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Influence of Ligand Structure on the Hydrolysis and Stability of NAMI
Derivatives Containing 2-Methyl imidazole and N-Ethyl imidazole
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Abstract Two NAMI (new antitumor metastasis inhibitor; trans-[RuCly(DMSO)(imidazole)]Na*2DMSO)
derivatives, trans-[RuCly(DMSO)(2-Melm)Na*2DMSO (2-Melm = 2-methyl imidazole, Compd. 1) and
trans-[RuCly(DMSO)(N-EtIm)[Na*2DMSO (N-EtIm= N-ethyl imidazole, Compd. 2) were prepared. Their
hydrolytic mechanism-kinetics in pH 7.40/5.00 buffer solution and stability in physiological condition were
investigated by UV, cyclic voltammetry (CV) and NMR. Similar to NAMI, both compounds undergo two
well separated steps chloro-hydrolysis in pH 7.40 buffer solution; while dimethyl sulfoxide (DMSO) hydro-
lyze in pH 5.00 acetic buffer solution. The ks and 7, for each reaction were determined. In conclusion, the
stability of the complex in acidic solution is much more stable. The stability of the complex formed by in-
troducing ethyl group at N position of imidazole ring would be much better than that of complex formed by
introducing methyl group at 2 position of imidazole. The NAMI-A (new antitumuor metastasis inhibitor, A:
this is the first of a series; trans-[RuCly(DMSO)(imidazole)][Himidazole]) derivatives are somewhat more
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stable than the relative NAMI derivatives.

Keywords ruthenium complexes; 2-methyl imidazole; N-ethyl imidazole; anti-metastasis; hydrolytic ki-

netics; stabilities
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NAMI-A 2003 4E#EN T IR, 25—k
I A R0 1 e 2 U2 e sz a6 /I R A Jioa e i
ARSI (A FH i FL B PR ), 2 S WO A AR A R
PR,

NAMI 5 NAMI-A (1 X 51 75 T~ H 2 SR AR A [
NAMI i/ A - wAt, 5% HbuEg & H
R RAF PR ™. Keppler Z50F R (ML AW trans-
[Ru™Cl,(1H-indazole),][(1H-indazole)H](f Fx KP1339)[t)
# 1K T trans-[Ru™Cly(1H-indazole),]Na(faii#k KP1019),
FETRAG A W1 2k 45 F AN B B s K 18 TT g B
P

NAMI FI NAMI-A FI7K g Rl DA A 5 Sohu s v
PR DRSO Messori 2 ST T NAMI /K i #l
B, U IR AR AT R S A 2808 4y, (AR
SE RS KIREN 7%, Sava 254 HPLC 0P T
NAMI-A [ T 5K M8 M. (pH 7.40, 20~23 C)LL K pH
LERSWIS S FANATE A I (E R o = I S S =g - (A
Reedijk 25"l NMR VA E T NAMI-A ) T 50K Al S
DMSO /KA, kB P AR T SUKAR B i DMSO 7K i
RN, ARTCVEAF BB 12 S8 IR A A A2
T 7RI NAMI-A 7K N 1) 22 ARt o7 {3
S HAIFIT NAMI 7 A4 7K A A ARGE AH /D

A CH T NAMI 5 4% trans-[RuCly(DMSO)-
(2-Melm)Na=2DMSO(#. &%) DA trans-[RuCly(DMSO)-
(N-EtIm)|Na2DMSO(tb &4 2) (Kl 1). Tk # IRk
NIRRT LA NAMI 7Kg B raAk 222 5, 33k 5%
W2, FH UV-VIS. fEIR(CV) & NMR 2858 110
HHI7E pH 7.40, 5.00 Z2 M I K BN LI 7K SN 2))
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Cig | ,Cl Cl {0l Ci {0l
S [ Nat S I Nat R, | Na*
CI‘,\fl cr ’\fls cr f ¢l [Na
H,C N
PO I N S (3¢
HN—5 HN—¢ N—5
L 1 _ L 1 _ —C2H51 _
NAMI 1 2

