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Abstract: irans-[RuCl,(DMSO)(4-EtPy)|Na -2DMSO (4-EtPy=4-Ethyl pyridine) (compound 1) and ¢rans-[RuCl,
(DMSO) (4-EtPy)][(4-EtPy)H]| (compound 2) were synthesized. Their hydrolytic mechanism-kinetics in pH 7.40/
5.00 buffer solution and solution stabilities were studied by UV and NMR spectroscopy. Observed rate constant
(ko) and half-life time (¢,) of the compounds were measured and calculated respectively. The result shows that
the 1* and 2™ chloro-hydrolysis as well as DMSO-hydrolysis mechanisms for two compounds are very similar to
that for NAMI-A. However, the measured hydrolytic rates of two compounds are somewhat faster than that of
related NAMI-A, which means that replacing imidazole ring by 4-EtPy containing electron donating group would
accelerate hydrolytic rate of NAMI-A derivatives. With the same nitrogen-donor ligand, NAMI-A derivative seems
a little bit more stable than related NAMI derivative. The NMR method to quantitatively determine the

mechanism-kinetics of NAMI-A derivatives was also provided.
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Alessio 55 Bl 2% & T 20 42 90 4FE ARG W T
NAMI 1 NAMI-A UG, KBz A Pt b
Jea e Bo A WL AR T R 4 O NAMI-A S i i i
T 3G PRI 2E A TT 3000 R 1) 4 I 67 L 45 0, S 5%
F W] NAMI-A 764 S50 rh bt 40 A 1 76 7E A
F AR SLE /N B B UM AR e
AN G 0 S DR AT A 25 R A i AR e 3 i
TK A S I SR O S A AR 2 e SR R
Bl NAMI-A 7€ pH {H KT 7.0 B W 5e )5 B4 1
A B2 A, T &K FK = ol o e b i 7%
YERBI R 53023 7E pH<6.0 I T DMSO 7K
fife, S5 DMSO J& 14 7K ff 77 4 T B o 24 %50 B AR P,
NAMI-A K AT A 5 REK | KA 7= W 26V T
H ) A A RS R T2 4 T LA R AL 255500 o
BAKYE . NAMI-A B HATTAE $ 00 B 1, B g 5% i
%%E“Mﬂo

Sava Fil Reedijk 5% ¥ 43 5| FH HPLC NMR % B
FL T NAMI-A 1) T UK f# DMSO 7K i 52 B Fl pH E
Xt 7K A B R S NMR D0 i il e
AN TCIER B8 122 240, H HPLC 72 NAMI-A
9 T K A BN B 03 R A A 4 R U T
pH B, 43 55 4% 4t 5 o 000 7 5 8 R0 O T S R
,ﬂi&[lz&]o

Sava 55 W 18 & F) b il #8325 A WL WE Y NAMI
WA, JF UE I & £ HE i WE /9 NAMI A7 4= 91 (1 Eh)
5B R 2 85 AR R B £ BE AR L e S v
YA B R BRI 255 4 2 S B 00 Alessio i A5 ad
4-EtPy 1) NAMI-A fi7 A9 {H 645 J5 B AN R4 (O T
FA), B X-STLAT I AL A 45 H 0T PR AN 1Y) 45 1 46
SESHN, BAR NAMI A7 A5 90 0 7K Vs 0 — it LA
NAMI-A fii A=W, (0 HEF R 2 £ T NAMI-A
[ 7K i FOAE LS g fE E 9 NAMI-A FI NAMI
R HE WK R ALEE - 3h ) 2F i i A /D R LA )
I it LGB & A AR [R] & ZUBRE 1 NAMI NAMI-A
AT 2 ) 7K B0 2 0 SOk ARG

EAMF 228 R E WA | XIREEIN R
NAMI-A M HAG YA B AW & FEe 220 Bk
il 25 5 22 YA SCAT AR W TR AT HOK i AL B 5 24
R MR OCR A TR Kk B2 8 A NAMI,
NAMI-A fi2E9)

