 65 (40.6 mg, 61.4 umol, 1.00 eq) was dissolved in degassed THF
(285 pL) and added to the suspension. The reaction mixture was heated to 40 °C and stirred for 2 h.
The solvent was evaporated, and the obtained crude was purified by flash column chromatography
(DCM/MeOH 10:1, (v/v) + 1% TEA) to yield the compound 18 (34.7 mg, 54.6 umol, 89%) as a pink solid.

TLC (UV2s4nm): Rs=0.25 (DCM/MeOH 10:1 + 0.1 % TFA, v/v).

1H NMR (500 MHz, CDCls): & = 7.14 (d, 3J(H,H) = 8.2 Hz, 2H), 7.07 (d, 3J(H,H) = 8.2 Hz, 2H), 4.17 (s, 2H),
3.28 (s, 2H), 2.63 (s, 6H), 1.43 (s, 6H) ppm.

13C NMR (125 MHz, CDCls): § = 159.5 (C,), 156.8 (2C; C,), 145.4 (2C; Cy), 141.4 (C,), 131.8 (Cy), 129.3
(2C; CH), 127.4 (2C; Cq), 115.6 (2C; CH), 85.8 (2C; Cy), 68.2 (CH,), 40.9 (CH.), 17.4 (2C; CHs), 16.2 (2G;
CHs) ppm.

19E-NMR (282 MHz, CDCls): 6 = -145.7 (dd, Y(B, F) = 32.5 Hz, 2F, BF,) ppm.

HRMS-ESI (m/z): calcd for [M+H]* C1H23BF,1:N30: 635.9990; found: 635.9975.
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Figure $168: 13C-NMR (125 MHz) spectrum of compound 18 in CDCls.
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Figure S170: COSY spectrum of compound 18 (*H-NMR: 500 MHz, CDCls).
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Figure S171: HMBC spectrum of compound 18 (*H-NMR: 500 MHz, 13C-NMR: 125 MHz, CDCls).
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Figure S173: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 18 in positive ion mode.
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Short-linker BODIPY-CTZ Conjugate (3)

o
o} Q 1) NHS, DIC
= THF O

NN 2.5h, rt
|
o HZN\/\O

14

FF
17
THF
25h,rt

37%

w

Scheme S36: Synthesis of short-linker BODIPY-CTZ conjugate 3.

Under an inert atmosphere, coelenterazine 14 (47.9 mg, 85.0 umol, 1.00 eq) was dissolved in dry THF
(424 pL). NHS (19.5 mg, 170 umol, 2.00 eq) and DIC (26.3 pL, 170 umol, 2.00 eq) were added, and the
reaction mixture was shaken at rt for 2.5 h. The solvent was removed under reduced pressure, and the
remaining residue was purified using a Pure C-810 Flash system (Biichi, column: FP ECOFLEX C18 12 g,
0% — 100% MeOH for 16 min, 0.1% formic acid) to give the coelenterazine NHS ester as an orange
solid with quantitative yield. The coelenterazine-NHS ester (56.2, 85.0 umol, 1.00 eq) was dissolved in
dry THF (213 pL) under inert atmosphere, and BODIPY-NH, (17, 32.6 mg, 85.0 umol, 1.00 eq) was
added. NMM (18.7 uL, 170 umol, 2.00 eq) was added to the reaction mixture, which was shaken at rt
for 2.5 h. The solvent was diluted with DCM (~50 mL) and washed with distilled water (~50 mL, 1x).
The aqueous phase was extracted with DCM (~50 mL, 3x) and the combined organic phase was washed
with brine (~50 mL, 2x) and dried over MgSQ.. The crude was purified by flash column chromatography
(DCM/MeOH 97:3, (v/v)). After removing the solvent under reduced pressure, the short-linker BODIPY-
CTZ conjugate (3, 27.8 mg, 31.3 umol, 37%) was obtained as an orange solid.

TLC (UV254nm): Ry = 0.64 (DCM/MeOH 9:1, v/v).

H NMR (500 MHz, MeOD-da): & = 7.86 (s, 1H), 7.72-7.70 (m, 2H), 7.47-7.42 (m, 2H), 7.40-7.37 (m, 3H),
7.26-7.11 (m, 9H), 7.09-7.07 (m, 2H), 6.78 (d, 3J(H,H) = 8.8 Hz, 2H), 6.01 (s, 2H), 4.38 (s, 2H), 4.13-4.09
(m, 2H), 4.08-4.07 (m, 2H), 3.90 (t, 3J(H,H) = 6.6 Hz, 2H), 2.46 (s, 6H), 2.25 (t, 3J(H,H) = 7.7 Hz, 2H), 1.77-
1.71 (m, 2H), 1.69-1.65 (m, 2H), 1.51-147 (m, 2H), 1.40 (s, 6 H) ppm.

13C NMR (125 MHz, MeOD-d,): & = 176.5 (2C; Cy), 173.4 (Cy), 161.1 (2C; Cy), 159.1 (2C; Cq), 156.4 (2C;
Ca), 144.5 (2C; C), 143.6 (Cy), 138.1 (Cy), 133.0 (Cy), 131.7 (Cy), 130.8 (CH), 130.6 (Cy), 130.5 (3C; CH),
130.1 (3C; CH), 129.8 (6C; CH), 128.4 (2C; Cy), 128.2 (Cy), 127.9 (2C; CH), 122.1 (2C; CH), 116.4 (2C; CH),
115.5 (2C; CH), 68.7 (CH2), 67.7 (CH,), 40.1 (CH,), 38.4 (CH,), 36.9 (CH,), 35.5 (CH,), 30.1 (CH,), 26.7
(CH,), 26.7 (CH,), 21.3 (2C; CHs), 14.8 (2C; CHs) ppm.

19F NMR (282 MHz, MeOD-d.): 6 = -147.1 (dd, Y(B, F) = 32.6 Hz, 2F, BF2) ppm.

HRMS-ESI (m/z): [M + H]* calcd for Cs3HsaBF2NgO4: 887.4271; found: 887.4259.
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Figure S175: 13C-NMR (125 MHz) spectrum of compound 3 in MeOD-d,.
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Figure $176: HSQC spectrum of compound 3 (*H-NMR: 500 MHz, 13C-NMR: 125 MHz, MeOD-d,).
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Figure S180: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 3 in positive ion mode.
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Scheme S$37: Synthesis of short-linker 21-BODIPY-CTZ conjugate 4.

Under an inert atmosphere, coelenterazine 14 (34.1 mg, 60.5 umol, 1.00 eq) was dissolved in dry THF
(302 pL). NHS (13.9 mg, 121 umol, 2.00 eq) and DIC (18.7 uL, 121 umol, 2.00 eq) were added, and the
reaction mixture was shaken at rt for 2.5 h. The solvent was removed under reduced pressure and the
remaining residue was purified using a Pure C-810 Flash system (Bichi, column: FP ECOFLEX C18 12 g,
0% — 100% MeOH for 16 min, 0.1% formic acid) to give the coelenterazine-NHS ester as an orange
solid with quantitative yield. The obtained NHS ester (40.0 mg, 60.5 umol, 1.00 eq) was dissolved in
dry, degassed DMF (303 pL) under inert atmosphere. 21-BODIPY-NH, (18, 38.4 mg, 60.5 umol, 1.00 eq)
and NMM (13.3 pL, 121 umol, 2.00 eq) were added and the reaction mixture was shaken at rt in the
dark for 1.5 h. The mixture was diluted with DCM (~50 mL) and washed with distilled water (~50 mL,
1x). The aqueous phase was extracted with DCM (~50 mL, 3x) and the combined organic phase was
washed with brine (~50 mL, 2x) and dried over MgSQ,. The crude was purified by flash column
chromatography (DCM/MeOH 97:3, (v/v)). After removing the solvent under reduced pressure, the
short-linker 2I-BODIPY-CTZ conjugate (4, 28.9 mg, 25.4 umol, 42%) was obtained as a pink solid.

