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Advances in Ru(Il)-based Photoactivated Chemotherapy Agents

Zhou, Qianxiong* Wang, Xuesong*

(Key Laboratory of Photochemical Conversion and Optoelectronic Materials, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190)

Abstract Many Ru(II) complexes can undergo photoinduced ligand dissociation in aqueous solutions, and the formed aqua
Ru(II) species may bind to DNA covalently. This property has been applied to develop novel photoactivated chemotherapy
(PACT) agents for cancer treatment in recent years. By finely tuning ligand structures and coordination configurations, PACT
may realize highly selective and on-demand release of active species in cancer tissues, leading to an improved efficacy and
diminished side effects. In this review, the progress in Ru(Il)-based PACT agents was fully discussed and a perspective for

their future development was included.
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Figure 1 Pt(II) anticancer drugs that have been clinically approved
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Figure 2 Pt(IV) anticancer agents that have been clinically tested
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Figure 3 Pt(IV) photoactivated anticancer agents that contain Nj lig-
ands
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Figure 4 Ru(Ill) anticancer agents that have been clinically tested
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Figure 6 Polypyridyl Ru(Il) complexes with photolabile monodentate ligands
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Figure 7 Polypyridyl Ru(Il) complexes with a photolabile bidentate ligand
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[Ru(bpy)o(H,0),1* IR H 5 DNA e g5 A0,
BE4b, Stavros 5V FI WO T (800 nm)sSEHl 1 il &
Y cis-[Ru(bpy)a(NA), > (41) F — /> 0 ok e B 147 g 42 1)
fif 5.

6 ZINBEFTBMALTT IR

WIHTRTIR, 47 2 Whne fl & 9 6 S AR g 25 /e &
SMLCT #HGHAifE 2] *MC SZHL. Kk, & RS20
5 MLCT. MC PLK LC #(ligand-centered state)BEZK =
K, FEiE LRSI MLCT MRS/ RIGTHAN T
i, AT T AL & 2 EINRE.

Dunbar F1 Turro 4™ [ BA 767 25 i 50 44 fif 55 I
A WI[Ru(bpy),(CH;CN), > (3) At E, 5INHAAMK *nn’
Ae ¢ 1) dppn HC A&, H 5 B & 4 [Ru(bpy)(dppn)-
(CH;CN),J*" (42, Bl 10){E 460 nm Y [E 444~ BE AL i@
MC A& &4 CHCN R & fig 5, E K& W
[Ru(bpy)(dppn)(H,0),]* " (@<1%), th A it 4 J& 2K
Ff Pnn (dppn) SEALFEE 10, (@=0.72, HEEFSE
F, M TE 5 — 3 F o SEIL T O TE AT 54 SOk sh
FIEIT AN G, BAR 42 6B AR AR B R Ik, (5
HeLa 21 f 85 1t 5256 45 B /R HLAF 466 nm Y6 R R )65
PEDR T (PI=1Cs5o ™ ICso ™) ik 1110, KA TR T
A YI[Ru(bpy),(dppn)*" (PI=282) % 3 (P1=6.4).

Turro /NATPHE— 300 R IL KA. 8
ILAE dppn Btk B 51N FEEAIPRER], BRIKT *MC &g
i, MIfiHE T RS %, [Ru(tpy)(Meydppn)(py)]™

Acta Chim. Sinica 2017, 75, 49—59

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(43)7F CH,CN ¥ 500 nm YelB 44T, Bk EiAk py
R ES RS = B 5.3%, PHEASEETHEN 0.69.

Turro /M H P ir M & R E T R AW
[Ru(pydppn)(biq)(py)]* " (44), H: 755 5L 14 A I e ¢ 19
FiR BSR4 0.0070 (500 nm), HEE S BT RUCR N 0.75.

TE He 2 T A AT FG BN J1iR 57 W E G PEAT L &
Y5, BATREAO M T — g 5 TR, DAt
WE BB R (py-SO3) X VT BC AR A 9 55 25 B, FRATTIR 1T B
T A YI[Ru(bpy)a(py-SO5)] (45). ZALAYITE 355 nm
FIEELET, SUARLR py-SO; REMIHE S, ERAT 5
DNA 3t 45 & HIK &2 [Ru(bpy)o(H,0), 1. IEAk, #4>
Ru—O #ERELAIRMIE AR EWZR, Al py-SOseH H
B ZEMEEA RSN G, BErE LA A
W% DNA. [, 45 75 IR TC A %A T RELAPIFIAN ) 77
A %3555 DNA, A EExE Z S st o . t—
B FL R bpy FLAR b 51N $r o7 B ZE I
COOCH;, 46), fef 2 Ru—0 R4 R py-SO;e
AR, 2 PSR Ru—0 1Y
ZE 2 M o(Ru-O)m*(R-bpy)i & A& & AR, Tz B 7 HX
IR RURMC o(Ru-O)m*(R-bpy) R A (M BEZR, AT
P fE JLER.