NAMI-A 7 K B (Imidazole) & (1) Bk 1 B 1. 5%

NAMI-A 17 AW 0 /K fife R 38 3K B3 s B0 5% B8 1% 1
FNREAREE RIE T i B e A SCR B 19 7 6
T % 4-EtPy ) NAMI NAMI-A fiT A4 (7 i fai i
W m), H UV-Vis NMR & &l 2 T &
T & I Sk % B DMSO 7K i e 7% i Fa s
(AT R WA P R % B 52 NAMI-A S HATT
A= WK A 3h F1 2 A | DA H A A A BE B AR
G WK Sl S MRS E R RE IR I 5 NAMI-A 1)
AH K B LA A AR O R SEAT T fil

1 SEWHES

RuCl; - XH,O (7 H=H A £7) (Aldrich, purum,
Ru~41%);4-Z HENMEWE  (Alfer Aesar,98%);NaH,PO,-
H,0 (International Lab USA); H 4 i) ¥ Jy 43
4,

trans-{RuCl(DMSO),[(DMSO),H]**#1 trans{RuCl,
(DMSO),|Na 53 51l # STk 77 25 il £ . W R 2% vh
(pH 7.40) Fl s B2 2% M i (pH 5.00) 1, 4% SCHR 77 2
%&lOJO

2 [# Beckman 2> 7] 58 41 A] WL 43 66 B 3T DU
800(HL T 4% il +0.1 °C); Carlo-Erba-1106 7t % 43 #7
1 INOVA-500 BIAZ @ HLHRAX, I ¥ 571 (CD,),.SO (4
14 %5 %€ ) ; Bruker Avance DRX-500 (3l JJ %) ;Perkin
Elmer Spectrum BX I £L40 %3 I % 4, KBr J& F;
Stuart SMP10 # 150 % 1% ; Beckman ® 350 pH it
11 “EW1IHHE

il & 77 ¥ 5 Sava 55 il 4 trans-[RuCl,(DMSO)
(L)]Na -2DMSO (L =Im, Indazole ,NH;, N-methyl-imida-
zole 55 77 AR L, [H I AT A3 LAS i 3l

¥4 & W trans-[RuCl,(DMSO),|Na 0.10 g (0.24
mmol) ¥ T 3 mL WHE, f1A 0.14 mL 4-& &t i
(1.23 mmol) #10.33 mL DMSO, #A#k% 3 h Jaid
W&, BRI A B L E(1:2,V V) IR G
ml, A2 B B 8 25 A U8 FH Bk VR U 05 RS T
157791 0.099 g, WK 68%, m.p.:137~138 C, M=
607.41, JCE 73 BT 92 5048 (% , C3HuNCLOsRu(S:Na
TH3AE) . C 25.70(25.71),H 4.43(4.48),N 2.71(2.31),
UV-Vis (25 C,H,0),A,./nm [&/(L+mol™+-cm™)]:395
(4 950),459(500) ., ¥/ cm™:3018,2968,1622,1504,
1079 (vs),1025(vs),831,432, 'H NMR(DMSO-d,) 8:
-0.54(Ru-4-EtPy' CH,);-1.74 (Ru-4-EtPy’ CHy);-12.55
(DMSO CHyY').



%10 RS & 4-CHEMEVE R BHURE RS NAMI NAMI-A 27 4= 9 0 7K i 8l 3 2 KR e PR Y 2051
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5 Alessio [ 8 J7 ¥ AN R0 A 25 441 2% 17 5 HL
R 75%4% = F 29 90% .,

FrBUAL & W) trans-[RuCl, (DMSO),] [(DMSO),H]
0.78 g (1.40 mmol), M 10 mL PI R Al 0.63 mL(5.61
mmol) L EEMENE | 25 B FE 4 h, A BRI BT AR
T L PR AN 2 Tk U U R TR A
A 0.68 g, W 92% ., m.p.:184~187 C, M,=536.33,
JCE DI L EAE (%, CieHosN,CLORu() 3 5 1H) . C
36.08(35.83),H 4.67(4.70),N 4.95(5.22), UV/Vis(25
C, Hy0), A/ nm[e/(L -mol ™ -cm™)]:394(3 920),457
(520), Vpu/cm™:3061,2970,1636(s),1618(s),1503
(s),1425(s),1086(vs), 1 026(vs), 432, 'H NMR(DMSO-
de) 6:8.83 (4-EtPyH* H, and Hy);7.99 (4-EtPyH* H,
and Hy);2.94(4-EtPyH* CH,); 1.29(4-EtPyH* ' CH3); -
0.94(Ru-4-EtPy’ CH,); —2.14(Ru-4-EtPy’ CH,); —12.50
(DMSO CHy'),

