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Ligand Synthesis

N-(2-(benzylamino)ethyl)-4-nitrobenzenesulfonamide  (4-NO2-phenyl-SO2-EnBz).! A
solution of N-benzylethylenediamine (0.214 mL, 1.43 mmol) in DCM (100 mL) was placed in
a round-bottom flask. A solution of 4-nitrobenzenesulfonyl chloride (0.3 g, 1.36 mmol) in
DCM (50 mL) was added slowly via a dropping funnel, and the mixture was stirred vigorously
for 12 h. The solvent was removed on a rotary evaporator and the product further purified on a
silica gel column (10% MeOH and 90% DCM) to give a white solid. Yield = 246 mg (54%).
IH NMR (400 MHz, CDCls): 814 2.73 (t, J = 5.8 Hz, 2H), 3.05 (t, J = 5.8 Hz, 2H), 3.67 (s, 2H),
7.21(d, J = 6.8 Hz, 2H), 7.28-7.33 (m, 3H), 7.99 (d, J = 8.9 Hz, 2H), 8.30 (d, J = 8.6 Hz, 2H);

ESI-MS: Calc for [C15sH17N304S + H]* 336.1 m/z, found: 335.9 m/z.

N-(2-(benzylamino)ethyl)benzenesulfonamide (phenyl-SO2-EnBz). A solution of N-
benzylethylene diamine (0.50 mL, 3.33 mmol) in dichloromethane (100 mL) was placed in a
round-bottom flask. A solution of benzenesulfonyl chloride (0.212 mL, 1.664 mmol) in DCM
(50 mL) was added slowly via a dropping funnel, and the mixture was stirred vigorously for
12 h. The solvent was removed on a rotary evaporator and the product further purified on a
silica gel column (10% MeOH and 90% DCM) to get white solid. Yield = 323 mg (67%). *H
NMR (400 MHz, CDCls): 8y 2.67 (t, J = 5.8 Hz, 2H), 3.00 (t, J = 5.8 Hz, 2H), 3.62 (s, 2H),
7.19-7.21 (m, 2H), 7.22-7.24 (m, 1H), 7.28-7.31 (m, 2H), 7.45-7.48 (m, 2H), 7.52-7.56 (m,

1H), 7.82-7.85 (m, 2H); ESI-MS: Calc for [C15H18N202S + H]* 291.1 m/z, found: 290.8 m/z.

N-(2-(benzylamino)ethyl)-4-fluorobenzenesulfonamide  (4-F-phenyl-SO2-EnBz). A
solution of N-benzyl ethylenediamine (0.278 mL, 1.85 mmol) in dichloromethane (100 mL)
was placed in a round-bottom flask. A solution of 4-fluorobenzenesulfonyl chloride (0.3 g, 1.54
mmol) in DCM (50 mL) was added slowly via a dropping funnel, and the mixture was stirred

vigorously for 12 h. The solvent was removed on a rotary evaporator and the product further
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purified on a silica gel column (10% MeOH and 90% DCM) to give a white solid. Yield = 270
mg (57%). *H NMR (400 MHz, CDCla): 8n 2.71 (t, J = 5.8 Hz, 2H), 3.00 (t, J = 5.8 Hz, 2H),
3.66 (s, 2H), 7.15 (t, J = 8.6 Hz, 2H), 7.22 (d, J = 6.9 Hz, 2H), 7.28-7.33 (m, 2H), 7.83-7.86

(m, 2H); ESI-MS: Calc for [C1sH17FN202S + H]* 309.1 m/z, found: 308.8 m/z.

N-(2-(benzylamino)ethyl)-5-(dimethylamino)naphthalene-1-sulfonamide (DsEnBz). A
solution of N-benzylethylenediamine (0.267 mL, 1.78 mmol) in dichloromethane (100 mL)
was placed in a round-bottom flask. A solution of dansyl chloride (400 mg, 1.483 mmol) in
DCM (50 mL) was added slowly via a dropping funnel, and the mixture was stirred vigorously
for 12 h. The solvent was removed on a rotary evaporator and the product further purified on a
silica gel column (6% MeOH and 94% DCM) to give a white solid. Yield = 324 mg (57%). 'H
NMR (400 MHz, MeOD-da): & 2.51 (t, J = 6.2 Hz, 2H), 2.87 (s, 6H), 2.99 (t, J = 6.2 Hz, 2H),
3.46 (s, 2H), 7.09 (d, J = 6.6 Hz, 2H), 7.20-7.28 (m, 4H), 7.55-7.60 (m, 2H), 8.21 (dd, J = 0.92
Hz, 7.2 Hz, 2H), 8.33 (d, J = 8.6 Hz, 1H), 8.56 (d, J = 8.5 Hz, 1H); ESI-MS: Calc for

[C21H26N302S + H]* 384.1 m/z, found: 384.2 m/z.
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Table S1. Crystallographic data for complex 3.

