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1 GENERAL REMARKS

All manipulations were carried out under an inert atmosphere of argon using
standard Schlenk techniques unless stated otherwise. Reagents were purchased
from commercial chemical suppliers (mainly Acros, Aldrich, Alfa Aesar, TCI
Europe and Strem) and used without further purification. Solvents were dried
and degassed according to standard procedures.1-2-Dichlorobenzene (ODCB)
solvent was either distilled under argon in presence of CaCl, and store under
activated 4 A molecular sieves or purchase dry from Aldrich. Benzylamine was
distilled from CaH, under a nitrogen atmosphere, and then stored over 3A
molecular sieves for 2 days. 3-aminobenzylamine was sublimed under vacuum
at room temperature for 12 h. 'H, 13C ! and 'F nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker Avance 300 spectrometer and a
Bruker Avance III HD - 500 MHz, VT NMR experiments were conducted with
a Bruker Avance III — 600 MHz. 3C assignments were confirmed when
necessary with the use of DEPT 135 experiments. 'H and 3C-NMR spectra were
referenced using the residual solvent peak (CDCl;: 8 H=7.26 ppm; 6 C =77.16
ppm) at 295K. Chemical shifts 6 are given in ppm whereas coupling constants J
are stated in Hertz (Hz). The following abbreviations are used to classify the
multiplicity of the observed signals: s = singlet, d = doublet, t = triplet, q =
quartet, quint = quintuplet, dd = doublet from doublet, dt = doublet from triplet,
m = complex multiplet or broad signal. Positive mode electrospray ionization
mass spectra (ESI-MS) were recorded on microTOF, Bruker Daltonics. All
manipulations were conducted under an argon atmosphere unless otherwise
stated. GC-MS analyses were performed using a GC-MS Agilent 7890A-5975C
with EI detector; the GC contains Agilent HP-5ms (dimethylsiloxane,
5%phenyl), #19091S-433, 30x0.25x0.32 1.D column. GC measurements were
conducted using the following method: 45 °C hold for the first 2.25 min, ramp to
300 °C at 40 °C/min and hold for 8 min.

2 SYNTHESIS OF IMIDAZOLIUM SALTS

1-benzyl-3-(2-bromoethyl)-1H-imidazol-3-ium bromide (Precursor):

Precursor was synthesized according to the procedure reported in literature and
all data correspond to previously reported material.? A mixture of 1-
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benzylimidazole (3 g, 0.037 mmol) and 1,2-dibromobutane (40 mL, excess) was
heated overnight at 85 °C. After this time a white solid is formed in the solution.
Then the excess of 1,2-dibromobutane was distilled of under reduced pressure,
and the solid residue was taken in 40 mL of CH,Cl,. The resulting suspension
was filtered over Celite and the solvent was removed under vaccuo to give off-
white solid.Yield: 98%. 'H NMR (300MHz, DMSO) : 6 9.4 (s, 1H, CH;n.iq), 7.87
(m, 2H, CHjpniq), 7.4 (m, 5SH, CHypep,), 5.48 (s, 2H, CH,), 4.64 (t, J=6 Hz, 2H,
NCH,), 3.96 (t, J=6 Hz, 2H, CH,Br) ppm.

S-functionalized imidazolium (a-1)

a: R =Et, 99%
b: R =Cy, 99%
- - ¢:R=tBu, 98%
//\BJ Br R-SNa [~ Ns=RIB" g R=Ad, 99%
N - N e: R = (CH,);CHs, 99%
[N> CH3CN; 25 °C,15-48h [N> R =Ph, 86%

f:
) P ) a-l ﬁ
i
IR
k
I:

: R =p-Me(CgH,4), 86%
: R =p-OMe(CgH,), 66%
R

Ph Ph = p-Br(CgHy4), 70%

R = -N02(06H4), 76%
=p-CF3(C6H4), 97%
R =3,3-CF4(CgHs), 77%

Figure S1. Imidazolium synthesis

Procedure A:

1-benzyl-3-(2-bromoethyl)-1H-imidazol-3-ium bromide (1 equiv) was dissolved
in dry acetonitrile. Then a slight excess of the appropriate thiolate salts (1.5
equiv) was added, and the resulting mixture was stirred for 15-48 hours at
ambient temperature under argon. After this time, the solvent is removed under
vaccuo. The solid residue was suspended in CH,Cl, (15 mL) and filtered over
celite. Finally the resulting solution is concentrated to 1-2 mL and pass through
a silica plug. First elution is conducted with DCM (to eradicate the remaining
trace of unreacted thiol) and the resulting filtrate is removed, then the second
elution use a mixture of DCM/MeOH (90/10), then the resulting filtrate is
concentrate under reduce pressure to afford the resulting compound in orange
sticky oil.
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Procedure B:

Appropriate thiol (1.50 equiv) was dissolved in dry acetonitrile. Sodium
hydroxide (1.50 equiv) in water was added, and the resulting mixture was stirred
for 30 min at ambient temperature. Then, the bromine precursor (1 equiv) was
added, and the resulting mixture was stirred at room temperature for 15-48 h.
After this time, the solvent was removed under reduced pressure. The solid
residue was suspended in dichloromethane and filtered over celite. Finally the
resulting solution is concentrated to 1-2 mL and pass through a silica plug. First
elution 1s conducted with DCM (to eradicate the remaining trace of unreacted
thiol) and the resulting filtrate is removed, then the second elution use a mixture
of DCM/MeOH (90/10), then the resulting filtrate is concentrate under reduce
pressure to afford the resulting compound in orange sticky oil.

1-benzyl-3-(2-(ethylthio)ethyl)-1H-imidazol-3-ium bromide (a)

This imidazolium was synthesized according to the procedure reported in
literature and all data correspond to previously reported material.’

Procedure A 1-benzyl-3-(2-bromoethyl)-1H-imidazol-3-ium bromide (2 g, 5.8
mmol, 1 equiv) was dissolved into a solution of sodium ethanethiolate (0.5 g,
5.8 mmol, 1 equiv) and dry acetonitrile (70 mL). Yield: 99%. 'H NMR
(300MHz, DMSO) : 6 9.34 (s, 1H, CHjniq), 7.84 (s, 1H, CHjya), 7.83 (s, 1H,
CHimia), 7.42 (m, SH, CHpen,), 5.46 (s, 2H, CH,), 4.37 (t, J = 6 Hz, 2H, NCH,),
2.98 (t, J = 6 Hz, 2H, CH,S), 2.5 (t, /= 7 Hz, 2H, CH,), 1.14 (t, J = 7 Hz, 3H,
CH;) ppm.

1-benzyl-3-(2-(cyclohexylthio)ethyl)-1 H-imidazol-3-ium bromide (b)

This imidazolium was synthesized according to the procedure reported in
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literature and all data correspond to previously reported material.?

Procedure B cyclohexanethiol (0.1 g, 0.86 mmol, 1.5 equiv), dry acetonitrile (7
mL), sodium hydroxide (37 mg, 0.9 mmol, 1.5 equiv) and I1-benzyl-3-(2-
bromoethyl)-1H-imidazol-3-tum bromide (0.2g, 0.58 mmol, 1 equiv). Yield:
99%. 'H NMR (300MHz, DMSO) : 5 9.34 (s, 1H, CHjy4), 7.84 (s, 1H, CHipiq),
7.83 (s, 1H, CHjmiq), 5.45 (s, 2H, PhCH,), 4.35 (t, /=7 Hz, 2H, NCH,), 2.99 (t,
J=7Hz, 2H, CH,S), 2.64 (m, 1H, SCH), 1.86-1.1 (m, 10H, CH,) ppm.

1-benzyl-3-(2-(tert-butylthio)ethyl)-1H-imidazol-3-ium bromide (c)

This imidazolium was synthesized according to the procedure reported in
literature and all data correspond to previously reported material.?

I-benzyl-3-(2-bromoethyl)-1H-imidazol-3-ium bromide (2 g, 5.8 mmol, 1
equiv) was dissolved into a solution of sodium 2-methylpropane-2-thiolate
(0.972 g, 8.66 mmol, 1.5 equiv) and dry acetonitrile (60 mL). Yield: 98%. 'H
NMR (300MHz, CDCls) : 6 10.79 (s, 1H, CHiniq), 7.45-7.39 (m, 6H, CHipig,
CHyenz), 7.2 (s, 1H, CHiniq), 5.56 (s, 2H, CH,), 4.57 (t, J = 6 Hz, 2H, NCH,),
3.09 (t, /=6 Hz, 2H, CH,S), 1.28 (s, 9H, CHj3) ppm.

3-(2-(((1R,3s)-adamantan-1-yl)thio)ethyl)-1-benzyl-1 H-imidazol-3-ium
bromide (d)

This imidazolium was synthesized according to the procedure reported in
literature and all data correspond to previously reported material.?

(3s,5s,7s)-Adamantane-1-thiol (0.73 g, 4.34 mmol, 1.5 equiv) was dissolved into
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a solution of sodium hydroxide (0.17g, 4.34 mmol, 1.5 equiv) and dry
acetnonitrile (30 mL) was added, and the resulting mixture was stirred for 30
minutes at ambient temperature under argon. Then 1-benzyl-3-(2-bromoethyl)-
1 H-imidazol-3-ium bromide (1 g, 2.9 mmol, 1 equiv) was added, and stirring
was continued for 48 hours at ambient temperature under argon. After this time,
the volatiles were removed under reduced pressure. The solid residue was
suspended in CH,Cl, (15 ml) and filtered. The solvent was removed under
reduced pressure. Yield: 99%. 'H NMR (300MHz, CDCl;) : 8 10.75 (s, 1H,
CHimia), 7.45-7.39 (m, 6H, CHpenz, CHimia), 7.11 (s, 1H, CHjnig), 5.56 (s, 2H,
PhCH,), 4.56 (t, J = 6 Hz, 2H, NCH,), 3.07 (t, J = 6 Hz, 2H, CH,S), 2-1.6 (m,
15H, Haq) ppm.

1-benzyl-3-(2-(octylthio)ethyl)-1 H-imidazol-3-ium bromide (e)

NbS’”'OCtY| W Br
C3
)

Ph

Procedure B: octane-1-thiol (0.32 g, 2.2 mmol, 1.4 equiv), sodium hydroxide
(87 mg, 2.2 mmol, 1.4 equiv), dry acetonitrile (7 mL) and 1-benzyl-3-(2-
bromoethyl)-1H-imidazol-3-ium bromide (0.5 g, 1.4 mmol, 1 equiv). Yield:
99%. '"H NMR (300MHz, CDCl;) : 6 10.74 (s, 1H, CHipiq), 7.47-7.38 (m, 6H,
CHimia > CHpenz), 7.16 (m, 1H, CH;,i4), 5.54 (s, 2H, PhCH,), 4.60 (t, J = 6 Hz,
2H, NCH,), 3.04 (t, J = 6 Hz, 2H, CH,S), 2.55 (t, /=7 Hz, 2H, SCH,), 1.53 (m,
2H, CH,), 1.35-1.17 (m, 10H, CH,), 0.87 (t, J = 7 Hz, 3H, CH;) ppm. *C NMR
(75MHz, CDCl3): 6 137.6 (CHimia), 133 (Cpenz), 129.6 (CHpeny), 129.57
(2xCHypeny), 129 (2xCHyeny), 122.9 (CHipig), 121.5 (CHipia), 53.6 (PhCH,), 49.6
(NCH,), 32.5 (CH»S), 32.4 (SCH,), 31.9 (CH,), 29. 6 (CH,), 29.3 (2xCH,), 28.8
(CH,), 22.7 (CH,), 14.2 (CH3;). FTIR: v max(pure, diamond orbit)/cm™': 2918s,
2850m, 1554s, 1464s, 1365w, 1175m, 1143vs, 1085w, 745s, 716vs, 640vs,
475m. MS (ESI): m/z, calcd for [C,oH3;N,S]* calculated 331.22, found 331.22.
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1-benzyl-3-(2-(phenylthio)ethyl)-1H-imidazol-3-ium chloride (f)

This imidazolium was synthesized according to the procedure reported in
literature and all data correspond to previously reported material.*
Benzylimidazole (1.43 g, 9.06 mmol, 1 equiv) and 2-chloroethyl phenyl sulfide
(1.34 ml, 9.06 mmol, 1 equiv). Yield: 99% 'H NMR (300MHz, DMSO) : § 9.32
(m, 1H, CHipiq), 7.81 (m, 1H, CHinig), 7.77 (m, 1H, Hipiq), 7.43-7.23 (m, 10H,
CHyenr), 5.4 (s, 2H, CH,), 4,39 (t, J =7 Hz, 2H, NCH,), 3.5 (t, J =7 Hz, 2H,
SCH,) ppm.

1-benzyl-3-(2-(p-tolylthio)ethyl)-1 H-imidazol-3-ium bromide (g)

Nf\s/O/ ? Br
0
)

Ph

Procedure B: 4-methylbenzenethiol (0.27 g, 2.2 mmol, 1.4 equiv), sodium
hydroxide (87 mg, 2.2 mmol, 1.4 equiv), dried acetonitrile (7 mL) and 1-benzyl-
3-(2-bromoethyl)-1H-imidazol-3-ium bromide (0.5 g, 1.4 mmol, 1 equiv). Yield:
86%. 'H NMR (300MHz, CDCl;) : 6 10.92 (s, 1H, CH;yq), 7.43 (m, 5H,
CHyeny), 7.25 (m, 2H, CH,y,), 7.22 (m, 1H, CHjyiq), 7.11 (m, 2H, CH,,), 6.99
(m, 2H, CHjuia), 5.49 (s, 2H, PhCH,), 4.53 (t, J = 6 Hz, 2H, NCH,), 3.47 (t, J =
6 Hz, 2H, CH,S) ppm. 3C NMR (75MHz, CDCls): 6 137.8 (CHjyiq), 137.4
(Coenz)s 132.9 (Cap), 131.2 (2xCHypeny), 130.4 (2xCHypeyy), 129.7 (Cpp), 129.6
(2xCHa,), 129.5 (CHpeny), 129.2 (2xCHay,), 123 (CHimig), 121.5 (CHjpmig), 53.6
(PhCH,), 49.3 (NCH,), 35.1 (SCH,), 21.2 (PhCH;) ppm. FTIR: v max(pure,
diamond orbit)/cm™!: 2950m, 1552m, 1493m, 1452m, 1404m, 1173m, 1148s,
842w, 815s, 747s, 718vs, 635s, 502s, 475m. MS (ESI): m/z, caled for
[Ci9H2N,S]* calculated 309.14, found 309.14.

S8



1-benzyl-3-(2-((4-bromophenyl)thio)ethyl)-1 H-imidazol-3-ium bromide (h)

e
Lo
0y
N
)

Ph

Procedure B: 4-bromobenzenethiol (0.41 g, 2.2 mmol, 1.6 equiv), sodium
hydroxide (87 mg, 2.2 mmol, 1.6 equiv), dried acetonitrile (7 mL) and 1-benzyl-
3-(2-bromoethyl)-1H-imidazol-3-ium bromide (0.5 g, 1.4 mmol, 1 equiv).
Yield:70%. 'H NMR (300 MHz, CDCls) 6 10.75 (s, 1H, CH;pq), 7.47-7.38 (m,
5H), 7.33 (d, J = 8.8 Hz, 2H), 7.29 (t, J = 1.7 Hz, 1H, CH;nq), 7.08 (t, J = 1.7
Hz, 1H, CHjyq), 6.84 (d, J = 8.8 Hz, 2H), 5.53 (s, 2H, PhCH,), 4.49 (t, J =
6.2Hz, 2H, NCH,), 3.79 (s, 3H, OMe), 3.38 (m, 2H, t, J = 5.9 Hz, SCH,) ppm.
BC NMR (126 MHz, CDCl3) 6 159.82 (C-OMe), 137.54 (CHiniq), 134.09
(2xCHa,), 132.82(Chgenz), 129.73 (CHypenz), 129.63 (2XCHyeny), 129.19 (2xCHyeny),
123.31 (C-S), 122.84 (CHjpniq), 121.46 (CHjpniq), 115.30 (2xCHy,),, 55.57 (OMe).,
53.58 (PhCH,;), 49.32 (NCH,), 36.23(CH,-S) ppm. FTIR: v max(pure, diamond
orbit)/cm™: 1589m, 1552m, 1493s, 1246s, 1176s, 1147s, 1029s, 824s, 720s,
638s, 529m, 474m. MS (ESI): m/z, [M]" 325.14 (81), 139.0 (100).

1-benzyl-3-(2-((4-bromophenyl)thio)ethyl)-1 H-imidazol-3-ium bromide (i)

N/‘/\S/O/Br WB}
»
)

Ph

Procedure B: 4-bromobenzenethiol (0.41 g, 2.2 mmol, 1.6 equiv), sodium
hydroxide (87 mg, 2.2 mmol, 1.6 equiv), dried acetonitrile (7 mL) and 1-benzyl-
3-(2-bromoethyl)-1H-imidazol-3-ium bromide (0.5 g, 1.4 mmol, 1 equiv).
Yield:70%. 'H NMR (300MHz, CDCls) : 6 10.97 (s, 1H, CHpiq), 7.42 (m, S5H,
CHypenz), 7.39 (m, 2H, CH,y,), 7.25 (m, 2H, CHy,), 7.22 (m, 1H, CHjpyi4), 6.98 (m,
2H, CHimia), 549 (s, 2H, PhCH,), 4.62 (t, J = 6 Hz, 2H, NCH,), 3.57 (t, /=6
Hz, 2H, CH,S) ppm. *C NMR (75MHz, CDCl;) : 6 138.1 (CH;piq), 132.8 (S-
Car), 132.6 (2 x CHyp,), 131.9 (2 x CHp,), 129.8 (CHpeny), 129.7 (2 x CHypeny),
129.2 (2 x CHypepy), 123 (CHjnig), 121.4 (Br-Cy,), 121.2 (CHjnia), 53.7 (PhCH,),
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49.6 (NCH,), 34.5 (SCH,) ppm. FTIR: v max(pure, diamond orbit)/cm!:
3000br, 1552s, 1457s, 1148s, 1088m, 818vs, 750s, 718vs, 635vs, 506s, 485m.
MS (ESI): m/z, calcd for [C1gH;sN,SBr]" calculated 373.04, found 373.04.

