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I Synthetic procedure and experimental details

Syntheses of cis-mer-2a and cis-fac-3a: In a flame-dried Schlenk tube, solution of trans-mer-[PCys(k?-N,S-
(NC7H4S2)Ru{k3-H,S,S"-H2B(NC7H4S2)2}], 1a (30 mg, 34 umol) dissolved in 5 mL dry toluene. The solution was
heated at 90 °C for 24 h, after which all volatiles components were evaporated under vacuum. The residue was
dissolved in a minimum amount of dichloromethane and hexane was added to precipitate out the orange isomeric
mixture cis-mer-2a and cis-fac-3a in the ratio of (40:60) (We report the combined spectroscopic data for cis-mer-2a
and cis-fac-3a), (0.015 g, 50% yield).

Syntheses of cis-mer-2b and cis-fac-3b: Under similar reactions conditions, reaction of trans-mer-[PhsP(k?-N,S-
(C7HaNS2)Ru{k3-H, S, S"-H2B-(C7HaNS2)2}],1b (30 mg, 34 umol) yielded mixture of orange solid cis-mer-2b and cis-
fac-3b in the ratio of (20:80). (We report the combined spectroscopic data for cis-mer-2b and cis-fac-3b), (0.016 g,
53% yield).

Spectroscopic data for cis-mer-2a and cis-fac-3a: MS (ESI*): m/z calculated for [C3oH47PBN3sRuSe]*: 893.0939,
found 893.0959; 1B{*H} NMR (160 MHz, chloroform-d, 22 °C): & = —4.7 (br, B); 13C{*H} NMR (125 MHz, chloroform-
d, 22 °C) 26.9-35.93 (Cy) 113.73-133.80 (Armbz)), 143(C-N) 145.6-150.7 (C=N) for cis-mer-2a and cis-fac-3a.

cis-mer-2a: *H{*!B} NMR (500 MHz, chloroform-d, 22 °C):5 = 8.04 (d, J = 8.4 Hz, 1H, Armbz), 7.58 (t, J = 8.4 Hz, 2H,
Armbz), 7.51 (t, J = 7.9 Hz, 1H, Armbz), 7.42 (d, J = 7.9 Hz, 1H, Armbz), 7.36 — 7.28 (m, 2H, Armbz), 7.25 — 7.23 (m,
1H, Armbz), 7.20 — 7.13 (M, 2Hmbz), 7.07 (M, 1Hmsz), 6.99 (0, J = 7.5, 6.6 Hz, 1H Armbz), .4.91 (d, 2Jn-n = 16.0 Hz, 1H,
B-Hterminal), 1.89-1.09 (m, 33H, PCys), —18.60 (t, 2Ju-p = 9.1, 2Jnn =16.0 Hz, 1H, Ru-H-B); 3!P{H} NMR (202 MHz,
chloroform-d, 22 °C): & = 52.1 ppm, IR (CH2Clz): ¥ = 2515 (B-Hterminar), 2129 cm (B-Hb).

cis-fac-3a: 'H{*'B} NMR (500 MHz, chloroform-d, 22 °C):5 = 8 8.12 (d, J = 8.4 Hz, 1H, Armbz), 7.65 (t, J = 7.8, 7.0,
1.6 Hz, 1H, Armbz), 7.45 (d, J = 8.0 Hz, 1H Armbz), 7.39 — 7.34 (m, 2H Armbz), 7.28-7.24 (m, 2H Armbz), 7.15— 7.13
(M, 2H, Armbz), 6.83 (t, J = 7.6 Hz, 1H, Armbz), 6.58 (d, J = 8.1 Hz, 1H, Aremba), 6.45 (t, J = 7.7 Hz, 1H, Armb), 4.91
(d, 2Jun = 12.3 Hz, 1H, B-Hremina)), 2.42-0.93 (m, 33H, PCys), —16.56 (t, 2Ju-p = 16.4, 2Ju =16.4 Hz, 1H, Ru-H-B);
31p{*H} NMR (202 MHz, chloroform-d, 22 °C): & = 50.8 ppm, IR (CH2Cl2): 7 = 2450 (B-Hterminar), 2055 cm* (B-Hb).

