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Abstract: Three ruthenium-arene complexes with curcuminoids (1~3) were synthesized through the reaction of [(n°-
p-cymene)RuCl,], and the corresponding curcuminoids derivative (L'~L?) followed by the reaction with 1,3,5-tiaza-7-
phosphaadamantane (PTA). The complexes were structurally characterized by single crystal XRD, '"H NMR, MS and
elemental analysis. The inhibitory activities of the complexes towards HepG2 human liver cancer cell lines were
investigated by MTT with light (A>400 nm). The results show that three complexes present half-sandwich structure.
Anticancer activity of the complexes was significantly improved by light, among which the ICy, of complex 3
decreased from (60.3£1.1) wmol-L™" to (45.0+6.1) pmol-L™" against HepG2, indicating that light can effectively
improve the anticancer activity of this kind of complexes. CCDC: 1514601, 1; 1514600, 2; 1514603, 3.

Keywords: ruthenium-arene complexes; curcuminoids; anticancer activity; crystal structure

0 3] = A TEAE AR AT DIRER B5 F — R ARG 27
JUTAR R R, PR TC G 0 R Al v )

AR, & R A PLEC S Y XA Ry A8 BP0 25 ™. 4 W [HIm] [zrans - RuCl,(DMSO)
TS P DL S R A A MR A B TAE (Im) | (NAMI - A) #1 [ImH][trans - RuCl,(Im),] (KP1019) £
HWPFE A, Horp g FHEZAMAEL  SahIE ABUE IR AR IR A, 2T N (i

Wik H#1:2020-06-15, W&k H #1:2020-11-01,

R H P43 4:(No.21761006,51961009) ) P [ 2R FH# 3 4 (No.2018GXNSFAA281345, 201 7GXNSFAA 198335)FlJ FG “ /\AE2E "
TiH 8.

SHAFECR A . E-mail : suwmail@163.com, lipearpear@163.com



432 Jc ML 1k

¥ 374

-arene)Ru(X)(Y)(Z) |92 = ByR RUG5 ILETRC S 0 1
FURRIR Y 03 7 #0 B N AR BT R 8 i e, s
TR 22 1 OCTE o 1N Sadler PRUETAH HE 1 [(n°-
bip)Ru(en)Cl|PF (en=. —Ji¢) 3 B H P 5 B4 b 2 200 it
0] 35 PET Dyson B 8 2H % 3B A9 [(n° - cymene)
Ru(PTA)CL](PTA=1,3,5- =& A4-7-8 4 W e W) & 30
BHNCRGRIUER 2 ART A e e e IR 7/ LN /N
XY FZ (R S5 A R 0 S B ) B PR TR R
KH R,

VB —2 - HBCAR , 2 30 3R S HATE W) (cur-
cuminoids, Cure) LUHAT R (BT T AR 5515 1Y
ISP 2 B AT Z R TE . Caruso PRASEZH
B T RN R R RN D5 BT S Y (-
cymene)Ru(Curc)Cl], J- A& X £ e A 90 %5 i Jeg 44 it
ARG AR TS PEYS S Dyson PRI 7E 75 R -5 %
HRI AW A PTARAR, 2675 T BA RAFhiis
Be Y 557 HE 4T HE A P [(n°- cymene)Ru(Curc) (PTA)]
PR A R R & B EC S RIS FOE L
PR EAT A B AR O 410~430 nm 1Y
JEIEAT SR AL AR X — AR A 2R S Y R
OGO, TR TG BEOR 1Y 5 H BT R TR R
Kondaiah BRI iR 38 T & 2 W XKW EGY
[Pt(Curc)(NH,),INO, , HAE 6 B 40 it 35 14 Hb bkl 5%