1-benzyl-3-(2-((4-nitrophenyl)thio)ethyl)-1 H-imidazol-3-ium bromide (j)

K\S@ No, er
Y

N

)

Ph

Procedure B: 4-nitrobenzenethiol (0.33g, 2 mmol, 1.4 equiv), sodium
hydroxide (85 mg, 2 mmol, 1.4 equiv), dried acetonitrile (7 mL) and 1-benzyl-3-
(2-bromoethyl)-1H-imidazol-3-ium bromide (0.5 g, 1.4 mmol, 1 equiv). Yield:
76%. '"H NMR (300HMz, CDCls) : 6 10.99 (s, 1H, CH;yq), 8.11 (m, 2H, CH,,,),
747 (m, 2H, CH,,), 7.4 (m, 5H, CHy,,), 7.32 (m, 1H, CHjyq), 7 (m, 2H,
CHimiq), 5.44 (s, 2H, PhCH,), 4.71 (t, J = 6 Hz, 2H, NCH,), 3.78 (t, J = 6 Hz,
2H, CH,S) ppm. *C NMR (75MHz, CDCls) : 6 153.05 (CHjy;q) 145.88 (NO,-
CH,,), 145.53 (S-Cay), 136.74 (Cay), 131.5 (Cpenz), 128.94 (2 x CHyeyy), 128.05
(CHpenz), 128.00 (2 x CHypeny), 126.7 (2 x CHy,), 124.2 (2 x CH,,), 110.99
(CHimiq), 110.45 (CHjniq), 47.3 (PhCH,), 43.5 (NCH,), 31.0 (SCH,).ppm. FTIR:
v max(pure, diamond orbit)/cm™': 2980br, 1596m, 1554m, 1515vs, 1450m,
1340vs, 1170m, 1105m, 852s, 837s, 718vs, 635vs, 523m. MS (ESI): m/z, calcd
for [CigH3N;0,S]" calculated 340.11, found 340.11.

1-benzyl-3-(2-((4-(trifluoromethyl)phenyl)thio)ethyl)-1H-imidazol-3-ium
bromide (k)

er
Ve
L
N
)

PH

Procedure B: 4-(trifluoromethyl)benzenethiol (0.154 g, 0.86 mmol, 1.5 equiv),
sodium hydroxide (35 mg, 086 mmol, 1.5 equiv), dried acetonitrile (8 mL) and
1-benzyl-3-(2-bromoethyl)-1 H-imidazol-3-ium bromide (0.2 g, 0.577 mmol, 1
equiv). Yield: 97%. 'H NMR (300 MHz, CDCls) 6 11.06 (s, 1H, CHjpiq), 7.53
(d, J= 8.4 Hz, 2H), 7.49-7.36 (m, 7H), 7.20 (t, J = 1.7 Hz, 1H, CHjj,4), 6.93 (t, J
= 1.7 Hz, 1H, CH;nq), 5.43 (s, 2H, PhCHy,), 4.66 (t, J =6.1 Hz, 2H, NCH,), 3.70
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(m, 2H, t, J = 6. Hz, SCH;) ppm. *C NMR (126 MHz, CDCls) & 139.05 (C-S),
137.72 (CHimia), 132.54 (Cpenz), 129.85(CHpenz), 129.69 (2xCH,,), 129.13
(2xCHpenz), 128.85 (2xCHypery), 128.80 (q, °Jcr = 32.7 Hz, Ca,), 126.27 (q, 3Jcr =
3.7 Hz, 2xCH,,), 123.98 (d, ‘Jeg = 272.0 Hz, CF3), 123.16 (CHipq), 121.23
(CHimig), 53.74 (PhCH,), 49.50 (NCH,), 33.23 (SCH;) ppm. F NMR (282
MHz, CDCl;) 6 -62.57 ppm. FTIR: v max(pure, diamond orbit)/cm™': 1604m,
1557m, 1497w, 1401w, 1326s, 11154s, 1120s, 1107s, 1091s, 1060s, 1011m,
833m, 711s, 646ms, 591w, 472wm. MS (ESI): m/z, [M]* 363.11 (100), 205.03

(18).

1-benzyl-3-(2-((3,5-bis(trifluoromethyl)phenyl)thio)ethyl)-1H-imidazol-3-
ium bromide (1)

CF3 |Br
\. s
[ N CF4
N
)

Ph

Procedure B: 3,5-bis(trifluoromethyl) benzene thiol (0.213 g, 0.86 mmol, 1.5
equiv), sodium hydroxide (35 mg, 086 mmol, 1.5 equiv), dried acetonitrile (8
mL) and 1-benzyl-3-(2-bromoethyl)-1H-imidazol-3-ium bromide (0.2 g, 0.577
mmol, 1 equiv)Yield:77%. '"H NMR (300 MHz, CDCls) 6 10.86 (s, 1H), 7.71 (s,
3H), 7.41 (s, J=13.7 Hz, 5H), 7.37 (s, 1H), 7.09 (s, 1H), 5.48 (s, 2H), 4.75 (t, J
= 6.2 Hz, 2H, NCH,), 3.75 (t, J = 6.1 Hz, 2H, SCH,) ppm. . 3C NMR (126
MHz, CDCl;) 8 138.06 (C-S), 138.03 (CHinia), 132.75 (q, °Jcr = 33.6 Hz, Cy,),
132.39 (Cpenz), 12992 (s), 129.73 (CHpenz), 129.12 (2xCHypen,), 128.91
(2xCHyeny), 128.78 (m, 2xCHy,), 122.97 (CHjpia), 122.90 (q, ‘Jor =272.0 Hz, 2 x
CF;), 121.34 (CHjpia), 53.92 (PhCH,), 49.17 (NCH,), 33.98 (SCH,). ppm °F
NMR (282 MHz, CDCl;) 6 -62.94 ppm. FTIR: v max(pure, diamond orbit)/cm™!:
1551w, 1349m, 1276s, 1168m, 1119s, 879m, 843m, 819m, 711s, 696ms, 679,
472wm. MS (ESI): m/z, [M]*431.10 (100).
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3 SYNTHESIS OF [(NHC)Ru(p-cym)Cl][PFs] COMPLEXES

General procedure

ﬁ\ _R TB" 1) 112 Ag20
S DCM; 25 °C,15h

PR
N +
[ \> 2) [Ru(p-cymene)Cl,], CI/RU\
N Ph— ,< S=R

DCM; 25 °C, 6-15h

, N
Ph) al 3) KPFg, SO, Q/N\) 1a-l

Figure S2. Ruthenium NHCs complexes synthesis

A solution of appropriate imidazolium (2 equiv) in CH,Cl, was treated with a
slight excess of Ag,O (1.3 equiv). The resulting suspension was stirred in the
dark (flask wrapped with aluminum foil) for 15 h under argon to generate the
silver carbene intermediate. After this time, the solution was filtered over a pad
of celite to remove residual solids and concentrated to 2-4 mL. This silver
solution is then added to a solution of [RuCl,(n%-p-cymene)], (1 equiv) in
CH,Cl,, A precipitate is directly formed and the resulting red mixture is stirred
for 5 h in the dark, at room temperature, under argon. After this time, the
solution is filtered through celite and concentrate to 2-4mL, and then excess of
KPF¢ was added and the solution stirred for 15 min. Finally, the solution is
deposited on a silica column for chromatographic separation using a
DCM/Acetone (1/1). Filtrate containing the complex is evaporated to dryness
and retaken in DCM. The resulting suspension was filtered over Celite and the
solvent was removed under vaccuo to give desired compound as red to orange
solids.

Complex 1a :

T The general procedure was used with imidazolium a (0.1 g, 2
equiv), Ag0 (0.035 g, 1.3 equiv) and [Ru(p-cym)Cl,),] (0.089
"l 5% | g, 1equiv). Yield: 90% (135mg). 'H NMR (400MHz, CDCL) :
~ 5 7.30-7.43 (m, 5H), 7.19 (d, J = 2 Hz, 1H, CHnig), 6.90 (d, J

= 2 Hz, 1H, CHyng), 5.77 (d, J = 6 Hz, 1H, CHyyy), 5.68 (d, J = 15 Hz, 1H,
NCH,), 5.59 (d, J = 6 Hz, 1H, CHyym), 5.52 (d, J = 6 Hz, 1H, CH,,), 5.38-5.46
(m, 2H, NCH, + CH,y,), 4.47-4.55 (m, 1H, NCH,), 3.75 (t, J = 13 Hz, 1H,
NCH,), 3.26 (br, 1H, SCH,), 2.90 (br, 1H, SCH,CHj), 2.70-2.82 (m, 1H,
CHMe,), 2.46 (br, 1H, SCH,CHs), 2.09 (br, 1H, SCHs), 2.04 (s, 3H, CHseym),
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1.20-1.34 (m, 6H, 2 x CH;) and 1.14 (d, J = 7 Hz, 3H, CHsyn) ppm. °C NMR
(101 MHz, CDCl3) o 168.8 (Ru-C), 136.2 (Ca,), 129.3 (2 x CH,,), 128.67
(CHap), 128.08 (2 x CHa,), 124.3 (CHimia), 123.1 (CHimig), 113.5 (Ceym)s Coym
around 100 ppm not observed, 89.62 and 88.57 (4 x CH¢ym), 54.4 (NCH,), 48.5
(NCH,CH), 32.1 (SCH,), 30.81 (CHMe,), 30.17 (SCH,CHj3), 23.8 (CHjseym),
20.9 (CHseym), 18.2 (CHjeym) and 12.4 (CH3CH,S) ppm. FTIR: v max(pure,
diamond orbit)/cm™!: 1456w, 1418w, 1238w, 1160w, 1052w, 1032w, 831s,
724m, 692m, 555s. HRMS (ESI): m/z calcd for [C,4H3,CIN,RuS]" calculated
517.0994, found 517.1015.

Complex 1b :

-] The general procedure was used with imidazolium b (0.1 g, 2

W equiv), Ag,0O (0.037 g, 1.3 equiv) and [Ru(p-cym)Cl,),] (0.080
Phﬁw& Njfcy g, 1 equiv). Yield: 60% (112 mg). 'H NMR (400 MHz, CDCl5)
0 7.47-7.28 (m, 1H), 7.18 (d, J= 2.0 Hz, 1H, CHjj,q), 6.89 (d, J
= 2.0 Hz, 1H, CHiniq), 5.77-5.58 (m, 3H, PhCH,, CH,yy,), 5.58-5.35 (m, 3H,
PhCH,, CH¢ym), 4.60-4.47 (m, 1H, NCH,), 3.81-3.60 (m, 1H, NCH,), 3.32-3.11
(m, 2H, CH,S + CHyp), 2.68 (m, 1H, CHjeyp), 2.21-2.18 (m, 1H, CH,S) 2.12 (s,
3H,CHjeym), 1.79 (m,3H, CHycy), 1.50-1.23 (m, 7H, CHyy), 1.21 (d, J = 6.9 Hz,
1H), 1.09 (d, J= 6.9 Hz, 1H) ppm. 3C NMR (400MHz, CDCl;) : 168.3 (Ru-C),
136.1 (Cpeny), 129.4 (2xCHyery), 128.7 (CHpeny), 128 (2XCHpeny,), 124.3 (CHjpia),
123.1 (CHimia), 111.8 (Ceym), 104.3 (Ceym), 90 (CHgym), 89.4 (CHeym), 88.7
(CHeym), 87.5 (CHeym), 54.5 (PhCH,), 48.3 (NCH,), 44.6 (CH,S), 44.3 (CHcy),
31.5 (CHyey), 30.7 (CH(CHs),), 30.3 (CHacy), 29.4 (CHycy), 25.7 (CHagy),
25.6(CHayey), 23.9 (CH(CHj),), 21.3 (CH(CHs;),), 18.1 (CH3) ppm. FTIR: v
max(pure, diamond orbit)/cm™": 3000br, 1447m, 1406m, 1236m, 1053m, 912m,
832vs, 723vs, 643w. HRMS (ESI): m/z caled for [C,y,sH39CIN,RuS-H]J*
calculated 571.1566, found 571.1514.

Complex 1c:

s The general procedure was used with imidazolium ¢ (0.1g, 2

u./R”\ equiv), Ag,O (0.033 g, 1 equiv) and [Ru(p-cym)Cl,),] (0.086
"'ﬁﬁthB” g, 1 equiv). Yield: 82% (159 mg). '"H NMR (400 MHz, CDCls)
0 7.43-7.14 (m, CHye,, SH) overlap with CDCl; pick, 6.90 (d,
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J = 1.9 Hz, 1H, CHjnia), 5.77-5.59 (m, 3H, PhCH,, CHyy,), 5.44- 5.32 (m, 3H,
PhCH,, CH¢ym), 4.59 (d, J = 15.2 Hz, 1H, NCH,), 3.78-3.57 (m, 1H, NCH,),
3.09 (dd, J = 11.8, 3.5 Hz, 1H, CH,S), 2.71 (dt, J = 13.7, 6.8 Hz, 1H,
CHgym(CH,),), 2.39 (t, J = 12.1 Hz, 1H, CH,S), 2.09 (s, 3H, CHjcym), 1.46 (s,
9H, St-Bu), 1.20 (d, J = 6.9 Hz, 3H, CHsym), 1.09 (d, J = 6.8 Hz, 3H, CHscym)
ppm. BC NMR (400MHz, CDCIl;): 168.1 (Ru-C), 136.4 (Cyen,), 129.3
(2xCHypeny), 128.56 (CHyepy), 127.9 (2xCHypeyy), 124.5 (CHiia), 123.4 (CHjpia),
113.5 (Ceym), 104 (Ceym), 90 (CHeym), 89.7 (CHeym), 89 (CHeym), 87.7 (CHeym),
54.3 (PhCH,), 52.2 (S-C (CHs)s), 48.3 (NCH,), 30.7 (CH(CHj;),), 29.6 (3xCHs),
27.6 (CH,S), 23.6 (CH(CHj),), 21.2 (CH(CHs;),), 18.0 (CH3) ppm. FTIR: v
max(pure, diamond orbit)/cm™': 1456m, 1406m, 1366w, 1236m, 1161m, 1057w,
1032w, 728s, 694s. HRMS (ESI): m/z calcd for [C;0H44CIN,RuS]|* calculated
545.1331, found 545.1329.

Complex 1d :

P iTPF’s Th? general procedure was Psed with imidazolium d (0.1g, 2
Y equiv), Ag,0 (0.027 g, 1 equiv) and [Ru(p-cym)Cl,),] (0.071 g,
g D 1 equiv). Yield: 45% (115 mg). '"H NMR (400MHz, CDCL;) : &
7.46-7.27 (m, SH, CHyep,), 7.24 (d, J = 1.9 Hz, CHj,,q), 6.95 (d,
J=1.9 Hz, 1H, CHjpiq), 5.71-5.59 (m, 3H, CHy,, + PhCH,), 5.48-5.30 (m, 3H,
CHgym + PhCH,), 4.63-4.60 (m, 1H, NCH,), 3.83-3.72 (m, 1H, NCH,), 3.03 (dd,
J=11.6, 3.3 Hz, 1H, CH,S), 2.76 (m, 1H, C.ynH(CH,),), 2.45 (m, 1H, CH,S),
2.11 (m, 12H, CHseym + CHaag), 1.76-1.62 (m, 6H, CH;, CHpg), 1.22 (d, J =
7Hz, 3H, C.nwH(CH,),), 1.14 (d, J= 7Hz, 3H, Cy,H(CH,),) ppm. 1*C NMR
(400MHz, CDCl3) : 165 (Ru-C), 136.3 (Cyenz), 129.3 (2xCHypep,), 128.5 (CHypeny),
127.7 (2xCHpenz), 124.4 (CHimia), 123.2 (CHjmia), 113.4 (Ceym), undetected
(Ceym)> 96 (CHeym), 89.7 (CHeym), 88.8 (CHeym), 87.2 (CHeym), 54.9 (PhCH,),
48.2 (SCaa), 41.4 (NCHy), 35.9 (CHzaq), 30.4 (CHCya), 30.3 (CHyCay), 24.8
(CH(CHs;),), 23.4 (CH,S), 21.2 (CH(CH;),), 17.9 (CH3) ppm. FTIR: v max(pure,
diamond orbit)/cm™!: 2908m, 2852m, 1455m 1408m, 1231m, 1034s, 832vs,
694vs, 575w. MS (ESI): m/z, caled for [C3;,H4;CIN,RuS]* calculated 624.21,
found 623.18.