B 1 trans-[RuCly(DMSO)(Im)|Nas2DMSO (NAMI), trans-
[RuCl,(DMSO)(2-Melm)]Nas2DMSO (4 & ¥ 1) M trans-
[RuCly(DMSO)(N-EtIm)|Nas2DMSO ({4 2) 811k 2 45 1)
Figure 1 The chemical structures of trans-[RuCly(DMSO)(Im)]-
Nas2DMSO  (NAMI), trans-[RuCly(DMSO)(2-Melm)]Na-
2DMSO (Compd. 1) and trans-[RuCly(DMSO)(N-Etlm)]Nae
2DMSO (Compd. 2)

K M (Aldrich-Sigma, 99%); N- £ F BK M (International
laboratory USA, 98%); H. 45y hsrdral. 5
Beckman 24 7] 40 a] W30t v DU 800( L 1445 £
0.1 ‘C); ®350 PH/Temp/mv meter pH 11; Carlo-ERBA-
1106 7 56 73 11X Bruker AVII-500 Y k% G SLHRAS, )
JE W71 DMF-d;, TSP WHR(Z5H%5E); VNS-600 Y% 1
JLHRAY, W %5 D,0, TSP WAR(HLEL 5E); Perkin
Elmer Spectrum BX II L4151 52 X, KBr [k Jv; Stuart
SMP10 #5552 1%; Agilent 6130 Quadrupole LC/MS
ESL.

TR (pH 7.40)FIBSFRZZ 1T (pH 5.00)4% STk 77 723761
%[18].

12 EM1, 2 W5&
1.2.1  trans-[RuCly(DMSO)(2-Melm)]Nas2DMSO( 4t &
) 1)49 4] &

4% J7 1% Sava 1% trans-[RuCly(DMSO)(L)]-
Na*2DMSO (L=Im, indazole, NH;, pyridine, N-methyl
imidazole 55) (1) 77236 AAA ], HAHA 8 LA Al 3.

HIEY) trans-[RuCly(DMSO),][(DMSO),H]f trans-
[RuCl,(DMSO),]Na % & Fl| J5 721 45,

FREX trans-[RuCl,(DMSO),]Na 0.12 g (0.28 mmol),
BN 1.6 mL AT 0.3 mL DMSO, 4] 5B, 5 EK
2-FHELIKME 0.094 g (1.15 mol)HIIA 2.5 mL 74 Bk ),
W 2- F IR A 1% T 98 T 2T R VRGP, S 1 h
Az b ) A i, 40l VA TR R AN R S ekl
T 15 0.13 g m ALl 7% 77%, m.p. 139~141 C,
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Mw=1582.36; UV-Vis (25 C, Hy0) Amax (¢): 285 (1310),
388 (3650), 450 (580) nm (Lemol '«cm™'); 'H NMR
(DMF-d;, 500 MHz) ¢o: 2.58 (DMSO CH;), — 1.62
(2-MeIm-Ru CH;), —4.33 (2-MeIm-Ru Hs), — 13.76
(DMSO-Ru CH3); IR (KBr) v: 3120, 3000, 2914, 1631,
1568, 1484, 1417 (s), 1116, 1095 (vs), 1015 (vs), 763, 432
em '; MS (negative), m/z (%): 582 ([RuCly(DMSO)-
(2-MeIm)]™ +Na+2DMSO0, 20), 348 ([RuCly(2-Melm)]~
+Na, 20), 244 ([RuCly]", 100), MS (positive), m/z (%):
79.1 (IDMSO+H]", 100), 101 ([DMSO-+Na]", 50), 157
([2DMSO-+H]", 75), 179 ([2DMSO-+Na] ", 85). Anal.
caled for CyoHoyN,CIL,OsRu"™S;Na: C 20.62, H 4.15, N
4.81; found C 20.61, H 4.15, N 4.50.