CH, — —

O CH, o
CHJHM)S( CH;”“'}S/ .
Clag Cl Na* a al I3
T “ﬁf N\
W f 71 o f e |6 2
N N 5 &
| 6 1} | 6 1}
5 & 5 y
Scheme 1 £ & trans-[RuCl(DMSO)(4-EtPy)|Na-

2DMSO(Z5) 1 trans-[RuCly(DMSO)(4-EtPy)]
[(4-EtPy)H|(A) 1 fb 2 25 4
Chemical structures of trans-[RuClL,(DMSO)
(4-EtPy)[Na-2DMSO (left) and trans-|[RuCl,
(DMSO)(4-EtPy)][(4-EtPy)H] (right)

1.3 L&Y 1.2 KER MBI

3 ) I0 A [ I 1] R A S 1.2 T R 22 i
W (pH 7.40) S B BRER KW (pH 5~6) T 1Y 58 A1 i
JEil . 5 NAMI-A 7K i HLEAR 52 9 465 W 7E pH

Scheme 1

7.40 G Wi rh K A o3 20 I S K ik BB (18] 2), e AR B
Rk rh & A B DMSO 7K i )2 1 (8 5),
14 *“EW1.2WKEHHNFHAR

F2 SCHR T3 ¥R 5 WA Ak A ) B K R
FEATRN R BN RO B | S WO B vk B it 27
#(n=3,r>0.999),

WAL E Wi T 28 el Ak 22 i, 78 Ho e KRk
AR WO B A5 B O B I ]l £ X F
o7 K TR S P R s R — e B ot £k O R I Ak vk
J&E — b R) i 28 )5 4 B N TR C=B+k gt A (C
R SRR FE 3 B A G B kg R 3R WL R E
SRy SN B[] ) 5 4 W2 O B B A BT 43 IR BE S i — 2
T A =Co+Crexp(—kat) BEATIE LRI G (A,
A WG Co.C B G W Bk, RO R
BRSO I EL), HE Y L2 S SO Y 10~
90% ,r>0.99, 3 J1 % N ok /AR 2 IR E
HIMH
1.5 BUEHR

H Ak 2 I il FH LKOSBIT Sl AL L £k 24 43 BT &
G, e rAR (D 3) o T AE LR, 0 AR Ay %l B FEL A | A
FIH R N Z R, PSR B O S v A o
G 0.1 Vs, Z5RMA S,

2 #R5iTie

21 HEVMEHRSE

&Y 1 G 2 & NAMI-A (45 % K fi#g =
YR &AL Lo TR 1 £ 2, B1HW
MMEA PRI LDAMEIE G S NAMI-A 221K
K, 2 PeEW 1.2 T & TS KM ™
W5 NAMI-A (4 AH 2 K fif 7= A & AL 5
1.2 55 NAMI-A #9156 S8K il S AIL B A] GE AR 12834
(W Scheme 2).,
22 WEYTE pH 7.40 HEHRERHKBINER

BMAERR

&Y 1 ARG Y 2 76 B R 28 vh I 1 7K fif

R1 WEW 1 LAY 2T NAMI-A B2 SRS 8 B 4T bk i
Table 1 Infrared and UV spectra of compounds 1, 2 and NAMI-A

IR / em™ A / nm (& / (Lemol™+em™)) (25 °C, H,0)
Compound
v(CH in heterocycle) v(S=0) v(Ru-S) 1 2 3
1 3127 1107 280 (Unclear) 395 (4 950) 459 (500)
2 3061 1 086 280 (Unclear) 394 (3 920) 457 (520)
NAMI-Aa 3152 1 097 287 (1 390) 389 (3 890) 450 (530)

Note: * Data are from Ref.**.
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2 UEYI1IKEY 2 NAMI-A & EEHHEHi%(pH 7.40, 0.15 mol - L NaCl, 37 °C)
PR 7K A 7 0 B R S U T St 1
Table 2 UV absorptions (A,,,) of compounds 1, 2 and NAMI-A together with their
degradation products (pH 7.40, 0.15 mol- L™ NaCl, 37 °C)