Combined spectroscopic data for cis-mer-2b and cis-fac-3b: MS (ESI+): m/z calculated for [CagH20PBN3sRuSe]*:
874.9554, found 874.9563; 'B{*H} NMR (160 MHz, Benzene-ds, 22 °C): d = —4.3 (br, B) for cis-mer-2b and cis-fac-
3b; *C{*H} NMR (126 MHz, CDCls, 22 °C): & = 115.0-129.4(Ar(mbz)), 129.0-135.2 (Ph), 145.1-148.5(C-N), 199.0
(C=S), 200.5 (C=S) for cis-mer-2b and cis-fac-3b.

cis-mer-2b: *H{*'B} NMR (500 MHz, chloroform-d, 22 °C):5 = 8.13 (d, J = 8.5 Hz, 1H, Armbz), 7.81 (d, J = 7.8 Hz,
1H, Armbz), 7.73 (t, J = 7.8, 3.0 Hz, 2H, Armbz), 7.48 (d, J = 8.1 Hz, 2H, Armbz), 7.19 (t, J = 8.6 Hz, 10H Ph), 7.13 (t,
J =7.7 Hz, 7TH, Ph, Arambz), 7.00 (m, 4H, Armbz), 4.78 (d, 2+ = 16.4 Hz, 1H, B-Htermina), —17.21 (t, 2Jn-p = 9.2, 2JnH
=16.4 Hz, 1H, Ru-H-B); 3P{*H} NMR (202 MHz, chloroform-d, 22 °C): & = 59.0 ppm, IR (CH2Cl2): v = 2515 (B-
Hierminal), 2129 cm™ (B-Hb).

cis-fac-3b: *H{*B} NMR (500 MHz, chloroform-d, 22 °C):5 = 8.18 (d, J = 8.4 Hz, 1H, Armby), 7.56 (m, 1H, Armbz),
7.37 (d, J = 7.9 Hz, 1H, Argmby), 7.30 (dd, J = 10.1, 7.6 Hz, 5H Ph), 7.26 — 7.21 (m, 3H, Ph), 7.21 — 7.16 (m, 2H), 7.13
(t, J = 7.6 Hz, 1H, Ph), 7.06 (td, J = 7.8, 2.2 Hz, 4H, Ph), 6.80 (t, J = 7.6 Hz, 1H Aremby), 6.49 (t, J = 7.7 Hz, 1H
Ar(mbz), 6.41 (d, J = 8.0 Hz, 1H Armby), 4.60 (d, 2Ju-n = 16.4 Hz, 1H, B-Herminal), —15.60 (t, 2Ju-p = 9.3, 2Jun =16.4 Hz,
1H, Ru-H-B); 3'P{*H} NMR (202 MHz, chloroform-d, 22 °C): & = 55.6 ppm, IR (CH2Cl2): V = 2504(B-Hteminal), 2131
cm? (B-Hb).
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Synthesis of cis-4 and trans-4: In a flame-dried Schlenk tube, a solution [Ru(PPhz)zCl2], (100 mg, 11 mmol) in dry
THF (15 mL) was added to a solution of K[C7HaNS2] (42 mg, 22 mmol) in THF (15mL) under Argon, and reaction
mixture was stirred for 4 hours at room temperature. Solvent was dried under vacuum and the residue was extracted
into hexane/CH2Cl> (60:40 v/v) mixture and passed through Celite. After removal of the solvent, the residue was
subjected to chromatographic work-up by using TLC plates. Elution with a hexane/CH2zClz (30:70 v/v) mixture yielded
red solid cis 4 (70 mg, 70%) along with trans-mer-1b (7 mg, 12%),

Combined spectroscopic data cis-4 and trans-4: MS (ESI+): m/z calculated for [C39H20PBN3RuSe]*: 958. 0446,
found 958.0470; 'H NMR (500 MHz, Benzene-d6, 22 °C): & = 6.88-7.94 (all the phenyl and mercaptobenzothaizoly!
proton) for cis-4 and 6.81-7.82 (all the phenyl and mercaptobenzothaizolyl proton of cis-4 and trans-4); 13C{*H} NMR
(126 MHz, CDCls, 22 °C): 6 = 118.2-181.9 (Ar(mbz)), 126.4-135.0 (Ph), 136.0-150.3 (C-N), 181.9 (C=S), for cis-4
and trans-4; 3'P{*H} NMR (202 MHz, CDClz, 22 °C): & = 52.3 ppm for cis-4 and 41.6 ppm for trans-4.
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Spectroscopic details
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Figure S1. Mass spectral isotopic distribution for the fragment of cis-mer-2a, cis-fac-3a.
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Figure S2. Mass spectral isotopic distribution for the fragment of cis-mer-2b, cis-fac-3b.

