Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Synthesis and evaluation of four novel nitrogen-heterocyclic ruthenium
polypyridyl complexes as photosensitizers for one and two-photon photodynamic

therapy

Junfeng Kou, *2 Jinchao Shen,® Mingwei Lin, b Kai Xiong,® Lili Wang,® Fangmian Wei,’ Junfeng Zhang?

a. College of Chemistry and Chemical Engineering, Yunan Normal University, Kunming, 650500,
P. R. China Email: kjf416@163.com

b. MOE Key Laboratory of Bioinorganic and Synthetic Chemistry, School of Chemistry, Sun Yat-
Sen University, Guangzhou 510275, P. R. China.


mailto:kjf416@163.com

Table of Contents

SYNERESIS ..ttt ettt ettt ettt e st e bt e st e ee b e s st et e en bt enbeestesste bt enbeenbessaeseenseentes 1
SCREIME ST ..ttt ettt ettt b e et eb s bt eate e enesaenaesbesuea 1
Supporting Figures and TabIes .........cccevierieriieriiiierieiteieee ettt 2
FIg. ST ottt ettt ettt bbbttt n et 2
i, S ettt bbbttt r ettt 3
i, S ettt ettt bbbttt r ettt 4
FIZ. S ettt bbbttt ettt 5
o, S ettt bbbttt r et nr e 6
FIZ. SOttt bbbttt et 7
o, S ettt bbbttt ettt 8
i, S8 ettt bbbttt a et 9
TADLE. ST .ottt ettt bbbttt a e aesbeeae e 10
FIE. SO ettt ettt 10
FI. STO ettt ettt et sttt resbe e 10
FIZe ST ettt b et bttt ns 11
FIZe ST ettt b et bttt ns 11



Synthesis of pyrazolyl aldehydes (o-ppzCHO, o-ppCHO, m-ppCHO and p-ppCHO) !

2-(4H-pyrazol-3-yl) pyrazine (1mmol,146 mg), 2-(4H-pyrazol-3-yl)pyridine (1 mmol,
145 mg), 3-(4H-pyrazol-3-yl) pyridine (1mmol,145 mg) or 4-(4H-pyrazol-3-yl) pyridine
(Immol, 145 mg), 4-chlorobenzaldehyde(1mol,140mg), KOH (2.5 mmol, 140 mg). A
pressure tube was charged with the corresponding nitrogenated heterocycle (1), KOH (2.5
mmol, 140 mg), and dry DMSO (1.5 mL) under argon atmosphere. The resulting mixture
was stirred in an oil bath at 120 °C until the end of the reaction. The mixture was quenched
with a saturated solution of NH,4Cl and extracted with ethyl acetate (2x10 mL). The organic
phase was dried over MgSQOy,, followed by evaporation under reduced pressure to remove
the solvent. The product was purified by column chromatography on silica gel (decreasing
hexane/ethyl acetate ratio). as the eluent. All the compounds were further characterized by
LC-MS, 1H NMR and elemental analysis.

0-ppzCHO Yield: 0.15g, 80%. ESI-MS [m/z]: 251.15. '"H NMR (400 MHz, DMSO-dj)
8 10.05 (s, 1H), 9.42 - 9.30 (m, 1H), 8.85 (d, /= 2.8 Hz, 1H), 8.77- 8.62 (m, 2H), 8.23 (d,
J=28.4 Hz, 2H), 8.10 (d, /= 8.2 Hz, 2H), 7.25 (d, /= 2.9 Hz, 1H).

0-ppCHO Yield: 0.19g, 76%. ESI-MS [m/z]: 250.14. '"H NMR (400 MHz, DMSO-d¢)
5 10.02 (s,1H), 8.78-8.77 (d,1H), 8.64-8.63 (m,1H), 8.20-8.17 (d, 2H), 8.12-8.10 (d, 1H),
8.07(d, 2H), 7.92-7.87 (td, J = 7.7, 1H), 7.40-7.37 (m,1H), 7.17-7.16 (d,1H). 'H NMR (400
MHz, DMSO-d) 6 10.02 (s, 1H), 8.77 (d, J=2.6 Hz, 1H), 8.67 — 8.60 (m, 1H), 8.19 (d, J=8.5
Hz, 2H), 8.12 (s, 1H), 8.06 (d, J = 8.5 Hz, 2H), 7.90 (td, /= 7.7, 1.8 Hz, 1H), 7.43 -7.33 (m,
1H), 7.16 (d, J=2.6 Hz, 1H).