TLC (UVasanm): Ry = 0.58 (DCM/MeOH 9:1, v/v).

H NMR (500 MHz, MeOD-d.): 6 = 7.64 (s, 2H), 7.50-7.47 (m, 3H), 7.38 (m, 3H), 7.29-7.26 (m, 2H), 7.23-
7.21 (m, 3H), 7.17-7.15 (m, 2H), 7.13-7.11 (m, 2H), 6.79 (d, 3J(H,H) = 8.6 Hz, 2H), 4.38 (s, 2H), 4.13 (t,
3J(H,H) = 5.4 Hz, 2H), 4.06 (s, 2H), 3.91 (t, 3/(H,H) = 6.3 Hz, 2H), 3.63-3.60 (m, 2H), 2.55 (s, 6H), 2.28-
2.25 (m, 2H), 1.79-1.73 (m, 2H), 1.71-1.67 (m, 2H), 1.53-1.47 (m, 2H), 1.42 (s, 6H) ppm.

13C NMR (125 MHz, MeOD-da): & = 176.6 (2C; C,), 174.9 (Cy), 167.7 (Cy), 161.5 (2C; Cy), 159.0 (Cy), 157.6
(2C; C,), 146.6 (2C; Cy), 143.6 (Cy), 141.6 (Co), 132.9 (2C; C,), 132.4 (C,), 130.8 (2C; CH), 130.7 (C,), 130.5
(2C; CH), 130.0 (2C; CH), 129.9 (2C; CH), 129.7 (2C; Cy), 129.6 (2C; CH), 128.0 (2C; C,), 128.0 (CH), 127.8
(2C; CH), 122.1 (2C; CH), 116.7 (2C; CH), 115.5 (2C; CH), 68.8 (CH,), 67.7 (CH,), 58.3 (CHa), 40.0 (CH,),
38.9 (CH,), 31.1 (CH,), 30.8 (CH.), 30.1 (CH.), 26.7 (CH,), 18.4 (2C; CHs), 17.5 (2C; CHs) ppm.

19F-NMMR (282 MHz, MeOD-d,): 6 = -146.5 (dd, YJ(B, F) = 31.6 Hz, 2F, BF>) ppm.

HRMS-ESI (m/z): [M + H]* calcd for Cs3Hs,BF21:NgO4: 1139.2204; found: 1139.2206.
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Figure S181: 'H-NMR (500 MHz) spectrum of compound 4 in MeOD-d..
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Figure S182: 13C-NMR (125 MHz) spectrum of compound 4 in MeOD-d,.
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Figure S187: Measured (top) and calculated (bottom) HRMS-ESI spectrum of 4 in positive ion mode.



Solid Phase Peptide Synthesis (SPPS)

Solid Phase Peptide Synthesis (SPPS)

For peptide synthesis, the amino acids were coupled automatically by a ResPep SLi Synthesizer (Intavis)
in microscale colums (Intavis, 1-5 pumol, 35.101). TentaGel» S RAM resin (loading = 0.22 mmol/g) was
used as solid support. The amounts of reagents of the following synthesis protocol correspond to
5 umol scale of the peptide.

Swelling: 22.7 mg of resin (5 pumol) were swollen in DMF (500 pL) for 30 min.

Deprotection of the Fmoc-protecting group: Piperidine (150 uL, 20% in DMF, vol %) was added to the
resin. After 5 min, the solution was removed, and the procedure was repeated once. Afterwards the
solution was removed, and the resin was washed with DMF (1x 300 pL, 3x 225 puL).

Coupling of the amino acids: Amino acids were coupled by charging the reactor with a solution of the
corresponding Fmoc-amino acid (0.5 M solution in DMF, 4.00 eq), Oxyma (2 M solution in DMF, 4.00
eq) and DIC (2 M solution in DMF, 4.00 eq) using a total volume of 100 pL. After 20 min, the solution
was removed, and the coupling step was repeated once.

Capping: A solution of Ac,0/2,6-lutidine/DMF (120 pL, 5:6:89, v/v/v) was added. The solution was
removed after 8 min, and the resin was washed with DMF (3 x 225 puL).

After the last coupling cycle, the resin was washed with DMF (1x 300 pL, 3x 225 pl), EtOH (4x 150 L)
and DCM (5x 150 pL). Vacuum was applied to the reactor for 5 min. Finally, the resin was transferred
to a 2 mL polypropylen reactor with plunger and frit (VO20PE061, pore size 25 um, Multisyntech GmbH,
Germany) for the final coupling step and the cleavage step, which was carried out manually.

Cleavage Deprotection Step

The dried resin was treated with the TFA-based cleavage cocktail (2.0 mL for 22.7 mg of resin) and
shaken for 2 h. As cleavage cocktail, TFA/DCM/H,O/TIPS (90:5:2.5:2.5, v/v/v/v) was used. Then, the
resin was filtered off, the filtrate was precipitated in -20 °C cold Et,0 (10.0 mL of Et,O for 1.0 mL
cleavage cocktail). Afterwards, the precipitated peptide was centrifuged (8000 rpm, 8 min, 4 °C), the
supernatant was discarded, and the pellet was washed with Et,0. This step was repeated once. Finally,
the peptide pellet was dried in high vacuum for 10 min, dissolved in ultrapure H,0, and purified.

Purification and Characterization

Purification: The synthesized peptide was purified at 25 °C by an Agilent 1260 Series preparative HPLC-
system (Agilent Technologies) equipped with column 3, 5 um, 10 mL/min.

The detection was carried out by measuring the absorption at 220 nm and 260 nm. Ultrapure water
(A) and MeCN (B) were employed as eluents with an addition of 0.1 % of TFA for both solvents. The
fractions which were containing the desired peptide were combined and lyophilized and stored
at-20 °C.

Characterization: The freeze-dried peptide was characterized by analytical HPLC-MS using an Agilent
1260 Series analytical HPLC-system (Agilent Technologies) equipped with column 2, 1 mL/min at 55 °C.
For analytical purposes, ultrapure water containing 0,05% TFA (A) and MeCN containing 0.03% TFA (B)
were used as eluents. Detection of the signal was achieved with a UV detector at 220 nm and the
measurement of the corresponding mass signal was performed with an LTQ-FT Ultra coupled to an
Agilent 1260 Infinity Il HPLC (Agilent Technologies).

A high-resolution electrospray ionization (ESI) mass spectra of the peptide was measured with an LTQ-
FT Ultra mass spectrometer (Thermo Fischer Scientific) by the employees of the Marburg University
mass department.



