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1. General Considerations

LED irradiation at 455 nm were conducted with three types of light as shown below.
Format: Type of lamp (wavelength) : wattage: manufacturer and product number, distance to reaction vessel.

e LED lamp (455 nm): 12W: Thorlabs, M455L2-C1, M00259452, COP-1A), 11 cm.
e  Blue LED (wavelength of peak intensity: 440 nm): 32 W, Kessil, A 160 WE Tuna Blue, 0-2 cm.
e CFL (compact fluorescent lamp): 20 W, Panasonic EFD25EL20EF2, 2 cm.

1.1. Experimental procedures

All reagents and solvents for the organic synthesis were purchased from commercial sources and were used without
further purification. NovaPEG Rink amide resin for PNA synthesis was obtained from EMD Millipore.

Thin layer chromatography (TLC) was performed on plates of silica precoated with 0.25 mm Kieselgel 60 F254 from Merck.
Flash chromatography was performed using silica gel SiliaFlash® P60 (230-400 mesh) from Silicycle or Wakogel® 60N
(particle size 63-212 um) from Wako. Automated solid-phase synthesis was carried out on an Intavis AG Multipep RS
instrument. Concentration of the PNA stocks was measured by NanoDrop™ 2000c¢ at 260 nm wavelength.

1.2. Analytical instrumentation

'H-NMR and *C-NMR spectra were recorded on Bruker Avance AMX-400 or AMX-500 Bruker Avance spectrometers.
Chemical shifts are reported in parts per million (ppm) with TMS as an external reference (8 0.00 ppm) for '"H NMR and
referenced to residual solvent signal for *C NMR (CDCl; at 77.16 ppm). NMR data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet), coupling constants (Hz), and
integration.

High-resolution mass spectra (HRMS) were obtained on a Xevo G2 Tof spectrometer.

LC-MS spectra were recorded on a DIONEX Ultimate 3000 UHPLC (condition for elution gradient: 0 min, A:B =100:0; 4 min,
A:B = 10:90; solution A: 0.01% aqueous TFA solution; solution B, 0.01% TFA in HPLC grade acetonitrile; flow rate: 0.750
mL/min) with a Thermo LCQ Fleet Mass Spectrometer System using PINNACLE DB C18 column (1.9 um, 50 x 2.1 mm)
operated in positive mode. All the LC-MS spectra were measured by electrospray ionization (ESI), linear gradient O to
100%. MALDI-TOF MS spectra were measured using a Bruker Daltonics Autoflex spectrometer* operated in positive mode.
The samples were analyzed using 2,5-dihydroxybenzoic acid (DHB) as matrix. Retention times (RT) are given in minutes.

* MALDI-TOF MS spectra for Table S3-5-2 and Figure 3-2-2 were measured using a Bruker neofleX spectrometer operated
in positive mode.
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2. Preparation of PNA libraries

2.2.1 Synthesis of PNA-peptide conjugates.

All reagents and solvents for the organic synthesis are purchased from commercial sources and are used without further
purification. HPLC purification is performed with an Agilent Technologies 1260 Infinity HPLC using a ZORBAX 300SB-C18
column (5 um, 9.4 x 250 mm). LC-MS spectra are recorded on a DIONEX Ultimate 3000 UHPLC with a Thermo LCQ Fleet
Mass Spectrometer System using a PINNACLE DB C18 column (1.9 um, 50 x 2.1 mm) operated in positive mode. All LC-MS
spectra were acquired by electrospray ionization (ESI) using a linear gradient from 0 to 100%. MALDI-TOF MS spectra are
measured using a Bruker Daltonics Autoflex spectrometer operated in positive mode. Automated solid-phase synthesis is
carried out on an Intavis AG Multipep RS instrument.

2.2.1.1 General Procedure for synthesis of PNA 6-mers.

5.0 mg of Nova PEG® Rink amide resin (0.44 mmol/g, NovaBiochem, 2.2 umol) is swollen in CH,Cl, for 10 minutes and
washed two times with DMF. Iterative cycles of amide coupling (Procedure 2), capping of the resin (Procedure 5) and
deprotection of the main chain protecting group (Procedure 3 or 4) are done to synthesize the PNA-peptide sequences.
The compounds are deprotected and cleaved from the resin using Procedure 6 and finally purified using HPLC when
needed.

2.2.1.3 Procedure 2: Amide coupling.

The corresponding Fmoc protected PNA monomer or amino acid (4.0 equiv, 0.2 M in NMP) is mixed with a pipette for 30
seconds with HATU (3.5 equiv, 0.25 M in NMP) and base solution [DIPEA, 1.2 M (4.0 equiv) and 2,6-lutidine 1.8 M (6.0
equiv) in NMP]. The mixture is then added to the corresponding resin. After 30 minutes, the mixture is filtered, the resin
is washed with DMF, and a new premixed reaction solution is added to the resin and allowed to react for another 30
minutes. Finally, the resin is washed with 2x DMF, 2x CH,Cl,, and 2x DMF.

2.2.1.4 Procedure 3: Fmoc deprotection.

A solution of 20% piperidine in DMF is added to the resin and allowed to react for 5 minutes. The mixture is then filtered,
the resin is washed with DMF, and the sequence repeated a second time for another 5 minutes. Finally, the resin is washed
with 2x DMF, 2x CHCl,, and 2x DMF.

2.2.1.5 Procedure 4: Mtt deprotection.

A solution (made from 244 mg of HOBt in 10 mL of HFIP and 10 mL of DCE) is added to the prewashed resin to reach a
volume of 10 mL/g of resin and allowed to react for 5 minutes. The solution is flushed, the resin is washed with CH,Cly,
and the sequence is repeated a second time for another 5 minutes. Finally, the resin is washed with 2x CH,Cl, and 2x DMF.

2.2.1.6 Procedure 5: Capping.

The resin is treated with a capping mixture (0.92 mL of acetic anhydride and 1.3 mL of 2,6 lutidine in 18 mL of DMF: 10
mL of solution/g of resin) for 5 minutes. After flushing the solution, the resin is washed with 2x DMF, 2x CH,Cl, and 2x
DMF.

2.2.1.7 Procedure 6: Cleavage from the resin and final deprotection.

The resin (2.2 umol) is treated with 125 pL of a mixture of TFA and scavengers (440 uL of TFA + 25 mg phenol + 25 uL
water + 10 pL triisopropylsilane) for 2 hours. The resin is filtered, washed with TFA (80 pL) and the collected fractions of
cleavage product are precipitated in cold ether (1.5 mL). After centrifugation (13 K rpm, 5 minutes), the supernatant is
removed and the pellet is vortexed again with cold Et,0 (1.5 mL) and centrifuged (13 K rpm, 5 minutes). The resulting
pellet is dissolved in H,O/CHsCN (1/1, 1.5 mL) and lyophilized or evaporated with nitrogen to obtain a white powder. The
white powder is dissolved in H,0 and the sample concentration is measured using NanoDrop.

2.2.1.8 Procedure 7: Microcleavage for quality control.

The minimum number of beads is picked up with a pipette plastic tip and transferred to 50 uL of TFA. After the solution
has been left for 30 minutes, TFA is removed with a centrifugal evaporator. The resulting pellet is dissolved in 20 uL of 1:1
acetonitrile/water, which is then analyzed by MALDI-TOF MS and/or LC-MS.
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2.2.1.9 Procedure 8: Amidation with cyclic anhydrides. (for X13—X16)

After Mtt deprotection of Dap-NHMtt at the C- HO\EO

terminal, the resin (2.2 umol) is treated with N

succinic anhydride or diglycolic anhydride (15 IX K‘fo
equiv, 0.27 M in NMP) and DIPEA (11 L, 65 pmol, 0o I
30 equiv). After 30 minutes, the mixture is filtered, ﬂ)‘l DIPEA ng\
o . . N-GCGGCG—NHAc ————————— N-GCGGCG—NHAc
the resin is washed with DMF, and a new reaction o H (X = OCH, or CHy) o H

solution is added to the resin and allowed to react
for another 30 minutes. Finally, the resin is washed with 2x DMF, 2x CH,Cl, and 2x DMF.

2.2.1.10 Procedure 9: SN2 reaction of primary amines with a-chloro amide in PNA. (for X1, X5, X6, X8, Y13)

The resin (1.1 or 2.2 umol) is treated with a mixture of amines [primary amine, H HN-R H
0.25 M (25 equiv or 50 equiv) and DIPEA 0.10 M (10 or 20 equiv) in 1,4- Ny e —— N
dioxane]. After 5 hours at 50 °C (for Y13, 6.5 hours at 80 °C), the mixture is © °

filtered, and the resin is washed with 2x DMF, 2x CH,Cl,, and 2x DMF. X5, X6, and Y13 are kept at this stage.

For X1, a new reaction solution is added to the resin and allowed to react for another 11 hours at 50 °C. Finally, the mixture
is filtered and the resin is washed with 2x DMF, 2x CH,Cl,, and 2x DMF.

For X8, a new reaction solution is added to the resin and allowed to react for another 11 hours at 50 °C. After the mixture
is filtered and the resin is washed with 2x DMF, 2x CH,Cl,, and 2x DMF, a new reaction solution is added to the resin and
allowed to react for another 7 hours at 70 °C. Finally, the mixture is filtered and the resin is washed with 2x DMF, 2x CH,Cl5,
and 2x DMF.

2.2.1.11 Procedure 10: Condensation of primary amines with carboxylic acid in PNA. (for X7, X10)

The resin (1.7 umol) is treated with primary amines (10 equiv, 0.25 M in NMP) and 0 o
HATU (8.9 equiv, 0.25 M in NMP) and base solution [DIPEA, 1.2 M (10 equiv) and 2,6- Sy MR IR
lutidine 1.8 M (15 equiv) in NMP]. After 2 hours, the mixture is filtered, the resin is .
washed with DMF, and a new reaction solution is added to the resin and allowed to react for another 15 hours. Finally,
the resin is washed with 2x DMF and 2x CH,Cl,.