122 trans-[RuCly(DMSO)(N-Etlm)]Nas2DMSO( ¢ &
4 2)44 4| &

FREUL &4 trans-[RuCly(DMSO),]Na 0.10 g (0.24
mmol), J 3 mL AEIA 0.5 mL DMSO % fi. K N-Z,
FE0k M4 0.094 mL (1.18 mmol)¥#E T~ 1 mL A, Bidk ¥
PR N 2 FR ROV, BERE S min 5 ARG 1A
WV, ok R 25 /D S B S SR ATT . &5 FH I G
BeIa T 19 0.089 g i s gl dh. 7% 63%, m.p.
134~135 “C, Mw=596.39; UV-Vis (25 C, H,0) Amax
(¢): 287 (1440), 388 (3870), 450 (550) nm (L*mol 'ecm");
'H NMR (DMF-d;) J: 2.58 (DMSO CH;), — 0.13
(N-EtiIm-Ru CH,), — 1.36 (N-Etlm-Ru CHj), — 2.27
(N-EtIm-Ru Hs), —3.41 (N-EtIm-Ru H,, very broad and
barely visible), —6.05 (N-EtIm-Ru Hy4, very broad and
barely visible), —13.08 (DMSO-Ru CH;); IR (KBr) v:
3127, 2984, 2937, 1697, 1622, 1521 (s), 1442~1314,
1107~1030, 761, 440 cm™'; MS (negative), m/z (%): 518
([RuCl,(DMSO)(N-Etim)] ~ + Na + DMSO, 15), 495
([RuCly(DMSO)(N-Etlm)] ~ + DMSO, 15), 417 ([RuCl,-
(DMSO)(N-EtIm)] ~, 20), 244 ([RuCly] ~, 100); MS
(positive), m/z (%): 79 ((IDMSO-+H]", 100), 101 ([DMSO
+Na]’, 53), 157 (2DMSO+H]", 83), 179 ([2DMSO+
Na]®, 95). Anal. calcd for C1HyN,CLO;Ru™S;Na: C
22.15, H 4.39, N 4.70; found C 22.17, H 4.18, N 4.40.

1.3 LEVRIKBENIEHRR

53 8 A& A Z2 W (pH 7.40 FI 5.00, 0.15
molsL ™' NaCl, 37 “C) A AEZE M ¥i(pH 5~6, 0.15 moleL ™'
NaCl, 50 C)H Mo s, 4R WK 2. K 5.
1.4 KEBHHFMNE

Shy K D R (AW ' B e A R R B, e SR )y 104y
S B B TR 7 40 TR s DR AT 08 K Sl S e A o
I (=3, R>0.99).

B ST Zp AR P, 7 RIE R
WA E OB, 32 - ) 22> 100 A4
W 25073 5l FH b v 1 2 5 R 2 A R P - [ i 2. 1)
Origin 8.0 #AHEE I (C=B+kapit) (C NI NYIWE; B
NAUETEEL kops HRIMHAF L ¢ 0y VI R]) B — 21
(Ar=Cy+ Crexp(—kopst)) (Ar N EWIEIE; C,, C A
B HL kows AR AT HL ¢ O S NI 1)) S AP (U
EVEHZ R NI 5%~95%, R>0.99). )75 [ Vv 52
9 A /D H AT PR IS UL
1.5 BLENE

FL Ak 270 5 A ] LKOSBIL S L FLAL 22 20 M R 8. B
T IR (@3) 2 A FEAR, B F AR Ok Al By R, MR TR
HLRR Ok 2 L . 1ER (50 £0.1) °C, LAGUALEN A S HF
LA 51(0.15 moleL™"), 4534 0.1 V/s.

1.6 "H NMR R EZ#L 3N E

'H NMR W HLEE A VNS-600 Ui HG LR
1%, MHEHEF] D0, 3- =R HELEE-2,2,3,3-PY AN
FRHI(TSP) Ry bR, I il B2 50 °C, INF[a] (] 20 min.