Ph™\

Complex le:

o The general procedure was used with imidazolium e (0.1g, 2
.:éu < equiv), Ag,O (0.028 g, 1 equiv) and [Ru(p-cym)Cl,),] (0.074 g,
N

Ph“NdeM’ 1 equiv). Yield: 64% (116 mg). '"H NMR (400MHz, CDCL) : &
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7.43-7.31 (m, 5SH, CHyy,), 7.20 (d, J = 1.8 Hz, 1H, CH;,,q), 6.92 (d, J = 1.7 Hz,
1H, CHimiq), 5.77 (d, J = 6.0 Hz, 1H, CH,yn), 5.67 (d, J = 14.9 Hz, 1H, CHyn),
5.52 (s, 2H, PhCH,), 5.48-5.40 (m, 2H, CH¢ym), 4.52 (d, J = 15.9 Hz, 1H,
NCH,), 3.79 (t (br), J = 13.5 Hz, 1H, NCH,), 3.28 (br, 1H, CH,S), 2.96- 2.72
(m, 2H), 2.36 (br, 1H, CH,S), 2.04 (s, 3H, CHjseym), 1.71 (br, 1H, CH,), 1.48-
1.19 (m, 14H, CH;.ym + CH,), 1.24 (d, J = 7THz, 3H, C, ,H(CH>),), 1.16 (d, J =
6.8 Hz, 3H, CHjcym), 0.88 (t, J = 6.7 Hz, 3H, CH;) ppm. *C NMR (400MHz,
CDCl3) : 168.9 (Ru-C), 136.2 (Cpeny), 129.4 (2xCHypeny), 128.7 (CHpeny,), 128.0
(2xCHpeny), 124.3 (CHimia), 123.1 (CHjmia), 113.9 (Ceym), 104.9 (Ceym), 90.3
(CHeym), 89.4 (CHeym), 88.8 (CHeym), 87.1 (CHgym), 54.5 (PhCH,), 48.7 (NCH,),
32.6 (CH,S), 31.9 (CH,), 30.81 (CH), 29.22 (CH,), 29.19 (CH,), 28,7 (CH, x 2)
27,4 (CH,S), 23.8 (CH(CHs;),), 22.8 (CH,CHj3), 21.1 (CH(CH;),), 18.2 (CHs),
14.2 (CH,CH;) ppm. FTIR: v max(pure, diamond orbit)/cm™": 2950m, 2800m,
1457m, 1406m, 1231m, 1073m, 832vs, 720vs, 575w. HRMS (ESI): m/z calcd
for [C30H44CIN,RuS]* calculated 601.1957, found 601.1956.

Complex 1f :

- The general procedure was used with imidazolium f (0.1 g, 2
" equiv), AgO (0.038 g 1.3 equiv) and [Ru(p-cym)Cly,]
P ;@ (0.078 g, 1 equiv). Yield: 73% (132 mg). 'H NMR (400MHz,
o CDCl;) : 6 'TH NMR (400 MHz, CDCl;) 6 7.60-7.45 (m, 5H),
7.44-7.35 (m, 3H), 7.33-7.27 (m, 3H), 6.99 (d, J =2 Hz, 1H, CH;4), 5.68 (d, J
= 15 Hz, 1H, NCH,), 5.50 (d, J = 15 Hz, 1H, NCH,), 5.44 (d, J = 6 Hz, 1H,
CHgym), 5.29 (d, J= 6 Hz, 1H, CH,yn), 5.12 (d, J = 5.5 Hz, 1H, CH,yy,), 5.05 (br,
1H, CHgym), 4.77 (dt, J = 15, 3 Hz, 1H, NCH,), 4.28 (t, J = 13 Hz, 1H, NCH,),
3.53 (d, J =14 Hz, 1H, SCH,), 2.93-2.73 (m, 2H, SCH, + CHMe,), 1.97 (s, 3H,
CH;), 1.19 (d, J =7 Hz, 3H, CH;) and 1.03 (d, J = 7 Hz, 3H, CH;) ppm. 13C
NMR (101 MHz, CDCl;3) ¢ 169.4 (Ru-C), 136.2 (Cg,), not observed (S-Cj,),
130.8 (2 x CHy,), 130.3 (CHy,), 130.2 (2 x CHy,), 129.4 (2 x CHy,), 128.8
(CHap), 127.96 (2 x CHy,y), 124.1 (CHimig), 123.7 (CHimig), 115.7 (Ceym), 101.4
(Ceym), 90.9, 89.9, 87.7 and 84.3 (4 x CHgym), 54.6 (N-CH,), 50.6 (N-CH,CH,),
35.5 (S-CH,), 30.7 (CHMe,), 23.9 (CH;), 20.4 (CH3), and 18.2 (CH;3) ppm.
FTIR: v max(pure, diamond orbit)/cm™': 3000w, 1456m, 1237m, 1152m,
1082m, 832s, 721s, 686m, 555s. HRMS (ESI): m/z calcd for [C,gH3,CIN,RuS]*
calculated 565.1035, found 565.1016.

S15



Complex 1g :

- The general procedure was used with imidazolium g (0.1
e g, 2 equiv), Ag,O (0.037 g, 1.3 equiv) and [Ru(p-
Phﬂ,:ﬂ j@’we cym)Cly),] (0.074 g, 1 equiv). Yield: 95% (167 mg). 'H
N NMR (400MHz, CDCl;) : 6 'H NMR (400 MHz, CDCl;)
0 7.26-7.47 (m, 11H), 6.96 (d, J = 2 Hz, 1H, CHji4), 5.69 (d, J = 15 Hz, 1H,
NCH,), 5.48 (d, /=15 Hz, 1H, NCH,), 5.42 (d, J = 6.2 Hz, 1H, CH,y,,), 5.24 (d,
J=5Hz, 1H, CHgyy), 5.16 (d, J = 6 Hz, 1H, CH,yy), 5.04 (br, 1H, CH,y,), 4.74
(d, J =15 Hz, 1H, NCH,), 4.24 (t, J = 14 Hz, 1H, NCH,), 3.44 (d, J = 14 Hz,
1H, SCH,), 2.71-2.90 (m, 2H, SCH, + CHMg,), 2.38 (s, 3H, CH3), 1.95 (s, 3H,
CHseym), 1.19 (d, J =7 Hz, 1H, CH;.ym) and 1.03 (d, J =7 Hz, 1H, CH;eymm) ppm.
BC NMR (101 MHz, CDCl;) & 169.3 (Ru-C), 141.3 (Cx-Me), 136.2 (Cg,),
130.87 (2 x CHyp,), 130.21 (2 x CHy,), 129.30 (2 x CHy,), 128.71 (CHy,), 128.08
(2 x CHay), 124.1 (CHimig), 123.6 (CHimia), 115.5 (Ceym), 101.2 (Ceym), 90.9, 89.9,
87.8 and 84.4 (4 x CH¢ym), 54.6 (N-CH,), 50.5 (N-CH,CH,), 35.7 (S-CH,), 30.7
(CHMe,), 23.9 (CHseym), 21.5 (CH3), 20.3 (CHseym) and 18.2 (CHseym) ppm; not
observed (S-Cy,). FTIR: v max(pure, diamond orbit)/cm™!: 1456m, 1419m,
1236m, 1151w, 1050w, 832s, 727m, 693m, 555s. HRMS (ESI): m/z calcd for
[CooH34CIN,RuS]* calculated 579.1205, found 579.1173.

Complex 1h :

— The general procedure was used with imidazolium h (0.1
g 2 equiv), AgO (0.034 g 1.3 equiv) and [Ru(p-
o ;@ cym)Cl),] (0.069 g, 1 equiv). Yield: 96% (165 mg). 'H
SN NMR (400 MHz, CD,CL,) 3 8.19 (d, J = 9 Hz, 2H), 7.42-
7.36 (m, 5H), 7.30 (d, J = 2 Hz, 1H, CHipig), 7.28- 7.21 (m, 2H), 7.04 (d, J = 2
Hz, 1H, CHinia), 5.69 (d, J = 15 Hz, 1H, NCH,), 5.60-5.57 (m, 2H, CHyy), 5.42
(d, J =6 Hz, 1H, CHyy), 5.38 (d, J = 6 Hz, 1H, CH.y,), 5.33 (d, J = 15 Hz, 1H,
NCH,), 4.70 (dt, J = 15, 3 Hz, 1H, NCH,), 4.10-4.00 (m, 1H, NCH,), 3.66 (dt, J
= 13, 2 Hz, 1H, SCH,), 2.89-2.72 (m, 2H, SCH, + CHMe,), 2.03 (s, 3H,
CHseym), 1.22 (d, J= 7 Hz, 3H, CH;cym) and 1.08 (d, J = 7 Hz, 3H, CH;cym) ppm.
13C NMR (101 MHz, CD,CL) & = 169.4 (Ru-C), 149.1 (Ca-NO,), 136.6 (Cgy),
132.6 (2 x CHrno2), 129.8 (2 x CHyy), 129.3 (CH,y), 128.4 (2 x CHyy), 124.7
(CHimia), 124.5 (2 X CHarnon)s 124.3 (CHipig), 116.0 (Ceym), 103.7 (Ceym), 91.21,
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89.6, 89.2 and 86.3 (4 x CHyym), 55.0 (N-CHy), 49.5 (N-CH,CH,), 35.5(S-CH,),
31.5 (CHMe,), 23.8 (CHjeym), 21.2 (CHjeym) and 18.7 (CHigym) ppm; not
observed (S-Cy,). FTIR: v max(pure, diamond orbit)/cm™': 1517m, 1454w,
1416w, 1344m, 1229w, 1214w, 1153w, 1055w, 831s, 721s, 690m, 555s. HRMS
(ESI): m/z calcd for [CogH3;CIN,RuS]" calculated 610.0810, found 610.0867.

Complex 1i :

— The general procedure was used with imidazolium i (0.1
e 2 equiv), AgO (0.025 g 1.3 equiv) and [Ru(p-
e | s e | cym)Cl),] (0.064 g, 1 equiv). Yield: 97% (160 mg). 'H

SN NMR (400 MHz, CD,Cl,) 6 7.59 (d, J = 8 Hz, 2H), 7.46-
7.36 (m, 3H), 7.31-7.28 (m, 3H, CH , + CH}y,q), 7.22 (br, 2H), 7.04 (d, J = 2 Hz,
1H, CHimia), 5.73 (d, J = 15 Hz, 1H, NCH>), 5.52 (d, J = 6 Hz, 1H, CH,y,), 5.39
(d, J=15Hz, 1H, NCH,), 5.28 (d, J= 5 Hz, 1H, CH,y,), other CH,, signals are
overlap by solvent peak, 4.69 (dt, J= 15,3 Hz, 1H, NCH,), 4.08 (t, J = 14 Hz,
1H, NCH,), 3.54 (dt, J = 14, 3 Hz, 1H, SCH,), 2.83-2.75 (m, 2H, SCH, +
CHMe,), 2.01 (s, 3H, CH3eym), 1.23 (d, /=7 Hz, 3H) and 1.07 (d, /= 7 Hz, 3H,
CHjeym) ppm. 3C NMR (101 MHz, CD,CL) 6 = 169.8 (Ru-C), 136.7 (Ca,),
133.2 (2 x CHyy), 132.9 (S-Ca), 129.7 (2 x CHy,), 129.2 (CHy,), 1284 (2 x
CHa,), 125.5 (2 x CHa, ou C-Br), 124.6 (CHipiq), 124.1 (CHipiq), 115.8 (Ceym),
103.0 (Ceym), 91.1, 90.1, 88.9 and 85.8 (4 x CHcym), 55.0 (N-CH,), other N-CH,
signal overlap by solvent peak, 36.0 (S-CH,), 31.4 (CHs¢ym), 23.9 (CHym), 20.9
(CHseym), 18.7 (CHseym) ppm; signal (Br-Ca, oy CHap) not observed. FTIR: v
max(pure, diamond orbit)/cm™!: 1455w, 1419w, 1405w, 1419w, 1234w, 1151w,
1070w, 1007m, 834s, 728m, 693m, 555s. HRMS (ESI): m/z calcd for
[C,sH3BrCIN,RuS]* calculated 645.0069, found 645.0108.

Complex 1j :

- The general procedure was used with imidazolium j (0.1
L g, 2 equiv), Ag,0O (0.035 g, 1.2 equiv) and [Ru(p-
w5 Crowe | cym)Cly),] (0.076 g, 1 equiv). Yield: 87% (159 mg). 'H
N NMR (500MHz, CDCl3) : 8 '"H NMR (500 MHz, CDCl;)

0 7.53-7.35 (m, 5H), 7.33-7.28 (m, 2H), 7.26 (overlap by CDCl;, 2H), 7.02 (d, J
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=7.8 Hz, 1H, CH;n4), 6.99 (d, J= 2.0 Hz, 1H, CHj,i4), 5.67 (d, J=15.1 Hz, 1H,
NCH,), 5.52 (d, J = 15.1 Hz, 1H, NCH,), 5.44 (d, J = 6.2 Hz, 1H, CH,y,), 5.31
(d, J = 5.3 Hz, 1H, CH,yy,), 5.19-4.98 (m broad, 2H, CH,y), 4.77-4.68 (m, 1H,
NCH,), 4.29 (t, J = 12.8 Hz, 1H, NCH,), 3.85 (s, 2H, OCH;), 3.46 (d, J = 13.9
Hz, 1H, SCH,), 2.86-2.75 (m, 2H, NCH,  CHMe,), 1.97 (s, 3H, CH;cyp), 1.20
(d, J = 7.0 Hz, 3H, CHj¢ym), 1.04 (d, J = 6.8 Hz, 2H, CH;¢y) ppm. *C NMR
(126 MHz, CDCl;) 6 169.84 (Ru-C), 161.52 (O-Cy,), 136.25 (2 x CHy,,), 132.17
(Cgn), 129.40 (2 x CHy,), 128.80 (CHy,), 127.87 (2 x CHy,), 124.01(CHjpia),
123.65 (CHimiq), 115.67 (2 x CHy,), 115.47 (Ceym), 101.18 (Ceym), 91.09, 90.21,
87.58 and 84.10 (4 x CH¢ym), 55.76 (OCH3), 54.66 (N-CH,), 50.64 (N-CH,CH,),
36.40 (S-CH,), 30.76 (CHMe,), 23.96 (CHjseym), 20.3 (CHseym), and 18.2
(CHjeym) ppm; not observed (S-Cy,). FTIR: v max(pure, diamond orbit)/cm™:
1495m, 1456m, 1417w, 1251m, 1177w, 1025w, 829s, 725m, 693m, 555s.
HRMS (ESI): m/z calcd for [CyoH33CIN,ORuS]" calculated 595.1122, found
595.1119.

Complex 1k :

— The general procedure was used with imidazolium k
171 (0.05 g, 2 equiv), Ag,0 (0.016 g, 1.3 equiv) and [Ru(p-
Ph“EjU\SOCFB cym)Cl,),] (0.033 g, 1 equiv). Yield: 88% (73 mg). 'H
N NMR (500 MHz, CDClL) 6 7.69 (d, J = 8.2 Hz, 2H,
CH,,), 7.303-7.58 (m, 5H, CHy,), 7.27 aromatic proton
overlap with CDCl; pick, 7.32 (d, J = 2.0 Hz, 1H, CHn,;9), 7.03 (d, J = 2.0 Hz,
1H, CHinig), 5.67 (d, J = 15.1 Hz, 1H, NCH>), 5.53 (d, J = 6.2 Hz, 1H, CHypn),
5.48 (d, J=15.1 Hz, 1H, NCH,), 5.45 (d, J = 5.7 Hz, 1H, CH,y,), 5.34 (br, 1H,
CHyym), 5.17 (d, J = 5.7 Hz, 1H, CH,ym), 4.77 (dt, J = 15.2, 3.0 Hz, 1H, NCH,),
4.24 (t, J = 13.1 Hz, 1H, NCH,), 3.66 (dt, J = 13.4, 2.3 Hz, 1H, SCH,), 2.73-
2.92 (m, 2H, SCH, + CHMe,), 2.02 (s, 3H, CH;), 1.22 (d, J = 7.0 Hz, 3H, CH,),
1.07 (d, J = 6.8 Hz, 3H, CH;).ppm. *C NMR (126 MHz, CDCl;) 6 169.35 (C-
Ru), 136.08 (Cgp), 132.54 (q, Jc.r = 30.9 Hz, Cy,) 131.42 (2 x CHy,), 129.46 (2
X CHa,), 128.95 (CHa,), 127.78 (2 x CHa,), 126.71 (d, 3Jcr = 3.7 Hz, 2 x CHy,),
124.21 (CHjpig), 123.85 (CHinia), 123.49 (q, 'Jer = 271.0 Hz, CF3), 115.87
(Ceym), 102.40 (Ceym), 90.59 (CHeym), 90.07 (CHeym), 87.80 (CHeyp), 84.73
(CHeym), 54.60 (N-CH,), 50.03 (N-CH,CH,), 35.53 (CHMe;,), 30.85 (S-CH,),
23.68 (CHs), 20.78 (CHs), 18.29 (CH3) ppm. 'F NMR (471 MHz, CDCl;) 6 -
63.06 (CF,), -72.32 (d, Jp.r = 713 Hz, PFs) ppm FTIR: v max(pure, diamond
orbit)/cm™": 142w, 1324m, 1235m, 1167m, 1127m, 1062m, 827s, 730s, 692m,
555s. HRMS (ESI): m/z calcd for [CyoH;CIFsN,RuS]" calculated 633.0891,
found 633.0873.
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Complex 11 :

The general procedure was used with imidazolium 1
(0.028 g, 2 equiv), Ag,O (0.008 g, 1.3 equiv) and [Ru(p-
P\ JQ cym)Cly),] (0.016 g, 1 equiv). Yield: 90% (40 mg). 'H

L NMR (500 MHz, CDCls) ¢ 7.82 (s, 1H), 7.41-7.35 (m,
4H), 7.32 (s, 2H), 7.25-7.22 (m, 2H, CHjyiq + CH,,), 7.01 (d, J = 2.0 Hz, 1H,
CHimiq), 5.93 (d, J = 6.0 Hz, 1H, CHy), 5.73-5.63 (m, 3H, 2 X CHcym + CHagy),
5.45(dd, J=6.2, 1.0 Hz, 1H, CHyp), 5.33 (d, J = 14.8 Hz, 1H, CH3,), 4.75 (dt,
J=15.4,3.0 Hz, 1H, NCH,), 4.08 (ddd, J = 15.3, 12.7, 2.5 Hz, 1H, NCH,), 3.86
(dt, J=13.0, 2.6 Hz, 1H, SCH>), 2.86 (dt, J=13.8, 6.9 Hz, 1H, CHy), 2.72 (td,
J=12.9, 3.3 Hz, 1H, SCH,), 2.06 (s, 3H, CH;), 1.25 (d, J = 7.0 Hz, 3H, CHj;),
1.15 (d, /= 6.9 Hz, 3H, CH;) ppm. 3C NMR (126 MHz, CDCls) & 169.02 (Ru-
C), 135.82 (S-Cpy), 132.55 (Cy,), 132.14 (q, °Jcr = 34.0 Hz, 2 x C-CF3), 132.09
(CHayp), 129.37 (2 x CHy,), 128.88 (CHyp,), 128.02 (2 x CHyp,), 124.43 (CHjnig),
123.96 (CHimia), 122.62 (q, ‘Jor = 274.3 Hz, 2 x CF3), 115.99 (Ceym), 103.87
(Ceym)> 92.36 (CHeym), 89.57 (CHeym), 87.81 (CHeym), 85.24 (CHyyp), 54.44 (N-
CH,), 48.75 (N-CH,CH,), 36.34 (S-CH;), 30.97 (CHyyn), 23.21 (CHj), 21.43
(CHa), 18.47 (CH3).ppm. °F NMR (282 MHz, CDCls) 6 -62.98 (CF3), -72.34 (d,
Jp.r = 713 Hz, PFs) ppm. FTIR: v max(pure, diamond orbit)/cm™": 1406w,
1351m, 1276s, 1236w, 1182m, 1133s, 1096m, 829s, 726m, 695m, 680m, 556s.
HRMS (ESI): m/z calcd for [C;0H3¢CIF¢N,RuS]|* calculated 701.0765, found
701.0717.