Compound A / N
Compound 1 393 459
RuCl3(DMSO)(4-EtPy)(H,0) 345
[RuCL(DMSO)(4-EtPy)(H,0),] 282
Compound 2 393 457
RuCly(DMSO)(4-EtPy)(H,0) 346
[RuCL(DMSO)(4-EtPy)(H,0),]* 282
NAMI-A® 287 389 451
RuCL(DMSO)(HIm)(H,0)" 340
[RuCl,(DMSO)(HIm)(H,0),]** 300
Note: * Data are from Ref.*,
B hh CH. CH
CH, CH, 3 o 3 o
CH3/II‘ /O CH, //,’S %O CH, III’S =z CH;/II’S =z
‘S
-l -l cl OH, c OH
V77 Jte! = Clin, \ WOH, ———> AR /"R+ N
Ru' pH=7.4 fast Ru' St pH=74 v ~ i
o * A av¥ \ cl H,0 \ ol al f oH,
R R R
L | trans-isomer cis-isomer
A B C

R=Imidazole, (NAMI-A)
=4-EtPy, (trans-[RuCl, (dmso)(4-EtPy)Na-2DMSO, compound 1)
=4-EtPy, (trans-[RuCl,(dmso)(4-EtPy)]Na-2DMSO, compound 2)
Scheme 2 L& 1 LG 2 2 NAMI-A 75 B2 £k 2% w1 (pH 7.40) T G 1) 7K i 52 B2

Scheme 2 Proposed degradation of compounds 1, 2 and NAMI-A in phosphate buffer saline (pH 7.40)

F TS WL 1,

5 NAMI-A (9 B SR g ARl 1 k54
1 7€ 393 nm AT B 345 nm 2L Wz 7t
29 10.8 min J& 345 nm Ab TR ISR B e, RN
[ SKf# 7 Y1 [RuCly(DMSO)(4-EtPy) (H,0)] i1 5 15
Wl AEMR IS 367 nm F I RECA Y S5 T S0K
fift 7 0 ) ) A A B T UK AR A5 R R R AR
[RuCly(DMSO) (4-EtPy) (H,0)] 7K fi# 4 [RuCl,(DMSO) (4-
EtPy)(H0), ] 9 T S /K i S0, KK 345 nm &b
W R R 282 nm ALK E T, 29 18 min J&[RuCl,
(DMSO)(4-EtPy)(H0), ] B W Wtk B de iy, 45 W Wi st
53314 276 nm 333 nm 385 nm & 425 nm, WLAT |
SRS 5 I AK S W) 2Z [0k B0k 22 -4 Ak
EW 2 KRN 5GP 1R, H G 394 nm
W WU T R 346 nm WU BT 29 11.2 min J&
346 nm WK B 5w, SIS 368 nm KL G
Y2 56T SR i i 2s g # L T &
K it B V45 RIS 346 nm WU H TG B 282 nm

WSl Tt 2 24 min J5 IR B R m S OB 43 )
M 270 nm 335 nm .395nm & 435 nm, B, ML
B ) I8 K g s IO A3 R A A [ ) Ay B A )
AP IR SR AR D R SR K A B AR A UL
&2,

RGP 10 T EUKARESNY (I P4 393 nm),
B H trans{RuCl(DMSO)@-EtPy)][(4-FEtPy)HNa-2DMSO
JKfi# N [RuCly(DMSO)(4-EtPy)(H,0)|(El 2b) , AZF
WAL AE 545 07 FE 1.