Solid Phase Peptide Synthesis (SPPS)

Analytical Data

HiBiT (19): H.N-GGGGS-VSGWRLFKKIS-CONHj,: For the final cleavage step, 45.5 mg of resin (loading =
0.22 mmol/g, peptide: 16.3 mg, 10 umol) were treated with 4 mL of cleavage cocktail. After purification
using 5% - 75% of solvent B in 24 min, column 3), the desired peptide (7.74 mg, 3.70 umol, 37%) was
obtained as white 4x TFA salt solid. tg = 12.14 min (5 — 75% of solvent B in 25 min, column 2), Purity >
98%. Formula: C74H119N23010. HRMS-ESI (m/z): [M+3H]3* cald.: 545.6424; found: 545.6442.
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Figure S188: HPLC chromatogram (220 nm, 5 — 75% of solvent B in 25 min) of purified peptide 19 and
corresponding ESI* spectra.
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Figure S189: Measured (top) and calculated (bottom) HRMS-ESI spectrum of H,N-GGGGS-VSGWRLFKKIS-CONH;
(19) in positive ion mode.
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Molecular and FRET Modelling

Molecular and FRET Modelling

Computational Details

Molecular structures were optimized using the CAM-B3LYP/def2-SVP level of theory, incorporating
Grimme’s D3 dispersion term with Becke-Johnson damping®¥ in the CPCM acetonitrile solvent model.
Local minima geometry was verified with computing vibrational frequencies. Excited states were
calculated using the TD-DFT method at the TD-DFT CAM-B3LYP/def2-TZVPP level, applying the same
empirical dispersion and solvent models. All electronic structure calculations were performed using the
Gaussian16 software.[*>! Coordinates of the optimized molecular structures are provided in table S7
below.

FRET modelling was performed using the PyFREC software as detailed elsewhere.l*¢! Briefly, we
considered the lowest excited states with non-zero transition dipole moments of the donor and
acceptor groups, along with the spectral overlap calculated from empirical donor fluorescence and
acceptor absorption spectra. Donor-acceptor distances were determined based on the ground-state
charge centres of the donor and acceptor moieties. Mutual orientation factors were calculated
according to FRET theory, based on the relative orientation of the transition dipole moments and the
donor-acceptor distance vector. Parameters of the excited states and results of the FRET calculations
are summarized in tables SR4 and SR5.

Optimized Molecular Geometries

Table S7: Optimized Molecular Geometries of the Molecules.

Short BODIPY-CTZ (3)

TITLE  BPY_CTZ_REDC_Short_opt_1

REMARK 1 BPY_CTZ_REDC_Short_opt_1

HETATM 1 0 LNK 1 -4.566 -3.950 1.008 0
HETATM 2 C LNK 1 -3.591 -3.795 -0.004 C
HETATM 3 H LNK 1 -3.760 -4.533 -0.809 H
HETATM 4 H LNK 1 -3.670 -2.790 -0.456 H
HETATM 5 C LNK 1 -2.227 -3.992 0.620 C
HETATM 6 H LNK 1 -2.196 -4.990 1.087 H
HETATM 7 H LNK 1 -2.102 -3.259 1.434 H
HETATM 8 C LNK 1 -1.094 -3.851 -0.388 C
HETATM 9 H LNK 1 -1.230 -4.584 -1.201 H
HETATM 10 H LNK 1 -1.145 -2.856 -0.864 H
HETATM 11 C LNK 1  0.281 -4.037 0.241 C
HETATM 12 H LNK 1  0.335 -5.028 0.723 H
HETATM 13 H LNK 1  0.432 -3.299 1.043 H
HETATM 14 C LNK 1  1.418 -3.901 -0.762 C
HETATM 15 H LNK 1  1.347 -4.670 -1.546 H
HETATM 16 H LNK 1  1.344 -2.926 -1.275 H
HETATM 17 C LNK 1  2.782 -3.944 -0.105 C
HETATM 18 O LNK 1  2.988 -3.487 1.011 0
HETATM 19 N LNK 1  3.771 -4.506 -0.841 N
HETATM 20 H LNK 1  3.559 -4.850 -1.769 H
HETATM 21 C LNK 1  5.133 -4.560 -0.367 C
HETATM 22 H LNK 1  5.131 -4.797 0.706 H
HETATM 23 H LNK 1  5.666 -5.363 -0.894 H
HETATM 24 C BPY 2  5.860 -3.242 -0.572 C
HETATM 25 H BPY 2  5.890 -2.979 -1.643 H
HETATM 26 H BPY 2  5.330 -2.440 -0.031 H
HETATM 27 O BPY 2  7.167 -3.406 -0.063 0
HETATM 28 C BPY 2  8.023 -2.364 -0.082 C
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

OZZO0IITITOITOOOOOO0OIIIIIIIOIIIIIIIIOMNTOOOOOOIZOOZO0O0O0IIOIOIOOON

BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
CTz
C1z
CTz
CTz
CTz
CTz
C1z
CTz
CTz
CTz
CTz
CTz
C1z
C1Z
C1Z
CTZ
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7.711 -1.102 -0.593
9.297 -2.598 0.452
8.670 -0.091 -0.563
6.730 -0.892 -1.015
10.241 -1.584 0.475
9.523 -3.589 0.847
9.937 -0.316 -0.033
8.419 0.894 -0.963
11.231 -1.776 0.895
10.952 0.771 -0.002
11.013 1.629 1.101
11.836 0.923 -1.076
11.959 2.654 1.153
10.241 1.685 2.301
11.975 0.197 -2.298
12.800 1.933 -1.066
13.010 2.959 0.066
11.808 3.325 2.305
10.753 2.749 3.036
9.107 0.812 2.732
13.024 0.800 -2.984
11.187 -0.972 -2.793
13.511 1.864 -2.201
14.298 2.839 0.593
12.839 4.257 -0.421
12.662 4.485 2.681
10.406 3.087 4.011
9.403 -0.245 2.785
8.752 1.122 3.724
8.263 0.866 2.031
13.411 0.509 -3.959
11.554 -1.280 -3.780
11.262 -1.831 -2.112
10.118 -0.734 -2.880
14.624 2.801 -2.514
12.577 5.284 1.932
12.368 4.877 3.662
13.720 4.189 2.712
14.261 3.838 -2.532
15.401 2.749 -1.737
15.071 2.558 -3.486
-8.102 -3.190 -1.798
-7.730 -3.428 -0.799
-8.646 -3.592 0.241
-6.357 -3.540 -0.585
-10.133 -3.427 -0.002
-8.148 -3.865 1.519
-5.875 -3.820 0.697
-5.675 -3.406 -1.424
-10.503 -1.995 -0.215
-10.429 -3.999 -0.894
-10.698 -3.815 0.856
-8.843 -3.992 2.353
-10.372 -1.321 -1.519
-10.919 -1.185 0.729
-10.754 -0.039 -1.220
-10.013 -1.744 -2.619

o
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HETATM 86 C CTZ
HETATM 87 C CTZ
HETATM 88 C CTZ
HETATM 89 C CTZ
HETATM 90 H CTZ
HETATM 91 C CTZ
HETATM 92 N CTZ
HETATM 93 C CTZ
HETATM 94 H CTZ
HETATM 95 H CTZ
HETATM 96 C CTZ
HETATM 97 H CTZ
HETATM 98 C CTZ
HETATM 99 C CTZ
HETATM 100 C CTZ
HETATM 101 C CTZ
HETATM 102 C CTZ
HETATM 103 H CTZ
HETATM 104 C CTZ
HETATM 105 H CTZ
HETATM 106 C CTZ
HETATM 107 H CTZ
HETATM 108 C CTZ
HETATM 109 H CTZ
HETATM 110 C CTZ
HETATM 111 H CTZ
HETATM 112 H CTZ
HETATM 113 C CTZ
HETATM 114 H CTZ
HETATM 115 H CTZ
HETATM 116 H CTZ
HETATM 117 H CTZ
HETATM 118 C CTzZ
HETATM 119 H CTZ
END