PFe

Complex 4 :

T The general procedure was used with appropriate
™| imidazolium (0.1 g, 2 equiv), Ag,O (0.051 g, 1.3 equiv) and

N [Ru(p-cym)Cl,),] (0.104 g, 1 equiv). Yield: 82% (180 mg). 'H
) NMR (500 MHz, CDCly) § 7.22 (d, J = 2.0 Hz, 1H, CHinia),

7.12 (d, J = 2.0 Hz, 1H, CHy), 5.80-5.72 (m, 2H, CHeyn),
5.50 (dd, J= 6.1, 1.3 Hz, 1H, CHey), 5.42 (dd, J= 6.2, 1.2 Hz, 1H, CHyyp), 4.57
(ddd, J=15.2, 4.1, 2.4 Hz, 1H, NCH,), 3.95 (s, |H, NCH), 3.70 (ddd, J = 15.0,
12.5, 1.3 Hz, 1H, NCH,), 3.08 (ddd, J = 11.9, 4.1, 1.4 Hz, 1H, SCH), 2.79 —
2.69 (m, 1H, CHyy), 2.36 (td, J = 123, 2.4 Hz, 1H, NCH,), 2.14 (s, 1H,
CHieym), 1.43 (s, 9H, S-tBu), 1.25 (d, J = 6.9 Hz, 3H, , CHyeyy), 1.10 (d, J = 6.9
Hz, 3H, CHjqym) ppm. °C NMR (126 MHz, CDCly) & 167.16 (Ru-C), 124.50
(CHimig), 124.19 (CHinig), 113.23 (Ceym), 104.87 (Coym), 90.54 (CHeyr), 89.67
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(CHgym), 88.88 (CHeym), 87.21 (CHeym), 52.21 (Cgy), 48.24 (N-CH,), 38.82 (N-
CHj3), 30.67 (CHgym), 29.63 (CHswy), 27.57 (S-CHy), 23.60 (CHjeym), 21.19
(CHieym), 18.16 (CHseym) ppm. FTIR: v max(pure, diamond orbit)/cm™: 2961w,
1462m, 1240m, 1161m, 1083m, 872s, 732s, 687m, 567s. HRMS (ESI): m/z
calced for [C,oH3,CIN,RuS]* calculated 469.1018, found 469.1000.

Complex 5 :

P The general procedure was wused with appropriate
" | benzimidazolium (0.1 g, 2 equiv), Ag,O (0.051 g, 1.3 equiv)

\;u Ns-tBu and [Ru(p-cym)CL,),] (0.104 g, 1 equiv). Yield: 82% (180
@u mg). 'H NMR (400 MHz, CDCLy) & 7.58-7.53 (m, 1H,
CHBenzimid): 7.51-7.46 (m, IH, CHBenzimid)a 7.43-7.36 (1’1’1, 2H,

CHgenzimia), 5.86 (d, J = 6.1 Hz, 1H, CH,yy,), 5.81 (d, J= 6.1
Hz, 1H, CHyyn), 5.66 (d, J = 6.0 Hz, 1H, CHyn), 5.55 (d, J = 6.1 Hz, 1H,
CHyym), 5.01-5.04 (m, 1H, NCH,), 4.15 (s, 3H, NCH5), 3.87-3.77 (m, 1H,
NCH,), 3.29 (dd, J = 11.9, 3.6 Hz, 1H, SCH,), 2.88-2.77 (m, 1H, CHy,), 2.33
(dd, J = 12.0, 10.1 Hz, 1H, SCH,), 2.13 (s, 3H, CHs¢ym), 1.41 (s, 9H, S-1Bu),
1.26 (d, J = 6.9 Hz, 3H, CH;.ym), 1.08 (d, J = 6.9 Hz, 3H, CHjym) ppm. 13C
NMR (101 MHz, CDCl;) 6 183.12 (Ru-C), 135.64 (Cya,), 134.16 (Cy,,), 124.38
(CHap), 124.27 (CHg,), 114.76 (Ceym), 110.65 (CHa,p), 110.10 (CHy,), 105.46
(Ceym)s 90.99 (CHeym), 90.02 (CHeym), 89.85 (CHeym), 88.17 (CHeym), 52.50
(Cigu), 44.03 (N-CH,), 35.79 (N-CH3), 30.69 (CHgym), 29.56 (CHspy), 27.49 (S-
CH,), 23.40 (CHjeym), 21.42 (CHseym), 18.27(CHjeym) ppm. FTIR: v max(pure,
diamond orbit)/cm™!: 2930w, 1456m, 1396m, 1203m, 1162m, 1092w, 830s,
745s, 556s. HRMS (ESI): m/z calcd for [CyH34,CIN,RuS]* calculated 519.1172,
found 519.1154.
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4 VARIABLE TEMPERATURE H!-NMR EXPERIMENTS

Procedure:

In a NMR tube 5 mg of complex 1¢ were dissolved in the desired deuterated
solvent. Then variable temperature NMR experiments were conducted on a
Spectromeétre Bruker Avance 111 — 600 MHz. Then one 'H NMR spectra were
recorded every +10 °C.

NCH, SCH,

e
M
-
.
N
AN
__MA
M
M

—/U\L ‘_M/VLMAJ\ML_WML“ 193 K

T T T T T T T T T T T T T T T T T T T T T T T T
46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 2!
f1 (ppm)

Figure S3. Variable temperature (VT) '"H-NMR spectra of complex 1¢ in Dichloromethane-
d,, expanded spectra in between 2.2-4.8 ppm (with lowering the temperature)
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Figure S4. Variable temperature (VT) 'H-NMR spectra of complex 1c¢ in 1,2-
Dichlorobenzene-d, , expanded spectra in between 2.2-4.8 ppm (with rising the temperature).
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Figure S5. Variable temperature (VT) 'H-NMR spectra of complex 1f in Dichloromethane-d,,
expanded spectra in between 2.6-5.2 ppm (with lowering the temperature).
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Figure S6. Variable temperature (VT) 'H-NMR spectra of complex 1f in Dichloromethane-d,,
expanded spectra in between 0.9 -2.2 ppm (with lowering the temperature).
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Figure S8. Variable temperature (VT) 'H-NMR spectra of complex 11 in Dichloromethane-d,,
expanded spectra in between 2.5 -4.9 ppm (with lowering the temperature).

S25



S GENERAL PROCEDURE FOR AMINE
DEHYDROGENATION CATALYSED BY [Ru(NHCO)CI|[PF¢]

The amine (0.2 mmol) was added into an 10 mL oven-dried schlenck tube under
argon containing a solution of complex 1¢ (2.5 mol%, 0.0025 mmol) in dry 1,2-
dichlorobenzene (0.2 mL). The schlenck tube was then capped with a
Rotilabo®-stoppers made of natural rubber, and the schlenck valve is opened to
the Schlenk line, and then heated to 110 °C.

After 24-48 h, a 0.005 mL aliquot was diluted with 1 mL Toluene, and the
product(s) ratio was determined by GC-MS analysis. After cooling to ambient
temperature, the product is purified by silica gel chromatography (h : 10 cm; @
:1 cm) using first 60 mL of pentane (to remove the 1,2-dichlorobenzene)
followed by either a pentane:diethyl ether (80:20) or (90:10) mixture to afford
the corresponding nitrile as the isolated product in 30-80% yield. The identity of
the nitrile product was confirmed by comparison to the reported NMR spectra of
known compounds and by GC-MS analysis. Benzylamine derivatives always
generated a mixture of nitrile and imine. The Ilatter is hydrolysed into
benzaldehyde derivatives during the purification on column chromatography.
Unfortunately, those by-products are difficult to separate from the desired
products(very close retention value), which lower the 1solated yields.

Most of the present prepared nitriles are commercially available and they are
identified with authentic nitrile compounds.

6 DATAS OF NITRILES COMPOUNDS

Hexanenitrile(6):

Any attempts to purify the product by chromatography gave the compound with
a significant amount of ODCB solvent.

Octanenitrile (7): Colorless oil : 80% (20 mg)
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/H\CN

6

'"H NMR (300 MHz, CDCl;) 6 2.33 (t, J= 7.1 Hz, 2H), 1.59-1.72 (m, 2H), 1.39-
1.50 (m, 2H), 1.20-1.37 (m, 6H), 0.88 (d, J = 6.9 Hz, 2H) ppm. Spectroscopic
data are consistent with those reported in the literature.’

Dodecanenitrile (8): Yellowish oil : 65% (23 mg)

10

'H NMR (300 MHz, CDCls) 6 2.33 (t,J="7.1 Hz, 2H), 1.57-1.72 (m, 2H), 1.39-
1.49 (m, 2H), 1.20-1.37 (s, 14H), 0.88 (t, J = 6.7 Hz, 3H) ppm. Spectroscopic
data are consistent with those reported in the literature.®

Tetradecanenitrile (9): Colorless oil : 71% (30 mg)

12

'"H NMR (300 MHz, CDCl3) 6 2.33 (t, J= 7.1 Hz, 2H), 1.57-1.72 (m, 2H), 1.38-
1.51 (m, 2H), 1.26 (s, 18H), 0.88 (t, J = 6.6 Hz, 3H) ppm. Spectroscopic data are
consistent with those reported in the literature.’

Stearonitrile (10): soft white solid 50% (26 mg)

AFon

16

"H NMR (300 MHz, CDCl3) 6 2.33 (t, J= 7.1 Hz, 2H), 1.57-1.73 (m, 2H), 1.36-
1.51 (m, 2H), 1.23-1.30 (br, 32H), 0.88 (t, J = 6.6 Hz, 3H) ppm. Spectroscopic
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data are consistent with those reported in the literature.’

2-ethylhexanenitrile (11): colorless oil (7.5 mg, 30 %), as a purification on
Si0, (Et,0 : pentane = 30:70).

2,

'"H NMR (300 MHz, CDCls) 6 2.53-2.38 (m, 1H), 1.71-1.19 (m, 8H), 1.08 (t, /=
7.4 Hz, 1H), 0.92 (t, J = 7.1 Hz, 1H). Spectroscopic data are consistent with
those reported in the literature.®

Geranylnitrile (12): colorless oil (17 mg, 56 %) , E/Z= 6/1, as a purification on
Si0, (Et,0 : pentane = 20:80).

‘ MCN

'H NMR (300 MHz, CDCl;) 6 5.10 (d, /= 1.0 Hz, CH minor + Major , 1.12 H),
5.00-5.04 (m, CH minor + Major 1,13 H), 2.39-2.47 (m, CH,; minor, 0.39 H),
2.09-2.25 (m, 4H, CH, Major), 2.05 (s, CH; Major, 3H), 1.91 (d, J = 1.4 Hz,
CHj; minor, 0.39H), 1.69 (s, CH; minor + Major, 3.55 H), 1.60 (s, CH; minor +
Major, 3.32 H) ppm. Spectroscopic data are consistent with those reported in the
literature.’

Oleonitrile/9-Octadecenenitrile (13). Yellowish oil (32 mg, 60%)

‘/\/\/\/E/\/\/\/\CN’

'H NMR (300 MHz, CDCl;) 6 5.24-5.46 (m, 2H), 2.33 (t,J = 7.1 Hz, 2H), 1.92-
2.06 (m, 4H), 1.61-1.70 (m, 2H), 1.23-1.37 (m, 20 H), 0.88 (t, J = 6.6 Hz, 3H)
ppm. Spectroscopic data are consistent with those reported in the literature.’
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Benzonitrile (2): colorless oil 50% (10 mg)
o8

'H NMR (300 MHz, CDCly) &6 7.57-7.70 (m, 3H), 7.45-7.52 (m, 2H).
Spectroscopic data are consistent with those reported in the literature.®

p-Chlorobenzonitrile (14): White solid 37% (10 mg);

jog
Cl

'H NMR (300 MHz, CDCly) : 6 7.61 (d, J = 8.5 Hz, 1H), 7.47 (d, J = 8.4 Hz,
1H) ppm. Spectroscopic data are consistent with those reported in the literature.’

4-(Trifluoromethyl)benzonitrile (15): Colorless oil 30% (10 mg)

o
FsC

'"H NMR (300 MHz, CDCl;) 6 7.82 (d, /= 8.1 Hz, 1H), 7.76 (d, J = 8.3 Hz, 1H)
ppm. F NMR (CDCl;) 6 -63.53 ppm. Spectroscopic data are consistent with
those reported in the literature.'”

p-Methoxybenzonitrile (16): White solid 45% (12 mg);

o
MeO

'H NMR (300 MHz, CDCly) : 8 7.59 (d, J = 8.9 Hz, 1H), 6.95 (d, J = 8.8 Hz,
1H), 3.86 (s, 3H). Spectroscopic data are consistent with those reported in the
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literature.’

N-(Phenylmethylene)benzenemethanamine (3): light yellow oil (4 mg, 15%)

o

'H NMR (300 MHz, CDCls) § 8.42 (s, 1H), 7.81 (m, 2H), 7.48-7.39 (m, 3H),
7.40-7.33 (m, 4H), 7.30 (m, 1H), 4.85 (s, 2H) ppm. Spectroscopic data are
consistent with those reported in the literature.'!
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7 OPTIMISATION CONDITIONS

Table S1 Evaluation of benzylamine oxidation under varying conditions.?

T

@ﬂm

2.5to 5mol% 1c

110 °C, 24 h, Ar

1,2-dichlorobenzene

@ i PFg
d

_R

c N
Ph—\ J{ S—1tBu
N

N te
Entry Additive Solvent Volum T Conv-  Selectivity (%)
(10%) (C°) (%) 2 3
mL
1 Neat - 110 65% 22 78
2 ODCB 0.2 110 5%<e¢
3 ODCB 1 110 70 44 56
4 told 0.2 110 80 35 65
5 CH;CN 0.2 110 5
6 i-PrOH 0.2 110 0 - -
7 Anisole 0.2 110 100¢ 54 46
8 Anisolet 0.2 110 72¢ 50 50
9 ODCBe 0.2 110 90 58 42
10 ODCBg 0.2 130 100 55 45
11 KOH ODCBe 0.2 110 90 50 50
12 BuOK ODCBg 0.2 110 100 56 44
13 Cs,CO; ODCBe 0.2 110 100 68 32
14 K,CO; ODCBg 0.2 110 95 63 37
15 CsCl ODCBg 0.2 110 95 56 44
16 CsOAc ODCBe 0.2 110 84 37 63
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HMTA
17 ODCB 0.2 110 100" 70 30

(5%)

[a] Reaction conditions: benzylamine (0.2 mmol), 5 mol% [Ru], 24h, open
vessel under argon atmosphere; [b] Conversion and selectivity were determined
by 'H RMN, internal reference hexadecane; [c] Closed system under argon
atmosphere; [d] catalyst is not soluble; [e] presence of aldehyde, imine/aldehyde
ratio 1/1.5, [g] 2.5mol% [Ru]; [h] presence of aldehyde (5%), amide (5%) and
new imine (4%).
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8 REPRESENTATIVE 'H NMR SPECTRA OF CRUDE REACTION
MIXTURES:

1,2-dichlorobenzene

Benzonitrile Imine
A
Benzylamine
A A
L .
A A
g

T T T T T T T T T
4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

. T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

Figure S9. 'H-NMR spectra of the crude reaction mixture after 26h for benzylamine
substrate, (2.5 mol% of 1¢, conv 98%)

2.36
2.33
2.31
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AN

1,2-dichlorobenzene

CH2-CN

NI

T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 05 -1.0
f1 (ppm)

Figure S10. 'H-NMR spectra of the crude reaction mixture after 30h for n-octylamine
substrate (2.5 mol% of complex 1¢, 100%conv).
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9 REPRESENTATIVE GC CHROMATOGRAM OF BENZYLAMINE
DEHYDROGENATION

Abundarice TIC TRA-IV-89-4.VRAI D\data ms
1.6e+07-
1.5e+07
1.4e407"
1.3e+07. i
12407
1.1 e+07§

1e+07! '\

9000000 | \
800000C-
7000000
sooooooé _
5000000% |
40000|:30~f I
300000C:
2000000 ] 4,696

1000000; S E
¢! L 4.909 ) i |

7 T T e s T T T s o ™ T T T i G

Time-> 2.00 2.50 3.00 3.50 am 450 500 550 600 650  7.00 750

Figure S11. Representative GC chromatogram of benzylamine dehydrogenation catalysed by
[Ru(p-cym)Cl,],. : benzonitrile (4.69 min), benzylamine (4.90 min), 1,2-dichlorobenzene
(4.94 min) and. hexadecane (Std, 7.0 min) and benzylidenebenzylamine (7.5 min).
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Figure S12. GC chromatogram of pure benzylidenebenzylamine product (7.5 min).
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10 EVALUATION OF THE LABILITY OF THE THIOETHER MOIETY AND

THE ROBUSTNESS OF THE COMPLEX 1C

Procedure.