2 HR5ITR

21 HEMEIHIE

AW, 2 & NAMI-A [HL0AM6RE. KNG (R
K AE =N EAEH T2 1. £ 1 FAMEEPILAh
FHMEIEES NAMI-A FHIT, (HIER %A AN, S
Y 1. LAY 2 WRE R NAMI-A [IFEA 2845 0 (F
1.

F1 AW, LAY 2 B NAMI-A [L0MERE B SN SRR @
Table 1 The infrared and UV spectra of Compd. 1, Compd. 2 and NAMI-A

1

IR frequency/cm UV Apax/NM [a/(L-molfl-cmf 1)]
VNH V(CH heterocycle) V(s=0) V(Ru-S) 1 2 3
Compd. 1 3353 3120 1095, 1116 432 285 (1310) 388 (3650) 450 (580)
Compd. 2 — 3127 1030~1107 440 287 (1440) 388 (3870) 450 (550)
NAMI-A 3349 3152 1097 428 287 (1390) 389 (3890) 450 (530)

“The data of NAMI-A are from Ref. [20].
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G W) B 3 it SR iR 7 ) 1) 5 A T i (pH
TAONH T 2. K S AGED) R SEUK IR =) (1) 2841
W ZEMA K. A& 1 54654 2. NAMI-A #5850
FETENE AT 220, T NAMI-A 18 T ZUK =21 s ek
WK S AR WS PIAR], B &P 10K
fE P A 300 nm (Ana) RO, RBA A BT
PN A T SR S HLEE T g 5 NAMI-APUHIBL.
2.2 WEYTEBERE hiK(pH 7.40)F Y7k #EHIE K 5
HEHR
22.1 Auodh ey KIEALIE

B 1 min JE LAY 2 FERERRZE MR 115 S
WO, 29 30 min SERGIE. 25 R WL 2.

B 2a AL AW 2 (O T &UKIR N, AR izid ik
Al R B K % 4 [RuCly(DMSO)(N-Etlm)(H,0)], 388
nm WIS R %, ]I 345 nm W0 BT, £ 12 min 5
[RuCl3;(DMSO)(N-EtIm)(H,0)] I # J&£ 15 Bl fe KR I Ky
345 nm WL B 5 . SRR AT 298 nm F 361 nm 3R

WREC &5 T SUKIE =R A 22, B 2b &
W2 (P T SUKAR BN, B T SUKIRIS RS NG, X
i Kk . [RuCly(DMSO)(N-EtIm)(H,0)] /K fi# K
[RuClL,(DMSO)(N-EtIm)(H,0),] &I A 345 nm Wi
¥, 300 nm WIS ETF, £ 16 min J5[RuCl,(DMSO)-
(N-Etlm)(H,0),] " I FE IR 3 5 K. SR AL 256 nm,
323 nm M1 445 nm F 0 1 ZUKMEF=Y)5 11 ZKIEF= 2
A P R i, (A 2 5 NAMI-A R AT
A (0 8 G 8 R AR, 3R A LA o v
PRI A S AL Sk 43 0 5 S K AR e

A FERRRZZ M (pH 7.40, 37 C)H IR /K il S
ROGIESEY 2 LT —B(ENg), 5NN a) AN .
FOME T SUKAR SN 2 4 min, g KW 389 nm | BT
345 nm WWgg B, SEIRECSCR 295, 363 nm. Y 345
nm WSO TE BB OIS, M 11 GUKAR N R AL 4
min), KA 345 nm W& T T 300 nm W IACE T,
SR A A 325 nm.