C=3.295x10"-3.162x107t,r=—0.991 1(n=2) (1)
M 115,

kg 1=3.162x107 mol - L™ »min™ 1, 1=C,/(2k s 1)=
4.744 min

& 1 B0 I SE0K ff R (€ K 345
nm), B H1 [RuCl;(DMSO) (4-EtPy) (H,0)] /K f# 24 [RuCl,
(DMSO)(4-EtPy)(H,0),]*(Fl 2d), LA G4 s i 45 R 1 1 7
LAEMERITTE 2,

C=2.966x10"-1.596x107t,r=—0.998 6(n=2) (2)
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(A) 1* chloride hydrolysis of compound 1, (B) 2™ chloride hydrolysis of compound 1, (C) 1* chloride hydrolysis of compound 2, (D) 2™ chloride

hydrolysis of compound 2
1 AW 1 566 2(3.00x10™ mol - LYTEBERR 522 th i (pH 7.40, 0.15 mol - L NaCl, 37 °C)1 9 7K i 52 i
(00 5 1 B T80 1D B 435910 8 1.2 min(fb &4 1)1 1.6 min)

Fig.1

C/ (mol-L)

37 °C) recorded every 1.2 min (compound 1) and 1.6 min

3.0X10*

2.5X10 4

2.0X10+ 4

1.5X10 4

1.0X10 4

5.0X10

0.04

L L L L LA LR L L L T W L L
1 2 3 4 5 6 7 8 9 10 11 12 13
t/ min

3.0X10*

2.5X10% 4

2.0X10 4

1.5X10 4

C/ (mol-L)

1.0X104

5.0X10°

0.04

B)

—T T
6 9 12 15 18

t/ min

Hydrolysis of compounds 1 and 2 (3.00x10™ mol-L™) in phosphate buffer saline (pH 7.40, 0.15 mol- L™ NaCl,

(A) 1* chloro-hydrolysis of compounds 1 (b) and 2 (a) and fitted lines; (B) 2™ chloro-hydrolysis of compounds 1 (d) and 2 (c) and fitted lines

K2 &% 1 5EY 2(3.00x10* mol- L)E pH 7.40 B2 522 th i (pH 7.40, 0.15 mol - L' NaCl, 37 C)

BB T () BB T (A ) A B L 4 o 2

Fig.2

1* (left) and the 2™ (right) chloro-hydrolysis of compounds 1 and 2 (3.00x10* mol- L") in phosphate

buffer saline (pH 7.40, 0.15 mol-L™ NaCl, 37 °C) monitored by plotting C vs ¢
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o215, 3.0X 10
ko 1=1.596 x 107 mol L' min™, ¢, 1=9.398 min
UL 7] 97 3 0 AL 4 0 2 MO B T 48K At S =
2% 0T R H Bk, 1 =2.633%x107° mol L~ +min~',r= 2.0X 101
0.992 6(n=2) 11> =5.697 min; i T S8R k. 0
=1.321x107 mol -L ™" -min~',r=—0.996 8 (n=2),t5 1= E 1exioy
11.36 min, N LOX 1041 ®)
Scheme 2 X/RELEY 1. tLEW 2 J NAMI-A
TE pH 7.40 22 vl v (%) 7K it 2 0 2o 2 K K S 7= 4y LR By @
Forb BLC oK R BEEH T AN R L ,
B e Bl 0 40 80 120 160 200

23 EWI1FLEY 2 7E pH 5.00 Z M &
KR FI AR
G 1.2 TERSER 22 vl (pH 5.00)H #R R B Ky
Abs(393 nm) F K, Abs(300 nm) L T, It [ Bz Al 19 2%
B DMSO S Ris=(1E 3), k& 1 Fifk a4 2 K
fift S5 I 1 R AU 1 10 DL AL 4,

A/lau.

0.0

Zé() 3&0 360 460 440 4é0
A/nm

K3 ALEH 2(3.00x10* mol - L) 7E B R #h % ik (pH
5.00, 0.15 mol - L™ NaCl, 37 C)H i1 7K fiff 52 1iz (1)
FE IS A A B 2 10 min)

Fig.3 Hydrolysis of compound 2 (3.00x10~ mol- L") in

acetic buffer solution (pH 5.00, 0.15 mol- L'

NaCl, 37 °C) recorded every 10 min

K 4 e a S 1B DMSO KA K21, 9
AL EG):