Benzylamine (2.0 equiv, 28.4 mmol) was added dropwise to a Schleck tube
containing a solution of complex 1c¢ (1 equiv 14.49 mmol) in dry 1,2-
dichlorobenzene (ODCB, 0.1 mL) under argon. The solution was heated at 110
°C and 'H NMR spectra of aliquots were the recorded over time. Addition of
extra benzylamine (8.0 equiv, 115.92 mmol) to the ODCB solution was done
after 18 hours, the system was again put at 110 °C and 'H NMR spectra of

aliquots were the recorded over time at room temperature.

t:=24h

110 °C ODCB |.
t;=5h E
110 °C ODCB k :
S P 3 o " - W .
t; =1h20 min | 8 eq BﬂNH2
110°C ' l
! I\
wh’llgﬁ'hj.l‘l vWMJ\MWWW ‘WW,MJ
t,=18h i - Free :
110 °C ODCB i p-cymene ;"\‘

A £1!
WVHM‘J'LWF*';GMMWWI M—M WMIL'W
t1=fh | 2 eq BnNH,

110 °C ODCB i
i i
i ISP N i SN
t;=1h | I
110°C (r;qICBm [
LU JLPPPRNRIOTRIN, TNPRPONP P Lo S0 18 VISR
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Figure S13. '"H-NMR spectra of lability experiment between the benzylamine and complex 1¢
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Procedure:

Complex 1¢ (5 mg) was put into a NMR tube and dissolves in a 1/1 mixture of
dmso-ds/D,0 (0.5 mL in total). 'H NMR spectra were the recorded over time at
room temperature

ty =4 days
20 °C, dmso-ds/D,0
|

_Jl J' LJL. J\MJ\.J'UHWJJ i e LM.,L,»J‘L JJ"W \J__

t;=24h
20 °C, dmso-ds/D,0 | |

JM _MJUUWJ"I WWN'quJ JMW

20 °C, dmso-ds/D,0

I | | | I '| ”

I
|'II

| A ) :
J| VI -, HU I\J'Jll\_) by _,II,Iu K\ W M Al I'\_;.u,-.l‘___“ \ _ I"_,VJ \J |

t;=2h

20 °C, dmso-dg/D,0 ‘ l »
}|| h h I rﬁ | |'|1 I H I\ I'|| ‘ |II II |
) v I\...Jlx =, lU '\...h" =) L.JL'L_.—.,-/"" \"_m__g'\‘bg__,___ar"l'\_..a\-) l'«J"Ill"\...‘_MI L*,._J‘ \-.) I‘w' l\...-....._.....-—-
{‘ ;=1 h |

t;=0h ‘
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T T T Y T T L T Y T T T T Y T
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f1 (ppm})

Figure S14. "H-NMR spectra of complex 1¢ stability in a 1/1 mixture of dmso-ds/D,0O
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11 GAS PHASE CALCULATIONS WITH SOLVENT

DFT calculations were run with Gaussian 09.'2 Ru, S and Cl centers were
described with the Stuttgart RECPs!3 and associated basis sets with additional f-
polarization function for Ru ({ = 1.235) and d-polarization functions for S ({ =
0.503) and Cl (£ = 0.640),'* and 6-31G** basis sets!> were used for all other
atoms. Initial B3PW91!6 optimizations were performed with all stationary points
being fully characterized via analytical frequency calculations as either minima
(all positive eigenvalues) or transition states (one negative eigenvalue). IRC
calculations and subsequent geometry optimizations were used to confirm the
minima linked by each transition state. Single point solvent calculations at the
SCRF method!'” (dicholomethane) were run at the MO6L/def2TZVP level of
theory.!®

All energies are AH solvent corrected energies in kcal'mol!. In all figures
hydrogens atoms have been removed for clarity except for CH(CHj3), and CH;
on the p-cymene substituent, the substituent in the sulphur atom and the aryl
moiety of the carbene.

|

AHsolv
(kcal/mol) ‘&
| 254
N

Ru-Cl: 2.30 +1 5. 8
\
TStBu(A-C) Ru-Cl: 2 40 \\

+9.7 \

Ru-C:2.29 207

-4.6
tBu (R: S)

Awsu (R.R)
oy ?'L‘Ll B
N E wd- J: 2
‘ ‘\/-\D(

Ru-Cl: 2.40

%
Ru-CI: 2.40

Figure S15. Reaction energy profiles computed for direct inversion of the sulphur atom (in
blue) and for the coordination-discoordination of the Ru—S bond (in black) of complex lc.
The AH solvent corrected energies are given in kcal-mol-1.
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Figure S16. Reaction energy profiles computed for direct inversion of the sulphur atom (in
blue) and for the coordination-discoordination of the Ru—S bond (in black) of complex 11.

The AH solvent corrected energies are given in kcal-mol-1.
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Figure S17. Reaction energy profiles computed for direct inversion of the sulphur atom (in
blue) and for the coordination-discoordination of the Ru—S bond (in black) with S-CF;
thioether group. The AH solvent corrected energies are given in kcal-mol-1.

Atomic coordinates of the optimized species

Table S2. Atomic coordinates of the optimized species derived from complex

1c.2

1c - Rgu/Rs

1c- RRu/SS

E (SCF) = -1241.70497

E (SCF; solvent = DCM) = -2075.59121564
Zero-point correction = 0.569576

Thermal correction to Enthalpy = 0.603008
Thermal correction to Gibbs Free Energy =
0.50843

E (SCF) =-1241.71176

E (SCF; solvent = DCM) = -2075.59379153
Zero-point correction = 0.570827

Thermal correction to Enthalpy = 0.603810
Thermal correction to Gibbs Free Energy =

C -0.662910 0.359059 -0.905269
C -2.586036 0.583000 -2.066481
H -3.652055 0.682936 -2.194810
C -1.584667 0.481553 -2.972543

0.51108

C -0.567055 0.314072 -0.967959
C -2.540250 0.473883 -2.063544
H -3.610703 0.563464 -2.155223
C -1.574323 0.325690 -2.999009
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-1.601190
-2.784939
-2.167655
-2.920371
-4.126173
-5.300102
-5.246105
-6.542033
-7.448444
-6.615934
-7.582044
-5.447616
-5.504402
-4.207641
-3.297470
0.920199
1.540820
0.844135
1.560498
2.613421
1.067889
3.025773
3.052597
3.151091
2.156604
3.921531
4.254677
5.152895
4.257514
4.348701
2.901104
2.017498
2.834917
3.787727
1.628648
2.689472
3.550100
2.630101
3.458598
1.572737
0.466409
-0.416571
0.472688
-0.404962
1.629950
2.557961
0.790037
1.516667
1.691936
2.265650
2.526882
2.018341
2.673172
3.512355

0.489281
0.663075
0.239331
1.735815
0.022761
0.728611
1.815034
0.095777
0.688688
-1.294242
-1.789002
-2.049984
-3.133428
-1.419804
-2.005294
0.259609
1.023474
0.496096
-1.108335
-1.048712
-1.856667
-2.605340
-3.750535
-3.396039
-4.373066
-4.384510
-1.714832
-2.320070
-0.909375
-1.276928
-3.165345
-3.800111
-2.371968
-3.769872
0.589539
0.596640
-0.038096
1.388403
1.349502
2.298733
2.244974
2.843919
1.382530
1.320648
-0.261817
-0.829062
-0.964047
0.367132
3.339582
2.885303
4.516247
5.004156
5.264684
4.190814

-4.051274
0.433032
1.226577
0.611206
0.368022
0.257620
0.222782
0.204810
0.124952
0.259936
0.221819
0.372167
0.425303
0.427647
0.528010
-2.819495
-2.346684
-3.884394
-2.642428
-2.928619
-3.268145
-0.613647
-1.630890
-2.661284
-1.557350
-1.423027
-0.755750
-0.589189
-0.019549
-1.754215
0.804390
0.909686
1.552715
1.023903
2.665415
1.753589
1.935679
0.560711
-0.140666
0.315456
1.222036
1.028997
2.336860
2.971828
3.895452
3.991188
3.864457
4.784851
-0.781497
-1.600997
-0.241290
0.596996
-1.025782
0.104526
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-1.631438
-2.654142
-2.026322
-2.771675
-4.007464
-5.172315
-5.103019
-6.424320
-7.323230
-6.517946
-7.491946
-5.358989
-5.430982
-4.109136
-3.205794
0.908266
1.566162
0.725412
1.553374
2.370548
0.812295
2.612269
3.021954
2.189850
3.876135
3.332295
1.410072
1.665279
1.170609
0.529599
3.797511
4.664873
3.546349
4.088085
1.554543
2.665047
3.554767
2.610138
3.465521
1.500043
0.360947
-0.548755
0.372365
-0.527408
1.544908
0.738659
1.371267
2.492287
1.592750
2.210941
2.342761
1.783336
2.468120

0.272756
0.649794
0.225561
1.725937
-0.015566
0.751223
1.835653
0.136477
0.741417
-1.250785
-1.731226
-2.021874
-3.102921
-1.409408
-2.006413
0.039901
0.885400
0.047635
-1.279005
-1.512370
-2.080156
-2.956948
-2.920098
-2.615759
-2.253903
-3.927141
-3.867627
-4.866005
-3.983916
-3.514674
-3.375195
-2.725427
-3.389867
-4.395359
0.757392
0.838624
0.257356
1.618421
1.604647
2434647
2.324200
2.861184
1.482324
1.375854
-0.090637
-0.829318
0.535477
-0.616634
3.429543
2.964482
4.678237
5.175676
5.394690

-4.075004
0.430514
1.214871
0.600072
0.411392
0.309857
0.249706
0.296355
0.222300
0.382433
0.374210
0.487434
0.565043
0.503804
0.597590
-2.969676
-2.743619
-4.047156
-2.578157
-3.265132
-2.608783
-0.438887
1.032132
1.670612
1.194519
1.330817
-0.664781
-0.290763
-1.725832
-0.126834
-1.313787
-1.166057
-2.378596
-1.038708
2.650316
1.800104
2.018672
0.601614
-0.068339
0.272759
1.132532
0.888073
2.262783
2.860283
3.882840
3.824140
4.764594
4.014781
-0.867924
-1.648044
-0.367877
0.431599
-1.185111

3.335360 4.429216 0.018703
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0.359606
-0.282892
0.543568
-0.193908
-2.008403
-0.414656
1.398497

0.781437 0.182785

-0.518369

3.841488
3.027002
4.507825
4.424185
0.506884
0.348960
-1.688794

-1.585721

-1.340640
-1.686339
-2.188029
-0.596554
-0.812069
-2.246631
-0.903069

0.529939

1.511225

C
H
H
H
N
N
S
Ru

Cl

0.249060
-0.330186
0.416574
-0.361209
-1.913324
-0.375294
2.266787

3.821521
2.951910
4.457212

-1.484323
-1.806853
-2.358264

4403067 -0.784781
0.463414 -0.831951
0.233342 -2.313726
-1.139710 -0.898612

0.871795 0.275436 0.484213

-0.331723

-1.603026  1.369354

1c - intermediate

1c - TS-inversion

E (SCF) = -1241.67804

E (SCF; solvent = DCM) =-2075.57076100
Zero-point correction = 0.567333

Thermal correction to Enthalpy = 0.600013
Thermal correction to Gibbs Free Energy =

E (SCF) =-1241.69261

E (SCF; solvent = DCM) =-2075.57651265
Zero-point correction = 0.567933

Thermal correction to Enthalpy = 0.600372
Thermal correction to Gibbs Free Energy =

0.50386

0.50745

C 0310426 -0.627292

C
H
C
H
C
H
H
C
C
H
C
H
C
H
C
H
C
H
C
H
H
C
H
H
C
C
C
C
C
C
H
C
H

0.339835
0.781295
-0.953598
-1.859588
2.549676
2.789252
2.802365
3.356530
4.670264
5.079414
5467376
6.486566
4.958796
5.579223
3.653867
3.255747
2.856799
1.844531
-2.163122
-2.706273
-1.826427
-3.059953
-2.464120
-3.554415
-5.915294
-5.763876
-6.358068
-6.908866
2.318637
1.020585
0.637386
0.135340
-0.901802

-2.639288
-3.499555
-2.337207
-2.884214
-1.493464
-0.458844
-2.099981
-1.944429
-1.479352
-0.792990
-1.904945
-1.540292
-2.799852
-3.133710
-3.271631
-3.979425
-2.848971
-3.232230
-0.366389
-0.086831
0.560850
-1.147053
-1.562960
-1.986441
-0.469217
-0.273681
-1.893845
0.546604
2.845128
3.253487
4.197248
2.352270
2.646979

-1.101776
-2.118172
-2.597041
-1.851568
-2.058415
-1.816647
-2.076748
-2.693313
-0.616733
-0.481443
-1.220712
0.579519
0.668593
1.520883
2.347037
1.388784
2.110218
0.323979
0.227121
-0.849874
-1.757370
-0.379248
0.109699
0.927327
-0.387399
-0.040404
-1.548209
0.293228
0.533495
0.246079
0.581116
0.206878
1.250444
1.390419
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-2.550510
-3.619288
-1.543315
-1.557054
-2.757932
-2.142213
-2.906059
-4.091838
-5.272332
-5.228793
-6.507380
-7.419030
-6.567852
-7.528616
-5.393003
-5.439371
-4.159936
-3.244448
0.954964
1.570456
0.834941
1.643980
2.622802
1.048579
2.969412
2.309874
2.211457
1.322196
2.939540
4.347301
4995251
4.813484
4.311353

0.293564
0.333904
0.130416
0.012242
0.643129
0.293845
1.725506
-0.059811
0.665529
1.744496
0.017257
0.590469
-1.362523
-1.869032
-2.092227
-3.166782
-1.446253
-2.010153
0.021116
0.848142
0.141969
-1.305744
-1.307358
-2.141662
-2.914542
-4.166547
-4.116253
-4.331221
-5.034533
-2.668145
-3.521089
-1.767046
-2.582480

C -0.620485 0.287337 -0.945110

-2.119752
-2.256322
-3.008637
-4.080938
0.354968
1.185045
0.440751
0.343642
0.156172
0.020973
0.152997
0.012261
0.335389
0.335978
0.525066
0.676993
0.531136
0.689780
-2.878093
-2.514828
-3.957901
-2.591775
-3.079290
-2.968520
-0.413327
-0.989874
-2.078546
-0.553034
-0.762364
-1.021675
-0.788217
-0.614335
-2.111893
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0.568886
1.868839
2.213086
2.690195
3.641133
3.243439
2.698671
3.822806
3.950188
-0.366597
-1.377528
-0.369564
0.618991
-1.084861
-0.654145
-0.040770
0.013003
-0.814531
0.910487
1.101338
-0.953082
-4.325551
0.590664
Ru 0.858263
H -7.897093
H -7.004176
H -6.609998
H -7.321698
H -5.647896
H -6.473783
H -6.727003
H -5.442587
H -5.048728
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1.098152
0.677712
-0.320434
1.499229
1.101732
3.708021
4476202
3.116227
4.204557
0.296943
0.415332
0.926300
0.851380
0.402407
1.982424
-1.193994
-1.650237
-1.713734
-1.375262
-1.581354
-1.101770
-0.059169
1.914066
1.262297
0.375258
0.445627
1.573904
-2.102707
-2.643730
-2.029246
-0.452016
0.743624
-0.979971

1.784931
1.425236
1.670969
0.600526
0.258922
-0.555130
-1.106799
-1.268026
0.120181
2.665420
2.252031
4.071227
4.536391
4711728
4.046009
2.736173
1.742962
3.308247
3.247596
-1.654150
-1.228660
0.860457
-2.616789
-0.441639
0.093544
1.619227
0.304185
-0.186217
-0.071094
1.371708
-2.040750
-1.788777
-1.984211

3.034201
2.039718
3.530883
3.623002
1.503029
2.608604
3.477367
2.577577
3.430458
1.501026
0.352035
-0.545098
0.334591
-0.572014
1.472232
2.409648
0.654852
1.302972
1.628230
2.243736
2.405498
1.852718
2.556380
3.387864
0.301078
-0.296297
0.492762
-0.301974
-1.971929
-0.368117
1.831748
0.789229
-0.435306
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ax
- c

-2.982214
-3.071570
-2.103717
-3.862202
0.925015
0.908835
0.311816
1.603844
1.515515
2.444940
2.409951
2.947794
1.638670
1.590888
0.164380
-0.367349
-0.563981
0.851522
3.374932
2.857345
4.628700
5.181586
5.298148
4.374733
3.767384
2.896889
4.354819
4.396815
0.387826
0.133235
-1.453012
0.330480
-1.467901

1.110385
1.554310
1.531368
1.391256
2.667341
1.808429
2.064368
0.556428
-0.110363
0.182107
1.033705
0.747614
2.218651
2.813231
3.954778
4.128589
3.937919
4.790633
-1.008678
-1.757205
-0.565684
0.201370
-1.417740
-0.156827
-1.659597
-1.944871
-2.561860
-0.996395
-0.867627
-2.277443
-0.786795
0.544699
1.556030

1c - TS1-decoordination

1c - TS2-coordination

E (SCF) =-1241.67303
E (SCF; solvent = DCM) = -2075.56683994
Zero-point correction = 0.568026

Thermal correction to Enthalpy = 0.599577
Thermal correction to Gibbs Free Energy =

E (SCF) =-1241.66375
E (SCF; solvent = DCM) = -2075.55792303
Zero-point correction = 0.567551

Thermal correction to Enthalpy = 0.600329
Thermal correction to Gibbs Free Energy =