(0] OH

PE R 13452, Renfrew M A48 T — 51 0]
FEA SR JC B A BT T B0 1 Fr 22 9 R LR 0 6
B, AN E BRI LB A 1 T B 20 65,
TIESE AR S Oy BT - R B R R AN
PR IRATA LT 3R B B 57 I 4T R ZHE ZH-PTA
Be G, A% RS R B R AT  E  ER
TE T EATHISEH 38 0 MTT B b o8 o 36 v, If
FIFH G B A0 M E B PR EA T TR 5E .
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1.1 iKF 58

S5 JIT S 00 180 R FH L 0 B 3500 O A
FHETHEAT 4L o [(p-cymene)RuClL], FHA IR 7 W8 [
A RGN 2 7L 222 W R BOAR (L'~ 338 1 SCik
T #%, 'H NMR 2R [ Bruker AV-600(f )%
i R % 1 X L 600 MHz F 0 %3 5 ; HR-ESI-MS
i ] Waters UPLC XEVO G2 TOF i 5E ;C .H.
N JG % 23§71 JT] Elementar Vario EL Cube JG 2% 20 ¥
A 22 3 UV-Vis {i Fi] Cary 100 28 48] UL 43560 BE 1
(R KA W 2 AR R A BR 28 vl ) A 5 28 Yo fff
FH Thermo ¢ Y 3 A3 (32 ) I 7 5 BRL 4 45 44 i ]
Bruker SMART CCD X 4% B fb AT S S 22
1.2 BREWI-3HEK

fid &%) 1~3 )& B B2 U0 Scheme 1 TR .

10
9 5 N NG (1) [(p-cymene)RuClL],
N’
@ 3 1 O NaOEYEtOH, RT

RN R (2) AgPF /PTA
L:R=H
L2R=F
13 R = OCH,

Scheme 1 Synthesis of complexes 1~3

1.2.1 B A ¥ [(m°-p-cymene)Ru(L) (PTA)|PF, (1)K
Gy

4 [(n°-p-cymene)RuCl,],(31 mg,0.05 mmol) , Bt fA&
L'(27.6 mg,0.1 mmol)F1 NaOEt(10.2 mg,0.15 mmol)¥%
i fE 6 mL LB . ZIRIEFE 2 h, A AgPF,(25.7
mg, 0.1 mmol) 5 4ELEHEF 2 ho 1L JELIBR 2 AgCLUL
V€, FEUE PN A PTA(15.7 mg, 0.1 mmol), % JR45
24 h A HBELL G A A S CHLCL/AE C b HE 25 T ik
PPt — 2 BlE(50.0 mg, 773 62%) . TR T (%, 4
5N N H#% C,H, FN,0,P,Ru-1/4CH,C, it % {#): C

50.94(50.77), H 4.99(5.02), N 5.04(5.04), 'H NMR
(600 MHz, DMSO - d,): 8 7.685(d, J=6.0 Hz, 4H),
7.477~7.425(m, 8H), 6.903(d, J=16.2 Hz, 2H), 6.133
(dd, J=32.4, 5.4 Hz, 4H), 5.950(s, 1H), 4.474(dd, J=
28.8, 12.6 Hz, 6H), 4.138(s, 6H), 2.690(dd, J=13.8,
6.6 Hz, 1H), 2.038(s, 3H), 1.300(d, J=6.6 Hz, 6H).
HR-ESI-MS(DMSO): [1-PF, 1" m/z 52 M (P ) -
668.199 8(668.199 0).,
1.2.2  [Ru(n’-p-cymene)(L?)(PTA)|PF, ()14 i
G BER 1, 75 56 mg, 2R 66% ., TGRS
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Mr (% 355 P J 3% CH, FN,0,P,Ru-H,0 i34 4#): C
48.55(48.50), H 4.89(4.77), N 4.99(4.85), 'H NMR
(600 MHz, DMSO-d,): 8 7.766(dd , J=8.4,5.4 Hz, 4H),
7.440(d, J=16.2 Hz,2H),7.300(t, J=9.0 Hz,4H),6.861
(d, J=15.9 Hz, 2H), 6.123(dd, J=28.8, 5.4 Hz, 4H),
5.903(s, 1H), 4.447(q, J=26.4, 12.6 Hz, 6H), 4.128(s,
6H),2.683~2.637(m, 1H), 2.028(s, 3H), 1.289(d, J=6.6
Hz,6H)., HR-ESI-MS(DMSO): [1-PF,"|* m/z S {
(FHIEAH):704.179 6(704.180 1),
1.2.3  [Ru(n®-p-cymene)(L’)(PTA)|PF, (3)f & ik,
SRR 1, 775 43 mg, PR 49%, TLESY
W1 (% 455 N J 4% C,H,, F N,0,P,Ru - 5/4H,0 1 EAH) :
C 49.50(49.64), H 5.10(5.35), N 4.92(4.69), 'H NMR
(600 MHz, DMSO-d,): 8 7.631(d, J=6.4 Hz,4H),7.409
(d,J=15.6 Hz,2H),7.016(d, J=9.0 Hz, 4H),6.742(d, J
=15.6 Hz, 2H), 6.133(dd, J=34.2, 5.4 Hz, 4H), 5.845