2.3. Characterization of PNA.

Characterization of the PNAs was done by MALDI-TOF MS (Bruker Daltonics Autoflex spectrometer with FlexControl 3.4
software and analysis with FlexAnalysis 3.4) and/or LC-MS (DIONEX Ultimate 3000 UHPLC with a Thermo LCQ Fleet Mass
Spectrometer System using PINNACLE DB C18 column (1.9 um, 50 x 2.1 mm) with Thermo Xcalibur 2.2.5P1.48 software
and analysis with Thermo Xcalibur Qual Browser 2.2.5P1.48). For MALDI analysis, 1.0 L of the sample (in either water or
water/acetonitrile 1:1) was mixed with 1.0 uL of DHB matrix solution (30 mg of DHB in 1.0 mL of 70:30:0.01
water/acetonitrile/TFA), and the mixture was spotted on a MALDI plate. The measurements were done in a positive linear
mode*. Calibration Standard Peptide Il (Bruker LabScape — Daltonics 8222570) was used for instrument calibration prior
to measurement. For LC-MS analysis, 20 uL of sample in water or water/acetonitrile 1:1 were injected into the LC-MS
system.
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Table S2-1. List of PNA X (12 functional groups)

No. Structure Huisgen Amidation PC
X1 L o
e N\)LH—DAP—GCGGCG—NHAC - v v
X2 0 v
| p— p—
c \)LH—Lys—GCGGCG—NHAc
X3 o
N-DAP-GCGGCG-NHAC - v v
2PN
X4 o]
N—DAP-GCGGCG-NHAG - v v
Me,N
X5 b0
(P,NT N\)LH—DAP-GCGGCG—NHAC - v v
X6 y 0
MezN/\/ N\)LH—DAP-GCGGCG—NHAC - v v
X7 | 0
(’Pr)gN/\/NMH—DAP—GCGGCG—NHAC v - v
0
X8 0
N~ H
\\/N\)LH—DAP—GCGGCG—NHAC - v v
X9 0
ACHN\)LN—L GCGGCG—NHA
O B ¢ v _ v
I
X10 o 0 v
o N _ - v
Z N N-DAP-GCGGCG-NHAC positive
X11 0
YLH—Lys-GCGGCG—NHAc v v v
X12 0
YL”—DAP-GCGGCG—NHAC - v v
X13 o] 0 W
Ao N v v
HO N-DAP-GCGGCG-NHAC positive
X14 0
HO\[]/\)LN—DAP GCGGCG—NHA v v v
I Hoo ¢ positive
X15 0 v
H
o A v v
\g/\o/\g/ N-DAP-GCGGCG—NHAC positive
X16 Q ho 9 v
Ho)j\/\[rN\)LN—DAP-GCGGCG—NHAc v o v
I N positive
X17 H,N—Lys-GCGGCG—NHACc - v —
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Table S2-2. List of PNA Y (13 functional groups)

No. Structure Huisgen Amidation photo
Y1 0
CGCCGC-GW—NJ\/\/NB \/ - v
N positive
Y2 0
CGCCGC-GIy-GIy—HJj\/\/NS - v v
Y3 o)
CGCCGC-GIy-GIy-GIy—NJJ\/NS \/ - v
H positive
Y4 0
CGCCGC-Gly-Gly-Gly—N Ns \/ - v
N positive
Y5 0
N. —
CGCCGC—GIy-GIy—H)H/ s v v
Y6 o
CGCCGC—GIy—GIy—GIy—mJ\Q\ - v V4
N3
Y7 o v
cGeeae-Gly—N . v v
positive
N3
Y8 o) v
CGCCGCH-GIy-GIy-GIy-GIy—NJj\_/\/\NMeZ . v v
H positive
N3
Y9 0
caccacaly-aly~., L~ ~
y V\H . oN - - v
N
Y10 CGCCGC-Gly-Gly-Gly-Gly—NH,
Y11 o)
CGCCGC-GIy-GIy—HJ><N3 - v v
Y12 CGCCGC-Gly-Gly-Gly-NH, v
positive
Y13 9y
N _ _
CGCCGC-GIy-GIy-GIy—HJ\/ ~"NMe, v
Y14 CGCCGC-Gly-Gly-Gly-Glu—NHAc
Y15 CGCCGC-Gly-Gly-Gly-Trp—NHAc W,
Y16 CGCCGC-Gly-Gly-Gly-Tyr—NHAc v
Y17 o
CGCCGC-GIy-GIy-GIy-GIy—HJI\/NS - v N
Y18 0
CGCCGC-GIy-GIy-GIy-GIy—”k@\ — v _
N3
Y19 o)
N — _
CGCCGC-GIy-GIy-GIy-—”J>< 8 v
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3. Procedure for OPMSS and Data of OPMSS

3.1. General information
A 1.5 mL Eppendorf tube or 0.2 mL PCR tube (corning, PCR-02-C) was used for each reaction. Each reaction mixture was
monitored and analyzed by following GT1.

3.2. General treatment before MALDI-TOF MS (GT1)

The reaction mixture (total 10-100 mM, PNA) was diluted tenfold with MeCN-H,0 (1 : 1). After DHB matrix solution was
spotted on a MALDI plate, the resulting PNA solution (0.5 mL) was spotted on the plate and mixed with DHB matrix
solution by pipetting. After drying*, the resulting solid was analyzed by using linear positive mode or reflector positive
mode of MALDI-TOF MS.

*After drying, DHB matrix solution was spotted and dried it again, if the reaction mixture contained DMF or DMSO.
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3.3.1. Click reaction (Fig.3)

The click reaction cocktail was prepared as shown in Table S3-2. PNA pool Xclick and PNA pool Yclick were dissolved in the
cocktail as shown in Table S3-1. After being incubated at room temperature for 2 h, the reaction mixture was analyzed by
following GT1.

Table S3-1. Reaction conditions for click reaction: 8 x 8

Name Volume / uL | Final concentration note

100 uM PNA pool 635_X aq. ™ 1.0 5.0 uM x 8 (total 40 uM) —

50 uM PNA pool 635_Y aq. 2.0 5.0 uM x 8 (total 40 uM) —

click reaction cocktail*3 17 CuSQOg4; 0.43 mM CuS0y; 86 equiv/PNA-alkyne
Total 20 — —

*1PNA pool Xclick (eight PNA X): X7, X9, X10, X11, X13, X14, X15, and X16
*2PNA pool Yclick (eight PNAY): Y1, Y3, Y4, Y7,Y8, Y16, Y17, and Y18
*3For a negative control experiment, 1 x DPBS buffer (17 pL) was used instead of the click reaction cocktail.

Table S3-2. Click reaction cocktail!

Reagents Final concentration in 1 x DPBSbuffer
CuSO, 0.5mM

THPTA 5mM

Na ascorbate 2.5mM

1 x DPBS buffer —

o
v1
NaMH—ew-ceccec
ok
AcHN—GCGGCG-DAP—N ~"N(P) o
H ) ox 3 N, A
3 N—Gly-Gly-Gly-CGCCGC
o
AcHN~GCGGCG-Lys—N oNHAc \ o
X9 va "‘\Hj\nfGly-GIy-Gly-CGCCGC
OH
0
o o
N—Gly-CGCCGC
AcHN—GCGGCG-DAP—H)K/OJH/\\\ x10 Y7 oY
Ny
0
o
AcHN—GCGGCG-Lys—N)Y xn Ny L
H ™~ N-—Gly-Gly-Gly-Gly-CGCCGC
v8
o o Me,N
2/
AcHNfGCGGCG-DAPfuJJ\/O\AOH x13
o o
OH X4 Y16 ACHN\:)LN—GIy-GIy-GIy-CGCCGC
AcHN—GCGGCG-DAP—N H i H
H o 0,C._-~
(s I o
AcHN
AcHN*GCGGCG-DAP*HJ\/Nj(\O/\H/OH X15 \i)J\H*GIy-GIy-GIy-CGCCGC
o o g

Y17
QY
N
H
0
AchN \;)LHfGIy-GIy-GIy-CGCCGC

AT
Figure S3-1. Substrate hybridization combinations and ligation outcomes.
Gray lines represent possible hybridization combinations, and red lines represent ligated products detected after the
reaction.

o o
AcHN—GCGGCG-DAP—uJ\/NNOH X16

o

Y18
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Table S3-3. List of observed peaks and assigned PNA sequences_ Huisgen cycloaddition_2 h

calc. m/z
found. m/z assigned PNA assigned PNA sequence (N to C) Molecular formula | average mass[M+H]* | error
3736.840 X10+Y1 GCGGCG-DAP-linker2-T1-Gly-CGCCGC C144H185N81043 3739.535 -2.70
3771.292 X10 +Y7 GCGGCG-DAP-linker2-T4-Gly-CGCCGC C147H183N81043 3773.551 -2.26
3822.327 X10+Y3 GCGGCG-DAP-linker2-T2-Gly-Gly-Gly-CGCCGC C146H187N83045 3825.583 -3.26
3837.561 X10 +Y4 GCGGCG-DAP-linker2-T3-Gly-Gly-Gly-CGCCGC C147H189N83045 3839.610| -2.05
3965.061 X10 +Y8 GCGGCG-DAP-linker2-T5-Gly-Gly-Gly-Gly-CGCCGC C153H201N85046 3967.783 -2.72

Linear positive ion mode was utilized for Table S3-3.
*Average mass was calculated with enviPat Web(https://www.envipat.eawag.ch/index.php).
Observed mass deviations (+0-4.3 Da) may be attributed to instrument calibration drift.