Crystal character
Empirical formula
Formula weight
Temp (K)
Crystal system
Space group

alA

b/A

c/A

al®

BI°

y°

Volume/A3

Z

Deaic(mg/cm?)
wmm'*

F(000)

Crystal size/mm?®
Reflections collected
Indep reflection

R [>=26 ()]

Final R [all data]
CCDC No.

Red block
C2sH20IN202RUS
685.56
150(2)
monoclinic
Pn
10.91549(4)
9.33603(4)
13.28373(5)
90
98.2296(3)
90
1339.768(9)
2

1.699
14.728
680.0

0.6 x 0.16 x 0.08 orange block
38933

5343
R!=0.0168
R%=0.0426
2117792

Table S2. Selected hydrogen bond lengths (A) and angle (°) for complex 3.

D H A

d(D-H)/A

d(H-A)YA  d(D-A)/A

D-H-A°

N12 Hi12 11

0.85(6)

2.83(5) 3.315(3)
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Table S3. MS peak assignments for products from reactions of complex 2 with GSH and NAC
(10 mol equiv, MeOH/H-0, 1: 9 (v/v), pH 7). Fore HPLC peak numbering, see Fig. S4; mass

spectra shown in Figures S6 and S7.

Retention

Peak ) ) Mass (m/z) Assignment
time (min)
pl 17.3 715.67 [(n%-biph)2Ru2(GS)s+4H]*
p2 27.6 997.89 [(n®-biph)2Ru2(NAC)s]*
p3 31.6 305.20 ligand [TSEnBz]+H"
p4 34.7 559.10 complex 2, [C2gH29N202RuS]*

Table S4. Antiproliferative activity of complex 2 towards human A549 lung cancer and A2780
ovarian cancer cells with sequential administration of 1 mol equiv of GSH or NAC at various
concentrations (5, 10 and 50 uM).2

Cell line?
Thiol addition A% A2TE0
ICs0 (LM)
None (2 alone) 135+14 11.25+0.08
GSH (5 uM) 224+1.3 27.3+0.5
GSH (10 um) 229+21 43.9+35
GSH (50 pM) >50 > 50
NAC (5 uM) 25.8+£0.9 n.d.
NAC (10 uM) 39.9+0.3 n.d.
NAC (50 pM) > 50 n.d.

4 Data are shown as mean * standard deviation (STD). GSH or NAC was added to cells first,
followed by adding complex 2 (with 10 min); following SRB protocols, cell viability was

assessed after 24 h incubation with Ru'' complexes and washing with PBS.
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Table S5. Induction of ROS and superoxide determined by flow cytometry experiments on
A2780 human ovarian cancer cells.

Population (%)
Complex
FITC-A-/PE-A+ FITC-A+/PE-A+ FITC-A+/PE-A- FITC-A-/PE-A-
2 15.4 £ 0.6 *** 1.4 +0.2 *** 717 £ 1.7 *** 114+ 1.4 ***
2+GSH
13.2 £ 0.6 *** 0.7+£0.1** 70.3 £ 0.4 *** 15.8 £ 0.4 ***
(0.5 pM)
2+GSH
52+0.4** 0.67 £0.15 ** 86.3 + 0.5 *** 7.8+£0.4 ***
(5 uM)
Positive 0.66 + 0.08 ** 98.8 + 0.3 *** 0.77 £ 0.15 *** Q ***
Negative 2.97 £0.15 1.53+£0.06 9.3+0.3 86.2+0.5