S5



©
3
b3
S
@
0
>

Calculated
¢ Experimental
=
8

o
~
200000+ 3 s 8 o - o
8 S S 3§ 8
> @ s 2 3 3
= | | ) .
954 957 960 963 966
150000-
100000
50000
l I
oLt ll,xuuu L N 1 : 14\ : ’
600 900 1200 1500
m/z

Figure S3. Mass spectral isotopic distribution for the fragment of cis-4 and trans-4.

S6



s

85"

vo*

Lz

£.€ FF™

6.8

7.0

Ll ol o ]
7.2

8.0

8.2

T9°81-

LS'9T-

S§6°0,

60°T

mﬂ.ﬁ@
GE'T.
T,
8r T
2571

EL T
68° T
¥ 2

9°'%
SP'9

8579
£8°9,
86°9-

Lo L
ST'L
9T L

LT L~

6T L

€2°L-

SZ°L

8z L-
EE"L-
9€°L-
Zr L-
SP L
TS L-

8S'L

P9 L-
vo'g-
Lz g

PPm

cis-mer-2a
=16 -18 -20

cis-fac-3a

-14

impurities).

10

15

20

I=cis-mer-2a

Figure S4. Combined 'H NMR spectrum of cis-mer-2a, cis-fac-3a in CDClz (500 MHz) (*= solvent and grease
' = cis-fac-3a

TE'TT

66°T
L'z
e
9E°1

ET°T

Figure S5. Peak assignment for cis-mer-2a and cis-fac-3a.
S7



.9
.8
.60
.5

-16.54
-16.56
-16.59
-18.57
-18.60
-18.63

T T T T
57 65 55 54 53 52 51 50 4.9 48 47 46 45 44 43 42 41 40 -17.0 175 -18.0 -185 -19.0 ppm

Figure S6. Combined *H NMR and *H{*'B} NMR spectra of cis-mer-2a, cis-fac-3a in CDCl3 (500 MHz).

j\ T T | T T

I
80 60 40 20 0 -20 -40 -60 -80 -100 ppm

Figure S7. Combined 1B{*H} NMR spectrum of cis-mer-2a, cis-fac-3a in CDClz (160 MHz).

S8



NsohoowrrRoho<rm
FONOAADNONMID> ™M woN
. s s s s 8 s a . YOy GO OV
oMM dO VN M s e
N=LLFOONOO0ONAAA nr~ -~ Y
e A A A d A A A A A MANNAN
“ \ ~ N A \4,-'/ - \ I\\‘x'
™SO ST Ve \ N
L
()
T T I I T T T T I T I
200 180 160 140 120 100 80 60 40 20 ppm

Figure S8. Combined *C{*H} NMR spectrum of cis-mer-2a, cis-fac-3a in CDCls (126 MHz).

—52.07
~50.80

cis-mer-2a

cis-fac-3a

T T T T T T T T T T T T T T T T T
110 100 90 80 70 60 50 40 30 20 10 1] -10 -20 -30 ppm

Figure S9. Combined 3'P{*H} NMR spectrum of cis-mer-2a, cis-fac-3a in CDClz (202 MHz).

S9



Ll ol ol ol ol ol ol ol ol ol o R AR R R

6T LT-—
65 GT-—

6T LT-——

6G°GT-—

cis-fac-3b

cis-mer-2b

ppm

-16

Ppm

-20
Figure S10. Combined *H NMR spectrum of cis-mer-2b, cis-fac-3b in CDCls (400 MHz) (*= solvent and grease

T T
-10 -15

impurities).

cis-fac-3b

cis-mer-2b

A=

T
1

08"

90’

17

9E”

95"

at’

1%

o

6.2 ppm

6.4

00T
¥O'T

0T’ T

00°6

IT°zt

%'z

9T'T

Figure S11. Peak assignment for cis-mer-2b and cis-fac-3b.