H H H Q
N N. N _DAP- - -
---Gly \n/\o/\n/ DAP- - ---Gly MH
o o o
linker 1 linker 2

o} 0
o NH, o o} NH, 0 ﬁ"t‘z {NH NH, ﬁN\»—b {NH NH,
NH NH NH NH SN N SN SN N SN
\ \
gﬁ{)‘w | N\’Lo E;&N)‘NHQNA&(}*NH | N\”LO gﬁ‘/)‘wg | ngo QN N’}‘NH | N’go | N,go «N N/)\NH | N/go
0, 0, 0, o, o, kfooo NH, NN h © © o o kfoo kfoo kfoo © o
AcHN’\/N\)LN/\/N\)LN/\/N\)LN/\/N\)LN/\/N\)LN’\/N\)LNI/n\ﬂ/\O/\ﬂ/NVR/‘N/VYN\)LNNN\)L'ANN\)LHNN\)L&/\/N\)Lu/\/N\)Lu/\/N\)LNHQ
H H H H H H 4 S o

X10 + Y1: GCGGCG-DAP-linker2-T1-Gly-CGCCGC
Chemical Formula: C144H1g5Ng1043

o NH, o o NH, o} NH, Q NH, NH, Q NH,
«N \ N/)‘NH | N/go «N \ N/)ww?«N \ N/}*NH | N/go «N \ N/}~NH2 IN*O «N \ Kal | N&O IN,gO QN \ el | NAO
K?oo k?oo k?oo k?oo Kfoo K?oo 05 o, 0, k?oo Kfoo 0

OsNH, NN 4o 4o
PO S TS PE S P S PSS TS HE SUN TS NS PEN P S PUS PU S P S PUS PO W
H H H H H H o o o H o H H H H H H

X10 + Y3: GCGGCG-DAP-linker2-T2-Gly-Gly-Gly-CGCCGC
Chemical Formula: Cy46H157Ng3045

2 NH, 2 2 NH, Q NH, Q NH, NH, Q NH,
SIS, CL O CL Ee
d 2/~NH{| 4 Z=NH I 2~NH{| 4 Z~NH, 4 7N, 4 Z~NH,
LN N N’&O <N N J\N N N’go (N N N’go <N N N’go N’&O LN N N'&O
© o 0 o o o © o o o © o

0 0 ., kfo o kfo ° ‘\fo o kfo o Oy NHe NaN ° °
R HN/\/N\)LN/\’N\)LN/\/N\)LN/\’N\)LN/\/N\)LN/\/N\)LNI/n o HV%N%(H\)LN/\H/n\)LN/\/N\)LN/\/N\)LN/\/N\)LN/\/N\)LN/\/N\)LN/\/“\)LNH
c H H H H H H \g/\ /\g/ o H 8 H H H H H H 2

X10 + Y4: GCGGCG-DAP-linker2-T3-Gly-Gly-Gly-CGCCGC
Chemical Formula: Cy47H1ggNg3045

N NH, Q Q NH, ¢}
N—QN)H\ SN N&N)H\ N{N)H‘ SN N—( T\ NH, P NH, NH, > NH,
U N | ,g 4 N TN | ’g 14 N NH L NH I

! 2 b b e 1 Y b Al ) i1 PN Al )

kfo o kfo o] K?o Q K?o Q K?o Q K?o o OIT'; wo N=N N’go 4N N N’go N’go 4N N N’go
s I I I AT AT AT A I o ST o o e o or s,

H H H H H H
AS AU IS SIS IS IS PO S Pu S W
o H H H H H H

X10 + Y7: GCGGCG-DAP-linker2-T4-Gly-CGCCGC
Chemical Formula: C147H1g3Ng1O43

Q NH, Q o NH, Q NH; Q NH, NH, 2 NH,
N{\’\KL I\N N{N}H\ N—K\N)’l I\N N—Q T\ (SN N—ghﬁi I\N (§N N{hﬁi (SN
4 4/ NH, 4 4/ =NH{I 4/ NH, 4 4/ NH, 4 4/~NH, 4 4/~~NH,

(N N N’g (N N Z(N N N’go (N N : N’go (N N N’go N’go (N N N’go

oo o oo Lo oo YOOOI/ME oo Lo oo oo op oo

N=N o o o Q 0 o
NSNS WAL SN WL N W N N W\ W \n/\o/\[rn\/§/N\_)LN’jrn\)LN/\n/n\)j\N’\/”\)LN/\/N\)LN’\/”\)LN’\/N\)LN/\/”\)LN’\/”\)LM
H H H H H H o o z H ) H o H H H H H

MeoN

X10 + Y8: GCGGCG-DAP-linker2-T5-Gly-Gly-Gly-Gly-CGCCGC
Chemical Formula: Cy53Hp01NgsO4se
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3.3.2. Condensations (Fig. 4)
PNA pool Xamide and PNA pool Yamide were dissolved in a reaction mixture containing EDCI in DMF : MES buffer as
shown in Table S3-4. After being incubated at room temperature for 11 h, the reaction mixture was analyzed.

Table S3-4. Reaction conditions for condensation

Name Volume / uL | Final concentration Note

33 uM PNA pool 447_X aq.*! 3.0 50 uMx 13 —

33 uM PNA pool 447_Y aq.*? 3.0 50 uMx 11 —

0.50 M EDCI in DMF-H,0 (1: 1)*3 5.0 0.20 M 1.3 x 10* equiv / PNA-CO,H
H,O 1.0 — —

DMF 4.0 — —

5 x MES buffer 4.0 — —

Total 20 — —

*1PNA pool Xamide (13 PNA X): X1, X3, X4, X5, X6, X8, X11, X12, X13, X14, X15, X16, and X17
*2PNA pool Yamide (11 PNAY): Y2, Y5, Y6, Y7, Y8, Y10, Y11, Y12, Y13, Y17, and Y18
*3For a negative control experiment, DMF-H,0 (1 : 1, 5 mL) was used instead of 0.5 M EDCI.

o
NaMN —Gly-Gly-CGCCGC

o Y2

H
ACHN-GCGGCG" DAP*HJ\/N\/\ x1

[o}

(o}

N.
AcHN—GCGGCG-DAP—N X3 Y5 3% N—Gly-Gly-CGCCGC
H N(Pr). H
2
o o
ACHN—GCGGCG-DAP—N )K©V X4 Y6 N—Gly-Gly-Gly-CGCCGC
NMe. H
2
Ny
oy
ACHN—~GCGGCG-DAP—N AN ~NePn), X5 o
N—Gly-CGCCGC
0 y v N @H
3
AcHNfGCGGCG-DAPfHJ\/N\/\NMeZ X6
o
Ln/ N N—Gly-Gly-Gly-Gly-CGCCGC
ACHN—GCGGCG-DAP—N x8 s R
[0} Me,N
AcHN-GCGGCG-Lys—N )H/ X1
Y10 H,N—Gly-Gly-Gly-Gly-CGCCGC
o
AcHN~-GCGGOG-DAP—N J\( X12 o
n Na% N—Gly-Gly-CGCCEC
0 0
AcHN—GCGGCG-DAP—N J\/o\)LOH x13
H Y12 H,N—Gly-Gly-Gly-CGCCGC
o] A
ACHN—GCGGCG-DAP—N )W OH x14 / i3 nﬂ
o] Me,N" > N—Gly-Gly-Gly-CGCCAC
o
H /
AcHNfGCGGCG-DAPfuj\/ Nj(\o/YOH x15 o
o o Y17 No N—Gly-Gly-Gly-Gly-CGCCGC
o o
H
AGHN—GCGGCG-DAP—N AN NOH X16 o
o

AcHN—-GCGGCG-Lys—NH,

X17

Y18

ﬁ N—Gly-Gly-Gly-Gly-CGCCGC
N

3

Figure S3-2-1. Substrate combinations and condensation outcomes.
Gray lines represent possible hybridization combinations, and red lines represent condensed products detected after
the reaction.
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Table S3-5-1. List of observed peaks and assigned PNA sequences after EDCI coupling, 11 h.

Linear positive ion mode was utilized for Table S3-5-1.
Observed mass deviations (+0-4.3 Da) may be attributed to instrument calibration drift.

Table S3-5-2. List of observed peaks and assigned PNA sequences after EDCI coupling, 11 h.

calc. m/z
found. m/z assigned PNA assigned PNA sequence (N to C) Molecular formula | average mass[M+H]* | error
3674.884 X14 +Y12 GCGGCG-DAP-linker2-Gly-Gly-Gly-CGCCGC C141H181N79043 3671.457 3.43
3690.895 X13 +Y12 GCGGCG-DAP-linker1-Gly-Gly-Gly-CGCCGC C141H181N79044 3687.457 3.44
3731.869 X16 +Y12 GCGGCG-DAP-Gly-linker2-Gly-Gly-Gly-CGCCGC C143H184N80044 3728.508 3.36
X14 +Y10 GCGGCG-DAP-linker2-Gly-Gly-Gly-Gly-CGCCGC
3747939 X15+Y12 GCGGCG-DAP-Gly-linker1-Gly-Gly-Gly-CGCCGC C143H184N80045 3744.508 3.43
X13 +Y10 GCGGCG-DAP-linker1-Gly-Gly-Gly-Gly-CGCCGC
3789.504 X16 +Y10 GCGGCG-DAP-Gly-linker2-Gly-Gly-Gly-CGCCGC C145H187N81045 3785.560 3.94
3805.784 X15+Y10 GCGGCG-DAP-Gly-linker1-Gly-Gly-Gly-Gly-CGCCGC C145H187N81046 3801.559 4.22

Reflector positive ion mode was utilized for Table S3-5-2.
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calc. m/z
peakin isotopic
found. m/z assigned PNA assigned PNA sequence (N to C) Molecular formula | distribution [M+H]* | error