m-ppCHO Yield: 0.18g, 72%. ESI-MS [m/z]: 250.15. 'H NMR (400 MHz, DMSO-d¢) & 10.09-
10.00 (m, 1H), 9.24- 9.14 (m, 1H), 8.81 (q, J= 2.7 Hz, 1H), 8.60 (dd, J= 4.8, 1.5 Hz, 1H), 8.33 (dq, J =
8.0, 2.1 Hz, 1H), 8.24 - 8.14 (m, 2H), 8.12 - 8.03 (m, 2H), 7.51 (ddt, J = 8.6, 4.5, 1.9 Hz, 1H), 7.27 (q, J

=2.5 Hz, 1H).

p-ppCHO Yield: 0.16g, 64%. ESI-MS [m/z]: 250.14. TH NMR (400 MHz, DMSO-d6) & 10.02
(s, 1H), 8.82 (d, J= 2.7 Hz, 1H), 8.65 (d, J = 6.1 Hz, 2H), 8.18 (d, J = 8.7 Hz, 2H), 8.07 (d, /= 8.7 Hz,

2H), 7.91 (d, J = 6.1 Hz, 2H), 7.31 (d, J = 2.6 Hz, 1H).
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Scheme S1. Synthetic routes for Rul-Ru4. (i) KOH, dry DMSO under argon atmosphere
in an oil bath at 120°C. (ii) CH;0H/H,O0 1;1, reflux, 3h. (iii) AcOH, reflux, 12h



Supporting Figures and Tables
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Fig. S1 ESI-MS spectrum, 1H NMR spectrum of o-ppzCHO
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Fig. S2 ESI-MS spectrum, 'HNMR spectrum of o-ppCHO
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Fig. S3 ESI-MS spectrum, 'HNMR spectrum of m-ppCHO
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Fig. S4 ESI-MS spectrum, 'H NMR spectrum of p-ppCHO
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Fig. S5 ESI-MS spectrum, 'HNMR(DMSO-d¢) and BCNMR (MeOD/DMSO-d¢ 6:1)
spectrum of Ru(dip),(o-pipppz)**



2020129 201220185940 11384 AT 488 AV. 1 5B 880 078148, 085195 M.: TATES

T U5 & c TS Fulma[100 00 2000.00]

-*

120471

184000 170402 17238 186578 100791

1302

Rl 148081

ez 81500 w0m a7 111450 ]

-
1100

81928
s

e 2000

1800

000

on

2039 27458

0

o

®

L

100
“

3 8 R R &8 8 % 9
oy miesy

awL—

ST6—

75 14 13 T2

6

96 95 04 03 93 91 90 B9 A& &7 K6 5 84 83 B2 &1 &0 79 78 17
11 tppmp

0.7

ns

l;S

s

Fig. S6 ESI-MS spectrum, 'HNMR (DMSO-dg) and 3CNMR(MeOD) spectrum of

Ru(dip)»(o-pipp)**
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Fig. S7 ESI-MS spectrum, 'HNMR (DMSO-dg) and 3CNMR(MeOD) spectrum of
Ru(dip)>(m-pipp)**
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Fig. S8 ESI-MS spectrum, "THNMR and *CNMR (MeOD/DMSO-ds 6:1) spectrum of

Ru(dip)»(p-pipp)**



Table S1 Photophysical properties of Rul-Ru4

complex Aaps/mm(loge) Aem/NIM D 62/GM
Rul 445(2.92) 612 0.042 7
Ru2 465(3.11) 618 0.042 31
Ru3 465(3.08) 617 0.042 8
Ru4 465(3.18) 616 0.042 14
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Fig. S9 The logarithmic plots of the power dependence of relative two-photon induced
luminescence intensity of Rul-Ru4 as a function of pump power at the optimal two-photon
excitation wavelength. (a) Rul (b)Ru2 (¢)Ru3 (d)Ru4

Rul Ru2 Ru3 Rud
Fig. S10 Confocal images of Hela before and after one-photon PDT Cells were

preincubated for 10 h with DCFH-DA (Aem = 510-550 nm, Aex = 488 nm) and Rul-Ru4
(0.2 uM). scale bars = 100 pm
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Fig. S11 MCSs were incubated with different concentration of Rul-Ru4 for 10 h, followed
by one-photon (OPM) and two-photon (TPM) Z-stack imaging microscopy (a) Rul (b) Ru2
(¢) Ru3 (d) Ru4 .

Brightfield

DCFH-DA

Overlay

Fig. S12 DCFH-DA staining on pre-treated MCSs. The MCSs were incubated with 10 uM
Ru-Ru4 and Control, respectively, for 10 h in the dark and subjected to 800 nm (Control)/
810 nm (Rul, Ru3)/820 nm (Ru2, Ru4) two-photon laser irradiations (100 mW, 1 kHz, 110
fs) for 3 m in per section in advance. scale bar = 200
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