(s, 1H), 4.440(q, J=22.8, 12.6 Hz, 6H), 4.120(s, 6H),
3.819(s, 6H), 2.687~2.641(m, 1H), 2.030(s, 3H), 1.293
(d,J=6.6 Hz,6H), HR-ESI-MS(DMSO):[1-PF, | m/z
ST (PR ) - 728.220 1(728.220 2).
1.3 ZHNE

Be &9 1~3 1 B 2 7 293 KR F A S50
{4k Mo Ko 5728 (1=0.071 073 nm) T2 5 A Y I,
HEATA S OB R o R B it 45, JT IR
BINE, AR TR A FE SR ARERE TR
A& m SRS, a8 SRR/ _TeikB
1E , J SHELXL.201652f1 OLEX. 2 72 43,43 5l £ 47
A IRSE R RAT RSB IE . BB 1~3 1 SR 254
By W 1, AW 13 14 K B A B
k2,

CCDC:1514601,1;1514600,2;1514603,3,

x1 BEWI1-30REHE
Table 1 Crystal data collection for 1~3

Complex 1 2 3
Formula Cy5H, F,N,0,P,Ru C35H,FoN,0,P,Ru CyH,sF,N,0,P,Ru
Formula weight 812.72 848.70 875.79
Crystal system Monoclinic Monoclinic Triclinic
Space group C2le C2/e P1
a/nm 1.961 6(9) 2.623 1(12) 1.328 5(3)
b/nm 1.762 2(9) 1.753 4(12) 1.333 6(3)
¢/nm 2.203 5(11) 1.934 5(13) 1350 2(3)
al () 104.806(3)

B/(%) 101.27(5) 124.681(14) 118.462(3)
v 91.598(3)
V/nm? 7.470(6) 7.317(8) 2.001 3(8)
Z 8 8 2

D,/ (g-cm™) 1.445 1.541 1.453
F(000) 3328 3456 902

6 range / (°) 2.54~52.58 3~50.06 3.2~50.7
Reflection collected 42927 38967 20 475
Reflection independent 7343 6 465 7289
GOF 1.147 1.032 1.078

Ry, wR, 1220 (1)]
R,, wR, (all data)

0.079 3,0.236 5
0.096 0, 0.263 3

0.0370,0.100 6
0.0439,0.108 0

0.0565,0.1353
0.0734,0.1537

F2 EAWI1-3MEKOm)FIER(C)