3671.034 X14 +Y12 GCGGCG-DAP-linker2-Gly-Gly-Gly-CGCCGC C141H181N79043 3670.450 0.58
3687.121 X13 +Y12 GCGGCG-DAP-linker1-Gly-Gly-Gly-CGCCGC C141H181N79044 3686.447 0.67
3728.057 X16+Y12 GCGGCG-DAP-Gly-linker2-Gly-Gly-Gly-CGCCGC C143H184N80044 3727.473 0.58

X14 +Y10 GCGGCG-DAP-linker2-Gly-Gly-Gly-Gly-CGCCGC
3744132 X15+Y12 GCGGCG-DAP-Gly-linker1-Gly-Gly-Gly-CGCCGC C143H184N80045 3743.465 0.67

X13+Y10 GCGGCG-DAP-linker1-Gly-Gly-Gly-Gly-CGCCGC
3785.132 X16 +Y10 GCGGCG-DAP-Gly-linker2-Gly-Gly-Gly-CGCCGC C145H187N81045 3784.495 0.64
3801.193 X15+Y10 GCGGCG-DAP-Gly-linker1-Gly-Gly-Gly-Gly-CGCCGC C145H187N81046 3800.487 0.71

colour

Figure S3-2-2. MALDI-TOF MS spectra of the reaction mixture (Reflector positive mode). (a) Observed spectra, (b)
Calculated spectra.
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Figure S3-2-3. Observed spectra of reaction mixtures (Reflector positive mode). Upper: without EDCI, Lower: with EDCI.
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Figure S3-2-4. Expanded spectra (Reflector positive mode). Upper: without EDCI, Lower: with EDCI
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3.3.3. Photoredox reactions

Before bond forming by photoredox reaction, we investigated the reaction conditions to activate PNAs containing azides

via denitrogenation (see 3.3.3.1.)

3.3.3.1. Preliminary experiments

Table S3-6_Preliminary experiment for photoredox reactions

0 0
Y1 CGCCGC-GIy—HJ\/\/ Ns Y1 CGCCGC-GIy—HJ\/\/ NH.
o] 0
Y2 CGCCGC—GIy—GIy—HJl\/\/NS Photoredox catalyst Y2 CGCCGC_Gly_Gly_HJJ\/\/NHz
0 reducing agent . 0
Y3 CGCCGC-GIy-GIy-GIy—HJ\/Na ZEQGJ,;DMSO Y3 CGCCGC-GIy-GIy-GIy—HJJ\/NHZ
0 o)
Y4 CGCCGC-GIy-GIy-GIy—HJ\r No Y4 CGCCGC-GIy-GIy-GIy—HJ\r NH;
0 0
Y19 CGCCGC—GIy-GIy—GIy—HJj>< Na Y19 CGCCGC-GIy-GIy-GIy—HJ>< NH.
(a)
Name Volume / uL | Final concentration Note
100 uM** PNA pool aq.(three PNA) 15 7.5uMx 8 —
20 mM Ru(bpy)sCl; aq. 1.0 1 mM 17 equiv. / PNA-N;
reducing agent <1.0 50 mM 20 equiv. / PNA-N3
1.0 M Tris buffer 4.0 200 mM —
H,O 12.5 — —
Total 20 — —
Name: photoredox catalyst, reducing agent
Condition 1: Ru(bpy)sCl;, Na ascorbate
Condition 2: Ru(bpy)sCl,, DIPEA
Condition 3: Ru(bpy)sCl, TMEDA
(b)
Name Volume / uL | Final concentration Note
100 uM** PNA pool aq.(three PNA) 1.5 7.5uMx 8 —
20 mM Ru(bpy)sCl; catalyst in H,O 1.0 1 mM 17 equiv. / PNA-N;
60 mM Na,COs aqg. 1.0 3 mM 50 equiv. / PNA-N3
H,O 16.5 — —
Total 20 — —

Condition 4: Ru(bpy)sCl;, none, (Na,COs was used instead of Tris buffer)
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Table S3-7_Preliminary experiment for photoredox reaction

0]

Jj\/\/N3
Y1 CGCCGC-GW-H

o}
N,
Y3 CGCCGC-Gly-Gly-Gly—N

Photoredox catalyst
reducing agent

]

JJ\/\/NHz
CGCCGC-GIy—N

o)
NH
CGCCGC-GIy-GIy-GIy—HJJ\/ 2

buffer : DMSO
0 455 nm o
Y4 CGCCGC-Gly-Gly-GlI —NJI\I/N3 CGCCGC-Gly-Gly-Gl —NJH/NHZ
y-Gly-Gly—N y-Gly-Gly—N
(a)

Name Volume / uL | Final concentration Note
100 uM*! PNA pool ag.(three PNA) 1.5 7.5 uMx 3 —
20 mM photoredox catalyst 1.0 1 mM 44 equiv. / PNA-N;
reducing agent <1.0 50 mM 2.2 x 10% equiv. / PNA-N3
1.0 M Tris buffer 4.0 200 mM —
H,O 8.5 — —
DMSO 4.0 — —
Total 20 — —

Used photoredox catalysts: [Ir(dtbbpy)(ppy)2]PFs or Ir[dF(CFs)ppyl2(dtbpy)PFsin DMSO, Ru(bpy)sCl; in H,0

Used reducing agents (volume): 1.0 M Na ascorbate ag. (1.0 pL), 1.0 M TEOA ag. (1.0 pL), TMEDA (0.2 pL), non
*13 concentration of each PNA, PNA pool (Y1, Y3, and Y4)
Condition 5: [Ir(dtbbpy)(ppy).]PFs, Na ascorbate

Condition 6: [Ir(dtbbpy)(ppy).]PFs, TEOA
Condition 7: [Ir(dtbbpy)(ppy)2]PFs, non

Condition 8: [Ir(dtbbpy)(ppy).]PFs, TMIEDA
Condition 9: Ir[dF(CFs)ppy].(dtbpy)PFs, Na ascorbate

Condition 10: Ir[dF(CFs)ppy].(dtbpy)PFs, TEOA
Condition 11: Ir[dF(CFs)ppy]2(dtbpy)PFs, non
Condition 12: Ir[dF(CF3)ppy](dtbpy)PFs, TMIEDA

Condition 13: Ru(bpy)sCl;, TEOA
Condition 14: Ru(bpy)sCl;, none

(b)

Name Volume / pL | Final concentration Note

100 uM** PNA pool aq.(three PNA) 1.5 7.5uMx 3 —

20 mM photoredox catalyst 1.0 1 mM 44 equiv. / PNA-N;
reducing agent <1.0 50 mM 2.2 x 10% equiv. / PNA-N3
1.0 M Tris buffer 4.0 200 mM —

H,O 3.5 — —

DMSO 9.0 — —

Total 20 — —

Condition 15: [Ir(dtbbpy)(ppy).]PFs, Na ascorbate

Condition 16: [Ir(dtbbpy)(ppy).]PFs, TEOA

Condition 17: [Ir(dtbbpy)(ppy).]PFs, non

Condition 18: [Ir(dtbbpy)(ppy).]PFs, TMEDA

Condition 19: Ir[dF(CFs)ppy]2(dtbpy)PFs, Na ascorbate

Condition 20: Ir[dF(CFs)ppy].(dtbpy)PFs, TEOA
Condition 21: Ir[dF(CFs)ppy]2(dtbpy)PFs, non
Condition 22: Ir[dF(CF3)ppy](dtbpy)PFs, TMIEDA

Condition 23: Ru(bpy)sCl;, TEOA
Condition 24: Ru(bpy)sCl;, none
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Procedure for Table $S3-6, $S3-7, and S3-10

All reagents were mixed. Then, 18 uL of the reaction mixture was irradiated at 455 nm with a collimated LED light 6 cm
above the plate. On the other hand, 2 plL of the reaction mixture was incubated in the dark, which was used as a negative

control. After being irradiated for 10 min, 30 min, and 3 h, the reaction mixture was analyzed at each time point.
Note: DIPEA was not suitable due to low water solubility.

Results

Among 18 conditions, two reaction conditions giving better result are shown below. Although condition 20 also resulted

in high conversion of azides, the solubility of Ir[dF(CFs)ppy].(dtbpy)PFs was lower than that of [Ir(dtbbpy)(ppy).]PFes.
Therefore, condition 16 and 18 were selected as optimized conditions.

-Condition 16: [Ir(dtbbpy)(ppy).]PFs, TEOA
-Condition 18: [Ir(dtbbpy)(ppy).]PFs, TVIEDA
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Figure S3-3-1. MALDI spectra of photoredox reduction of PNA Y1, Y2, Y3, Y4, and Y19 under light irradiation for 30
min.
Note: In condition 2 and 4, these MALDI spectra indicated an aggregation of PNA.
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Figure $3-3-2. MALDI spectra of photoredox reduction of PNA Y1, Y3, and Y4 under light irradiation for 30 min.
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Figure S3-3-3. MALDI spectra of photoredox reduction of PNA Y1, Y3, and Y4 under light irradiation for 30 min.
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Figure $3-3-4. MALDI spectra of photoredox reduction of PNA Y1, Y3, and Y4 under light irradiation for 30 min.
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Figure S3-3-5. MALDI spectra of photoredox reduction of PNA Y1, Y3, and Y4 under light irradiation for 30 min.
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Figure S3-3-6. MALDI spectra of photoredox reduction of PNA Y1, Y3, and Y4 under light irradiation for 30 min.