S10



oOw oW
~r~ YW
. ‘ ~ oo Q=<
T/W ‘(‘7‘ 1 © O NN
wn ~r~~
R -
1 1
N1 ~7
T T L
T T T T T T T T T
5.0 4.8 46 ppm -15.5

-16.0 -16.5 -17.0 ppm

Figure S12. Combined *H NMR and *H{*!B} NMR spectra of cis-mer-2b, cis-fac-3b in CDClz (500 MHz).

T T T T T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 0 =10 =20 =30 =40 =50 =60 =70 =80 ppm

Figure S13. Combined *'B{*H} NMR spectrum of cis-mer-2b, cis-fac-3b in benzene-ds (160 MHz).

S11



T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 PPm

Figure S14. Combined *C{*H} NMR spectrum of cis-mer-2b, cis-fac-3b in CDCl3 (202 MHz).

Cis-fac-3b

Cis-mer-2b

T T T T T
140 120 100 80 60 40 20 o —-20 PPm

Figure S15. Combined 3'P{*H} NMR spectrum of cis-mer-2b, cis-fac-3b in benzene-ds (160 MHz).

S12



8.18
-7.57
37
~7.31
7.25
7.19
-7.13
“7.06
-6.80
6.49
'6.41
“4.61

-15.56

I
10 5 0 -5 -10 -15  ppm

Figure S16. 'H NMR NMR spectra of cis-fac-3b in CDCls (500 MHz).

—55.6

T T T T T T T T T T T T
160 140 120 100 80 60 40 20 0 -20 -40 ppm

Figure S17. 3'P{*H} NMR spectrum of cis-fac-3b.

S13



s08"
618
FEB'
816"
896"
£86 "
BGE "
FEO"
£60°
o1
FLT"
6BT
9T’
Ere
oS8z’
sra’
98"

il el el el sl el sl el il B ]

618’
rES’
BTG’
BI96°
-1
BGE "
Fa0’
EGO°
TO0T”
PLT
GBI’
ez’
ERT’
08z

Ska’
198"

T T T T T T
7.8 7.8 7.4 7.2 7.0 Ppm

-10 -1s5 -20 -25  ppm

=5

10

15

20
Figure S18. Combined *H NMR spectrum of cis-4 and trans-4 in CDClz (500 MHZz).
trans-4

¢

25

ve8’

‘g —

oLs

£€6°

¥80°
ToT"

9€T’
gve’
0se’

¥oE’
6LE"
¥8e’

34
€9F°

LLS®
26G°

9~

6.5 ppm

6.6

S14

Figure S19. Peak assignment of trans-4 in *H NMR spectrum of cis-4 and trans-4 in CDClz (500 MHz).



Z80
688
Fav

£50
SEY
oTI1
0zZE
Zie
g16
BS6
LS
60
BET
8L

S5E
oLy
T68
LEY
86
SL0
LET
B91
88

L&W
589
E68
560

14
LIt
"0ET
E6Z’
141
"PET
E11!
‘ST
"SET
-4t
-4
"LET
LIt
"LET
"LET
BbZ’
-4
-4
"8El
"GET
"TET
"ZET
'TET
"TET
'EET
[41
‘SET
'SET
'SET
‘HET
g8z’
Lag’
BT’
LaL’

121

L E4

PET

9ET
LET
081
181

pRm

180 1l&0 140 120 100 80 &0 40 20
Figure S20. Combined 3C{*H} spectrum of cis-4 and trans-4 in CDClz (202 MHz).

200

9'1vr—
£'¢9—

Cis-4a

trans-4a

pPpm

T
-150
Figure S21. Combined 3'P{*H} NMR spectrum of cis-4 and trans-4 in CDCI3 (202 MHz).