S6



- 7000

- 6500

- 6000

- 5500

- 5000

{4500

- 4000

I 3500

I 3000

2500

{2000

1500

- 1000

500

L —500

Sei0-20l @0 ido N~ © © © v IS BNOW —“OONOr-ONRNNTOIIINTONONORNOWOONTO
P R N R O I A NN N MEELY NT R m00YIIINANNNNN oo oo s oo oo
TR RGO KRN S SN Y TS FFFFooodoaialdddddNadaNNNdadNa NN
CF-Q i i b —————— L
PROTON. w CDC13" / C
|
|
|
|
1
|
I
" i m ! J
[T
]
1
g $%d d P! d & ! Re'd
S cco = ® @ ~ @ Sca
o LG [ =} o o o - M-
T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0
£1 (ppm)
Sep30-2016Go%h. fiv| © ¢ © 0 & h
4 N W N N N®® @ NI~ ©o w 0 @
Chemist FREgCheg o o o o 1o S ddfe~ - 0 & 3 k- 1800
CF0217 ¥ ©® AN @ NNING© o 0 © -
= e v eT e ® NNI~NN~ © 0 < ~
CIBAPT.w CRCYS /qot/saggyisbt FC 53 e 22 | | | | k1700
k1600
k1500
k- 1400
| 1300
k- 1200
k1100
k1000
- 900
| 800
f- 700
k600
|- 500
| 400
I 300
k- 200
|
|
1 ‘ L 100
| o
I —100
k200
F—300
k400
F-500
| ~600
T T T T T T T T T T T T T T T T T T T T T
150 145 140 130 125 120 115 110 105 100 95 90 %70 65 60 50 45 40 35 30 25 20 15

Figure S2. 3C NMR spectrum of complex 1

S7



= 13000

000

f 9000
k5

f- 8000
{7000
k- 6000
4000
|- 3000
I 2000
{1000

Lo

1000

b

e

> 52

— ==
opt/topspind. 2 FC

3

e e 2
S S S
S S S
S = 3
! ! !
~—
—

M

heo

Fego
Fesro

g0

Feeo

6L
6’0

Feeo

(ppm)

f1

L 3500

L 3000
000
L 1000
L s00
L -500

e —

6z’8y —

68'e9
££'89
9’09~

€10ad 10722
2L

40

45

50

65 60

S8

€10ad L2722

Figure S3. *H NMR spectrum of complex 2

veL2L
5221
61'821
65°821
QL'8ZL

60'6Z1L

gg'ezl W

Sep30-2016,11. fid
Chemist Feng Chen

C13APT. w,

i
85 80
f1 (ppm)

Figure S4. 13C NMR spectrum of complex 2

20

130

140

145




b w000
k- 8000

k- 5000

t- 5000

k- 4000

I 3000

I 1000

= | s

3.2 FC 46

/topspint

/opt

PROTON. i ‘D13

I/

[

7

/

heso
Fes1

=l'e

Fsgo
Heo

Fze0

feg0
8671
70T
J80¢

Ay
Foas
kmc.u

4 7.

7.

(ppm)

£1

Figure S5. *H NMR spectrum of complex 3

000

5

4500

F 4000

3000

2000

500

= 1000

500

|5
0

500

- —1000

ez —

ovey —

8¥'€s —

8¥°09 —

89°221L
Y i}
ze'8zL
19'821
9.°821

CLBAPT. w CDCI3 Ao

016.
Chemist Feng Cl

T
130

T
140

T
150

(ppm)

1

Figure S6. 3C NMR spectrum of complex 3

S9



k- 6000

k5500

k5000
51

I 4000
k3500
F 3000
2500
2000
I 1000
k500

oze "
oy

7

-
a
~
4

0
«
~

3.2 FC

~
N
~
_

opt)/ topspin

ol
©
0

)

o
N
al
%

PROTON. w GDC13 7

Fieo

Feso

LS4
x4
rsee

Fooe

(ppm)

Figure S7. *H NMR spectrum of complex 4

4500

4000
3500
{3000
2000
1500
k500
500

f 1000

[ Tl

6Ly —

40

5

4

5

6!

70

510

spin3. 2 FC 47

80
£1 (ppm)

5

8!

920

5

9!

100

Figure S8. 13C NMR spectrum of complex 4

140

5

14



o o o o
g g g g g g g g g g g 8
& S g g g g g g g g g =
8 = = 8 8 2 3 g ¢ g g o ,
! ! ! > ) > ; ! : ! ? )
_/ = Wm.o
— = 60
— = P
S = |oe0

—
— ~= Toe1

FC 17

©
w
~

-
@
~

)

croox=
qoRN®
MNNNN
Lot ot

e p—

w (Bl /opty topsping. &

P
>
hen
_

[03
b

0*5.2
; i

2B
<

C
CF
PR

Do:@
=
“berd
QP
o1l

oL

Feeo
g6t

1670

Fzoz

0 6.8

8 7.6 T 7.2 7.

7.