S18



3.3.3.2. Round 1 of OPMSS under photocatalytic conditions

Table S3-8. Reaction condition for Photoredox reaction: 8 PNAs to 9 PNAs

Name Volume / uL | Final concentration | Note
100 uM PNA pool 634_Xa*' or Xb*2 aq. 1.5 7.5uMx 8
(8 PNAs)
100 uM PNA pool 625_Y** aq. (9 PNAs) 1.5 7.5 uM x 9
Photoredox 20 mM [Ir(dtbbpy)(ppy)2]PFs 1.0 1.0 mM 15 equiv. / PNAY
reaction cocktail | in DMSO
A 1 M TEOA aq. 1.0 50 mM 7.4 x 10% equiv. / PNAY
17 pL 1.0 M Tris buffer 4.0 200 mM —
H,O 2.0 — —
DMSO 9.0 — —
Total 20 — —

"IPNA pool 634_Xa: X1, X2, X3, X4, X6, X7, X8, and X12,
*2PNA pool 634_Xb: X5, X9, X10, X11, X13, X14, X15, and X16
3PNA pool 625_Y: Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8, and Y9

Table S3-9. Photoredox reaction cocktail_A

Reagents Volume / pL Final concentration
20 mM [Ir(dtbbpy)(ppy).]PFsin DMSO 2.5 1.2 mM

1.0 M TEOA 2.5 59 mM

1.0 M Tris buffer 10 0.24M

H,O 5.0 —

DMSO 22.5 —

Total 42.5 —

S19




5'x106
s 455 nm (-)
§1257
E ]
1.007
0757
0507
0257
—00Q
5 X10°
S 455 nm (+)
G -
c
s
£ 6]
-
2"
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 mz

Figure $3-5-1. MALDI spectra of reaction mixtures from eight PNA-Xs (X1-X4, X6-X8, and X12) and nine PNA-Y
(Y1-Y9) (a) 455 nm irradiation (-). (b) 455 nm irradiation (+) for 10 min.
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Figure S3-5-2. Expanded MALDI spectra. Upper: 455 nm irradiation (-). Lower spectra: 455 nm irradiation (+) for 10 min.
Pink lines: observed ligated products. green lines: below the confidence threshold. Spectra were scaled relative to the
base peak.
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2.3.3.3. Round 2 of OPMSS under photocatalytic conditions (Fig. 5)

Table S3-10. Reaction condition for Photoredox reaction: one PNA to nine PNAs

Name Volume / pL Final concentration | Note
1.0 mM PNA X" ag. (one PNA) 1.5 75 uM 1.1 equiv. / PNAY
100 uM PNA pool 625_Y™? aq. (nine PNAs) 1.5 7.5 uM x 9 1.0 equiv.
20 mM [Ir(dtbbpy)(ppy).]PFsin DMSO"3 1.0 1.0 mM 15 equiv. / PNA'Y
Photoredox reaction TEOA or TMEDA — 50 mM 7.4 x 10% equiv. / PNAY
cocktail A or B 1.0 M Tris buffer 4.0 200 mM —
16 uL H,O 3.0 — —
DMSO 9.0 — —
Total 20 — —

"IPNA X: each solution of X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, X12, X13, X14, X15, or X16

IZPNA pool 625_Y:Y1,Y2,Y3, Y4, Y5,Y6,Y7,Y8, and Y9
3For a negative control experiment without catalyst, DMSO (1.0 uL) was used instead of 20 mM [Ir(dtbbpy)(ppy)2]PFsin
DMSO.

*4These four components were added as 16 uL of photoredox reaction cocktail A or B (see Table $3-11,12) which were
prepared prior to use.

Table S3-11. Photoredox reaction cocktail A

Reagents Volume / pL Final concentration
1.0 M TEOA 10 63 mM

1.0 M Tris buffer 40 0.25M

H,O 20 —

DMSO 90 —

Total 160 —

Table S3-12. Photoredox reaction cocktail B

Reagents Volume / pL Final concentration
TMEDA 1.5 63 mM

1.0 M Tris buffer 40 0.25M

H,O 30 —

DMSO 88.5 —

Total 160 —
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Figure $3-6. Substrate hybridization combinations and ligation outcomes. Gray lines represent possible hybridization
combinations, and red lines represent ligated products detected after the reaction

Procedure for Table S3-10

All reagents were mixed. Then, 18 uL of the reaction mixture was irradiated at 455 nm with a collimated LED light 6 cm
above the plate. On the other hand, 2 pL of the reaction mixture was incubated in the dark, which was used as a
negative control. After being irradiated for 10 min, 30 min, and 3 h, the reaction mixture was analyzed respectively.
Results from reaction mixtures using cocktail A are shown as below.
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Figure S3-7-2a. MALDI spectra of reaction mixture from PNA X2 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-3a. MALDI spectra of reaction mixture from PNA X3 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-4a. MALDI spectra of reaction mixture from PNA X4 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-5a. MALDI spectra of reaction mixture from PNA X5 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-5b. Zoomed spectra of Figure S3-7-5a.
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Figure S3-7-6a. MALDI spectra of reaction mixture from PNA X6 and 9 PNA-Ys (a) without light (b) under light

irradiation for 10 min or (c) 30 min.
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Figure S3-7-7a. MALDI spectra of reaction mixture from PNA X7 and 9 PNA-Ys (a) without light (b) under light

irradiation for 10 min or (c) 30 min.
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Figure S3-7-8a. MALDI spectra of reaction mixture from PNA X8 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-9a. MALDI spectra of reaction mixture from PNA X9 and 9 PNA-Ys (a) without light (b) under light

irradiation for 10 min or (c) 30 min.
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Figure S3-7-10a. MALDI spectra of reaction mixture from PNA X10 and 9 PNA-Ys (a) without light (b) under light

irradiation for 10 min or (c) 30 min.
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Figure S3-7-11a. MALDI spectra of reaction mixture from PNA X11 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-12a. MALDI spectra of reaction from PNA X12 and 9 PNA-Ys (a) without light (b) under light irradiation for
10 min or (c) 30 min.
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Table S3-13. List of observed peaks and assigned PNA sequences: Photoredox reaction (+ light), 10 minutes

found. m/z calc.m/z
Reflection monoisotopic mass
mode* assigned PNA assigned PNA sequence (N to C) Molecular formula [M+H]* colour
3713.32 X12+Y3 GCGGCG-DAP-N-C1-Gly-Gly-Gly-CGCCGC C143H186N80043 3712.49
peak overlap X12 +Y4 GCGGCG-DAP-N-C1(Me)-Gly-Gly-Gly-CGCCGC C144H188N80043 3726.51
3670.30 X12 +Y5 GCGGCG-DAP-N-C1(Me)-Gly-Gly-CGCCGC C142H185N79042 3669.48
3855.47 X12 +Y8| GCGGCG-DAP-N-C1(NMe2)-Gly-Gly-Gly-Gly-CGCCGC C150H200N82044 3854.60
3723.35 X12 +Y9 GCGGCG-DAP-N-C1(CN)-Gly-Gly-CGCCGC C145H188N80042 3722.52
Reflector positive-ion mode was utilized for Table S3-13.
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Figure S3-7-12c. MALDI spectra of the reaction mixture from PNA X12 and 9 PNA-Ys (Reflector positive-ion mode). (a)
Observed spectra, (b) Calculated spectra.
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Figure S3-7-13a. MALDI spectra of reaction mixture from PNA X13 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-14a. MALDI spectra of reaction mixture from PNA X14 and 9 PNA-Ys (a) without light (b) under light
irradiation for 10 min or (c) 30 min.
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Figure S3-7-15a. MALDI spectra of reaction mixture from PNA X15 and 9 PNA-Ys (a) without light (b) under light

irradiation for 10 min or (c) 30 min.
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Figure S3-7-15b. Zoomed spectra of Figure $3-7-15a.
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2.3.3.4. Round 3 of OPMSS under photocatalytic conditions

[o]

ceccec-ew—uk/\/"’ Y1

o

cecceoew»ew—u/l\/\/"! v2

o
N
CGCCGC-Gly-Gly-Gly N AN Y3

o
NS
CGCCGC-Gly-Gly-Gly-N Y4

o

o
A
Y N—DAP»GCGGCG—NHAc

X12

csccec-ely-ely—u/J\rN’

Table S3-14. Reaction condition for one to one Photoredox reaction

Round 2

Y6 ceccsc-ely-aw-my—ﬂ)m
N

o

Y7 ceccecvmy—n)K@\
N

3

3

[o]

Y8 CGCCGC-GIy-GIy—GIy»GIy”J\q

[o]

NMe,

Yo cGCCGC-GY-Gly—N )KQ"[

CN

Name Volume / pL Final concentration | Note
400 uM PNA X12 ag. 1.5 0.30 mM 1.0 equiv.
400 uM PNA Y*! aq. (one PNA) 1.5 0.30 mM 1.0 equiv.
20 mM [Ir(dtbbpy)(ppy).]PFsin DMSO*3 1.0 1.0 mM 3.3 equiv. / PNAY
Photoredox reaction TEOA or TMEDA — 50 mM 1.7 x 10? equiv. / PNAY
cocktail A or B*? 1.0 M Tris buffer 4.0 200 mM —
16 uL H,O 3.0 — —
DMSO 9.0 — -
Total 20 — —

“IPNAY: Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8, Y9 or Y10
"2These four components were added as 16 pL of Photoredox reaction cocktail A or B (see Table $3-15 and $3-16) which

were prepared prior to use.

*3 For a negative control experiment without catalyst, DMSO (1.0 uL) was used instead of 20 mM [Ir(dtbbpy)(ppy)2]PFs

in DMSO.

Procedure for Table S3-13

All reagents were mixed. Then, 18 uL of the reaction mixture was irradiated at 455 nm with a collimated LED light 6 cm
above the plate. On the other hand, 2 pL of the reaction mixture was incubated in the dark, which was used as a
negative control. After being irradiated for 10 min and 30 min, the reaction mixture was analyzed respectively.

Note: DIPEA was not suitable due to low water solubility.