0.50875 0.50554

C 0.405545 -0.634366 -1.343551 C 0.294194 -0.146003 -0.838048
C 1.474310 -2.350483 -2.358387 C 2.220733 0.175249 -1.975939
H 2.318766 -2.895324 -2.751102 H 3.270418 0.054496 -2.190809
C 0.148962 -2.620637 -2.391027 C 1.266416 0923767 -2.573326
H -0.390580 -3.455696 -2.810219 H 1321262 1.584961 -3.423590
C 2.889688 -0.420991 -1.674364 C 2.340733 -1.455833 -0.094931
H 2.649734 0.640672 -1.592948 H 1.759673 -1.593013 0.816813
H 3.355277 -0.553270 -2.658194 H 2.355775 -2.403123 -0.644796
C 3.858452 -0.844151 -0.588846 C 3.752115 -1.026847 0.219571
C 4.959570 -0.015122 -0.336950 C 4.833275 -1.722721 -0.329354
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5.083252
5.910861
6.760207
5.774794
6.517302
4.684947
4.575588
3.730744
2.887665
-1.953321
-2.274555
-2.197193
-2.664438
-2.035884
-3.575576
-4.912664
-5.073795
-5.797199
-5.239838
0.634153
-0.608188
-1.451331
-0.815132
-1.818525
0.240957
1.481750
2.290870
1.652571
2.596934
0.866981
-0.070737
1.516123
1.356278
-0.005687
-1.069329
0.257743
1.310336
0.016387
-0.351527
0.801894
0.632967
0.500160
1.877064
1.616894
-0.493674
-3.123186
-0.844867

0.907689
-0.369605
0.282210
-1.560268
-1.839400
-2.391023
-3.323209
-2.036774
-2.696542
-1.436482
-1.808529
-0.374455
-2.214478
-3.036283
-2.671604
-0.761662
-0.036221
-2.006978
0.179860
3.187746
2.900132
3.561194
1.653942
1.391724
0.727257
1.004199
0.283458
2.176506
2.336768
4432194
4.851631
4.238214
5.181140
-0.462592
-0.712164
-0.022109
0.242589
-0.839358
0.842525
-1.708862
-2.012210
-2.537279
-1.561496
-1.134200
-1.556698
-1.231031
1.886886

-0.028330 1.160041

-6.293362
-5.080599
-4.637642
-6.847215
-5.566495
-5.692940

0.473873
-0.305175
1.093391
-1.718310
-2.724322
-2.515980

-0.900927
0.615760
0.797872
1.330302
2.071661
1.082581
1.629218
0.126656
-0.055803
-1.794501
-2.772673
-1.763049
-0.678213
-0.322983
-1.072171
0.483969
-0.851228
0.550717
1.647581
0.316475
0.905383
0.733907
1.564229
1.885941
1.824338
1.208804
1.259131
0.413725
-0.097601
-0.481680
-0.850060
-1.338766
0.152313
2.726091
2.637883
4.178353
4.325895
4.864390
4.459127
2.370754
1.333269
3.017974
2.514411
-1.716240
-1.784069
0.792958
-2.412809
-0.383541
1.591845
2.616050
1.607994
0.424686
-0.243275
1.512521
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4.653356
6.142482
6.974814
6.378036
7.396503
5.302917
5.484608
3.995838
3.158633
-1.154085
-1.765082
-0.845719
-2.032928
-2.816770
-2.549449
-0.643430
0.095560
0.943957
-0.568166
0.476594
0.315711
0.740448
-0.198499
1.140301
-1.824033
-2.502692
-2.398342
-1.454100
-2.788734
-3.195507
-3.775839
-2.888605
-3.273460
-2.014624
-1.453612
-0.692295
-1.897692
-1.423837
-3.178142
-2.416598
-4.122098
-3.319697
-1.715521
-1.736428
-2.856165
-2.891583
-2.696256
-3.832759
-0.356962
0.459289
-0.188519
-0.303734
1.614411
0.088429

-2.571367
-1.344592
-1.895634
-0.263513
0.031947
0.435942
1.274084
0.057391
0.594555
1.335496
0.566111
2.025003
2.091817
1.428822
2.894626
4.455724
4.884543
4226891
4.884345
5903344
4416394
5414440
4137140
3.719671
5.386683
5.429829
5.078893
6.400080
-1.252403
-0.681396
0.237506
-1.284758
-0.846275
-2.394126
-2.848772
-3.620974
-2.335048
-2.699096
-0.627759
-0.800117
-1.060611
0.450617
-3.039757
-2.239495
-4.022550
-4.837285
-4.464971
-3.529493
-3.733634
-3.054076
-4.087591
-4.610543
-0.468538
0.714334

-0.986244
-0.032179
-0.459920
0.813994
1.048388
1.365182
2.031843
1.072491
1.509613
-2.338371
-2.824035
-3.125505
-1.320662
-0.952093
-1.856163
-0.239165
1.032777
1.243990
1.903060
0.903628
-1.426826
-1.586788
-2.352674
-1.252861
-0.513850
0.342009
-1.394162
-0.710320
2.007855
0.758992
0.775388
-0.492799
-1.407698
-0.565526
0.669754
0.661834
1.931468
2.837899
3.312920
4.076079
3.663415
3.207662
-1.902301
-2.653906
-2.226406
-1.495546
-3.213891
-2.231005
-1.986413
-1.728280
-3.007055
-1.332578
-0.917820
-1.876872




H -6.112975 0.293828
H -4.429626 0.846083
H -4.853059 -0.686667

-0.965164
-0.910958
-1.703621

S -1.274077 2.743954 0.197204
Ru -1.049369 -0.763571 0.632130
Cl 0.390945 0.002931 2.260511

Table S3. Atomic coordinates of the optimized species derived from complex

1f.?

1f - Rpu/Rs 1f - Rgy/Ss

E (SCF) = -1315.46298 E (SCF) = -1315.46449

E (SCF; solvent = DCM) = -2149.40486696 E (SCF; solvent = DCM) = -2149.40230088
Zero-point correction = 0.537952 Zero-point correction = 0.537463
Thermal correction to Enthalpy = 0.570433 Thermal correction to Enthalpy = 0.569237
Thermal correction to Gibbs Free Energy = Thermal correction to Gibbs Free Energy =
0.47665 0.47760

C -0.736205 1.399971 -0.531482 C 0.439685 -0.668721 1.218337
C -2.300650 2.998669 -0.878560 C 1551751 -2.152348 2.519285
H -3.254384 3.394797 -1.190540 H 2223205 -2.969784 2.730936
C -1.211497 3.614179 -0.363453 C 0.785952 -1.398768 3.341014
H -1.025110 4.651329 -0.132221 H 0.656902 -1.423407 4.411824
C -2.939760 0.686287 -1.538338 C 1.979532 -2.315225 0.075511
H -2.342915 -0.104500 -1.996479 H 1.296789 -2.199238 -0.768372
H -3.451412 1.198333 -2.361345 H 2.026366 -3.389918 0.285788
C -3.957207 0.126382 -0.565764 C 3.363762 -1.792617 -0.249293
C -4.624310 -1.052570 -0.923218 C 3.881483 -2.059575 -1.523541
H -4.385864 -1.540790 -1.866252 H 3.280080 -2.610883 -2.243953
C -5.601526 -1.596578 -0.092896 C 5.163485 -1.641018 -1.871980
H -6.111302 -2.509318 -0.387344 H 5.550536 -1.858960 -2.863143
C -5.924427 -0.970931 1.111339 C 5947721 -0.946087 -0.951090
H -6.686171 -1.393551 1.759495 H 6.947525 -0.619955 -1.221229
C -5.268776 0.203841 1.472897 C 5.442581 -0.680292 0.319693
H -5.521967 0.703654 2.403662 H 6.050752 -0.149458 1.046708
C -4.292798 0.752214 0.638470 C 4.159060 -1.103269 0.670914
H -3.796275 1.672670 0.933083 H 3.783483 -0.893178 1.668742
C 1.078276 2.877466 0.331851 C -0.854060 0.461897 3.037359
H 1253514 2.269136 1.223168 H -0.535926 1.475496 2.772300
H 1126445 3.929198 0.628319 H -0.845443 0.391286 4.127745
C 2118681 2.601775 -0.741123 C -2.253697 0.174146 2.520428
H 3.108956 2.948326 -0.437458 H -3.001289 0.731808 3.090579
H 1.847943 3.105688 -1.673029 H -2.476882 -0.892592 2.581639
C 0.207867 -2.682232 -0.524276 C -0.031462 0.955982 -2.604362
C 1.355912 -2.285301 0.174337 C -0.794373 1.946971 -1.967762
H 2330210 -2.648087 -0.135809 H -1.765856 2.220054 -2.366608
C 1266675 -1.336303 1.242085 C -0.333639 2.542828 -0.753016
H 2.184482 -1.009959 1.722341 H -0.977138 3.260075 -0.249951
C 0.029889 -0.842427 1.723694 C 0938169 2.262471 -0.192939
C -1.130031 -1.216930 0.974944 C 1.686334 1.223808 -0.827380
H -2.098021 -0.793899 1.221749 H 2.623293 0.886590 -0.396878
C -1.041801 -2.083264 -0.136831 C 1.204175 0.566325 -1.980414
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-1.939172
0.264166
1.288115
-0.143254
-0.334608
-0.023842
0.915376
-0.049556
-0.959821
-0.032690
0.809710
-1.189101
-1.211032
-1.102414
-2.153084
-1.999931
-0.269293
2.273793
-0.055087
0.292235
3.734410
4.060250
5.233155
6.069063
5.738068
4.576403
3.418069
5.491896
6.980990
6.393543
4.334301

-2.308271
-3.628273
-3.942110
-3.151055
-4.518807
-0.048343

0.518854
-1.036162
-1.644811
-0.491706
-1.713117

0.936636

1.631264

1.522543

0.419422

1.651706

2.622519
0.820882
-0.392788

-0.367815 -0.472268

0.331518
0.811260
0.379322
-0.537932
-1.016971
-0.578499
1.520453
0.761379
-0.869931
-1.717928
-0.922480

-0.702967
-1.681568
-1.892787
-2.578371
-1.461813

3.013962
3.078190

4.194772

4.172991

5.143699

4176957
3.110369

2.265953

4.030055

3.150068
-0.973157
-0.152190

-1.178519
-2.852260

-0.242327
1.030305
1.648690
1.011656

-0.254784

-0.889838
1.543556
2.631881
1.498171
-0.762793
-1.891671

SunzZzzZzZIIITIOZ I IZIOIOIITITOD

Ru
C
C
C
C
C
C
H
H
H
H
H

1.785604
-0.497010
-1.483104
-0.553220
0.211507
1.465860
0.597753
2.067558
2.931412
2.405347
1.339292
2.477289
2.083640
2.740203
3.406666
1.334786
0.118409
-2.383949
-1.082392

-0.243826
0.269634
0.622182
-0.810828
0.459887

3.102665
3.385695

4.398097
4.178996
5.049979
4953284

2.391507
1.453971
3.038367
2.168884

-1.696862

-0.495729

0.735674

-1.752217

-0.303176 0.374099

-3.840308
-4.857081
-6.025574
-6.176944
-5.158373
-3.979955
-4.741515
-6.819447
-7.090519
-5.273797
-3.176521

-0.159932
0.619575
0.003631

-1.376197

-2.145072

-1.544774
1.697178
0.605832
-1.854100
-3.220995
-2.151602

-2.407012
-3.849148
-4.156738
-3.684932
-4.662652
0.953829
1.565346
0.378940
-0.257744
1.190095
-0.219633
1.853291
2.256629
2.695270
1.319142
1.231236
2.531561
0.778893
-1.139131
-0.376597
0.220544
-0.338884
-0.784616
-0.660342
-0.096664
0.339905
-0.412412
-1.215911
-1.001031
-0.006886
0.740278

1f - intermediate

1f - TS-inversion

E (SCF) = -1315.43132

E (SCF; solvent = DCM) = -2149.38107347

Zero-point correction = 0.536866

Thermal correction to Enthalpy = 0.568386
Thermal correction to Gibbs Free Energy =

E (SCF) =-1315.44528
E (SCF; solvent = DCM) =-2149.38465656
Zero-point correction = 0.537095
Thermal correction to Enthalpy = 0.568302
Thermal correction to Gibbs Free Energy =

0.47498 0.47777

C -0.530391 0.061435 -1.316581 C -0.620881 1.029447 -0.992877
C -0.001136 1.779112 -2.675948 C -1.844029 2.104792 -2.563276
H -0.166433 2.691164 -3.228130 H -2.599399 2.205789 -3.326852
C 1.100277 1.000066 -2.559108 C -0.959936 3.000310 -2.066780
H 2.082512 1.110487 -2.988299 H -0.791157 4.038367 -2.307047
C -2.363930 1.684505 -1.850288 C -2.412127 -0.289134 -2.180848
H -3.022253 0.813188 -1.802361 H -1.746937 -1.143318 -2.038489
H -2.562650 2.169540 -2.812558 H -2.651260 -0.257555 -3.249730
C -2.657721 2.639651 -0.712128 C -3.682550 -0.429674 -1.368164
C -3.988674 2.810842 -0.311965 C -4.275198 -1.696569 -1.289782
H -4.778988 2.248353 -0.806117 H -3.805887 -2.541646 -1.789823
C -4314735 3.713447 0.698128 C -5.467241 -1.881697 -0.592983
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H
C
H
C
H
C
H
C
H
H
C
H
H
C
C
H
C
H
C
C
H
C
H
C
H
H
H
C
H
C

H
H
H
C

H
H
H
N
N
S

Cl
Ru

C
C
C
C
C
C
H
H
H
H
H

-5.351909
-3.312033
-3.564601
-1.986018
-1.200840
-1.659327
-0.621961
1.598538
1.473221
1.192842
3.076254
3.510615
3.593467
-3.411035
-2.300221
-2.311453
-1.084733
-0.202879
-0.992521
-2.103589
-2.050333
-3.251602
-4.047654
-4.664494
-4.489252
-5.073367
-5.420399
0.261744
1.118294
0.254644
-0.584151
1.180355
0.179804
0.441693
0.431276
1.406098
-0.333515
-0.991970
0.759897

3.839450
4.455099
5.159717
4.293274
4.874494
3.392252
3.281092
-1.222847
-1.915695
-1.710304
-0.916982
-0.454530
-1.867195
-2.147431
-2.926942
-3.996498
-2.297724
-2.915658
-0.897120
-0.110731
0.971268
-0.717401
-0.076133
-2.748046
-3.753179
-2.134569
-2.809466
-0.341079
-0.840988
-0.726020
-0.254600
-0.387362
-1.807968
1.164743
1.457728
1467121
1.730524
1.189680
-0.046324

0.994764
1.322937
2.109495
0.926019
1.400801
-0.088381
-0.391780
-1.472349
-2.311963
-0.580767
-1.284850
-2.176403
-1.126769
0.851113
1.200873
1.017804
1.614395
1.763790
1.891762
1.513884
1.556056
0.926934
0.560462
0.294601
-0.092688
-0.512198
1.086257
2.531370
2.059370
4.022845
4.545824
4.496740
4.168964
2.356925
1.303630
2.773072
2.885026
-1.910212
-1.721525

3.355399 0.171065 0.171086

-1.853370
-1.597088
5.149229
5.879295
7.270618
7.933091
7.204520
5.812594
5.358185
7.836873
9.017466
7.718723
5.238181

-2.447194
-1.353292
0.220812
-0.817262
-0.752487
0.349072
1.388909
1.327967
-1.664366
-1.559024
0.398992
2.250232
2.136080

-2.227807
-0.234255
0.191202
0.780698
0.812365
0.270652
-0.305017
-0.347491
1.217493
1.269032
0.302543
-0.721409
-0.790579

mm::mnnnnnn’gngzm::n:1:m:n:1:nzm:nmn:nn:n:nn:c:n::cnmn:n::n:

-5.915677
-6.083086
-7.012671
-5.502373
-5.981964
-4.310585
-3.875874
0.826406
0.635203
0.739097
2.230838
2.961869
2.444333
0.029855
0.986348
1.985817
0.683516
1.469644
-0.607850
-1.550407
-2.518897
-1.231759
-1.964641
0.320115
1.353381
0.148604
-0.345192
-0.942266
-0.026274
-1.290719
-2.189435
-1.485557
-0.477806
-2.059931
-1.856841
-2.173417
-3.024035
-1.629322
-0.223533
2.310569
0.627778
0.231195
4.009198
4871924
6.193139
6.637008
5.764860
4.444975
4513856
6.872504
7.666059
6.111693
3.753474

-2.869821

-0.802021

-0.944769

0.462095
1.310785
0.649107
1.643385
2.968308
2.759070
4.047322
2.515028
3.046118
2.690326
-2.465335
-1.701863
-2.096981
-0.368580
0.219414
0.202437
-0.555422
-0.132281
-1.837759
-2.361471
-3.845481
-4.134451
-3.903643
-4.560865
1.508150
2.115692
1.208514
0.586381
2.140324
0.685061
2.312504
2.505878
3.275738
1.798391
0.911479
2.331169
0.725927
-1.613734

-0.545552
0.040316
0.582990
-0.035814
0.443789
-0.738817
-0.797465
-0.316177
0.739622
-0.466867
-0.689937
-0.075199
-1.747470
1.242546
1.927088
2.075828
2.349301
2.814593
2.220107
1461671
1.216691
0.950633
0.346561
0.745934
0.946203
-0.332907
1.242000
2.913754
2.911000
4.383345
4.451490
4922667
4.895171
2.248768
1.191392
2.754396
2.319836
-1.897798
-1.104471

-0.341804

-1.831069

-0.410126 0.206989

0.187393
0.551947
0.112253
-0.704177
-1.078900
-0.630122
1.170150
0.398309
-1.050807
-1.715921
-0.910576

-0.342169
0.697843
0.669740
-0.371740
-1.393188
-1.390302
1.515763
1467192
-0.384387
-2.201266
-2.177850
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1f - TS1-decoordination

1f - TS2-coordination

E (SCF) =-1315.42492

E (SCF; solvent = DCM) = -2149.37406906
Zero-point correction = 0.537011

Thermal correction to Enthalpy = 0.568657
Thermal correction to Gibbs Free Energy =

E (SCF) =-1315.41893

E (SCF; solvent = DCM) = -2149.37277779
Zero-point correction = 0.538107

Thermal correction to Enthalpy = 0.570941
Thermal correction to Gibbs Free Energy =