IR, BATREHE B THE T — R AR CEL
WIT K 1697 ThRE AT S R AW, Gi— 2R3 R
—HB (KT S R LA W) SRR,

B T B R DGV O A A S S A R T AN T A AT
PEAH 73 4b, it 5] N A AEYEVER T L AR, [FIRE
A DA T R AL &P 2 L IhRE.

Dunbar 1 Turro ¥ 41 BA1FI F 467 2454 5- 980K M5 i
(SFU)PIATAY) 5- B R MEE (SCNUYE A B L Fi ik, %
& T [Ru(bpy).(5SCNU), 1P (47), fE KT 395 nm 6
TR REREIL 2 20 T SCNU LA 1 73 F-REAT DNA Ly
454 HI[Ru(bpy)o(H,0), 17" E L IEAE E, Al AT 1% —
B E 2] Rutpy) & R, &K T [Ru(tpy)(SCNU)**
(48), 7E 400 nm JEHE FREREAN 2 0§ SCNU K& 1 701
[Ru(tpy)(SCNU)(H,0),]*". 4R 1 40 ffg 25 1 52 56 &5 S S U
48 /£ KT 400 nm Y6 1 h ZF T EIH 5 FEIKEHE H
SCNU FCARM AR AR B2, 1E & B33 )8 48 TE41 i
SEG A T RAT AN SCNU Boik kA= e, H ARl
IKEPIRu(tpy)(SCNU),(H0) I FEANREFT DNA L&
I

Podgorski. Turro I Kodanko™ & 1EHF 7T T Bl &4
[Ru(bpy),(Ac-Phe-NHCH,CN),]*"(49), H & ik
Ac-Phe-NHCH,CN s& ¥ It 2 IRt B ) 7). P iR
EAMETZ MR HS S ERIA, MK, 2
DK LA A A IR R, 2RI T I — AN e

HIF K 1 22 F[Ru(bpy)(H,0),17 . 4L 41 5 1 fig 0
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[Ru(bpy)(dppn)(CHsCN),J*" (42)

[Ru(tpy)(Mezdppn)(py)I** (43)

COOCH;,
= + H 2+
o B 7] N._O
NS Sy Y
n, | N | NH
A, Lo N, | Ne
u 0
_S=0 Ru
/l/’\on /N/’\NC
X N, © N Z\NH
| PS
_ | 0" NS0
COOCH;,
[Ru(bpy)2(py-SO3)]" (45) [Ru(4,4'-(COOCH3)-bpy),(py-SO3)]* (46) [Ru(bpy),(5CNU),J?* (47)
H _‘2+
N__O
e L ~ T
| | 7N
| N R | N N _
_.N,, | ‘\\\NC/ H ‘77?7 Z N//,,’ ’ ‘\\\R R="N=N
"Ru’ R= N ‘Ru’
N
AN e ol Z lN/ Y
SN R < N
| P

[Ru(tpy)(5CNU)5** (48)

Bl 10 ZIResr eim syl
Figure 10 Ru(II) PACT agents with multiple functions

HlSL 3G R 49 LM KT ICs 1H 2 B &
Ac-Phe-NHCH,CN ff 12, HHEXHLUE AR B.K Al L
[ 1C s ™™ /ICs & ELAEZE 6 & 1~33 & 1. BRI, AL
£ 2 3514 4 [Ru(bpy)»(H,0) 1 J& 75 HL AT & A B 4 1
TETERATER Y. MhAh, 4 3D AR SLIG 1 49 K
PR BT 175 5 85 1 B ) 45801,

BRI FRTE IR KRR - LA R0 A Rt 3R
AR, EREA BB, Fan K S,
AR SIE A IE B SN AE B POiE AL 299, I 51K 35
AR, RATRBAP W e 3 LMk py BB EE
B, witA sl B A A IR (GSH) M R 1) 6 s 1 Ak
J7 A [Ru(bpy)»(py-N=N-py),]* " (50). 5% HEZ1 7 H 2L
PEK PMLCT 2%, PHIE MC 25040 &, MRS H AR
AV N AEE R E; U EIERIME GSH k)5 )5,
M ) TR O BORC AR R S . MR AL
GSH & B8 2 B3 MRy, Wil N2
U — NBEERE AL B3 GSH Wi B (e iE Ak 97 ik 771
of Jie e 240 B 2L A R v R R
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[Ru(bpy)z(py-N=N-py)I** (50)