C=3.032x10"-1.603x10"%,r=—0.996 7(n=2) (3)
TR 345,

ky,=1.603%x10° mol-L'*min™,#,,=93.57 min

[F] 2 A5 46 5 90 2 B9 B DMSO 7K i 2 i (1
4b)k 4,=1.560x107 mol - L™ *min™,7=-0.998 1(n=2),t,»
=96.15 min,

t/ min
K4 ALEY 125 1EY 2(b)(3.00x10* mol - L)7E
Jiti TR #h 22 "1 (pH. 5.00, 0.15 mol - L™ NaCl,
37 C)H I DMSO 7K fif J52 17 B 404 b 2%
Fig.4 DMSO hydrolysis of compounds 1 (a) and 2 (b)
(3.00 x 10 mol - L") in acetic buffer solution
(pH 5.00, 0.15 mol- L NaCl, 37 °C) and fitted

lines
24 LEHMMEEN
K5 a1 A&y 2 7e 4 B KB W
T 7K A B (I 22 K 393 i, D B T] 8] B 43
12 0.5 11 min), AR AZ 0D 25 5 (B 6), IE I
g 3R i DMSO 7K fift i i 5281

100

80

(b)
60+

(2)
50

0 15 30 45 6 75 90 105
t/ min
K5 a1 51EY 2(b)(3.00x10* mol - L)7E
A FRER KW (pH 5~6, 0.15 mol - L' NaCl,
50 °C)rf R B LA 2
Fig.5 Stabilities of compounds 1 (a) and 2 (b) (3.00 x
10 mol-L™) in physiological saline (pH 5~6,
0.15 mol - L™ NaCl, 50 °C) and fitted lines

XS 1 B B LS BRI — R S
) g R A 1 il LT R
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c,andc, Ethyl
c,andC, Ethyl
2

Ru-pyridine ring
’ L fid
2 min J N &
15 13 11 9 7 5 3 1 -1 -3 500709 -11 -13 -15
ppm
&: Coordinated-DMSO, #: Free-DMSO and @: internal standard

material D,0
Bl 6 0~32 min WALE W) 2 764 BRER K S T 1) &0 14
W il 50 °C
Fig.6 Part of stack plot of the '"H NMR spectra of
compound 2 in 0.15 mol- L™ NaCl recorded
in 0~32 min interval at 50 C

A =43.61+51.20exp(-0.044 98¢),r=—0.998 6
(n=2) @
M5 4 15

k.,.=0.044 98 min™,t,,=15.41 min

[0 5E 746G 2(18] Sh)7EAE FEE K iy i
EME, LL—G RN 8 R AR R A (=
0.999 6)75 21| 1) F LK 8 B F = 9] T 3K 3,

U5 1) PR A A B 10 1) 22 X0 56 R I 2 o
TR 3,

AR SCE UM R T A A R AR AR NAMI
NAMI-A 7729 0 45 oK i S R 25 R &
ZRUHC M AH [A] B NAMT HCAH B NAMI-A 5 285 9 1 7K
il R A TR RE IR NAMI-A 7T A= 90 0 o W P

W15 b NAMI A7 4047 . NAMI-A 7 4= Y0 i i W A
JE MR T BRSO TR B IR A G, R DL
A7 [l B 2 12 0 E NAMI 3 NAMI-A R B0 154
IK i B R TE ,Nazzareno P AL AR A A S
Y 5 32 I NAMI-A A7 A= 40 i I 1T 407K i 3% L
BORE 3 3 H AR 3 MEE YR I TT UK i s g
LML T SUK RN A 2 20 i K A S 3 8
1) 22 30 - A 2R K (Table 3),
2.5 'H NMR ENE WX S WK FIE

A EIA A P DMSO 7K fif 521 1) B 3 4
FAAZRE I E T A9 2 MK HLEL 45 R ILE 6,
DL D,0 B T BUE A S B 3] H bR 06 1 AH X 16 T
BUE S, S5 R 0K 7, B 7 HECALSS A 1 DMSO
AF XS U T AR (27 62 A% S —12.50 ppm) 32 7 /)N | i

3.5
3.04 ® Free ligand (a)
4 Coordinated-DMSO (b)
254 A Free DMSO (c)
- —— Fitted line (b)

= — Fitted line ()
< 204 — Fitted line (a)
oy
-4

1.5

1.04

0.5
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(a) Free-ligand 4-EtPyH*-H, and He (8.88 ppm, l); (b) coordinated-

DMSO (-=12.50 ppm, ®); (c) free-DMSO (2.99 ppm, A)