T
-100

T
-50

T
100

T
150

S15



0.000006

—— trans-mer-1b
0.000004 4L —— cis-fac-3b

__ 0.000002 -
<
E
£ 0.000000 -
[7]
£
5}

-0.000002 -]

-0.000004 |

-0000006 I ! T T T T T T T T

1.0 05 0.0 05 1.0 15

Potential (V vs Ag/AgCl)

Figure S22. Cyclic voltammetry of trans-mer-1b and cis-fac-3b collected at 100 mV/s. All CV data were
collected in DCM with 0.1 M ("BuaN)PFs using a glassy carbon working electrode, Pt wire counter electrode, and
Ag/AgCl-reference electrode.

Il Computational data

Figure S23. Molecular orbitals (HOMO and LUMO) of cis-mer-2a and cis-fac-3b. Isosurfaces are plotted at an
isovalue of 0.043 ao~372.

S16



Table S1. Calculated chemical shifts for complexes trans-mer-1a-b, cis-mer-2a and cis-fac-3b.

Comp. H NMR (ppm) 1B NMR (ppm) | 3P NMR
(ppm)
trans-mer-la -4.18 -5.40 127.9
trans-mer-1b -3.11 -5.55 133.3
cis-mer-2a -15.76 -4.83 155.9
cis-fac-3b -12.66 -4.98 156.04

Table S2. Calculated natural charges (q), natural valence population (Pop), total energy and HOMO-LUMO gaps
of complexes trans-mer-1a-b, cis-mer-2a and cis-fac-3b.

Comp. am (o3 Pop(Mva) | Pop(Pva) | Total Energy (a. u.) | AEn. (eV)
trans-mer-l1a -0.337 | 1.282 9.116 3.563 -4530.33 1.738
trans-mer-1b -0.350 | 1.261 9.157 3.572 -4519.48 1.731
cis-mer-2a -0.375 | 1.250 8.354 3.700 -4529.83 1.852
cis-mer-2b -0.368 | 1.192 8.348 3.752 -4519.48 1.874
cis-fac-3b -0.381 | 1.353 9.208 3.604 -4519.02 1.866
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Figure S24. Optimized geometry of cis-mer-2a.
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-1.916716000
-2.766189000
-1.328265000
-2.087117000
-0.406823000
-1.051093000
-1.997385000
-0.663609000
-0.054666000
0.123900000
0.913542000
2.264269000
2.683075000
2.957749000
2.711483000
2.584455000
4.482380000
4.957392000
4.864886000
4.873440000
4.596112000
5.966038000
4.161570000
4.533504000
4.401265000
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Cartesian coordinates for the calculated structure of cis-fac-3b (in A)

Ru

O I O O T

2.261909000
1.673206000
3.254516000
2.043649000
3.580356000
4.476763000
5.080166000
4.573195000
5.264398000
3.779896000
3.856642000
2.887937000
2.252795000
2.791227000
-1.620059000
-3.931262000
-5.150396000
-5.222828000

0.491593000

2.165579000
1.626505000
0.561342000
0.067994000
0.112699000

3.217036000
4.069292000
3.283978000
-2.303702000
-3.577301000
-4.383045000
-5.132058000
-4.216914000
-4.841731000
-3.267347000
-3.166240000
-2.454901000
-1.732171000
-2.596657000
0.278006000
0.815883000
1.135653000
1.258553000

2.635639000
2.254409000
2.164689000
1.080579000
-0.381922000
-1.087313000
-0.571985000
-2.471793000
-3.039809000
-3.136729000
-4.220813000
-2.436436000
-2.950619000
-1.043324000
-2.399141000
-3.179737000
-3.779173000
-4.860835000
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-6.271508000
-7.234971000
-6.160133000
-7.040845000
-4.940140000
-4.877173000
-3.807755000
-2.303738000
-3.803159000
-4.374153000
-3.957200000
-5.467345000
-5.909705000
-5.996920000
-6.851961000
-5.423861000
-5.816137000
-4.326096000

1.297473000
1.546057000
1.142407000
1.272263000
0.818552000
0.698137000
0.649356000
-2.348004000
-1.163393000
-0.098429000
0.904344000
-0.348938000
0.478423000
-1.639995000
-1.812841000
-2.714358000
-3.725714000
-2.466817000

Figure S25. Optimized geometry of cis-fac-3b.