Table S3-15. Photoredox reaction cocktail_A

Reagents Volume / pL Final concentration
1.0 M TEOA 10 63 mM

1.0 M Tris buffer 40 0.25M

H,O 20 —

DMSO 90 —

Total 160 —

Table S3-16. Photoredox reaction cocktail_B

Reagents Volume / uL Final concentration
TMEDA 1.5 63 mM

1.0 M Tris buffer 40 0.25M

H,O 30 —

DMSO 88.5 —

Total 160 —
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Table S3-17. list of observed peaks and assigned PNA sequences: Photoredox reaction (+ light), 30 minutes

found. m/z calc. m/z
Reflection top peakin isotopic
mode* assigned PNA assigned PNA sequence (N to C) Molecular formula | distribution [M+H]" | error

3714.81 X12 +Y3 GCGGCG-DAP-N-C1-Gly-Gly-Gly-CGCCGC C143H186N80043 3713.45 1.36
3729.07 X12 +Y4 GCGGCG-DAP-N-C1(Me)-Gly-Gly-Gly-CGCCGC C144H188N80043 3728.53 0.54
3671.50 X12 +Y5 GCGGCG-DAP-N-C1(Me)-Gly-Gly-CGCCGC C142H185N79042 3670.49 1.01
3857.45 X12 +Y8| GCGGCG-DAP-N-C1(NMe2)-Gly-Gly-Gly-Gly-CGCCGC C150H200N82044 3856.61 0.84
3725.25 X12 +Y9 GCGGCG-DAP-N-C1(CN)-Gly-Gly-CGCCGC C145H188N80042 3724.53 0.72

Reflector positive ion mode was utilized for Table S3-17.
*See Figure S3-8.
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Chemical Formula: C145H1gaNgoOaz
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Figure $3-8-1. MALDI spectra of photoredox reaction of X12 and Y3 under light irradiation for 30 minutes.
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Figure $3-8-2. MALDI spectra of photoredox reaction of X12 and Y4 under light irradiation for 30 minutes.

S42



Intens. [a.u.]

Intens. [a.u.]

x105 predicted isotopic distribution profile
i 1 79(:).1 26 Cy4oH1g5N7g04, IM+H]*
57 . 367150
T g 100
3
4 % 50
] ;)
4 0
i 3660 3670 3680 3690
34 miz
] i 3672.42
2+ ! Il
4 ’ 1| |
14 o = e e o e -
] 3672.416
Tt bl J 4213.936
1 A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 y
miz
Figure $3-8-3. MALDI spectra of photoredox reaction of X12 and Y5 under light irradiation for 30 minutes.
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Figure $3-8-4. MALDI spectra of photoredox reaction of X12 and Y8 under light irradiation for 30 minutes.
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4. Synthesis of small molecules

4.1. Preparation of fragments for PNA syntheses

To synthesize PNAs, eight carboxylic acids S1-S8 were prepared from commercially available reagents. $1-5S6 are known
compounds, therefore, they were prepared by following previous report as shown below.

Note: All reactions in batch were carried out under argon atmosphere with dehydrated solvents under anhydrous
conditions.

S3 was prepared from ethyl-4-bromobutyrate and NaNs in two steps. 2!
S4 (CAS: 18523-48-3) is a commercially available reagent.
S5 was prepared from 2-bromo-2-methylpropanoic acid and NaNs in one step.?!

0 o] o] 0 o]
HO HOJ\/\/ Na HOJ§< Ns HO Ns HO Na
NR, s3 R' R
. S4 (R'=R2=H)
S1 (R="Pr) S5 (R' = H, R? = Me) CN NMe,
S2 (R = Me) S6 (R1 =R2= Me) s7 S8
Figure S4_1. List of carboxylic acids prepared for PNA synthesis
Amine 5114
0 PPr,NH (1.5 eq) o AcOH (3.87 mL, 67.7 mmol) was added dropwise to a

HOJ\©\ NaBH(OAc); (2 eq) o HOJ\©\/ solution of NaBH,4 (570 mg, 15.0 mmol) in CHCl; (10 mL)
CHCL. 50°C.12h N at 0 °C. After the reaction mixture was stirred for 50 min
3 : (Pr)2 . . .
CHO at 0-10 °C, a solution of 4-formylbezoic acid (1.13 g, 7.52
4-formylbenzoic acid s1 mmol) and 'Pr,NH (1.58 mL, 11.3 mmol) in CHCl5 (10 mL)
was added to the reaction mixture. After being stirred for 24 h at 50 °C, the reaction mixture was cooled to room
temperature and treated with H,O (100 mL) and Na,COs until pH 8. The resulting solution was extracted with CHCl3/MeOH
(9:1, 100 mL x 5) and the combined organic extracts were dried over Na,SO,, filtered, and concentrated under reduced
pressure. The resulting crude was washed with pentane/AcOEt (2/1) to afford S1 (196 mg, 0.834 mmol, 11%yield) as a
colorless solid.
$1: *H NMR (400 MHz, D,0) 6 8.09 (d, J = 7.7 Hz, 2H), 7.64 (d, J = 7.8 Hz, 2H), 4.46 (s, 2H), 3.84 (sep, J = 6.7 Hz, 2H), 1.46
(d, J=6.6 Hz, 1H), 1.39 (d, J = 6.6 Hz, 13H); *C{*H} NMR (101 MHz, D,0) 6 170.2 (C=0), 136.2 (aromatic), 131.2 (aromatic),
130.8 (aromatic), 130.4 (aromatic), 55.0 (CH>), 49.9 (CH), 18.0 (CH3), 17.2 (CHs). LCMS (ESI) calcd for Ci4H25NO, [M+H]*:
236.16

Amine S2
o] 0 To a solution of 4-(bromomethyl)benzoic acid (263 mg,
o )J\©V MeoNH (4 eq) Ho)k©\/ 1.22 mmol) in THF (4 mL), Me;NH (33% EtOH solution,
Br THFRm5h NMe, 0.87 mL, 4.89 mmol) was added. After being stirred for 5
66% h, the resulting suspension was filtered. The resulting
mother liquid was concentrated under reduced pressure
to afford HBr salt of S2 (231 mg containing 0.27 mmol of MeNH3Br, 0.800 mmol, 66%) as a colorless solid. The solid was
washed with MeOH to enhance the purity (HBr salt of $S2 : MeNH;Br = 100 : 6.5).
$2: 'H NMR (400 MHz, D,0) & 7.92 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 4.35 (s, 2H), 2.87 (s, 6H); 3C{*H} NMR (101
MHz, D,0) 6 175.0 (C=0), 138.1 (aromatic), 132.1 (aromatic), 130.8 (aromatic), 129.6 (aromatic), 60.8 (CH,), 42.3 (CHs);
LCMS (ESl) calcd for C10H14N02 [M+H]+2 180.10

4-(bromomethyl)benzoic acid s2
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Scheme S1. Synthesis of S7 and S8.

ol 9
AN NS Ns
\—/ O (1.2eq)
HO.__O HO.__O HO. MsO
CuS0, (0.1 eq) MsCl (1.5 e
K200; (22 eq) BH3-SMe, (2.1 eq) Et;N ((1 5 et?))
MeOH, 6 h o o CH,CI
OBu 88% oBu THF OB 0B 2 OBu
HeN Ny 0°Ctort,22h N3 ’ 27; o N
o o 79% o o
1-tert-butyl L-glutamate S9 S10 S11
Me,N : I NC
Me,NH (10 eq) H Lil (7 eq) KCN (1.6 eq)
S11T — H M1 ————
EtOH H acetone B DMF
1,18 h H rt,18 h OBu  0-10°C,1h
91% Ny~ R : 40 °C, 20 min Ng a7% Ng”~ 'R
TFA $12 (R = CO,'Bu) 81% o S14 (R = CO,'Bu)
m,1h I: : s13
72% S8 (R = CO,H) : S7 (R = CO,H)
Azide S9
HO. O To a solution of L-glutamic acid t-butyl ester (1.24 g, 6.10 mmol), CuSO4-H,0 (152 mmol, 0.610 mmol),
and K,CO; (1.85 g, 13.4 mmol) in MeOH (30 mL) was added imidazole-1-sulfonyl azide hydrochloride
(1.26 g, 7.32 mmol) Pl After being stirred for 6 h at room temperature, the mixture was quenched with
N 0Bu H,0 (50 mL) and 2 M aqueous HCI (17 mL). The mixture was extracted with AcOEt and the combined
3

o organic extracts were washed with brine, dried over Na,SO,, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (pentane/AcOEt = 4/1 to 2/1)
to give azide S9 (1.23 g, 5.35 mmol, 88%yield) as a colorless oil.

$9: 'H NMR (400 MHz, CDCls) & 3.87 (1H, dd, J = 8.7, 5.1 Hz, CH), 2.54-2.49 (2H, m, -CH-CO,H), 2.19-2.09 (1H, m, -CH,-),

2.05-1.93 (1H, m, -CH>-), 1.50 (9H, s, tBu); 3*C{*H} NMR (101 MHz, CDCl3) § 178.1 (CO;H), 169.0 (CO,tBu), 83.5 (C-0), 61.6

(CH), 30.0 (CH,), 28.2 (CH3), 26.3 (CH,); HRMS (El) calcd for CsHisN3NaO4 ([M+Na]*): 252.0960, found 252.0971

S9

Alcohol S10
HO To a solution of carboxylic acid S9 (1.23 g, 5.35 mmol) in THF (18 mL) was added BH3-SMe; (2.0 M THF
solution, 5.5 mL, 11 mmol) at 0 °C. After being stirred for 5 min at 0 °C, the mixture was warmed up to
room temperature and stirred for 2.1 h. The reaction mixture was quenched with H,0 (22 mL) and K,CO3
Ny OBu (2.2 g). The resulting mixture was extracted with AcOEt and the combined organic extracts were washed
o} with brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
s10 purified by silica gel column chromatography (pentane/AcOEt = 4/1 to 3/1) to give alcohol $10 (911 mg,

4.24 mmol, 79%yield) as a colorless oil.