0.47480

0.47408

C 0.792246 -0.422805

C
H
C
H
C
H
H
C
C
H
C
H
C
H
C
H
C
H
C
H
H
C
H
H
C
C
H
C
H
C
C
H
C
H
C
H
H
H
C
H
C
H
H

1.651507
2.401997
0.407321
-0.148012
3.194415
3.229047
3.915020
3.593287
4.744940
5.303403
5.195178
6.090937
4.500499
4.852601
3.356760
2.813498
2.903863
2.010247
-1.359909
-1.433606
-1.259465
-2.611130
-2.526842
-3.475018
1.494296
0.110195
-0.447143
-0.586986
-1.670406
0.067939
1.451750
1.990077
2.139135
3.192959
2.253356
1.601607
3.063249
2.693570
-0.722298
-1.753201
-0.729561
0.279898
-1.359152

0.862813
1.449514
0.492254
0.703177
0.311791
-0.538025
0.090687
1.593355
1.565374
0.637906
2.718517
2.681007
3.918819
4.820204
3.954666
4.886175
2.798227
2.843814
-1.033322
-1.239238
-2.002595
-0.290412
0.783632
-0.671824
-2.564854
-2.517175
-3.439039
-1.284441
-1.295150
-0.028976
-0.080235
0.823070
-1.330952
-1.355121
-3.854446
-4.699281
-3.837433
-4.013956
1.255694
1.020570
1.682295
1.932785
2.567611

1.541314
3.197605
3.704194
3.576052
4.476807
1.336728
0.655108
2.133205
0.633180
-0.164577
-0.277732
-0.801022
-1.413849
-0.646744
-1.139048
0.146538
0.276665
0.784924
1.400262
2.753540
3.824912
2.259862
2.298874
2.483318
2.849851
-1.930495
-2.186011
-2.314044
-2.087750
-2.159069
-1.891103
-1.615153
-1.348572
-1.579452
-1.320258
-1.925158
-1.696555
-1.192535
-2.916810
-2.007989
-1.718482
-3.487627
-3.831047
-3.616726

C -0.042250 0.209680 0.746972

T ITOITOIT I ITIOIOIZDOOITIOIOOOIDN IO DT ITIOIOIOIIOIOIIOOID IO IO IO

1.476670
2.004038
1.644998
2.352630
-0.066336
-0.630053
-0.755179
1.029776
1.175543
0.497053
2.177523
2.278465
3.042579
3.821765
2901771
3.568857
1.900598
1.783186
0.603820
-0.173643
1.556848
0.352017
-0.697288
0.570150
-3.208077
-2.902484
-2.607748
-2.972767
-2.777263
-3.226675
-3.347850
-3.425697
-3.394890
-3.455551
-3.175583
-2.773018
-4.190427
-2.560351
-3.365057
-2.703988
-4.815129
-5.521760
-4.935626

1.486150
2.393154
0.212096
-0.214285
2.704760
2.398716
3.175589
3.673911
4.869667
5.098532
5.777716
6.705916
5.493168
6.199949
4.301656
4.082555
3.395883
2.473924
-1.989579
-2.123036
-2.243373
-2.985517
-2.989532
-3.980123
-1.099622
-2.011868
-3.025765
-1.645405
-2.392117
-0.310180
0.647223
1.703137
0.244000
1.011660
-1.513574
-0.716307
-1.743938
-2.404869
0.039234
-0.641033
-0.265048
0.381097
-0.083963

1.829897
2.078310
2.247319
2.940592
0.289265
-0.592237
0.999001
-0.078225
0.631632
1.451095
0.289480
0.844135
-0.764582
-1.034468
-1.478197
-2.307017
-1.139503
-1.702320
1.906153
2.668607
2.374796
0.776958
0.476205
1.179431
-1.935526
-0.883292
-1.142471
0.492622
1.256077
0.879158
-0.176254
0.058205
-1.549615
-2.315272
-3.375463
-4.004357
-3.718792
-3.518200
2.346293
2.899399
2.769372
2.238136
3.841338
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H
C
H
H
H
N
N
S

@)

1

-1.122590
-0.229112
-0.211984
-0.898346
0.773544
1.873330
-0.100592
-2.885244
0.494745

Ru 0.509062

C
C
C
C
C
C
H
H
H
H
H

-4.175841
-5.417045
-6.427387
-6.208655
-4.971885
-3.950179
-5.589486
-7.390387
-7.000687
-4.799106
-2.981059

0.894138
2.384238
2.073029
3.244689
2.727663
0.297948
-0.305719
-0.599748
-3.399718
-1.507321
0.580485
0.092604
0.986581
2.360613
2.845931
1.960710
-0.978748
0.605473
3.053678
3.916555
2.338627

-4.137145
-1.106582
-0.057910
-1.197211
-1.379850
1.955663
2.567768
0.513340
1.106547
-0.229066
0.120041
-0.302326
-0.655700
-0.574560
-0.148097
0.187381
-0.343053
-0.982529
-0.841854
-0.085589
0.500824

TZTZTZToo0000nl2FuzZITTOT

-5.090121
-2.983192
-1.959186
-3.052265
-3.661880
0.447983
0.707034
1.244372
-1.525870
-0.218747
2.951790
3.693729
5.039420
5.639556
4.897872
3.558801
3.217092
5.617418
6.686934
5.367805
2.993673

-1.304770
1.473315
1.710597
1.605040
2.204579
1.468319

-0.562835

-2.723438

2.569146
2.710097
2.410523
3.793353
2.258400
0.910003
1.584452

-0.792114

-0.361916 -0.602280

0.480662
-2.681870
-1.510214
-1.481640
-2.610802
-3.779815
-3.824139
-0.634237
-0.573901
-2.585209
-4.666572
-4.746841

-2.306329
-0.242211
-0.420975
-0.054884
0.499572
0.674998
0.293013
-0.850292
-0.202843
0.785418
1.090534
0.391682

Table S4. Atomic coordinates of the optimized species derived from complex

1cps®

1CF3 - RRu/RS

1CF.?. - l:{Ru/SS

E (SCF) = -1421.38935

E (SCF) =-1421.38714

E (SCF; solvent = DCM) = -2255.41977218
Zero-point correction = 0.461518

Thermal correction to Enthalpy = 0.492176
Thermal correction to Gibbs Free Energy =

E (SCF; solvent = DCM) = -2255.41815166
Zero-point correction = 0.463165

Thermal correction to Enthalpy = 0.494394
Thermal correction to Gibbs Free Energy =

0.40310

0.40361

C -0.660212 0.209757

C
H
C
H
C
H
H
C
C
H
C
H
C
H
C
H
C

-2.618713
-3.675764
-1.681082
-1.754926
-2.724170
-2.123587
-2.792310
-4.106636
-5.234079
-5.114753
-6.512854
-7.383161
-6.669415
-7.664244
-5.547463
-5.669063
-4.270702

0.658386
0.860809
0.504874
0.549570
0.515878
-0.049076
1.560374
-0.076405
0.750283
1.827822
0.201458
0.850756
-1.178283
-1.608019
-2.008917
-3.085446
-1.463299

-1.000439
-2.046500
-2.112303
-3.005636
-4.081239
0.445248

1.158475
0.767804
0.332915
0.346967
0.442818
0.251458
0.269190
0.139116
0.067357
0.127116
0.049572
0.225598

OTOTOTOTOOTTOIAOTO

-2.594159
-3.633862
-1.620019
-1.636446
-2.847214
-2.348160
-2.848086
-4.264219
-5.333784
-5.143211
-6.646246
-7.470860
-6.895104
-7.916139
-5.830693
-6.022749
-4.521512

-1.610375
-1.604621
-2.521481
-3.473077
0.559519
0.976559
1.307916
0.181695
0.663447
1.298800
0.340574
0.722997
-0.470234
-0.722287
-0.956964
-1.587158
-0.631600

C -0.710108 -0.817737 -0.654481

-1.654451
-1.938290
-1.858108
-2.365744
-0.495415
0.372366
-1.295405
-0.139141
-0.898207
-1.760525
-0.552565
-1.146628
0.552137
0.822647
1.313469
2.176821
0.972156
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-3.396092
0.655683
0.779845
0.388662
1.984560
2.382114
2.691486
3.508762
3.998373
4.266194
3.571477
1.322381
2.459884
3.335507
2.454160
3.340651
1.357281
0.190199
-0.708497
0.157527
-0.762672
1.270787
2.196398
0.440691
1.113860
1.481331
2.107502
2.234451
1.664952
2.382333
3.216834
0.153462
-0.423384
0.344195
-0.468115
-1.986472
-0.486687

-2.108911
-0.193571
0.545836
-1.146859
-0.346335
0.603894
-0.805265
-1.825224
-2.593309
-0.722044
-2.472632
0.151282
0.342103
-0.276182
1.282849
1.370519
2.140941
1.919742
2.489917
0.932899
0.753473
-0.864807
-1.440578
-1.558389
-0.364765
3.270693
2.898607
4.438368
4.840465
5.248508
4131690
3.750872
2.935535
4.493107
4.242762
0.468932

0.228788
-3.178311
-3.976211
-3.647734
-2.466826
-2.108373
-3.163410
-0.668390
-1.638889
-0.592430
0.488670
2.751060
1.956526
2121719
0.876232
0.256723
0.625108
1422716
1.218452
2.427786
2.974293
3.847584
3.903019
3.681119
4.809535
-0.378736
-1.202151
0.285049
1.129707
-0.434984
0.655779
-0.966344
-1.412157
-1.746412
-0.210192
-0.833963
0.226062 -2.359166
1.731314 -1.467033 -1.040581
0.720317 -0.029345 0.520003
-0.487447 -2.026518 1.062939
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Cl

-3.695295
0.740178
0.538779
0.979824
1.884850
1.598718
2.756005
3.749273
3.384229
4.787227
4126195
0.541628
1.889614
2.683057
2.187022
3.222028
1.183436
-0.152523
-0.954893
-0.468101
-1.495632
0.217524
0.851113
-0.825200
0.394206
1.582459
2.468148
2.003741
1.159869
2.359124
2.810134
0.506955
0.154842
0.911781
-0.355993
-2.032271
-0.484740
2.415333

Ru 0.722384

0.608877

-1.015454
-2.819713
-3.759147
-3.044478
-2.106398
-1.737325
-2.755051
-1.456981
-2.617222
-1.674628
-0.621947

1.556033

1.558103

1.207944

1.973887

1.942444
2.379179

2.298771

2.561641

1.928306

1936784
1.155754

0.329269
0.850303

2.012876
2.893606

2.320044
4.369053

4.994860

4.736612

4.506167
2.708602

1.672808

2.972736

3.361376

-0.585894
-2.033465
-0.631629

0.290276
-1.598247

1.566829
-1.199167
-1.720195
-0.157556
-1.888607
-2.876888
-2.004519
0.061253
0.587369
-0.752825
1.026373
2.341466
1.877193
2.527429
0.564842
0.232646
-0.369320
0.083211
-0.595408
1.427987
1.774211
3.744799
4.071801
3.845484
4.406038
-1.737245
-2.043338
-1.618642
-1.309325
-2.585646
-0.891678
-2.808155
-2.854797
-3.788816
-2.636063
-0.917733
-1.242253
-0.945395
0.416143
1.880716

1cp3 - intermediate

1¢r3 - TS-inversion

E (SCF) = -1421.36889

E (SCF; solvent = DCM) = -2255.41125092
Zero-point correction = 0.461426

Thermal correction to Enthalpy = 0.491555
Thermal correction to Gibbs Free Energy =
0.40175

E (SCF) = -1421.36134
E (SCF; solvent = DCM) = -2255.39418834
Zero-point correction = 0.461739

Thermal correction to Enthalpy = 0.492795
Thermal correction to Gibbs Free Energy =
0.40102

C 0.076836 -0.225252
C 1.075321 1.122499
H 1.173155 1.978001

-1.277706
-2.786381
-3.436414

C
H

-3.547753

C -0.750318 -0.855971
-2.550859

-1.611777
-1.567461

-0.521566
-1.688019
-2.095522
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1.919989
2.900465
-1.223030
-2.104558
-1.246743
-1.264099
-2.487507
-3.378057
-2.571528
-3.525829
-1.431776
-1.495019
-0.210782
0.682821
-0.124563
0.835164
1.793816
1.634523
1.164485
3.263237
3.928926
3.544493
4.286695
5.078724
3.294670
4974171
-3.481175
-2.725529
-3.042265
-1.444336
-0.821769
-0.958629
-1.714137
-1.336884
-2.907427
-3.417793
-4.772831
-4.846883
-4.885554
-5.606826
0.299944
1.022750
-0.040468
-0.764442
0.864857
-0.458160
0.946894
1.202755
1.871155
0.299112
-0.046791
1.298465
3.693932
-1.668496

0.094112
-0.110950
1.775830
1.133882
2.208634
2.874930
3.511457
3.199838
4,558492
5.046469
4.980981
5.798406
4.354627
4.685141
3.307061
2.831831
-2.033459
-2.724823
-2.374179
-2.077443
-1.668165
-3.128251
0.329831
0.263881
1.191137
0.845401
-1.302752
-2.343620
-3.373008
-2.067701
-2.901804
-0.736413
0.306942
1.323204
0.017834
0.830518
-1.555764
-2.589975
-0.897587
-1.356708
-0.524151
-1.288580
-0.777698
-0.042726
-0.690665
-1.775835
0.845615
1.042455
0.892146
1.651417
0.913531
-0.718088

-1.308764

-2.501470

-2.541359
-2.939388
-2.057757
-1.980308
-3.063980
-1.016411
-0.773132
-1.316381
0.141808
0.316957
0.826589
1.538434
0.585282
1.106776
-0.333486
-0.515321
-1.212063
-2.047937
-0.386368
-0.810434
-1.573061
-0.694467
0.266912
-0.811551
-0.034139
1.284590
0.652545
1.215377
1.084767
1.776155
2.089765
1.985234
1.407961
1.406956
0.688236
0.180311
-0.061033
-0.401575
-0.925990
0.622430
2.799038
2.484658
4.280369
4.647459
4.887866
4.444086
2.616284
1.572896
3.198739
2.977901
-2.005486
-1.610232
0.794572
-2.049100
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-1.625702
-1.649037
-2.844428
-2.367842
-2.841291
-4.262005
-5.324408
-5.130139
-6.635708
-7.455715
-6.889219
-7.909367
-5.831280
-6.027714
-4.523201
-3.701252
0.503995
0.218246
0.497691
1.895750
1.927451
2.593369
4.169834
4.633740
4.716846
4.535354
0.604975
1.922317
2.732504
2.173705
3.187242
1.166548
-0.153118
-0.970111
-0.438920
-1.458655
0.305395
1.027428
-0.693312
0.358711
1.532006
2.387696
1.997686
1.183244
2.327499
2.832817
0.415969
0.042914
0.792425
-0.425454
-2.013597
-0.539492
2.346907

Ru 0.622200

-2.592272

-3.577018

0.592754
1.057965
1.295474
0.210196
0.608841
1.190583
0.272066
0.589383
-0.468523
-0.731213
-0.869930
-1.443595
-0.531390
-0.846675
-3.078124
-4.051680
-3.141771
-2.735563
-2.589188
-3.521636
-1.198825
-2.381833
-0.913661
-0.260862
1.936531
1.806682
1.564854
1.894332
1.722026
2.174856
2.259237
2.414703
2.132425
2.212282
1.833172
1.192906
1.430696
2.836789
2.371854
1.712753
3.822710
4.529342
3.963759
4.083206
1.996768
0.984583
2.036078
2.696714
-0.571106
-2.134105
-1.214119
0.343123

-1.704175
-2.143939
-0.611440
0.245483
-1.451567
-0.259863
-1.074945
-1.973651
-0.738008
-1.375238
0.413941
0.677644
1.232063
2.133065
0.899531
1.539034
-0.575376
-0.979475
0.516771
-1.078966
-2.160839
-0.781536
-0.135303
0.258159
-1.318451
0.742039
2.180126
1.686736
2.365579
0.291398
-0.058155
-0.672814
-0.167214
-0.860280
1.226068
1.587207
3.640844
4.150070
3.816875
4.080675
-2.128978
-2.326501
-2.342924
-2.150322
-3.376331
-1.685549
-3.104458
-2.919218
-4.130200
-3.050340
-0.954872
-0.980695
-0.205307
0.559748
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|Ru -1.401174 -1.202752 -0.182489

|Cl 0.052067 -1.211292 2.286798

1cp3 - TS1-decoordination 1cp3 - TS2-coordination

E (SCF) =-1421.35962 E (SCF) =-1421.36623

E (SCF; solvent = DCM) = -2255.40282726 E (SCF; solvent = DCM) = -2255.40574357
Zero-point correction = 0.461319 Zero-point correction = 0.461955
Thermal correction to Enthalpy = 0.491655 Thermal correction to Enthalpy = 0.491908
Thermal correction to Gibbs Free Energy = Thermal correction to Gibbs Free Energy =
0.40141 0.40413