R2 AW At 2 LIUKIE IR pH 7.40 Zerb b iSRSNI O G
Table 2 The UV absorptions of Compd. 1, Compd. 2, NAMI-A and their degradation products in phosphate buffer saline (pH 7.40)

Compound Amax/NM

Compd. 1 trans-[RuCly(DMSO0)(2-Melm)]Na*2DMSO 284 389 450
RuCl;(DMSO)(2-Melm)(H,0) 345
[RuCl,(DMSO)(2-Melm)(H,0),]" 300

Compd. 2 trans-[RuCl,(DMSO)(N-EtIm)]Nas2DMSO 287 388 450
RuCly(DMSO)(N-EtIm)(H,0) 345
[RuCl,(DMSO)(N-EtIm)(H,0),] 300

NAMI-A trans-[RuCly(DMSO)(Im)]~ 287 389 451
RuCl;(DMSO)(Im)(H,0) 340
[RuClL,(DMSO)(Im)(H,0),]" 300

“The data of NAMI-A are from Ref. [19, 20].

T T — T
40 480

T T T T T T T
280 320 360 400
A/nm

1 T T
400 450 500 550

A /nm
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B2 fbaW 2 (3.00X 10 moleL HYTEREMRZE M (pH 7.40, 0.15 moleL ™' NaCl, 37 “C)r iK% 5 S (I AT IAJRE 1 min). (a)fb-&4 2

FRE T SR AR SN, (DYIEr 1 2 RO 10 SR S

Figure 2 Degradation of Compd. 2 (3.00X 10 *molsL ") in phosphate buffer saline (pH 7.40, 0.15 molsL ™' NaCl, 37 °C) monitored at
37 C every 1 min. (a) The 1st chloride hydrolysis of Compd. 2, (b) the 2nd chloride hydrolysis of Compd. 2
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() &1 KRS 2%

EH P 2 TS DT i R O 1 AR (1 3 S At s
KAy T RN, 4y A T A ARG T K ARG B
K 389 nm) FI it 11 S/K (345 nm) [ . B 3 tb &4 1
1T B 2 P IR A A O B P06 I 2 (1 &K g I
SUKIR R Y.

m exp. data of the 1st chlorohydrolysis
2.5%X104 @ of compd. 1in pH 7.40 buffer solution
j fitted line
2.0X 107
_; .5 |
< 1.5X107"4
& ]
S
1.0X 107
5.0X107
] T R T L T g T X T T T ¥ T
0.5 1.0 1.5 20 25 30 3.5
t/min
2.5X10™% m exp. data of the 2nd chlorohydrolysis
| of compd. 1in pH 7.40 buffer solution
(b) fitted line
2.0X107*
E
e -4 |
g 1.5X10
S 4
1.0X10*
5.0X107 A
T 4 T .3 T ¥ T i T

0.0 0.5 1.0 1.5 2.0 2.5
t/min

B3 A 1 (3.00X10 % moleL )FBMRLE M (pH 7.40,
0.15 molsL ! NaCl, 37 °C)H I/ it s 3

Figure 3 Hydrolytic process of Compd. 1 (3.00X 10 *mol+L ")
in phosphate buffer saline (pH 7.40, 0.15 molsL ™' NaCl, 37 C)

AW 1 R T SOKAE, RIH trans-[RuCly(DMSO)-
(2-Melm)] * /K i 4 [RuCl(DMSO)(2-Melm)(H,0)] ( &
3a), MG Y 2 s, SUA 13 B2
C=3.174X 10 *—8.081 X 10 1, r=—0.9953 (n=2) (1)

7 B ()13 ks =8.081 X 10 moleL ™ 'emin ",
t12a—1.856 min.

AP 1 B I SUKAE RN, B H [RuCly(DMSO)-
(2-MelIm)(H,0)]7K fi# 2 [RuCl,(DMSO)(2-Melm)(H,0),]
(& 3b), WsE TR R A 2s, FUE19 H 2T
C=2.481X10 *—8.540X 10 °t, r=—0.9975 (n=2) (2)

T FE ()1 kopsr =8.540 X 10~ moleL ™ 'emin ",

Hpop=— 1.756 min.