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

-11.085 0.033 0.154
-10.840 1.087 -2.025
-11.472 1.219 0.697
-11.220 2.262 -1.478
-10.615 0.953 -3.080
-11.766 1.385 2.155
-11.535 2.309 -0.117
-11.358 3.516 -2.245
-12.745 1.872 2.272
-11.831 0.383 2.595
-10.693 2.202 2.845
-11.700 3.216 0.307
-10.498 3.796 -3.315
-12.357 4.443 -1.921
-10.953 3.492 3.308
-9.408 1.671 2.999
-10.643 4.968 -4.049
-9.696 3.099 -3.561
-12.494 5.620 -2.651
-13.054 4.237 -1.106
-9.947 4.243 3.916
-11.955 3.915 3.198
-8.404 2.418 3.606
-9.198 0.661 2.638
-11.640 5.886 -3.719
-9.963 5.173 -4.878
-13.281 6.329 -2.388
-8.671 3.708 4.065
-10.164 5.251 4.274
-7.405 1.991 3.724
-11.747 6.809 -4.291
-7.882 4.294 4.542
-6.784 -3.980 1.749
-6.395 -4.198 2.745
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Short 21-BODIPY-CTZ (4)

TITLE
REMARK 1 12BPY_CTZ
HETATM 1 O LNK
HETATM 2 C LNK
HETATM 3 H LNK
HETATM 4 H LNK
HETATM 5 C LNK
HETATM 6 H LNK
HETATM 7 H LNK
HETATM 8 C LNK
HETATM 9 H LNK
HETATM 10 H LNK
HETATM 11 C LNK
HETATM 12 H LNK
HETATM 13 H LNK
HETATM 14 C LNK
HETATM 15 H LNK
HETATM 16 H LNK
HETATM 17 C LNK
HETATM 18 O LNK
HETATM 19 N LNK

P PR RPRPRRP A

12BPY_CTZ_REDC_Short_opt_1

REDC_Short_opt_1

R R PR PP R RRP R

6.945 -2.821 -3.055
5.937 -3.310 -2.193
6.108 -4.380 -1.979
5.967 -2.772 -1.229
4.599 -3.111 -2.870
4.614 -3.632 -3.841
4.472 -2.038 -3.091
3.433 -3.610 -2.027
3.568 -4.684 -1.811
3.440 -3.100 -1.048
2.083 -3.392 -2.698
2.074 -3.894 -3.680
1.933 -2.321 -2.902
0.914 -3.893 -1.863
0.985 -4.979 -1.695
0.943 -3.423 -0.864
-0.429 -3.542 -2.471
-0.613 -2.508 -3.097
-1.422 -4.438 -2.260
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
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-1.230 -5.268 -1.714
-2.768 -4.202 -2.725
-2.725 -3.739 -3.721
-3.293 -5.162 -2.816
-3.539 -3.281 -1.795
-3.608 -3.722 -0.785
-3.019 -2.313 -1.718
-4.826 -3.112 -2.352
-5.716 -2.308 -1.738
-5.458 -1.613 -0.553
-6.968 -2.183 -2.354
-6.451 -0.809 0.003
-4.494 -1.689 -0.054
-7.943 -1.373 -1.797
-7.151 -2.734 -3.278
-7.695 -0.678 -0.608
-6.245 -0.272 0.931
-8.914 -1.280 -2.287
-8.744 0.186 -0.009
-8.934 1.486 -0.496
-9.534 -0.308 1.038
-9.926 2.307 0.037
-8.248 2.217 -1.513
-9.558 -1.586 1.675
-10.511 0.492 1.629
-10.868 1.936 1.206
-9.905 3.492 -0.586
-8.874 3.462 -1.553
-7.102 1.779 -2.363
-10.558 -1.493 2.642
-8.716 -2.784 1.390
-11.131 -0.201 2.591
-12.198 1.994 0.795
-10.672 2.815 2.269
-10.832 4.599 -0.234
-8.394 5.053 -2.816

-7.417 1.030 -3.104
-6.684 2.636 -2.905
-6.305 1.320 -1.765
-11.149 -2.996 3.965
-9.116 -3.661 1.915
-8.675 -3.007 0.317
-7.680 -2.633 1.725
-12.240 0.367 3.402
-10.567 5.020 0.747
-10.787 5.398 -0.983
-11.861 4.223 -0.160
-11.969 1.368 3.764
-13.144 0.477 2.786
-12.471 -0.280 4.255
10.364 -3.801 -0.175
10.032 -3.411 -1.139
10.983 -2.910 -2.029
8.671 -3.401 -1.444
12.452 -2.883 -1.661
10.533 -2.383 -3.244
8.238 -2.876 -2.665
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
END

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
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CTz
CTz
C1z
CTz
CTz
CTz
CTz
CTz
CTz
CTz
C1z
CTz
C1z
C1Z
C1z
C1Z
C1z
C1Z
CTz
CTz
CTz
CTz
CTz
CTz
CTz
CTz
CTz
CTz
C1z
CTz
C1z
CTz
C1Z
CTZ
C1z
C1z
CTZ
C1z
C1z
C1z
C1z
CTz
CTz
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7.962 -3.803 -0.722
12.747 -1.801 -0.674
12.743 -3.847 -1.218
13.062 -2.720 -2.560
11.255 -1.979 -3.958
12.537 -1.963 0.775
13.149 -0.592 -0.991
12.858 -0.719 1.253
12.167 -2.933 1.438
13.229 0.109 0.168
12.851 -0.222 2.548
13.560 1.410 0.390
13.177 1.072 2.760
12.598 -0.923 3.340
13.882 2.362 -0.720
13.533 1.872 1.670
13.213 1.698 4.097
14.805 2.906 -0.474
14.068 1.768 -1.622
12.748 3.340 -0.954
13.661 2.865 1.827
12.300 1.317 5.088
14.167 2.679 4.398
12.883 4.692 -0.637
11.532 2.882 -1.473
12.349 1.894 6.352
11.531 0.577 4.860
14.208 3.261 5.661
14.903 2.977 3.649
11.821 5.574 -0.834
13.830 5.062 -0.236
10.473 3.761 -1.671
11.421 1.823 -1.723
13.302 2.870 6.643
11.629 1.589 7.113
14.961 4.021 5.880
10.614 5.111 -1.350
11.940 6.630 -0.582
9.530 3.391 -2.079
13.335 3.327 7.634
9.782 5.801 -1.505
9.182 -2.367 -3.564
8.830 -1.961 -4.513

IOIT I T AT TOTOTOTOTOANNOITOTTOZOoOTOONOOgzz0xxzxzn T

Short BODIPY-CTZ (oxidized form)

TITLE

BPY_CTZ_Short_opt_ox

REMARK 1 BPY_CTZ_Short_opt_ox

HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

1

OCooNOOTULLDhWN

10

C

C
N
N
N
C
C
C
H
C

CTZ
CTZ
C1z
C1z
C1z
CTz
CTZ
CTZ
C1z
CTZ

1

1
1
1
1
1
1
1
1
1

10.469 0.812 0.344
9.644 1.617 -0.471
11.383 1.348 1.135
10.298 -0.576 0.340
9.782 2.933 -0.448
8.600 1.026 -1.377
11.516 2.668 1.129
11.299 -1.515 0.385
9.353 -0.926 0.214
10.715 3.490 0.331