F7 A& 2(5.00x107° mol- L7, 50 °C)M &5 5 1
X U THT B (RPA) 7K fife B 1] (o)l 28

Fig.7 Plots of HNMR signals (relative peak areas) (Rpa)
of related ligands of compound 2 (5.00 x 107
mol- L7, 50 °C) against hydrolysis time (¢)

x3 LEWI1.HLEY 25 NAMI-A(3.00x10~* mol - L)7E 14 % B 14 28 /4 il (pH 5.00/7.40, 0.15 mol- L~ NaCl, 37 °C)
5 4 B # 7K B % (pH 5~6, 0.15 mol-L™ NaCl, 50 C)F IR MEXREH R FLRHAMWLLE
Table 3 Comparison on observed rate constant and half-life time of compounds 1, 2 and NAMI-A (3.00x10~ mol-L™)
in buffer solution (pH 5.00/7.40, 0.15 mol- L~ NaCl, 37 °C) or physiological saline (pH 5~6, 0.15 mol-L™*

NaCl, 50 °C)

pH 7.40 pH 5.00
Compound In water (pH 5~6)
Ist chloro-hydrolysis 2nd chloro-hydrolysis DMSO-hydrolysis
ke / (mol+ L7+ min™) £y, / min ke / (mol+ L7 min™) 1,5, / min kg / (mol+ L7 min™) £, / min ko / min™ £y, / min
1 3.162x10° 4.744 1.596x10° 9.398 1.603x10°° 93.57 0.044 98 15.41
2 2.633x107° 5.697 1.321x10° 11.36 1.560x10° 96.15 0.028 23 24.55
(NAMI-A)* 2.166x107° 6.925 1.638x107° 9.158 1.279x10° 117.3 0.028 06 23.64

Note: * Data of hydrolysis for NAMI-A in buffer solution (pH 7.40/5.00) and in water (0.15 mol-L™ NaCl) are from Ref.**".
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xoH Ak

C R %28 %

5 DMSO Y AH X I 181 A2 (2.99 ppm) 28 #7385 K 5 HL
B 45 & 1) DMSO AH % 08 1 AR08 20 19 1L ] 5 307 2
DMSO A0 e BRI |, (HF B 4-FiPy H B REAR
(LI 8.88 ppm 1), REIEW h FE &
DMSO 7K fift | BeAK 4-EtPyH A A KM%, 5 NAMI-A
B AT A AEAH TR S5 44 R 19 NMR 0 5 45 SR 7 A
4”}’}[5.2/3]O
Reedijk T A% 0% 200 & T NAMI-A it DMSO
KA R AEH T A R 25 K Ui S A2 DMSO
WP AR TO R o EAT I R AU 1) A A R 12 T
JE 1) NAMI-A 717429 DMSO /K fi#f | i 25 FC A DM-
SO e B AR A B . H o & 3 B2 n] DU i £ 4
B A5 B E B KR RN R M SRR TR I
MR, FHARE AR AT LU E 6B 4 K B )
PA Coordinated-DMSO F& AH X 0 11 £ X bt 1] 1
Kl IR AT AR B 1R T R
RPA . s0=—0.289 2+4.035exp(-0.064 471),
r==0.9942  (5)
o 515,
E gnonvs0=0.064 47 min™,£,,=10.75 min
PA Free-DMSO 1) AH X 0 11 A6 Bsf 18] 4 [ - 1
TG 152
RPA e pvso=4.0504—101exp(=0.070 451),
r=0.998 1  (6)
HT e 6 15,
E uitieensn=0.070 45 min™,7,,=9.839 min

IR AZ R i D S Bl ) o O — iR 25 3R
K, AEARME LA Co-DMSO 1 Free-DMSO FAH X 15
T ARG B[] A ] 28 400645 2 0 7K A SR 14, 53900
10.75 min 1 9.839 min, M 2 15 22 B /N (U & 1)
R>0.99), HIL 7 e 7 HE NAMI-A 15 4E Yt 1%
FNFRARZE IR B R B G S RIS Y A AT LA
E I E NAMI-A 7 A8 W 0K g pILER -3 )2