8.0

f1 (ppm)

Figure S9. *H NMR spectrum of complex 5

3000

L 2000

1000

L 500

L -500

LVsy —

06°€§ —

eL09 —

§9°98 ~\_
£088

06706

seeTE —
€6°221
AR 74

Dec01-201e 11. fid

CF-

u

80

85

(ppm)

£1

Figure S10. 3C NMR spectrum of complex 5

S11



e QN N Ol O N O N T - OO0 NI Y- T O RN T O YT NSO NDRN O T ORArINNOCIRVODPDPONONDDN DT O DN
RS RS NEEENRnAAN555355820858838aaa 9 IAatdeagcdsgqrurorcd8saianad
R R NN NN NN NNNNNNNN NN N S 00 00 SO U U I I TN N O OO B OO O NNNNNNNNNNN ™ e 34000
NA 3 s st s Q5 G G R NN N RN
PROTON. w CDC13 /opt/topspin3.2 FC 24 00c
k32000
(
|
L 30000
t f 28000
flr
/ i ( L 26000
| | r I r
[ | . | W f
I / ‘ H 1 1t + L 24000
k22000
k20000
I 18000
L 16000
L 14000
L 12000
L 10000
L 8000
L 6000
k4000
L 2000
Lo
g & 4 S3 & s4 i £ d's & s [ o
c e o = @ 9@ [ @ @ o @ oo
< © & od o -vo o o coc o ~oco
T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0
1 (ppm)
Febl5@Qp7. 1. fid sggoNgzigee g F uuy
-1 § QQURNNOOTO—D & @rNoON ©O-ooN~ ~ < =
Chemi@ Feng Chen BU LD DDD BB BN o Lo NOJION bl ] ]
NAN-0®) © POONNNNNNNN = CHBW BENNG S ] <
N - Frrrrrrrrrre T PBO® NNRNNKN @ © < L 4500
C PT'»«‘«DA,IR /opt/topspin3. 2 FC 24’ \Q W‘J—J | \\// \\V -
{4000
3500
|- 3000
|- 2500
| 2000
k1500
{1000
|
! 500
L L u ‘ Lo
u ¥ 1T
F-500
[-—1000
F-1500
- —2000
2500
L3000
- —3500
T T T T T T T T T T T T T T T T T T T T T T T T T
70 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60 55 50 45 40

f1

(ppm)

Figure S12. 13C NMR spectrum of complex 6

S12



PROTON. w (

Feb16-2017.10/fid
NAM+019
F19.w CDC13 /opt/topspin3. 5pl2 FC 2

{- 6000

-109.95

[ 5500

{5000

|- 4000

|- 3500

{3000

|- 2500

I 2000

- 1500

= 1000

- 500

{1000

{1500

T T T T T T T T T T T T T T T T T T T T T T T T T T
—88 -90 92 -94 -96 -98 -100 -102 -104 -106 -108 —110 -112 -114 -116 -118 —-120 -122 —124 -1 -128 -130 -132 —134 - —138 -140

f1 (ppm)

T T T
-80 -82 -84

217
216
216
215
215
214

M@ HH AN - - MO N - -~ 000 RANNOVUYINANT-TOCDOUTNNONONTNT DD O
=1 PRRAEVUUVBVBIINMMMMOMMOEONNONMMOONNSCOOWINSSCCgaaSS
N~ © 9000

] <«
R B Qb 2
CF

4.

4.

a.

3.

3.

3.
L3.11
L3.09

|
|
|
7
|
|
i

L 8500

8000

- 7500

- 7000

e F -

L 6000

L 4000

L 1500

| L 1000
| i
! L 500
I}
L
A 0
d Jdgd 4 iy £ Y iy 3% ' AP S
& 8as 3§ & & @ @ & ® @ R
< R 5 R 5 e S o 5 - o
T T T T T T T
8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 56 54 52 50 48 4.6 4.4 42 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8

f1 (ppm)

Figure S14. *H NMR spectrum of complex 7

S13



I 12000

- 11000

= 10000

k9000

= 8000

k7000

- 6000

= 5000

4000

k3000

2000

f 1000

1000

68y —

88°€9 —

Lv09 —

9L9L

9TLL

01’98 ~
01788~
2688
Y06~

8T'L2h
96221
90°82L
61821
09°8Z1
orezL Nt
8c°6ZL =7
09'6ZL %
8v'ocl &
S9VEL S~
§95EL S

Mar02-4817
ChemisfqgFens Ch

CF-037:Z
CL3APT.y CDC13

T
65

T
75 70

T
80

T
85

(ppm)

f1

Figure S15. 3C NMR spectrum of complex 7

26000

k- 24000

000

I 20000

I 16000

I 14000

k- 12000

I 10000

k- 8000

F 6000

I 4000

2000

ko

£6°)
ve'L
80°C
60T
0L'e
| 1%
e
9L’z

N
¢
-~

XN

f g e

€€°T
veT
s€T
87T
v8'e
ve'z
80°¢
60°¢
e
cre
z9'e

§89°¢

0S°L
1S°L o
T9°L
292
£9°L
£9°2
PA IV A\

¥ 20

182
89°L J
[4: 92

QO 100l wl & 0
Be B dme e R
Bk BT W N N~
388 \

.w CDC13

w2
('Q‘
Cr

M

2

/opt/topspin3.