0.034264000

0.922838000
2.307597000
2.098735000
1.126983000
3.125049000

-0.900464000
0.426431000
1.537594000
2.433242000
2.475174000
3.267569000

S19
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-0.713546000
0.709614000
0.353436000
1.758596000
2.227774000
2.216524000

2.937791000
4.388421000
5.194330000
4.612317000
5.596684000
3.581363000

-2.960919000
-3.408560000
-1.572855000
-0.941653000
-0.973718000
0.105927000
-1.781329000
0.404677000
1.694142000
2.406132000
2.317157000
3.238692000
3.796286000
3.376199000
4.031424000
2.691233000
2.807332000
1.864910000

3.956591000
3.211415000
3.856266000
2.317493000
2.257608000
1.490226000
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3.038118000
3.636954000
3.524080000
2.579557000
4.612092000
4.503278000
5.833373000
6.685971000
5.958643000
6.908997000
4.869492000
4.982756000
3.010271000
2.897768000
2.324350000
3.533573000
3.436899000
4.293311000
4.788926000
4.420366000
5.017210000
3.783657000
3.899156000
2.088439000
2.328637000
1.797109000
1.019299000
0.789125000
0.020565000
-0.468403000
-0.096204000
-0.694659000
0.541667000
0.434407000

3.777404000
1.675450000
2.177357000
2.085994000
2.791218000
3.170319000
2.909248000
3.381802000
2.413639000
2.499158000
1.803200000
1.419712000
-0.255429000
-0.199104000
0.599848000
-1.151972000
-1.089872000
-2.169758000
-2.912579000
-2.228149000
-3.015814000
-1.282049000
-1.329481000
-0.811483000
-3.887642000
-2.218013000
-2.010247000
-3.157926000
-3.272763000
-2.389240000
-4.520617000
-4.618748000
-5.652688000
-6.620190000

0.801343000
-0.423253000
-1.728716000
-2.265422000
-2.355935000
-3.374043000
-1.687620000
-2.179768000
-0.386145000

0.145125000

0.241746000

1.257248000

1.580617000

2.978120000

3.449605000

3.782459000

4.868630000

3.202585000

3.830869000

1.810167000

1.345883000

1.006183000
-0.078931000
-2.567548000
-1.823043000
-1.635796000
-0.574633000

0.160874000

1.328074000

1.740257000

1.939123000

2.846567000

1.404664000

1.897922000
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1.315302000
1.811542000
1.434071000
-1.168787000
-3.669397000
-2.419460000
-2.548094000
-3.551695000
-3.838529000
-3.240168000
-4.886158000
-5.107228000
-5.648423000
-6.463448000
-5.357102000
-5.928998000
-4.303864000
-0.008648000
-2.403333000
-1.555779000
-2.271883000
-3.498073000
-4.452483000
-4.294099000
-5.619566000
-6.361541000
-5.852794000
-6.772738000
-4.909651000
-5.077034000
-3.742668000
-1.765685000
-1.959075000
-0.476105000

-5.555688000
-6.434572000
-4.308155000
-0.858344000
-2.450397000
-1.312993000
-0.910721000
-1.605141000
-1.551370000
-0.924345000
-2.324800000
-2.284778000
-3.153099000
-8.747442000
-3.238014000
-3.896877000
-2.472801000
2.157505000
3.932238000
2.464465000
1.690439000
2.280636000
1.777579000
0.827408000
2.509390000
2.113702000
3.731768000
4.285762000
4.247706000
5.200535000
3.517499000
0.340913000
0.399583000
0.203191000

0.244779000
-0.169902000
-0.371685000
-2.456137000
-1.897962000
-1.428087000
-0.134696000

0.559429000

1.931414000

2.591851000

2.436964000

3.504991000

1.601295000

2.016904000

0.237741000
-0.417212000
-0.266388000
-1.680732000
-1.551023000
-1.092931000
-0.227574000

0.131292000

1.024645000

1.529797000

1.258593000

1.954196000
0.615036000
0.808072000
-0.277397000
-0.781774000
-0.507558000
0.399971000

1.596314000

0.510403000