(2) & 2 KIES) 12

i trans-[RuCl(DMSO)(N-Etlm)] ~ /K fi# y [RuCl;-
(DMSO)(N-EtIm)(HO) 1 Y., il 5 sy TR) [R] B 4 3 s,
RIER B LA TR — W RV, Al 3L
tipa =8 min. [ [RuCl;(DMSO)(N-EtIm)(H,0)] /K fi#t A
[RuClL(DMSO)(N-EtIm)(H,0),] " [ [ N, 0 5 B 1) 7] o
i 3s, WA RS EE T
C=2.531X10"%—2.639 X101, r=—0.9980 (n=2) (3)

T FEB) 15 kobsr =2.639 X 10 7% moleL ™ 'emin !,
t1o,=5.684 min.
2.3 L&Y7L pH 5.00 & HiE P RYK RS T EAR

AP pH 5.00 2 H R Ik 388 nm T IE, &5
NAMI-A [f]fiii DMSO /K HLEABI, ARG 40 R
e 450 N b ik DMSO . K4 b &1 5
2 TERERREE M IR K AR S N B AU i 4k, S g (1)
IS IR () R 23510 A 15 s A1 60 s.

-4
3.0x10 (a) m exp. data of DMSO-hydrolysis of
compd. 1 in pH 5.0 buffer solution
2.5%X10%4 (b) = exp. data of DMSO-hydrolysis of
compd. 2 in pH 5.00 buffer solution
— . — fitted line
o 2.0X10™
._g
< 1.5X10%1
(@
1.0X 107+
5.0X 107~

0 20 40 60 80 100 120 140 160 180 200
t/min
B4 ALAE(3.00X 107 mol-L ™ )FEREERZE 1P i (pH 5.00, 0.15
moleL ™' NaCl, 37 “C)" [ fiit DMSO J Jo (il 52 8 1 388 nm)
Figure 4 DMSO hydrolytic process of complexes (3.00X10*

molsL™") in acetic buffer solution (pH 5.00, 0.15 molsL ™" NaCl,
37 "C) measured at 388 nm

AW 1 4E pH 5.00 Z23P ¥ 1) i DMSO 7K fi#t s b,
UA 13 215) )24 T7 R (4) (] 4a):

C=2.890X 10 *—6.269X 10 °z, r=—0.9986 (n=2) (4)
T FEA) 15 kops = 6.269 X 10~ ® moleL ~'emin ",
11/2:23.93 min.
LU [R5 00 524k 24 2 78 pH 5.00 Z2 i v (7K
filt S v, AE15 218) 1247 FE(S)(F 4b):

C=3.131X10 *—1.272X 10 °z, r=—0.9983 (n=2) (5)

BT FE(5) 13 kops=1.272X 10 ® moleL ™ 'emin ",
t1/2:117.9 min.
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24 k&M MELEY 2 EIEERRIKR(pH 5~6)F
RIFE E MR R
24.1 fubdp o KIEALEE M

G 10 2 LEAEGE P IR 7K SN, 0 5 B TA)

[R50 1.5 min A1 5 min, %55 UL 5.
1.2 -y

7]

£ 06+

T T T T T T T T T T T
250 300 350 400 450 500 550

A/nm
12
b

1.0

0.8
g 0.6

04 4

0.2 4

0.0 T T T T T T T T T T

250 300 350 400 450 500 550
A/nm

B5 fha¥1(a)Fi2 (b) (3.00X 10~* mol-L™ )7 AL i (pH
5~6,0.15 moleL ™' NaCl, 50 °C) FI7K fift 2 v

Figure 5 Aquated processes of Compd. 1 (a) and Compd. 2 (b)
(3.00X10™* molsL™") in physiological solution (pH 5~6, 0.15
molsL ™! NaCl, 50 C)

Kl 5 AL A DI KR Y (Abs (388 nm) %,
Abs (320 nm) ET}), ZEMBCRI N 356 nm. B E
W pH 5~6, G54 8RAN LRGN 45, DE R N 2N
It DMSO /K fift.

242 WA 1FA2 BEEAFIKRRZ TN FHR

T 2 2 3.00X 10°* molsL ™! I PIAML & 2k
FHERIKEEW, S7RIT 50 °C o3 s HoAE 389 nm HIOL
FE(IF AN AT RE 23 90 4 6 s F1 30's), BL&E [V 45 (] 6).