WG 2 45 R R W A6E ) 2(5.00%10 mol -
L7,50 °C)HJBE DMSO 7K fi# K BE#Y £,,=10.75 min,, BJ
Ak A e B ¥, H e A BV P A K S R R
BEAE b 5 A R A4 I A B NAMI-A AT
A=W 45 AR TR
26 BUFEHR

fe&W 1 S-G9 2 76 4 B ER K oK i it 72
A8 PR 2 i A8 1k UL IEL 8, A5 1 Ak A5 4 B H K
fiffe 7= 0 1) SR AR iR LAV L3R 4

PRI E A 0 1 S8 AL T F v AH 25 R K B LA
FEAAAE I E AL 5 RE T, R 8(A), AW 1 1
KEEWH 30 min J5, AALHBAIH 0019 VAR
0.15 V, HLik J5 0 B 32 /NI A R 1038 J 0 C
[F] i S AL L AL 0.096 V A FS 2 0.21 V, E AL A &
I 2 O AR OB SR D, OV R SRR IE R L
IR, ATREM TAR TR RARE Y F A
R IEA D ETIEA N, W 5IN BREETTA,
6 T A 25 Sk i DMSO 7K i S R, Ae A4 2 S H:
K gt 77 0 1) AR A B E A I SR AL A D0 A AR A 5
G 1AL ARG Y 1 520E Kl 8(B),

—— 0 min

il pA

67 / -=-30 min
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_8 T T T T _8 T T T T
-0.1 0.0 0.1 0.2 0.3 -0.1 0.0 0.1 0.2 0.3 0.4
E/V (vs SCE) E/V (vs SCE)

(A) Compound 1 in water (0.15 mol -L" NaCl, 50 °C) scanned after 0 min (—), 30 min (---) and 78 min (---

); (B) Compound 2 in water (0.15

mol - " NaCl, 50 °C) scanned after O min (—), 30 min (---) and 78 min (---)

K8 a1 5E% 2(5.00x10 mol - L) AYDE PR 2 [
Fig.8 Cyclic voltammograms of compound 1 and compound 2 (5.00 x 10~ mol-L™)
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x4 HLEWI1HLEY 2 K NAMI-A(5.00x10~* mol - L) 7E & 28 # 7K i& % (0.15 mol- L' NaCl, 50 °C)+ &9
S F R kR B AR B L
Table 4 Oxidation, reduction and formal electrode potential of Compd. 1, Compd. 2 and NAMI-A
(5.00x10~* mol- L™ in water (0.15 mol-L™ NaCl, 50 °C)

0.15 mol - ! NaCl solution, 50 °C

Red potential / V Ox potential / V E” |V (vs SCE)

Compd. 1 0.019 (B) 0.096 (A) 0.058
Hydrolytic reductive product of compd. 1 after 30 min 0.15 (C) 021 (D) 0.18
Compd. 2 0.012 (B) 0.093 (A) 0.053
Hydrolytic reductive product of compd. 2 after 30 min 0.16 (C) 0.21 (D) 0.19
NAMI-A* — — 0.021
NAMI-A -0.021 0.062 0.021

Note : * Data of NAMI-A are from Ref.””.
A\
3 & it

NAMI-A 4 7K fifk 7 ) kg Bt Ik 968 5 % 1 3% M it
il B NAMI-A AL, (G 1 fik & 2 78
pH 7.40 & mr A Al T 54 W T SE0K (1 2) 3 7
pH 5.00 22 th i S A= BRER K 5 W v & A B DMSO 7K
fitt (&l 4.5), BP& ZHC AR R B NAMI 5249 5
NAMI-A A=Y S ALERAR AL, BRE NAMI-A 5
B 1.2 W45 POK R R 2 A RIRK (3% 3),
NAMI-A 2 PR il 3 AL G 9 1 2 ig 18 B
FH 4-EtPy BUX NAMI-A 9K 5 AT A9 i R ek
fift % A L(INAMI A7 A2 40) 1 45 oK A 32 L
5 2INAMI-A A4 ) e, SR A0 B 5 5 4-
EtPyH RN EFEAL T K% 1, o m] DL 5 9 WA
PE, AL G 1.2 LERR VRV VR b i RS ME ] B T
PR I AR

4598 XF 58 NAMI NAMI-A 117 245 9 1 7K fi
PLBE-Z 32 R 5 25280 M SR A w2 X,

SE k.
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