ATo00=z5,=>0n0
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

OO I IOIIOIIOIIOIIOO0OIIIOIIIOIZIOIIOIIIOIZIOIZIOOOIOIZIOOOOIIOOOQOOOIOIIT

CTz
CTz
C1z
CTz
CTz
C1z
CTz
C1z
CTz
CTz
CTz
CTz
C1z
C1z
C1z
C1Z
C1z
C1Z
CTz
CTz
C1z
C1z
CTz
C1z
CTz
CTz
CTz
C1z
CTz
CTz
CTz
C1z
C1Z
C1Z
C1Z
C1z
C1Z
C1Z
C1Z
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK

NN NMNMNNOMNMNMNNOMONMNMNNOMNMNNNOMNNNOORPRPRPRPPRPRrRPRrRRPPRrRRPRrRRPRpRRrpRPRpPRPRpRRRPRpRRrPRPRPRPRPRPRLRPRRRRR AR RRRR

8.349 1.797 -2.119
9.032 0.179 -1.932
7.323 0.570 -0.693
12.266 3.089 1.802
10.818 -2.963 0.427
12.480 -1.244 0.401
10.838 4.969 0.318
6.367 -0.124 -1.443
7.044 0.852 0.646
11.047 -3.320 1.443
11.486 -3.514 -0.250
9.371 -3.207 0.095
9.781 5.745 -0.174
11.989 5.617 0.783
5.156 -0.506 -0.879
6.576 -0.361 -2.489
5.834 0.457 1.219
7.767 1.397 1.255
8.406 -3.300 1.096
8.945 -3.306 -1.238
9.868 7.133 -0.190
8.888 5.239 -0.541
12.076 7.006 0.764
12.840 5.039 1.147
4.884 -0.215 0.458
4.424 -1.045 -1.483
5.634 0.687 2.267
7.057 -3.490 0.800
8.710 -3.226 2.144
7.609 -3.492 -1.551
9.678 -3.237 -2.045
11.016 7.769 0.280
9.033 7.723 -0.572
12.983 7.495 1.126
3.933 -0.513 0.903
6.650 -3.584 -0.533
6.337 -3.559 1.613
7.274 -3.566 -2.586
11.085 8.859 0.267
5.372 -3.756 -0.927
4.355 -3.878 0.050
4.539 -4.770 0.675
4.365 -2.998 0.714
3.026 -3.986 -0.663
3.049 -4.863 -1.331
2.900 -3.102 -1.310
1.852 -4.089 0.302
1.982 -4.973 0.950
1.854 -3.215 0.976
0.509 -4.171 -0.411
0.498 -5.047 -1.081
0.373 -3.292 -1.059
-0.670 -4.253 0.547
-0.612 -5.159 1.171
-0.643 -3.398 1.245
-2.009 -4.196 -0.161
-2.165 -3.620 -1.229
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
END

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

OO0 mZ00Z2Z000IIITIOIIOIIOOOO0IIIOIIOIZ

I I I I T IIIOIIIIIITITO™TTO

LNK
LNK
LNK
LNK
LNK
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY

wwwwwwwwwwwwwwwwwu_,wUUUUUJUJU)UJwUJWwwwwwwwwwwwwwwwwwwNNNNN

-3.035 -4.805
-2.866 -5.247
-4.381 -4.771
-4.349 -4.901
-4.954 -5.605
-5.080 -3.458
-5.134 -3.298
-4.513 -2.624
-6.375 -3.535
-7.206 -2.479
-6.874 -1.277
-8.474 -2.628
-7.808 -0.244
-5.896 -1.133
-9.393 -1.593
-8.716 -3.573
-9.069 -0.386
-7.542 0.692
-10.379 -1.720
-10.058 0.723
-10.098 1.668
-10.942 0.809
-11.021 2.714

0.479
1.374
-0.040
-1.131
0.387
0.272
1.362
-0.175
-0.285
-0.184
0.447
-0.760
0.495
0.903
-0.705
-1.249
-0.076
0.990
-1.158
-0.019
-1.050
1.063
-1.022

-9.319 1.805 -2.240

-11.103 -0.011
-11.881 1.838
-12.068 2.954
-10.851 3.472

2.221
1.134
0.085
-2.115

-9.805 2.936 -2.888
-8.201 0.946 -2.736

-12.140 0.558
-10.345 -1.236
-12.598 1.694
-13.358 2.902
-11.872 4.207
-11.678 4.677
-8.524 -0.092
-7.821 1.340
-7.368 0.908

2.952
2.619
2.258
-0.450
0.673
-2.398
-2.896
-3.688
-2.020

-10.738 -1.628 3.567
-10.421 -2.028 1.860

-9.274 -1.029
-13.692 2.627

2.748
2.643

-11.579 5.412 -1.585
-11.373 5.141 -3.343
-12.743 4.408 -2.455
-13.308 3.653 2.736
-14.470 2.648 1.866
-14.142 2.322 3.595

-9.446 3.345

-3.830

-12.538 0.197 3.899

oo o 0no o
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Long BODIPY-CTZ (5)

TITLE

BPY_CTZ_REDC_Long_opt_1

REMARK 1 BPY_CTZ_REDC_Long_opt_1
HETATM 1 O LNK
HETATM 2 C LNK

1
1

9.307 3.837 0.404
7.953 3.571 0.712

O o0
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
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LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY

1 7.759
1 7.727
1 7.086
1 7.358
1 7324
1 5598
1 5373
5.341
4.712
4,971
4.936
3.225
2.992
2.957
2.350
2.580
2.562
0.932
0.446
0.252
0.786
-1.232
-1.751
-1.446
-1.778
-1.347
-1.466
-3.285
-3.895
-3.910
-3.368
-5.340

-5.659
-6.110
-5.867
-5.801
-7.541
-8.065
-8.182
-7.615
-9.695
-10.103
-9.954

2.484 0.657
3.894 1.744
4.316 -0.280
3.992 -1.298
5.390 -0.217
4.094 -0.040
3.015 -0.095
4.406 0.988
4.843 -1.028
4.533 -2.056
5.922 -0.972
4.620 -0.791
3.545 -0.863
4.933 0.232
5.372 -1.789
5.034 -2.809
6.451 -1.742
5.179 -1.569
5.808 -0.943
4.141 -2.102
3.305 -2.820
4.104 -1.791
4.659 -2.588
4.632 -0.850
2.688 -1.768
2.141 -2.621
2.151 -0.860
2.652 -1.920
3.485 -2.578
1.618 -1.315
0.978 -0.749
1.430 -1.413
0.377 -1.205
1.659 -2.439
2.323 -0.437
3.374 -0.640
2.088 0.592
2.149 -0.543
2.775 -1.144
1.139 0.083
0.305 0.764
1.166 -0.090
1.952 0.572
1.437 -1.127

-10.200 -0.094 0.250

-11.536
-11.971
-12.473
-13.324
-11.223
-13.831
-12.165
-14.271
-13.653
-14.559
-15.723

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 -5573
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2 -16.462