$10: 'H NMR (400 MHz, CDCl3) 6 3.74 (1H, dd, J = 8.2, 5.3 Hz, CH), 3.68 (2H, t, J = 6.2 Hz, -CH,0H), 1.98-1.75 (2H, m, -CH-),
1.74-1.60 (2H, m, -CH>-), 2.05-1.93 (1H, m, -CH>-), 1.50 (9H, s, tBu); *C{*H} NMR (101 MHz, CDCls) 6 169.7 (C=0), 83.1 (C-
0), 62.5 (0O-CH; or CH), 62.2 (O-CH; or CH), 28.9 (CH,), 28.1 (CH>), 28.0 (CHs); HRMS (El) calcd for CoH17N3NaOs [M+Na]*
238.1168, Found 238.1149

mesylate S11
MsO. To a solution of alcohol $10 (621 g, 2.88 mmol) in CH,Cl, (14 mL) were added Et3N (0.61 mL, 4.4 mmol)
and MsCl (0.33 mL, 4.3 mmol) at 0 °C. After being stirred for 1 h at 0 °C, the mixture was quenched
with H,0. The resulting mixture was extracted with AcOEt and the combined organic extracts were
Ny OBU  \yashed with brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue
o} was purified by silica gel column chromatography (pentane/AcOEt = 9/1 to 4/1) to give mesylate S11
s11 (738 mg, 2.51 mmol, 87%yield) as a colorless oil.

S11: 'H NMR (400 MHz, CDCl;) 6 4.26 (1H, t, J = 5.78 Hz, CH,-OMs), 3.79 (1H, dd, J = 7.5, 4.9 Hz, CH), 3.02 (3H, s, CH5-
0S0,-), 1.97-1.76 (4H, m, -CH»x2), 1.51 (9H, s, tBu); *C{*H} NMR (101 MHz, CDCl3) & 169.1 (C=0), 83.5 (C-0), 69.0 (O-
CHz), 62.0 (CH), 37.7 (CH3‘OSOz), 28.2 (CH3 of t-BU), 27.6 (CHz), 25.7 (CHZ), HRMS (E|) calcd for CioH15N3NaOsS [M+Na]*
316.0943, Found 316.0937
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amine S12

MeN Mesylate S11 (45.4 mg, 0.154 mmol) were mixed with Me,NH (EtOH solution, 33%, 0.275 mL, 1.54

mmol). After being stirred for 18 h at room temperature, the mixture was concentrated under

reduced pressure. The residue was purified by silica gel column chromatography (pentane/AcOEt =

Ng OtBu 2/1 to CHCls/MeOH/EtsN 95/5/0.1) to give amine $12 (34.0 mg, 0.140 mmol, 91%yield) as a colorless
0 oil.

S12 $12: 'H NMR (400 MHz, CDCls) § 3.71 (1H, dd, J = 8.2, 5.5 Hz, CH), 2.31 (2H, t, J = 7.2 Hz, -CH>-NMe,),
2.23 (6H, s, CHs-N), 1.90-1.70 (2H, m, -CH,-), 1.63-1.53 (2H, m, -CH>-), 1.50 (9H, s, tBu); 33C{*H} NMR (101 MHz, CDCls) &
169.8 (C=0), 82.9 (C-0), 62.6 (CH or N-CH3), 59.1 (CH or N-CH>), 45.5 (N(CHs),), 29.4 (CH,), 28.2 (CHs), 23.9 (CH3); HRMS
(E1) calcd for C11H23N40, [M+H]* 243.1821, Found 243.1862

Carboxylic acid S8
Me,N t-butyl ester $12 (15.2 mg, 62.7 umol) and TFA (129 pL, 1.68 mmol) were mixed and the resulting
solution was incubated on a shaker for 1 h at room temperature. The reaction mixture was
concentrated under reduced pressure. An azeotrope of the resulting residue with toluene gave
Ng OH  carboxylic acid S8 (8.4 mg, 45 mmol, 72%yield) as a colorless oil, which was used in the next PNA
o) synthesis without further purification.
s8

S8: 'H NMR (400 MHz, CDs0D) 6 4.15 (1H, dd, J = 4.3, 8.0 Hz, CH), 3.23-3.08 (2H, m, -CH,-NMe,), 2.88
(6H, s, CH3-N), 1.99-1.70 (4H, m, -CH>-) LCMS (ESI) calcd for C;H15N4O, [M+H]*:187.12

iodide S13

| To a solution of mesylate S11 (228 mg, 0.778 mmol) in acetone (3.9 mL) was added lithium iodide (312
mg, 2.33 mmol). After being stirred for 12 h at room temperature, the reaction mixture was heated at
40 °Cand stirred for 20 min, then Lil (624 mg, 4.66 mmol). After being stirred for 6 h at room temperature,
Ng OBu  the mixture was quenched with H,0. The resulting mixture was extracted with AcOEt/pentane (1/2) and
o) the combined organic extracts were washed with brine, dried over Na,SO,, filtered, and concentrated
s13 under reduced pressure. The residue was purified by silica gel column chromatography (pentane/AcOEt

=10/0 to 10/1) to give iodide S13 (204 mg, 0.628 mmol, 81%yield) as a colorless oil.

$13: 'H NMR (400 MHz, CDCl3) & 3.80-3.68 (1H, m CH), 3.26-3.12 (2H, m, CH>-1), 2.01-1.71 (4H, m, CH.), 1.51 (9H, s, 'Bu);
13C{*H} NMR (101 MHz, CDCl5) 6 169.3 (C=0), 83.3 (C-0), 61.7 (CH), 32.3 (CH>-1), 29.6 (CH>), 28.2 (CH3 of tBu), 5.25 (CH,)

cyanide S14
NC To a solution of iodide S13 (85.0 mg, 0.261 mmol) in DMF (1.3 mL) was added KCN (27.1 mg, 0.416
mmol) at 0 °C. After being stirred for 20 min at 0-10 °C and for 1 h at room temperature, the reaction
mixture was quenched with H,O at O °C. The resulting mixture was extracted with Et,O and the
Ny O'Bu combined organic extracts were washed with sat. NaHCOs and brine, dried over Na,SOy, filtered, and
o] concentrated under reduced pressure. The residue was purified by silica gel column chromatography
s14 (pentane/Et,0 = 100/0 to 30/1 to 10/1 to 4/1) to give cyanide $14 (40.3 mg, 0.124 mmol, 48%yield) and
cyanide X (27.6 mg, 0.123 mmol, 47%yield) as a colorless oil.
$14: 'H NMR (400 MHz, CDCls) § 3.80 (1H, dd, J = 7.8, 5.0 Hz, CH), 2.40 (2H, t, J = 6.9 Hz, CH»-CN), 2.00-1.68 (4H, m, CH,),
1.50 (9H, s, tBu); *C{*H} NMR (101 MHz, CDCls) § 168.9 (C=0), 119.1 (CN), 83.5 (C-0), 61.8 (CH), 30.3 (CH,-CN), 28.1 (CHs;
of tBu), 21.9 (CH,), 17.0 (CH;); HRMS (TOF MS ES+) calcd for C10H17N40, [M+H]* 225.1352, Found 225.1336

Carboxylic acid S7
NC To a solution of t-butyl ester $14 (29.8 mg, 0.132 mmol) in CH,Cl; (1 mL) TFA (0.3 mL, 4 mmol) was added
at 0 °C. After being stirred for 50 min at room temperature, the reaction mixture was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (pentane/AcOEt = 2/1
Ny OH to 1/1 to 0/1) to give carboxylic acid S7 (12.1 mg, 71.9 umol, 54%yield) as a colorless oil, which was used

0] in the next PNA synthesis without further purification.
s7 S7: 'H NMR (400 MHz, CD;0D) & 4.13-4.07 (1H, m, CH), 2.51 (2H, t, J = 6.9 Hz, CH,-CN), 2.00-1.70 (4H, m,
CH.).
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4.2. Chemistry parts

azide S15

To a solution of glycine t-butyl ester hydrochloride (247 mg, 1.47 mmol) in CH,Cl, (15 mL) were
added chloroacetic acid (209 mg, 2.21 mmol), DMAP (8.9 mg, 0.0735 mmol), EtsN (0.611 mL, 4.41
mmol), and EDCI (422.6 mg, 2.21 mmol) at 0 °C. After being stirred for 13 h at room temperature,
the reaction mixture was quenched with H20 at 0 °C. The resulting mixture was extracted with
CH,Cl; and the combined organic extracts were washed with 1 M HCl aq., sat. NaHCOs3, and brine. The resulting solution
was dried over Na,SO,, filtered, and concentrated under reduced pressure. The resulting crude amide (196 mg, 0.948
mmol, colorless solid) was used for the next reaction without further purification. To a solution of a--chloro amide (196
mg, 0.948 mmol) in DMF (9.5 mL) was added NaN; (123 mg, 1.89 mmol). After being stirred for 2 h, the reaction mixture
was cooled to room temperature and Et;0 (20 mL) and H,0 (20 mL) were added. The resulting solutions were separated,
and the aqueous layer was extracted with Et,0 (20 mLx2). The combined organic extracts were washed with brine, dried
over Na,SQ, filtered, and concentrated under reduced pressure. The residue was recrystallized with pentane/AcOEt
(10/1) to afford azide S15 (133 mg, 0.621 mmol, 66% yield) as a colorless plate.

'H NMR spectrum of azide S15 was identical with reported data'®.