7 SIHGREEY

RIIRM) Ru Jais AT 7R 35 v T 2 kg fic &4,
A — RN Ru FLEITEAST ) 26 iE 7 f)
J7 T EILH A MHT 5, XL SRR EY. EATR
AR [(n arene)Ru(L)(X)" [Hd L AXUKEEK, X A
B EEARCET N R)], 20 RIS g, K
SRR BT, LR X MR EA YRR . Xk
BCAPIRIPU R A AR R B T X AR RS
JEAE IR A, M X ORI, X oA 2 | R H
AT, I X B AR G A7 RE 7 B 5 Y E 4 i
s, G anmkne K LATAEY), CARRE L XU Be A4 A0 55 A5 3
BEAT A BB, BRI A IS AT IS I A T 2.

Sadler /INAM2007 EHE T RIVET TRV A
Ws1, B0, Hor o7 R EC AR A B B R R S A
YIHE UVA JEHRT R R AT RIEAR RS, AR &
YIBERT DNA AR B A% () 2 Bk, %o HE SI2 56 S5l 7 A
& YILE BI04 N LS DNA K AEMIIHIM BE/ER.
R R C & P RO A PR | 1 S B R A
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e
S
[

Arene\ /CI —‘24.
™~

N
[ Arene =
|
N
Ru” N\
/ al J
Arene =

[{(arene)RuCl},(u-2,3-dpp)]** (51)

[(p-cym)Ru(bpy)(py-BODIPY)** (54)

B 47 R A G AL LT kR
Figure 11 Ru(II) arene complex-based PACT agents

Sadler /NHSVHE— 258 51 AN B HL T [ bpm XU C
i, &AL T [(p-cym)Ru(bpm)(py)]* (52), ZE &)
TE A WLYE(400~600 nm)¥ R N, UG ECAARIE e & A g
B, AR KA (p-cym)Ru(bpm)(H,0)]> " 8 Al 1 I 1
ghf. fESRIERE B A0 — 5 A i e A A T e
IR HE )[R 1 (53), DA i 25 905 i e 4 23 ) E B B
7E 1] JL6(400~600 nm)i R T, SRR B, £
PR EYIRER DNA 741 I SIS LM 25 4. H
M2, fEA 55 DNA FAE4M R, AR RA TS
RERCAR B S, BRI 2 KAV REFN PR A 5 R4 [H]
B 4G

AR B T57 5 R A W6 S AT
AR T2 TAE. g py BoAk BB
BODIPY 4t Ml , & it & B T [(p-cym)Ru(bpy)-
(py-BODIPY)]*"(54). BODIPY 15| N A
BRI K ZE 500 nm LA E. AR 2R BRI
¥R (>500 nm) BODIPY, FLUGHC /A py-BODIPY AgiHLiH
KA, KA P [(p-cym)Ru(bpy)(H,0) 1> g Fl
G EpA A G A PEENHLERRE 7T W], py-BODIPY [A]
Ru 7&K CEUE TR 2 T B IA R AR 2
M RR, X — A8 LR B AL v A A s
TR 1 L.

BT FIRFE ARG R, TATH— DR 7 RRL S
YY) A AR b 5] N BA S I TR 1 1) sk R
BT & T [(p-cym)Ru(bpy)(py-Fo)I " (55)2. 7k gk Jk
HI 51 N5 B R BSR40 F2 2 500~600
nm X3, A7 OGRS B UTECHR py-Fe KA, =
R BET SR MOE T T R R AR F Y LA
i 7 DTk, BeAk, ORERERRIR I NIRRT H AREL &
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10 ]
\ U o
\N)\T Z \N)\WN\ Z NH~~~Receptor
N N

[(p-cym)Ru(bpy)(py-Fc)I** (55)
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binding
peptide

[(p-cym)Ru(bpm)(py)I?* (52)  [(p-cym)Ru(bpm)(peptide-py)I** (53)