PROTO;

f

Feo

Fern

7802
=960
yS0Y
b
Feey

~g6°0
oLz

£1 (ppm)

Figure S16. *H NMR spectrum of complex 8

S14



Va9 2017.11.7id . @R ene8eoneTs3ILg
COUWONYTOUNT-AYTOI TN

e 5 o S @ go- o ~ © © ©
Chelist Feng Chen & 5 o G o &3 0 & 03 & 6 e 1o o o3 = o ¢ = BNl SN S o T <

cpaagg “ MOMONNNNNNNNNNNN - o © v w oo o b3 © 0 |- 26000
PR JURNCERCENA Jh Jh BN R R DM Jh JRM R R I o) o Wo©O ©N @ 0 < <
CL3APT. w CDC13 /opty topspin3 \2 €0 20 om0 | S\ N/ |

|- 24000

22000

k- zoo00

L 18000

L 16000

L 14000

L 12000

L 10000

L 8000
L 6000

L 4000

“ lqu | L | l ‘| L ‘{
Wi T

L —4000

L -6000

L -8000

L ~10000

k- -12000

14000

T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40
1 (ppm)

Figure S17. *3C NMR spectrum of complex 8

|nte1r:)s‘i +MS, 1.1-1.1min #6567
X

483 0683

EEN

w

485.0690

o

Y

477.0718 \ l

1+
483.0680

ESN

w

1+
485.0685

n

1+ ;
477.0707 % ’

L |

476 478 480 482 484 48 488 490 miz

-t

fe)

Figure S18. HRMS spectrum of complex 1; top: acquired data, bottom: simulated data.

S15



intens +MS, 1.1-1.2min #67-74
x104 ]

2.0 5590990
1.5

] 558.0998 561.1000
1.0 :

1 557.0990

1 560.1019
0.5 .
£.0

1+
20 559.0995
15 ", .
558.1004 561.0999
1+
1.0 14557.0999 1+
556.1005 560.1018
05 1+ 1+
553.1020 1+ 562.1028, ,
l 555.1004 ] 563.1012
0.0 L 1 i
T T T 7 T T T T T T T T T T
552 554 556 558 560 562 564 mz
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Figure S25. HRMS spectrum of complex 8; top: acquired data, bottom
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Figure S26. Dependence of NMR chemical shifts of the arene protons of aqua species of
complexes 1, 2 and 4-7 on pH*. The lines (red) were fitted to Henderson-Hasselbalch equation

with the pK,* values shown in Table 3.
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Figure S27. Low field region of *H NMR spectra for titration of complex 2 (2 mM) with 9-
ethylguanine (9-EG, 1 mM - 3 mM, 0.5 — 1.5 mol equiv) in 10% MeOD-d4/90% D,O, pH*

7.2, 310 K. Blue arrows correspond to unreacted Ru complex.
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Figure S28. 'H NMR spectra (600 MHz) for reactions between complex 8 and various
concentrations of GSH (1.0-10 mol equiv) in MeOD-ds and D,O (2:8, v/v). The pH" was

adjusted to 7.2 = 0.1 and all spectra were recorded at 310 K. Peaks for unreacted excess GSH

are in the orange box.
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Figure S29. HPLC chromatograms for reactions of complex 2 with GSH or NAC monitored
at 254 nm. Solutions of complex 2 (2 mM, MeOH/H:0, 1:9 (v/v)) with GSH or NAC (20 mM,
H>0) were pre-incubated for 24 h at 310 K. pH values of the solutions were adjusted to 7.2 +
0.1. Column: ZORBAX Eclipse XDB-C18, 9.4 x 250 mm, 5 um; eluent gradients,
acetonitrile%(min): 2%(0), 12%(10), 15%(15), 25%(25), 50%(30), 50%(50), 2%(55);
trifluoroacetic acid (TFA) was used to optimise the shape of the peak. Peak assignments are
shown in Table S3.
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Figure S30. *H NMR spectrum of [(n®-biph):Ruz(NAC-H)3]%, complex 2b.
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Figure S31. High resolution mass spectrum for [(n®-biph)2Ru2(GS)s+4H]?* assignable to
complex 2a [(n®-biph).Ru2(GS)s]%; top: acquired data, bottom: simulated data.
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Figure S32. High resolution mass spectrum for [(n®-biph).Ru2(NAC)s]" assignable to complex
2b [(m8-biph)2Ruz(NAC-H)s]%; top: acquired data, bottom: simulated data.
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