SHEA Y1 1 DMSO ZKfift S, LARIR E 430k
JEXTI AR, B 0~35 min (1) 351 ANk, FH—Z e vk
VERG, 193080 )15 TR (6)( 6a £8):

C=29.33+72.01exp(—0.1347¢), r=—0.9999 (1=2) (6)

100
L (a) = Stability of compd. 1 in physiological saline
90 | (b) e Stability of compd. 2 in physiological saline
] fitted line (a)
80 4 —— fitted line (b)
x 704
3 4
&
< 60
50
40 4
30
T T T T T T

0 15 30 45 60 75 9% 105

t/min
Be6 a1 (@AMkad 2 (b) (3.00X107* moleL™")7EdRLE
M (pH 5~6, 0.15 molsL™' NaCl, 50 “C) fI7K fi#
Figure 6 Degradation of Compd. 1 (a) and Compd. 2 (b) (3.00
X107 moleL™") in un-buffered system (pH 5~6, 0.15 molsL ™"
NaCl, 50 C)

7 F(6)153: kobs=0.1347 min ", #,,,=15.199 min.

CLUM A 5 i S 2 A0 A3 3K b il R e 2k,
3203 125 T FE(T)(E 6b £):
C=34.18+66.57exp(—0.030007), ¥=—0.9999 (n=2) (7)

7 F(T) 15 kobs=0.03000 min ™', #,,=21.92 min.
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[2-MeImH] /¥ AH S E 4 1 L.

25 ®BLEHRR

HAL 2l e (B 7B 21 136 4. TSI 4L
S AT ST AN, A B A AL B R K T K AR 1)
Al BT AR T U 25 I DMSO 7K fiff 5 8L
(& 8, 9).

2.6 1ZEENE

NFFEML AL DMSO 7K A 5 N 1) HAE S,
B IEIRACIE T &4 2 MIKIRHLEE, 4508 WK 8.
AR TSP (10 AR AT by 2 A5 21 H A I R A R i
T, 455 LK 9.

Kl 9 HRCALLE A i) DMSO AN U THI RS —14.09)
BN, UiEE DMSO AR IS 2.74) & Hikh K,
LU AR FE RS AT B N (0 1.50 [RETHA), Bepr
N-EtIm (AR EMEAT I NGO —1.54 [FIETHETD), RIHI
t R TR A DMSO ZKfi#, A ELAR N-Etlm 1] BEA 1)
ADEKAR, RIS DMSO FlE UL K32 K 73 111
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3 WEW1,2, NAMI-A X trans-[RuCly(DMSO)(2-Melm)][2-MeImH] (3.00 X 10* molsL ™ ") IR /K AL 18 28 5 H % 21 ZE 1) HL 25
Table 3 Comparison on hydrolytic rate and half-life time of Compds. 1, 2, NAMI-A and trans-[RuCl,(DMSO)(2-Melm)][2-MelmH]

(3.00X 10~ molsL ™)

pH 7.40 (37 C)

In water

Compound - - pH 5.00 (37 C) i
I dechloro-hydrolysis II dechloro-hydrolysis (pH 5.00~6.00, 50 C)

kop/(molsL lemin™")  #,/min kypg/(moleL ™ lemin™")  #,,,/min kgyAmolsL 'min~") #pmin  kgAmin)  #/min

Compd. 1 8.081X107° 1.856 8.540X 107 1756  6.269X10° 2393 0.1347 5.199
Compd. 2 - ~8 2.639X107° 5.684 1.272%107° 117.9  0.03000 21.92
NAMI-A 2.166X107° 6.925 1.638X107° 9.158 1.279%x10°° 117.3  0.02806 23.64
2-MeIlm-NAMI-A 1.108 X 1074 1.350 6.716X 1073 2.233 5.128X10°¢ 29.25 0.1200 6.000
N-EtIm-NAMI-A 2.625X107° 5.714 2.025X 1073 7.407 1.291X10°¢ 116.2  0.03048 21.51

“The data of trans-[RuCly(DMSO)(L)][LH] (L=2-Melm, N-EtIm, Im) in buffer solution (pH 7.40 and pH 5.00) are from Ref. [19, 20].