-0.292 0.240
-1.566 0.627
0.676 -0.126
-1.863 0.650
-2.308 0.909
0.364 -0.098
1.674 -0.435
-0.899 0.287
-2.858 0.954
1.126 -0.384
-1.219 0.316
-0.974 1.479

o oT=T
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
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BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
CTz
C1z
C1z
C1z
C1z
C1z
C1z
C1Z
C1z
CTz
C1z
CTz
CTz
CTz
CTz
CTz
CTz
C1z
CTz
CTz
CTz
CTz
C1z
CTZ
C1Z
CTZ
C1z

NN
WWwwWowwwwwwwwwwwweRPRWWWRWWWWNNNMNNNNNNNNMNNNNNNNN NINNNNNMNNONNON

-16.335 -1.762 -0.819
-17.826 -1.265 1.529
-16.082 -0.441 2.748
-15.815 -2.099 -2.106
-17.696 -2.072 -0.814
-18.658 -1.862 0.374
-18.294 -0.942 2.743
-17.238 -0.429 3.520
-14.738 0.023 3.209
-16.888 -2.604 -2.833
-14.419 -1.960 -2.622
-18.031 -2.574 -2.011
-19.684 -0.985 0.014
-19.219 -3.081 0.763
-19.718 -1.125 3.134
-17.325 -0.086 4.549
-14.365 0.858 2.600
-14.796 0.357 4.254
-13.986 -0.775 3.143
-16.862 -2.962 -3.860
-14.369 -2.306 -3.663
-14.074 -0.918 -2.587
-13.705 -2.547 -2.029
-19.414 -3.010 -2.345
-20.008 -2.182 3.049
-19.881 -0.789 4.165
-20.378 -0.559 2.461
-19.745 -3.801 -1.657
-20.119 -2.173 -2.231
-19.463 -3.383 -3.375
13.690 3.251 1.185
12.664 3.032 1.491
12.448 2.190 2.592
11.600 3.566 0.782
13.616 1.578 3.337
11.133 1.901 2.946
10.281 3.272 1.152
11.764 4.223 -0.075
14.296 0.521 2.529
14.353 2.359 3.577
13.268 1.134 4.279
10.050 2.432 2.243
10.938 1.243 3.797
15.309 0.825 1.502
14.029 -0.761 2.605
9.037 2.182 2.557
15.589 -0.418 0.997
15.805 1.894 1.142
14.803 -1.378 1.677
16.461 -0.806 -0.009
14.890 -2.691 1.333
16.537 -2.111 -0.349
17.066 -0.024 -0.462
14.040 -3.752 1.960
15.749 -3.040 0.336
17.440 -2.634 -1.394
14.689 -4.562 2.326
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Molecular and FRET Modelling

HETATM 117 H CTZ 3
HETATM 118 C CTZ 3
HETATM 119 H CTZ 3
HETATM 120 C CTZ 3
HETATM 121 C CTZ 3
HETATM 122 C CTZ 3
HETATM 123 C CTZ 3
HETATM 124 C CTZ 3
HETATM 125 H CTZ 3
HETATM 126 C CTZ 3
HETATM 127 H CTZ 3
HETATM 128 C CTZ 3
HETATM 129 H CTZ 3
HETATM 130 C CTZ 3
HETATM 131 H CTZ 3
HETATM 132 C CTZ 3
HETATM 133 H CTZ 3
HETATM 134 H CTZ 3
HETATM 135 C CTZ 3
HETATM 136 H CTZ 3
HETATM 137 H CTZ 3
HETATM 138 H CTZ 3
HETATM 139 H CTZ 3

END

13.537 -3.304 2.825
13.028 -4.302 0.977
15.721 -3.993 -0.009
17.713 -1.881 -2.543
18.043 -3.890 -1.251
13.143 -5.598 0.472
11.974 -3.493 0.540
18.579 -2.367 -3.516
17.227 -0.914 -2.684
18.903 -4.378 -2.231
17.863 -4.487 -0.354
12.220 -6.080 -0.456
13.959 -6.240 0.812
11.052 -3.974 -0.384
11.880 -2.477 0.930
19.175 -3.618 -3.365
18.780 -1.768 -4.407
19.368 -5.357 -2.101
11.174 -5.270 -0.886
12.321 -7.097 -0.842
10.232 -3.334 -0.716
19.849 -4.001 -4.134
10.450 -5.647 -1.612

T T ITITOITTOIOIOTOTOOOOOTOIT

Long 21-BODIPY-CTZ (6)

TITLE 12BPY_CTZ_REDC_Long_opt_1
REMARK 1 12BPY_CTZ_REDC_Long_opt_1

HETATM 1 O LNK 1
HETATM 2 C LNK 1
HETATM 3 H LNK 1
HETATM 4 H LNK 1
HETATM 5 C LNK 1
HETATM 6 H LNK 1
HETATM 7 H LNK 1
HETATM 8 C LNK 1
HETATM 9 H LNK 1
HETATM 10 H LNK 1
HETATM 11 C LNK 1
HETATM 12 H LNK 1
HETATM 13 H LNK 1
HETATM 14 C LNK 1
HETATM 15 H LNK 1
HETATM 16 H LNK 1
HETATM 17 C LNK 1
HETATM 18 H LNK 1
HETATM 19 H LNK 1
HETATM 20 N LNK 1
HETATM 21 H LNK 1
HETATM 22 C LNK 1
HETATM 23 O LNK 1
HETATM 24 C LNK 1
HETATM 25 H LNK 1
HETATM 26 H LNK 1
HETATM 27 C LNK 1
HETATM 28 H LNK 1
HETATM 29 H LNK 1
HETATM 30 C LNK 1

12.121 -3.555 1.655
10.764 -3.533 1.258
10.537 -2.587 0.734
10.562 -4.358 0.552
9.908 -3.673 2.498
10.159 -2.854 3.192
10.179 -4.612 3.008
8.417 -3.657 2.188
8.159 -2.719 1.666
8.178 -4.472 1.484
7.546 -3.795 3.431
7.791 -2.982 4.138
7.801 -4.734 3.952
6.054 -3.769 3.130
5.792 -2.827 2.621
5.797 -4.586 2.434
5.199 -3.893 4.387
5.427 -3.061 5.069
5.435 -4.829 4.916
3.776 -3.869 4.121
3.298 -4.744 3.942
3.078 -2.717 4.030
3.600 -1.619 4.176
1.590 -2.873 3.783
1.096 -2.922 4.766
1.377 -3.826 3.277
1.008 -1.698 3.020
1.442 -0.773 3.433
1.290 -1.728 1.957
-0.496 -1.601 3.173
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
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LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
LNK
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
BPY
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5.773 1.362
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Long BODIPY-CTZ (oxidized form)

TITLE

BPY_CTZ_Long_opt_ox

REMARK 1 BPY_CTZ_Long_opt_ox
HETATM 1 C CTZ

1

-14.037 1.940 1.278
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2.457 0.524
2.594 1374
0.700 1.908
3.617 -0.097
1.733 0.406
3.763 0.756
0.340 3.126
0.019 1.459
4.303 0.007
2.469 0.063
1.400 1.405
0.542 -0.536
4.277 0.837
-1.111 3.525
1.089 3.842
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-0.194 -0.667
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-3.095 1.326
-3.943 0.130

-9.677 -2.092 2.703

-14.525
-10.104

9.003 -2.599
-3.732 0.569

-8.728 -3.514 0.815

-8.503
-8.466

-2.434 0.755
-3.851 1.833

-7.934 -4.279 -0.220

-8.244
-8.201

-3.942 -1.223
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-6.431 -4.100 -0.051

-6.183

-3.025 -0.088
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E 2.0 — \«,;\g\\‘ * T3
g T el = DPBF (21)
o 1.54 $—___ .
hrd =3 -~ 1 uM erythrosine B
§ 1.0 ~ 1 uM 2I-BODIPY-CO,H (2)
§ ~ 1 uM long 2I-BODIPY-CTZ (6)
£ 037 1 uM short 21-BODIPY-CTZ (4)
38
< 0.0 . T T .
0 10 20 30 40
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Figure SR1: Decrease in absorbance at 410 nm of a 200 uM DPBF (21) solution in MeOH containing 1 uM
photosensitizer. All measurements were performed in three independent experiments.