(0]
’BuO\n/\HJ\/Ns

()

azide S16

To a solution of t-butyl ester $15 (239 mg, 1.11 mmol) in CH,Cl; (7 mL) was added TFA (2 mL).
@\/H Q After being stirred for 2 h at room temperature, the reaction mixture was concentrated under
N\n/\NJ\/N3 reduced pressure. The residue was used for the next reaction without purification. To a
o M solution of the crude carboxylic acid (1.11 mmol) in CH,Cl; (7 mL) were added BnNH; (0.36
mL, 3.33 mmol), EtsN (0.46 mL, 3.3 mmol), DMAP (6.8 mg, 0.055 mmol), and EDCI-HCI (319 mg, 1.66 mmol) at 0 °C. After
the reaction mixture was stirred for 2 h at room temperature, BnNH; (0.36 mL, 3.33 mmol), EtsN (0.46 mL, 3.3 mmol),
and EDCI-HCI (319 mg, 1.66 mmol) were added at 0 °C. After being stirred for 15 h at room temperature, the reaction
mixture was quenched with sat. NH4Cl aq at O °C. The resulting mixture was extracted with AcOEt (30 mLx3) and the
combined organic extracts were washed with brine, dried over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (pentane/AcOEt = 3/1 to 1/1 to 0/1) to give benzylamide

$16 (114 mg, 0.459 mmol, 41%yield) as a colorless solid.

§16: *H NMR (400 MHz, CDCl3) § 7.41 — 7.25 (m, 5H, aromatic), 7.03 (brs, 1H, NH), 6.19 (brs, 1H, NH), 4.47 (d, J = 5.8 Hz,
2H, CH-Ph), 4.01 (s, 2H, CH>-N3), 3.98 (d, J = 5.3 Hz, 2H, CH,-); *C{*H} NMR (101 MHz, CDCl3) & 167.9 (C=0), 167.4 (C=0),
137.6 (aromatic), 129.0 (aromatic), 128.0 (aromatic), 127.9 (aromatic), 52.6 (CH,), 43.9 (CH,), 43.1 (CH,); HRMS (ESI) calcd
for C11H13N502Na [M]+ 2700961, Found 270.0979
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5. Experimental data using small molecules

amide S17
Ir(dtbbpy)ppysPFg (1 mol%)

Jok/ )ﬁr PPEAGed JOI\/AC\)ﬁr
BnHN N3 NHBn » BnHN N NHBn
N + . N

\[O]/\H MeCN : DPBS ) \[O]/\H o

(6] (1 :1, containing DMSO 5%

s16 s17
Scheme S2
Azide S16 (0.50 M DMSO solution, 50 pL, 25 umol), N-benzylmethacrylamide* (0.50 M DMSO solution, 500 piL, 250 pumol),
Ir(dtbbpy)ppy2PFs (20 mM DMSO solution, 12.5 pL, 0.25 umol), MeCN (5.41 mL), and DPBS (-) (6 mL) were mixed. The
resulting solution (1.5 mL) was moved to 8 Eppendorf tubes (2 mL) and DIPEA (2.75 pL x 8, 12.8 umol x 8) was added to
each tube. The reaction mixtures were irradiated at 455 nm for 2 h. This experiment was done three times. The resulting
reaction mixture was combined and concentrated under reduced pressure. The resulting crude was purified by silica gel
column chromatography (pentane/AcOEt = 1/1 to CHCl3/MeOH = 9/1), PTLC (CHCl3/MeOH = 9/1, ten times), and HPLC
(MeCN/0.01% aqueous TFA solution = 5/96 to 90/10) to afford S17 (1 mg, 2 umol, < 3% yield).
* N-benzylmethacrylamide was prepared by following a reported procedure.!”!

0 A"y $17: *H NMR (400 MHz, CDCl3): & 8.02 (1H, brs, NH), 7.38 — 7.17 (10H, m,
©\/H s oY y H\/@ aromatic), 6.71 (2H, brs, NH), 4.42 (2H, d, J = 5.8 Hz, H16), 4.40-4.22 (3H,
N\n/\N N\m)\[r’“ m, H16 and H2), 4.06 — 3.86 (2H, m, H6 and H10), 3.40 — 3.28 (2H, m, H2

oo Mo o and H6), 2.99 (1H, dd, J = 3.1, 14.8 Hz, H10), 2.78 — 2.65 (1H, m, H11), 2.04

s17 —1.93 (3H, s, H31), 1.19 — 1.09 (3H, d, J = 6.9 Hz, H12). 3C{*H} NMR (126

MHz, CDCl3) 6 174.0 (C=0), 172.9 (C=0), 170.5 (C=0), 168.7 (C=0), 138.6 (aromatic, C), 138.0 (aromatic, C), 128.8
(aromatic, C-H), 128.8 (aromatic, C-H), 128.2 (aromatic, C-H), 128.1 (aromatic, C-H), 127.7 (aromatic C-H), 127.5 (aromatic,

C-H), 56.1 (-NAc-CH,-CH), 53.3 (CO-CH2-NAc), 43.8 (Ph-CH,, two carbon are overlapping), 43.1 (CO-CH,-NHCO-), 40.4 (CH),
21.0 (CO-CH3), 15.5 (CH-CH;).; HRMS (ESI) calcd for C4H31N4O4 [M+H]* 439.2345, Found 439.2267.

Azide 3
0 To a solution of benzylamine (2.00 g, 14.6 mmol) in CH,Cl; (32 mL) was added triethylamine
NJ\/NS (2.40 mL, 17.8 mmol) at 0°C. After the reaction mixture was stirred at 0°C for 5 minutes,
Me0/©/\H chloroacetyl chloride (1.65 g, 14.6 mmol) was added to the reaction mixture. After stirring at
room temperature for 2 hours, the reaction mixture was added 10% HCl aq. (30 mL). Extract
with AcOEt (30 mLx2). After separate, organic layer was dried (Na,SO4) and concentrated
under reduced pressure. The residue was dissolved in acetone/water = 2/1 (51 mL). This solution was added NaN3 (2.61
g, 40.2 mmol, 2.75 equiv.) and warmed at 60 °C. After being stirred overnight, the reaction mixture was added Brine (30
mL) and AcOEt (50 mL). After separate, organic layer was dried (Na;SO4) and concentrated under reduced pressure. The
residue purified by flash column chromatography (SiO,, 1/1 hexanes/EtOAc) to afford 3 (2.79 g, 87%) as brown solids.
4 NMR (600 MHz, CDCl3): & 7.21 (2H, d, J = 8.7 Hz), 6.88 (2H, d, J = 8.7 Hz), 6.52 (1H, brs), 4.40 (2H, d, J = 5.8 Hz), 4.03
(2H, s), 3.80 (3H, s);3C{*H} NMR (151 MHz, CDCl3): & 166.4, 159.4, 129.6, 129.5, 114.4, 55.4, 52.9, 43.1; HRMS (ESI): calcd
for C10H12N4N302 [M+Na]* 2430852, found 243.0854.

3
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Scheme S3. Unsuccessful results.

o Z> R (30eq)
[Ir(dtbbpy)(ppy)2]PFs (2 mol%)
NJk/ 3

(0] (0]
H
/@/\H N3 amines (5 eq) - /@/\HJI\/N\/\R /@/\NJJ\/NHz
H
MeO MeCN, blue LED or 455 nm MeO MeO

3 S18 4

amines: DIPEA, TMEDA, triethanol amine 0% ~ trace observed side product

Procedure for Table 1

Ph
ph (10 eq)
(o] Ph
[Ir(dtbbpy)(ppy)2]PFs (1 mol%) H
JJ\/N3 amines (5 eq) - HJJ\/N\)\Ph
MeCN, blue LED
MeO MeO 8
3

amines: quinuclidine, i-PrNEt,, TMEDA, EtzN, DABCO, triethanol amine, BnNMe,, N-methylmorpholine
After Azide 3 (0.20 M MeCN solution, 250 pL, 50 umol), diphenylethene (90.1 mg, 500 umol), MeCN (1 mL), amines (neat
or 1.0 N H,0 solution, 250 umol) were mixed, Ir(dtbbpy)ppy.PFs (20 mM DMSO solution, 25 pL, 0.50 umol) was added to
the reaction mixture. The reaction mixtures were irradiated with blue LED for 3 h at room temperature.
After acetoanilide (50 mM MeCN solution, 1.0 mL, 50 umol) was added to the reaction mixture, the resulting solution
was analyzed by LCMS.

Analytical condition

LC-MS spectra were recorded on LCMS8030 and Labsolutions (condition for elution gradient: 0 min, 0—2 min, A:B =90:10;
30.1-35 min, A:B = 10:90; solution A: 0.1% aqueous TFA solution; solution B, HPLC grade acetonitrile; flow rate: 0.50
mL/min) with a SIMADZU LCMS8030 and Labsolutions using GL Sciences Inertsustain C18 column (3 um, 4.6 x 150 mm)
operated in positive mode. Detection wavelength: 275 nm

Amine 8

s MeO

8: 'H NMR (600 MHz, CDCls) & 7.35 —7.23 (m, 6H, H9, Ph), 7.23 —7.16 (m, 5H, Ph), 7.14 (d, J = 8.7 Hz, 2H, H6), 6.85 (d, J =
8.7 Hz, 2H, H1), 4.29 (d, /= 6.0 Hz, 2H, H7), 4.05 (t, J = 7.7 Hz, 1H, H15), 3.79 (s, 3H, -OMe), 3.31 (s, 2H, H12),3.21 (d, J =
7.7 Hz, 2H, H14). *3C NMR (151 MHz, CDCls) 6 171.4 (C=0), 159.0 (aromatic, C), 142.5 (aromatic, C), 130.7 (aromatic, C),
129.2 (aromatic, CH), 128.8 (aromatic, CH), 128.0 (aromatic, CH), 126.8 (aromatic, CH), 114.1 (aromatic, CH), 55.4 (OMe),
54.8 (C7), 52.4 (C12), 51.5 (C15), 42.4 (C14). HRMS (ESI) calcd for Co4H»7N,0, [M+H]* 375.2067, Found 375.2076.
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