Y

EV/vs. SCE)

B 7 a1k tha 204, 5.00X 107 moleL ™) Jz Hife
A= PR AR K VEV(0.15 molsL ™! NaCl, 37 °C)™ KR~ W TG R
Rz h 2

Figure 7 Cyclic voltammograms of Compd. 1 (left), Compd. 2

(5.00X10™* molsL™", right) and their aqua-products in water
(0.15 molsL "' NaCl, 37 C)

[ =4 (W1 Scheme 1 7)), 55 NAMI-A fi72EH7EAH
[ 46 2E T ) NMR 5 25 5 e A AR ) 22,

3 #Hi

P AL S E T H1 & P NAMI AT
IKIREN Iy 2% s wikese tt. 5 Sava 5] HPLC &
NAMI-A K fi#3)) 72 Je b e 1 HATE 92 J5 1 AH b H AT i
i, BRI R

WY NAMI-A 7K EPLER A1 28 pH
7.40 (1 G2 s Hh R AR PR A i S AR B (T 7K A B T
IKARY (530 V), (ERRMEAH(pH 5.00)F1AELE M (pH
5~6)4, TR AN DMSO /K.

PFCARGE K0 NAMI AT AP IR 7K A e MR, Ak e
N BL5INCHELAE 2 75N AR BRI A P Ee
SE. A RBCARA N, NAMI-A #7258 LAY, NAMI 7
APFaE. AW, 2 TR AR I R T
HPE IR, ARSI NAMI AT A0 K i 5 i it 5
B AR PR B TEAE DR PR ER 1 1 o7 5 A5 25 VAR O,
s 58 22 AH DG S0 H00H LAk — 20 5 &5 JEXE 7K A Y 1) 56
UTFSREES

&M 1. LAY 2 5 NAMI-A 7828 B KW
ARG IE SR FAT AR ZEAN K, AN S A (R 7K A = e
R FEAK WA AR (3R 4 B 7).

£ 4 AW, LAY 2 5 NAMI-A (5.00 X 10~ moleL ™" )£ 4= ¥ 5 K ¥9(0.15 moleL ™' NaCl, 37 C)H IS BIAL . B R LAY

L&) R VA

Table 4 The oxidation, reduction and formal electrode potential of Compd. 1, Compd. 2 and NAMI-A (5.00 X 10~* molsL™") in physio-

logical saline (0.15 moleL ™' NaCl) at 37 C

Compound Red potential/V Ox potential/V E%/V (vs. SCE)
Compd. 1 0.22 (B) 0.42 (A) 0.32
Hydrolytic reductive product of Compd. 1 after 16 min 0.37 (C) 0.52 (D) 0.45
Compd. 2 0.24 (B) 0.31 (A) 0.28
Hydrolytic reductive product of Compd. 2 after 50 min 0.38 (C) 0.44 (D) 0.41
NAMI-A? — — 0.021
NAMI-A —0.021 0.062 0.021

“The data of NAMI-A are from Ref. [21].
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Figure 8 Stack plot of the "H NMR spectra of Compd. 2 (2.00X 10> molsL™") in D,0 at 50 C
*=free-ligand, #=coordinated-DMSO, $=coordinated-ligand and @ =internal standard material TSP
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Scheme 1 The proposed hydrolytic mechanism of Compd. 2
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Figure 9 Plots of NMR signals (relative peak areas) of related
ligands for Compd. 2 against hydrolysing time (¢)
Coordinated-DMSO (6 —14.09, W), free-DMSO (d 2.74, @), free-ligand (0
1.50, ¥), and coordinated-ligand (6 —1.54, A)
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