> O ]
H (56)
N T N(CHz), (57)
\ J)~r _ NH, (58
R=OCH;  (59)
(
(

COOCH; (60)
NO,

61)
[(p-cym)Ru(dpb)(py-R)**

YIFESE F 3L (-OH) I 'O, P2 AR RE ), 1R TR 4T 55 1Bl &
W SEIL T SeiE AT SRS IR A HLE A

AR AN w8 5] N B A n 3Lk R 1 dpb
BE A4, T ¥ B & Y[ (p-cym)Ru(dpb)(py)]** (56) % H I hE:
(1) dpb BRI o HLIE AEAT R R & M W A it
% 500~600 nm [XIF; (2) dpb BLAAEAR HAK A6 *nn”
RER 45 R P2 A2 10, (Dagg=0.25, ZIEHEER); (3)
dpb AR K IR BEL SN A i A P 6O AN BE R A
WECAA RS, thAER A dpb XU ECIRMRES; (4) MRS 1)
dpb B SRS, AT LAR]FH HCAS I 259076 40 M P 1) 5
e hr. AL RS R I, ZE AR IR M
SENEAN . R REPESLIG R, %N A%
PR REE R AS49 4, JeiE R PIEA 6.9.

7E LR TAESEAE b, AT — 25 il i 7F 16 1
PRI E b5 NHERL LT3 (57~ 61) KA A P
YIFESeAC MR . B TR 5N R L m e &
1) '0, BT RR, H NO, ZRBIBRHIRE &4 61 () 'O,
BT RCREIL 0.39( ZIER PN, SR, fidF
IR S AD e FE M B AR 25 30%, 155 DNA 1)
M EERES). SRIMAIMSLIR RoR 56 61 R i
B, A RE IR AR AT K P R im0, BT RCR.
8 RE

BTG TE AR 7 TR 0 2 3 Ok 4 R 2R P )
HIF R AR ) — NI e k. BEE I T IR IR N, X6
BIIE AT ISR AT i SR R EA T YIS
FIAIR, SR ZISA B 30 i 25901 58-S I K S v
BRHIBEES, OB R ENEW R 2T H 4SRN
T,
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¥ F R

FeiE KA Rt — PR, 17E CRIE AT RIS
IR, B AW — NS S MLCT e KRk
KA THITEHOZA.

FEK MLCT WRedt 4 iy — AN DL S o2 3 n 1
MLCT A5 *MC SHIBERR, 1% T05E 2> BRI B pA fif 25 3%
R, WHATTE KIS R R, ANPRAGE 2 Reas 3t =
e A4 A B 2805, o — NP PE I A

FERGI AT R BT B2 T X —BRAR A 24O g, JEid
MAEBGRIECAAR BET LA VIG5 ST ERAEM, (%
BRI B A4 s b IE fLfer, mT DSR2 M 55 LA R ), B
TEE K HGIEAIE AK 1 [7) B 386 S e AR 2 50, B AR IR —
SIS CAF BIIGAUEC T, BT S BOR IO E A T4
Vo, EFRidE— LA

L E SR AR ORI N R T R 2 —, HEAT L
WSR2 T, DA i BRI £ AP 3
SHEPIA S B, seA, B RTE LR R gk
PRI AN 980 nm, JK 4> IR IS B
LVE AT E

VERZIW 7T, A MO Fe S I 7 441 M 2% 58 1L B8 T 2
i B FLVE VR B LR AR, SR FE G TE AL AT 2 A,
XM IER = . e b, 2 ARG R
BE TR ET G S I AR AR A M EE P, DR B
VE N2 ER A0 AR B X AR AT B 5 T e & A
[F) 1) IV 200 2% 52 7 66 0, T I AN 5 88 2 T A4 AH SR IEK,
R TTRERR B A EEMEH. BRI R 2 RET
B RIS 1 5 HO GRS AR IR R &R, AR 4
BIBCAA S MRS 1) DNA 454, ZHfRdsEL . TW4ni
ax 78 AL DL K AN e s e AN B v s e, #E— D nathix
5 T PR U SRR AT lE A WO TE A ST 25 0iE T
Tt

AT EIEAL T A B IRIEH, £LL DNA A
FLGYNE TR SO B, A KT 2 sh s A K T
FAN A D%, AR IR A I R 2 1) B S P HL
il 4R ZHME AW RARRANGIZL, aE
TGRSR SR T4 759 DNA HLHT? IRATF X
JMRETE, JCEEA Bh T AW 250 7 s S

1REBN

JATAE, 2010 25 F o B A B AL BRI I A
S48 TAE, BAESAER, £ ENFLARSMA
AT S B TR
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