Table 2 Selected bond lengths (nm) and angles (°) in complexes 1~3
Complex 1 2 3
Rul—centroid 0.170 71(9) 0.173 31(8) 0.170 95(3)
Rul—P1 0.2317(2) 0.231 7(12) 0.232 6(12)
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Rul—O01 0.206 7(4) 0.207 4(2) 0.205 6(3)
Rul—02 0.207 6(4) 0.207 6(2) 0.207 0(3)
01—C2 0.127 2(7) 0.127 3(4) 0.129 3(6)
02—C2’ 0.127 0(7) 0.128 1(4) 0.128 8(6)
Cc1—C2 0.140 8(14) 0.149 5(6) 0.150 0(7)
C1—C2’ 0.140 0(12) 0.141 5(5) 0.141 4(7)
01—Rul—02 88.76(16) 88.90(1) 87.83(13)
O1—Rul—PI1 85.77(14) 86.15(7) 86.71(1)

02—Rul—P1 85.95(13) 86.06(7) 85.70(9)

14 BEEVHREEYE

AT FE BT A8 R 4 A 988 20 i (HepG2) K [ T 78
BB RSt o AR 1% 10% B I35 15 5% 5%
RPMI-1640 HiAE Ko FH MTT 32300 5 i 45 90 % 40 it
PR BIT 1 58 3% Ve« BORT B8 A K 1 s A L, T 2
J 2, A 96 FLAR , A5 4L (200 wL)1x10*~3x10* 4~
AN, BB FRAR N R SR 24 hosR FH MTT 3, AL A
1 L AN [V B (R 25, o 245 0 2 Tk 132 4303 ok 10
20.30.50.60.80 pmol - L™, fERE FR A 95 4 h )i,
J6 A I AE A>400 nm, TR %8 FE A 30 mW - em™ ) 5%
6 B8 30 min, 4REEAE G SR AR D5 SR 24 he BEALN
A 20 pL(5 mg-mL™") MTT, FF & TR R4 TR 55 4 h,
W bV, AL 100 wL 9 DMSO, & T $5 K
T AKHE R, 10 min J (8 AR L0 492 nm I
KALODME . ARG EE 3R, B3 E
fLo AT A YR AN A 1C,fH

2 H#R5iTiE

21 AREFRME

Bt 5 4 1~3 2R FHAR R 09 07 i A il FEE IR T
Bt [(n°-p-cymene)RuCl, ], 5 FH IV 1) 248 22 85 2R B A s vy
J& A AgPF B 25 CI, RN PTA 3 — 2 )
B E o PR RE R B R o B L T R AT
FTFBOT -3 3807 T RAE . Hd, @RS S8
A5 BE A W 1~3 19 miz 16 {5 4 %) 9 668.199 8.,
704.179 6 F1728.220 1, AR R 19 1F B 143 51 J [ (m°-p
-cymene)Ru(L")(PTA)]" .[(n°-p-cymene)Ru(L*)(PTA)]"Fl
[(n°-p-cymene)Ru(L)(PTA)|", 5t &4 1~3 B BH S 7
YA

BB G 1~3 FL AR FE R 20 pumol - L' ) DMSO
W FFR L UV-Vis J6ik . AR AT LR 31, X 2
BC A 0 7E 310~510 nm DX B 8 19 WAL, 32 TR WA i

FEH TR L KSR - R R
('MLCT)™", fic &% 10 2 (I OGS AR B, o K
W W W 437 T 375 nm, T2 540 3 1) e KW WL U o T
411 nm, MM F LRI 2B B LT R . X2y Tk L
v kL 3L OCH, T8

1.0 3
1

©
g
3
= 0.51
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1 Bl 1~3 726 DMSO H g L8 4h nl UL it i &