Table SR1: Results of @, determination in MeOH. ®, are mean values derived from three independent
experiments. I, values were determined of 10 uM stocks in MeOH at 517 nm.

Compound lo, 517 nm £ SD k [s1103] £ SD Da
0.621 34.0
.614 + 9+
erythrosine B (reference) 0.626 0.6 32.6 339 0.62 (ref)io
0.0164 1.17
0.596 35.1
0.464 32.6
0.476 326
21-BODIPY-CO;H (2) 0.464 0.020 31.1 1.48 0.719
0.499 34.0
0.388 15.8
long 21-BODIPY-CTZ conjugate (6) 0.386 0.399% 18.0 18.1¢ 0.476
& Jug ' 0.020 : 2.36 '
0.422 20.5
0.406 0.418 + 19.1 194+
short 2I-BODIPY-CTZ conjugate (4) | 0.404 0.022 19.5 0.32 0.490
0.443 19.7
-
L =
= . - DPBF (21)
S 5 I ¢ -=- 0,54 pM rose bengal (20)
T 1 — 0,54 uM 2I-BODIPY-CO,H (2)
§ 1.0 I —+ 0,54 uM long 2I-BODIPY-CTZ (6)
s 0,54 uM short 21-BODIPY-CTZ (4)
£ 0.54
[*]
3
< 0.0 T T T 1

o

10 20 30 40 50

Time / sec

Figure SR2: Decrease in absorbance at 410 nm of a 200 uM DPBF (21) solution in MeCN containing 0.54 uM
photosensitizer. All measurements were performed in three independent experiments.
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Table SR2: Results of @, determination in MeCN. ®, are mean values derived from three independent
experiments. I, values were determined of 5.4 uM stocks in MeCN at 517 nm. [@IThe overestimation of 2|-BODIPY-
CO;H (®a = 1.26) is because of using rose bengal as a standard.

Compound lg, 517 nm £ SD k [s1103] £ SD (0]
0.153 7.8
rose bengal (20, reference) 0.153 0.156 + 8.0 814 0.530
’ . 0.0047 . 0.36 f)lo!
0.161 8.5 (ref)
0.222 27.4
+ +
21-BODIPY-CO;H (2) 0.215 8(2)(2):5_ 26.8 (2)78(5) - 1.261M[!
0.232 ' 28.4 )
0.234 0.232 + 11.1 11.0 +
long 21-BODIPY-CTZ conjugate (6) | 0.224 00072 |04 052 0.482
0.238 ) 11.4 )
0.232 0.228 + 11.3 10.9 +
short 21-BODIPY-CTZ conjugate (4) | 0.225 0'0039_ 10.9 0 3'5 - 0.490
0.226 ) 10.6 ’

b
o

Absorbance at 410 nm/ AU

0 10 20 30
Time / sec

50

—+ 0,54 uM 2I-BODIPY-CO,H (2)

—~— 0,54 M long 21-BODIPY-CTZ (6)

0,54 uM short 2I-BODIPY-CTZ (4)

o 0,54 uM 2I-BODIPY-CO,H (2) + 1.5 uM CTZ-400a (1))
= 0,54 uM 2I-BODIPY-CO,H (2) + 15 uM CTZ-400a (1)

& 0,54 uM 2I-BODIPY-CO,H (2) + 150 uM CTZ-400a (1)

v 1.5 uM CTZ-400a (1)

Figure SR3: Effect of the presence of CTZ-400a (1) towards the slope of 2I-BODIPY-CO,H (2).

Absorbance / AU
N

0 1 . 1

517 nm

———
200 300 400 500

Wavelength / nm

600

700

— 2,7 uM 2I-BODIPY-CO,H (2)

— 2,7 uM 2I-BODIPY-CO,H (2) + 75 uM CTZ-400a (1)
— 2,7 uM 2I-BODIPY-CO,H (2) + 750 uM CTZ-400a (1)
--- 75 uM CTZ-400a (1)
--- 750 uM CTZ-400a (1)

Figure SR4: Absorbance spectra of 21-BODIPY-CO,H (2) in the presence of various amounts of CTZ-400a (1) and
corresponding absorbance spectra of CTZ-400a (1) in the absence of 2I-BODIPY-CO,H (2).
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0.8 — rose bengal (20)

--- 2I-BODIPY-CO,H (2)

--- long 2|-BODIPY-CTZ (6)

— short 2I-BODIPY-CTZ (4)
BODIPY-CO,H (22)

--- long BODIPY-CTZ (5)

— short BODIPY-CTZ (3)

— CTZ-400a (1)

Absorbance / AU

200 300 400 500 600 700
Wavelength / nm

Figure SR5: Absorbance spectra recorded at 5.4 uM in MeCN measured in duplicate. Second replicate is shown
as dotted line for all compounds.

.y — 5 M BODIPY-CO,H (22)

— 5 M BODIPY-CO,H (22) + 5 uM CTZ-400a (1)
— 5 M BODIPY-CO,H (22) + 80 uM CTZ-400a (1)
— 5 uM BODIPY-CO,H (22) + 800 uM CTZ-400a (1)
— 5 puMlong BODIPY-CTZ (5)

— 5 uM short BODIPY-CTZ (3)

Intensity / RFU
3
o
1
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[=]

o
1

0 1 L] I ) 1 L 1 1 L} 1
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Figure SR6: Fluorescence spectra of not iodinated BODIPY derivative 22, 3, 5 in MeCN. Fluorescence of
BODIPY-CO,H (22) was also recorded in the presence of different amounts of CTZ-400a (1). Measurements were
performed in duplicate (solid line: 1. replicate; dashed line: 2. replicate).
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-e- fluorescein in 0.1 M NaOH -4 BODIPY-CO.H (22)
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short BODIPY-CTZ (3)

Figure SR7: Plots for fluorescence quantum yield determination. A) Cross calibration of fluorimeter using

rhodamine B in EtOH and fluorescein in 0.1 M NaOH. B) Measurement of fluorescence quantum yields of

samples 3, 5 and 22 in EtOH using rhodamine B as reference. All measurements were performed in three
independent experiments.
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Table SR3: Determined slopes and corresponding quantum yields for the two reference compounds fluorescein
and rhodamine B as well as for sample compounds 22, 5 and 3.

Compound Grad + SD Reference (O Ok (lit.)

1768762
Fluorescein 1732467 | 1744750 + 20797 | Rhodamine B 0.827 0.7904
1733020
960884

Rhodamine B 973821 969774 £ 7710 Fluorescein 0.460 0.49016!
974618

1155927
BODIPY-CO;H (22) 1161697 1195075 + 62875 Rhodamine B 0.604 -
1267601
539182

long BODIPY-CTZ (5) 530699 532186 £ 6383 Rhodamine B 0.269 -
526678
480103
short BODIPY-CTZ (3) 497246 481103 £ 15666 Rhodamine B 0.243 -
465962
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Supplementary Results

Electronic Excited State Properties of Donor and Acceptor Moieties Used for FRET Modelling

Table SR4: Components of the transition dipole moments (x, y, z) in atomic units (a.u.), fluorescence quantum
yield of the donor (Q), and fluorescence lifetime of the donor in the absence of the acceptor (t, s) used in FRET
modelling.

Molecule: Short BODIPY-CTZ (3)

Xyz, a.u. Ql47] T, sl47
Donor moiety: BPY_EXP1S 0.0133 -3.0343 -0.0046 0.45 3.8E-9
Acceptor moiety: CTZ_EXP1S -1.7421 -0.4623 -0.1225 - -
Molecule: Short 21-BODIPY-CTZ (4)
Donor moiety: 12BPY_EXP2S 3.4761 0.0163 -0.0063 0.03 0.24E-9
Acceptor moiety: CTZ_EXP2S -1.7226 -0.4956 -0.1218 - -
*Molecule: BRET Short BODIPY-CTZ (oxidized form) - -
Donor moiety: CTZox_EXP3S 1.6981 0.2223 -0.0415 - -
Acceptor moiety: BPY_EXP3S -0.0020 3.0363 0.0016 - -
Molecule: Long BODIPY-CTZ (5)
Donor moiety: BPY_EXP1L 0.0158 3.0343 0.0062 0.45 3.8E-9
Acceptor moiety: CTZ_EXP1L -1.7605 -0.4428 -0.1241 - -
Molecule: Long 21-BODIPY-CTZ (6)
Donor moiety: 12BPY_EXP2L 3.4764 0.0189 -0.0069 0.03 0.24E-9
Acceptor moiety: CTZ_EXP2L -1.7832 -0.3967 -0.1288 - -
*Molecule: BRET Long BODIPY-CTZ (oxidized form)
Donor moiety: CTZox_EXP3L -1.8102 -0.2667 0.0528 - -
Acceptor moiety: BPY_EXP3L.txt 0.0029 -3.0348 -0.0047 - -

*Absolute energy transfer rates were not calculated for the BRET experiment.

FRET Modelling Results

Table SR5: Calculated absolut (k) and relative (ki) FRET rates based on donor-acceptor distance (dpa), orientation
factor magnitude (@), and spectral overlap (J) between donor emission and acceptor absorption spectra.

Molecules doa A 0,% J,M!cm!nm? k, s Krel
Short BODIPY-CTZ (3) 20.966 5.083 1.55E+13 6.02E+06 1
Long BODIPY-CTZ (5) 30.140 32.570 1.55E+13 2.80E+07 4.65
Short 21-BODIPY-CTZ (4) 21.210 7.608 2.29E+13 1.96E+07 1
Long 21-BODIPY-CTZ (6) 30.640 32.909 2.29E+13 4.03E+07 2.06
*BRET Short BODIPY-CTZ (oxidized) 19.251 7.730 - - 1
*BRET Long BODIPY-CTZ (oxidized) 27.911 37.179 - - 2.48

*Absolute energy transfer rates were not calculated for the BRET experiment.
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Figure SR8: Plots for K, determination using CTZ-400a (1) as substrate of the LgBiT-HiBiT enzyme complex.
Buffer: 50 mM Tris pH = 7.5, 150 mM NacCl, 0.005% Igepal CA-630 and 0.1 g/L BSA. All measurements were
carried out in triplicate as three independent measurements, i.e. from different stock solutions.
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Figure SR9: Plots for K., determination testing: A) long BODIPY-CTZ (5), B) short BODIPY-CTZ (3) as substrates of
the LgBiT-HiBiT enzyme complex. Buffer: 50 mM Tris pH = 7.5, 150 mM NaCl, 0.005% Igepal CA-630 and 0.1 g/L
BSA. All measurements were carried out in triplicate as three independent measurements, i.e. from different
stock solutions.

Table SR6: Results of K, determination of the LgBiT-HiBiT restored enzyme 5 min after substrate addition. Buffer:
50 mM Tris pH = 7.5, 150 mM NaCl, 0.005% lIgepal CA-630 and 0.1 g/L BSA. 2Equation for substrate inhibition
used; ®PMichaelis Menten plot used.

Substrate Vimax [RLU/s] £ SD Km [UM] £ SD Ki [uM] = SD
80.18 x107 15.40 14.97
7 + + +
CTZ-400a (1) 70.37 x107 ng'gclzé? = 1227 ;56?14 = | 1644 358'20 -
76.53 x10’ ' 18.34 ' 16.28 '
79.25 x10* 5.157 22.09
long BODIPY-CTZ 7 90.54 x10* + 551+ 17.48 +
conjugate (5)? 94.45 x10 9.93 x10* 4.380 1.34 15.76 4.03
U8 97.92x10° | - 7.000 ' 14.60 '
short BODIPY-CTZ 22.79 x10° 22.57 x10* + 7.444 8.01+ -
; " 22.69 x10° 2, o | 7601 o - -
conjugate (3) 0.29 x10 1.88
22.24 x10* 10.77 -
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Figure SR10: Results of cell viability studies testing long 21-BODIPY- and BODIPY-CTZ conjugates 6 and 5
performed in two independent experiments.
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Figure SR11: Results of cell viability studies testing short 21-BODIPY- and BODIPY-CTZ conjugates 4 and 3
performed in two independent experiments.

o 2x10%4
[T
[
= 1.5x104-
[
o
c
S 1x104
(7]
g
S 5x103
™
0- T T
F o oY ¢ &
ORI IR I R
& & & & & o
«X «X b\x OJ\X «X
™ ™ N
Al P P S
& X &L
0\ 0\ _\ _\ 0\
NSNS SR
x x oo oo
& & S
,{\v (\' Vv o(\Q'
[N O N
AT A O S
L N3 N N
F & & 0
o O Y NV
RN o
Vv (\q
SN
© S
NERA
Q) K%

Figure SR12: Luminescence-based detection of 10, using 25 pM Si-DMA as 0, sensor performed in two
independent experiments. All controls without Si-DMA showed hardly any fluorescence.
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No fluorescence was detected for the samples: i) 6.8 uM long 21-BODIPY-CTZ (6); ii) 12,5 uM long BODIPY-CTZ (5);
iii) 6.8 uM long 21-BODIPY-CTZ (6) + LgBIT-HiBiT and iv) 12.5 uM long BODIPY-CTZ (5) + LgBIT-HiBiT

5%104-

2 4x10¢

o

8 3x104

c

3

2 2x104 -e- Replicate 1, Ky = 11.94 uM
— e Replicate 2, Ky = 19.28 uM
= o~ Replicate 3, Ky =21.35 uM

¥ T ¥ T ¥ 1
0 10 20 30

c[LgBiT] / pM

Fluorescence / RFU

1.5x10°
1x103 i
! {

5x102

0 ] L} 1 T L 1
10 20 30
c [BSA]/ uM

Figure SR13: Fluorescence titration of LgBiT (A) and BSA (B) at constant Si-DMA concentration (25 M) showing
a binding affinity of LgBiT to Si-DMA (K4 = 17.50 + 5.0 uM). BSA hardly affected the Si-DMA emission.
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