Fig.1 UV-Vis spectra for complexes 1~3 in DMSO
22 BEEVMHIRELEN

BC G0 1~3 O EA SR S5 T ] 2~4 Fitos . TG4
1F12 )8 TR R B C2/c 23 TR, AW 3 1 A
& T =& R PLZ L, 3B A9 HA M2
F, Hodus &R AT (D E 5 BB S o JE R AR
B AR, SHRLZERMWIALLO, 0 S
B, 5 PTA FLAR 8 P T LR UG B A, JE 7S
Be A/ TR 25 48 1) — A BH S T H 6 S PR 2R i
PR 2R B L 55T B 2 B 9 R S 43 1 R 0.170
71(9).0.173 31(8).0.170 95(3) nm. 3 #h 3 4~ Bi {7 4k
B K o5 Rul—P1 0.231 7~0.232 6 nm. Rul—O01
0.205 6~0.206 7 nm, Rul—02 0.207 0~0.207 6 nm,
KU SRS AR AR, Cl—C2 A Cl1—
C2' 4 K 7E 0.140 8~0.150 0 nm G Fil , iZ K JE AL T
AR SHER FDOB B SRR 22 ], 33X 2 FR S A4 TR B- A 1Y
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o8 A T A R S 2 DL (—0—C—
C—O—) LR T8, FILEEmE & T s
4 01—Rul—02 87.83° ~88.76° . O1—Rul—P1
85.77°~86.71° ,02—Rul—P1 85.95°~86.06°, 5 2 Hif

B2 B 100 30% WA Bk S A I
Fig.2 ORTEP of 1 with thermal ellipsoids probabilityof 30%

3 BCA 2 1 30% HESRAHER S A el
Fig.3 ORTEP of 2 with thermal ellipsoids probability of 30%

K4 BCEY) 389 30% HEAMG R R A K
Fig4 ORTEP of 3 with thermal ellipsoids probability of 30%
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2.3 EREYIRIAREE DK

KLWER -5 ELTTA Y 1~3 4 HepG2 AT
20 L ) A ST B R T T LR 3. &5 SR R 7R
SR LB 1 2 %) HepG2 41 i 147 oKk e 30 it
Ji o 3% e B0 A0 36 HepG2 41 g 6 30 H — 52 7t i
AT PE T, M4 (60.3+1.1) wmol - L7, B4R, AHXF T
W LA (BC A LM 2 R HANF 1), K28
R EC AR A7 19 4 F 7 3 A (B &9 3 W 9 —OCH,) X
IS TE A9 1 HepG2 200 0 1% 5 00 1 4% 4 52 i 51y
1T . A>400 nm 556 HE S 30 min J5, Bl &4 1
AT5 A S s 0 bR 3 L (RS A 2 FN 3 X6 HepG2
200 60 %) 358 AT ) 9 A 3 B AR R, HL 1S, 1L
[ A% 9 (60.1+1.0) mol - L™ Fl1 (45.0£6.1) wmol -1,
LB A S IAE R, T A R 2 B R -5
SLETTL AT R T X n] BB th T ECA AR
TR A N PR AP, DT B 5 T LA 1 At
PEo B, BARIX 3N EC A W% HepG2 4 L i 15 5
PG P R IR AN AR AR 5T X T R A 1Y
MR R A m A AR A — S %
.

#3 BEW1-33 AFFEHEMHepG2)M IC, &

(A>400 nm)
Table 3 1IC,, values (A>400 nm) of 1~3 against

HepG2 cancer cell lines

1Csp, dark / 1Cs, light /

Complex PI*
(pemol - L71) (pemol -+ L71)
1 >100 >100 -
2 >100 60.1+1.0 1.7
3 60.3+1.1 45.0£6.1 1.3
* PI=ICsg qund Icso, light
A
34 18

Wit AT 3R R E R - AY
1~3. Jfa i B dh X SR AT  50 5, X U9 13X 3
MEE YRS . EROEAM T BCE Y LR 2 X
HepG2 A8 40 M AS 2 36 % , i e & 4 3 /Bl —
FE M TR AT BE S AR R T E S A Y R
FUF JR 5, 28 22 3 R Be AR I 10 8 26 1 A ik 7 3
A —OCH, A7 F] T Be & %t HepG2 4 i 1 18 5 11
IR TE . SRS (A>400 nm), BRECS W 140, 2 F1 3%
HepG2 241 Jif0 1) 33 410 1l 3 PR #0A H d B8 5, i
HRAT DA 504 v S L 6 W 0 B g 16 vk A
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