C -0.324941 0.203050 1.586924 C 0.721712 -0.880049 0.172429
C -1.383105 -1.090410 3.119077 C 2.351903 -2.120675 1.138774
H -2.227149 -1.550912 3.608669 H 3.322986 -2.309490 1.567890
C -0.064901 -1.107379 3.418027 C 1331797 -2.957188 0.839707
H 0.470504 -1.597613 4.216368 H 1.230996 -4.022695 0.977564
C -2.844505 0.129226 1.534129 C 2.882275 0.286825 0.778921
H -2.697224 1.054440 0.977693 H 2463725 1.033463 0.106008
H -3.421739 0.400942 2.426001 H 2.879172 0.688398 1.797836
C -3.618966 -0.885033 0.716882 C 4.288445 -0.066676 0.360140
C -4.792916 -0.449803 0.087438 C 5.334597 -0.013937 1.284786
H -5.106967 0.588027 0.183136 H 5.134739 0.277423 2.313813
C -5.574649 -1.337446 -0.646219 C 6.637191 -0.324351 0.893316
H -6.482999 -0.985577 -1.126203 H 7.444704 -0.276776 1.617739
C -5.194856 -2.675504 -0.758810 C 6.898367 -0.692947 -0.424109
H -5.805839 -3.369974 -1.327307 H 7.911890 -0.934383 -0.730184
C -4.031574 -3.115671 -0.133186 C 5856961 -0.748011 -1.352557
H -3.732093 -4.156827 -0.210514 H 6.059592 -1.030798 -2.381327
C -3.245616 -2.225776 0.602331 C 4.558141 -0.434572 -0.964278
H -2.341316 -2.586107 1.083536 H 3.750046 -0.478328 -1.691491
C 1979136 0.058246 2.664428 C -0.840957 -2.816037 -0.342088
H 2169769 0.024817 3.740294 H -0.537063 -3.803346 -0.704352
H 2.097823 1.101024 2.361917 H -1.140531 -2.232965 -1.213032
C 2975284 -0.860988 1.964360 C -1.989157 -2.981689 0.645043
H 2626935 -1.896318 1.956795 H -1.650961 -3.405471 1.594842
H 3936689 -0.810356 2.480467 H -2.744931 -3.658602 0.238737
C 3.921692 -1.810520 -0.468670 C -4.122961 -1.391278 -0.191127
F 5.087867 -2.134355 0.090106 F -3.635584 -1.379236 -1.440223
F 3.105493 -2.868219 -0.337279 F -4.942885 -2.437697 -0.091650
F 4112855 -1.584927 -1.774859 F -4.829768 -0.267091 -0.004933
C -0.711116 2939422 -1.482741 C -0.551574 2.670130 -1.635297
C 0.590047 2.602733 -1.906547 C -1.845040 2.323416 -1.207164
H 1350249 3.373031 -1.980731 H -2.647127 2.235535 -1.932429
C 0955776 1.240607 -2.052744 C -2.072295 1.917649 0.137872
H 1.995437 1.002954 -2.258172 H -3.058018 1.549076 0.403692
C 0.023470 0.162203 -1.935727 C -1.071814 1.990292 1.152065
C -1.276821 0.499126 -1.501639 C 0.232190 2.303058 0.712091
H -2.003011 -0.279419 -1.293080 H 1.053526 2.284443 1.417975
C -1.618853 1.856700 -1.228114 C 0.503500 2.568963 -0.666022
H -2.608511 2.092646 -0.849735 H 1524715 2.751493 -0.988075
C -1.115741 4.356006 -1.220328 C -0.254128 3.020807 -3.058536
H -0.255362 4.975941 -0.963093 H -0.982184 2.577741 -3.739968
H -1.842078 4.419518 -0.407006 H 0.741958 2.683523 -3.352476
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H -1.580846
C 0.451267

H 1.533316
C 0.189467

H -0.882081
H 0.560247
H 0.692739
C -0.201712
H -0.036529
H 0.231298
H -1.279495
N -1.527065
N 0.569329
S 3.212213

Cl 0.815481

Ru 0.109378

4.766964
-1.241562
-1.294044
-1.442969
-1.400313
-2.423286
-0.684362
-2.343062
-2.185523
-3.310202
-2.409811
-0.288168
-0.300242
-0.293258

3.023611

1.433415

-2.124472
-2.302632
-2.143556
-3.807112
-4.029236
-4.120165
-4.414336
-1.471674
-0.402105
-1.741245
-1.649172
2.003358
2.491091
0.240310
1.464293
-0.060461

H
C
H
C
H
H
H
C
H
H
H
N
N
S

Ru
Cl

-0.292684 4.111075
-1.429219 1.745354
-2.267609 1.038742
-1.928956 3.067542
-1.132926 3.819637
-2.255937  2.902959
-2.774473 3.480068
-0.297753 1.142831
0.098800 0.230888
-0.668530 0.887114
0.526579 1.850602
1967704 -0.862957
0.351247 -2.195908
-2.814803 -1.408622
-0.447069 0.676734
-0.235319 -0.410362

-3.170599
2.602296
2.606983
3.213132
3.227837
4.243919
2.654492
3.435246
2.978048
4.431591
3.577759
0.720415
0.232103
1.076694
-0.596201
-2.637133
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12 1H, 1°F and 13C NMR SPECTRA OF ALL COMPOUNDS.
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'H NMR (300 MHz) DMSO-d,
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'H NMR (300 MHz) CDCl;
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YF NMR (300 MHz) CDCl;
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'H NMR (400 MHz) CDCl,

Ru SCy (1b)
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'H NMR (400 MHz) CDCl,
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'H NMR (400 MHz) CDCl,

Ru S-Ph (11)
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Ru S-p-Br (1i)
'H NMR (400 MHz) CD,Cl,
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dazole (4)
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dazole (5)
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Octanenitrile (7)
'H NMR (300 MHz) CDCl;

ﬁ\CN
6
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T T
4.5 4.0
f1 (ppm)
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Dodecanenitrile (8).

'HNMR (300 MHz, CDCls)
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Tetradecanenitrile (9)

'H NMR (300 MHz, CDCl)
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Stearonitrile (10)
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2-ethylhexanenitrile (11)
'H NMR (300 MHz) CDCl;
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Geranylnitrile (12):
'H NMR (300 MHz) CDCl;
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'H NMR (400 MHz) CDCl,

Oleonitrile (13)
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Benzonitrile (2)
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4-Chlorobenzonitrile (14)
'H NMR (300 MHz) CDCl,
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4-(Trifluoromethyl)benzonitrile (15)

'H NMR (300 MHz) CDCl;
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F3C

NN
NN

NI

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0
f1 (ppm)

19F NMR (300 MHz) CDCl,

-63.53

-170 -180 -190 -200 -210

mhanmmmmmummwmnmnmmmmmmmmmmﬂnmmmlmﬂu |

-1

W

T
0 -110 -120 -130 -14f

T T
10 -20 -10
1 (ppm)

S91



4-Methoxybenzonitrile (16)

'H NMR (300 MHz) CDCl;
: SR T
MeO
J L
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N-Benzylidenebenzylamine (3)

'H NMR (300 MHz) CDCl,
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13 INHIBITION OF CELL PROLIFERATION

Samples were prepared by dissolution of the compounds in DMSO (except for
Cisplatin that was dissolved in water since it rapidly decomposes in DMSO) at
stock concentrations of 10 mM. MCF7, CT116 and PC3 cell lines were
maintained as monolayers in RPMI 1640 medium supplemented with 10% fetal
calf serum, in the presence of penicilline, streptomycine and fungizone in 75¢cm?
flask under 5%CO,, while MRC5 were grown in complete D-MEM medium.
Cells were plated in 96-well tissue culture plates in 200ul complete medium at a
density of 1000-2500 cells per well and treated 24h later with 2ul of compounds
using a Biomek 3000 automation workstation (Beckman-Coulter). Controls
received the same volume of the appropriate vehicle (DMSO, EtOH or water,
1% final volume). After 72h exposure, MTS reagent (CellTiter 96® Aqueous
One, Promega) was added and incubated for 3h at 37°C: the absorbance was
monitored at 90nm and results expressed as the inhibition of cell proliferation
calculated as the ratio [(1-(OD490 reated/OD490 control))x100] in triplicate
experiments after subtraction of the blank without cells. Positive controls (cells
incubated with a reference drug at its IC50 concentration) were routinely added
to check the responsiveness of cells. For IC50 determination [50% inhibition of
cell proliferation], cells were incubated for 72 h following the same protocol
with compound concentrations ranged 5nM to 100uM in separate duplicate
experiments. At these concentrations, no interference with Pt complexes was
noticed at 490nm. Values are given as means + SD from at least three
independent experiments performed in triplicate.
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14 X-RAY DATA AND TABLES

Complex 1c

Table S5. Crystal data and structure refinement for sbltal 50414, complex 1c.

Identification code sbltal50414

Empirical formula C26 H36 CLF6 N2 P Ru S
Formula weight 690.12

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system, space group ~ Monoclinic, P 2/c
Unit cell dimensions a=18.3465(10) A alpha =90 deg.

b=9.5046(3) A beta=115.491(2) deg.
c=18.6302(12) A gamma = 90 deg.
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Volume 2932.4(3) A™3

Z, Calculated density 4, 1.563 Mg/m"3
Absorption coefficient 0.809 mm"-1
F(000) 1408

Crystal size 0.36 x 0.10 x 0.06 mm

Theta range for data collection 1.230 to 27.456 deg.

Limiting indices -23<=h<=22, -9<=k<=12, -24<=I<=24
Reflections collected / unique 26064 / 6703 [R(int) = 0.1396]
Completeness to theta =25.242  99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.90401 and 0.81264
Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 6703 /0 /351

Goodness-of-fit on F/2 1.059

Final R indices [[>2sigma(I)] R1=0.0646, wR2 =0.1395

R indices (all data) R1=10.1620, wR2 =0.2089
Extinction coefficient n/a

Largest diff. peak and hole ~ 0.928 and -1.970 e.A"-3

Table S6. Bond lengths [A] and angles [deg] for sbltal50414, complex 1¢

C(1)-N(1) 1.360(9)
C(1)-N(2) 1.373(9)
C(1)-Ru(1) 2.075(7)
C(2)-C(3) 1.334(11)
C(2)-N(1) 1.389(9)
C(2)-H(2) 0.9500
C(3)-N(2) 1.393(9)
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C(3)-H(3)
C(4)-N(1)
C(4)-C(5)
C(4)-H(4A)
C(4)-H(4B)
C(5)-C(6)
C(5)-C(10)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-H(10)
C(11)-N(Q2)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-S(1)
C(12)-H(12A)
C(12)-H(12B)
C(13)-C(14)
C(13)-C(15)
C(13)-C(16)
C(13)-S(1)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-C(18)
C(17)-C(22)
C(17)-C(23)
C(17)-Ru(1)
C(18)-C(19)
C(18)-Ru(1)
C(18)-H(18)
C(19)-C(20)
C(19)-Ru(1)
C(19)-H(19)

0.9500
1.460(9)
1.497(10)
0.9900
0.9900
1.400(10)
1.408(11)
1.373(11)
0.9500
1.365(12)
0.9500
1.374(13)
0.9500
1.372(12)
0.9500
0.9500
1.455(9)
1.508(10)
0.9900
0.9900
1.810(7)
0.9900
0.9900
1.510(11)
1.517(11)
1.520(10)
1.875(8)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.407(9)
1.416(10)
1.506(10)
2.283(7)
1.425(9)
2.244(6)
0.9500
1.427(9)
2.183(6)
0.9500
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C(20)-C(21)
C(20)-C(24)
C(20)-Ru(1)
C(21)-C(22)
C(21)-Ru(1)
C(21)-H(21)
C(22)-Ru(1)
C(22)-H(22)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
C(24)-C(25)
C(24)-C(26)
C(24)-H(24)
C(25)-H(25A)
C(25)-H(25B)
C(25)-H(25C)
C(26)-H(26A)
C(26)-H(26B)
C(26)-H(26C)
F(1)-P(1)
F(2)-P(1)
F(3)-P(1)
F(4)-P(2)
F(5)-P(2)
F(6)-P(2)
F(7)-P(2)
P(1)-F3)#1
P(1)-FQ2)#1
P(1)-F(1)#1
P(2)-F(5)#2
P(2)-F(4)#2
S(1)-Ru(1)
CI(1)-Ru(1)

N()-C(1)-N(2)
N(1)-C(1)-Ru(1)
N(2)-C(1)-Ru(1)
C(3)-C(2)-N(1)
C(3)-C(2)-HQ2)
N(-C(2)-H(2)
C(2)-CR)-NQ@)
C(2)-CB3)-HB)
N(2)-C3)-HB3)
N(D-C#)-CG)
N(1)-C(4)-H(4A)

1.433(9)
1.514(9)
2.237(7)
1.399(10)
2.224(7)
0.9500
2.207(7)
0.9500
0.9800
0.9800
0.9800
1.528(10)
1.545(11)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.594(5)
1.584(5)
1.580(5)
1.578(5)
1.541(7)
1.525(9)
1.501(9)
1.580(5)
1.584(5)
1.594(5)
1.541(7)
1.578(5)
2.3982(18)
2.4068(18)

105.0(6)
131.0(5)
124.0(5)

109.3(7)

125.4
125.4

105.6(6)

127.2
127.2

114.3(6)

108.7

S98



C(5)-C(4)-H(4A)
N(1)-C(4)-H(4B)
C(5)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(9)-C(10)-C(5)
C(9)-C(10)-H(10)
C(5)-C(10)-H(10)
N(2)-C(11)-C(12)
N(2)-C(11)-H(11A)
C(12)-C(11)-H(11A)
N(2)-C(11)-H(11B)
C(12)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(11)-C(12)-S(1)
C(11)-C(12)-H(12A)
S(1)-C(12)-H(12A)
C(11)-C(12)-H(12B)
S(1)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(14)-C(13)-C(15)
C(14)-C(13)-C(16)
C(15)-C(13)-C(16)
C(14)-C(13)-S(1)
C(15)-C(13)-S(1)
C(16)-C(13)-S(1)
C(13)-C(14)-H(14A)
C(13)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(13)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)

108.7
108.7
108.7

107.6
116.4(7)
120.4(7)
123.3(7)

120.8(8)

119.6

119.6

122.1(8)

118.9

118.9

118.2(9)

120.9

120.9

121.2(9)
119.4
119.4
121.3(8)
119.3
119.3
111.1(6)
109.4
109.4
109.4
109.4
108.0
110.0(5)
109.7
109.7
109.7
109.7
108.2
111.0(7)
112.5(7)
110.4(7)
112.8(6)
105.1(6)
104.6(5)
109.5
109.5
109.5
109.5
109.5
109.5
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C(13)-C(15)-H(15A)
C(13)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(13)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(13)-C(16)-H(16A)
C(13)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(13)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
C(18)-C(17)-C(22)
C(18)-C(17)-C(23)
C(22)-C(17)-C(23)
C(18)-C(17)-Ru(1)
C(22)-C(17)-Ru(1)
C(23)-C(17)-Ru(1)
C(17)-C(18)-C(19)
C(17)-C(18)-Ru(1)
C(19)-C(18)-Ru(1)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
Ru(1)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-Ru(1)
C(20)-C(19)-Ru(1)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
Ru(1)-C(19)-H(19)
C(19)-C(20)-C(21)
C(19)-C(20)-C(24)
C(21)-C(20)-C(24)
C(19)-C(20)-Ru(1)
C(21)-C(20)-Ru(1)
C(24)-C(20)-Ru(1)
C(22)-C(21)-C(20)
C(22)-C(21)-Ru(1)
C(20)-C(21)-Ru(1)
C(22)-C(21)-H(21)
C(20)-C(21)-H(21)
Ru(1)-C(21)-H(21)
C(21)-C(22)-C(17)
C(21)-C(22)-Ru(1)
C(17)-C(22)-Ru(1)
C(21)-C(22)-H(22)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
118.0(7)
120.6(7)
121.2(6)
70.4(4)
68.7(4)
128.2(5)
120.2(6)
73.4(4)
68.9(4)
119.9
119.9
130.3
122.1(6)
73.6(4)
73.2(4)
118.9
118.9
126.2
116.3(6)
119.3(6)
124.2(6)
69.1(4)
70.8(4)
133.6(5)
121.1(7)
71.0(4)
71.8(4)
119.5
119.5
130.5
122.0(6)
72.2(4)
74.5(4)
119.0
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C(17)-C(22)-H(22)
Ru(1)-C(22)-H(22)
C(17)-C(23)-H(23A)
C(17)-C(23)-H(23B)
H(23A)-C(23)-H(23B)
C(17)-C(23)-H(23C)
H(23A)-C(23)-H(23C)
H(23B)-C(23)-H(23C)
C(20)-C(24)-C(25)
C(20)-C(24)-C(26)
C(25)-C(24)-C(26)
C(20)-C(24)-H(24)
C(25)-C(24)-H(24)
C(26)-C(24)-H(24)
C(24)-C(25)-H(25A)
C(24)-C(25)-H(25B)
H(25A)-C(25)-H(25B)
C(24)-C(25)-H(25C)
H(25A)-C(25)-H(25C)
H(25B)-C(25)-H(25C)
C(24)-C(26)-H(26A)
C(24)-C(26)-H(26B)
H(26A)-C(26)-H(26B)
C(24)-C(26)-H(26C)
H(26A)-C(26)-H(26C)
H(26B)-C(26)-H(26C)
C(1)-N(1)-C(2)
C(1)-N(1)-C(4)
C(2)-N(1)-C(4)
C(1)-N(2)-C(3)
C(1)-N(2)-C(11)
C(3)-N(2)-C(11)
F(3)-P(1)-F(3)#1
F(3)-P(1)-F(2)
F(3)#1-P(1)-F(2)
F(3)-P(1)-FQ)#1
F(3)#1-P(1)-F(2)#1
F(2)-P(1)-FQ)#1
F(3)-P(1)-F(1)#1
F(3)#1-P(1)-F(1)#1
F(2)-P(1)-F(1)#1
FQ)#1-P(1)-F(1)#1
F(3)-P(1)-F(1)
F(3)#1-P(1)-F(1)
F(2)-P(1)-F(1)
FQ)#1-P(1)-F(1)

119.0
126.2
109.5
109.5
109.5
109.5
109.5
109.5
108.9(6)
114.0(6)
110.2(7)
107.8
107.8
107.8
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.2(6)
127.1(6)
123.7(6)
110.8(6)
126.2(6)
122.7(6)
90.1(4)
90.0(3)
90.8(3)
90.8(3)
90.0(3)
178.9(4)
179.1(3)
89.8(3)
91.0(3)
88.3(3)
89.8(3)
179.1(3)
88.3(3)
91.0(3)
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F(1)#1-P(1)-F(1)
F(7)-P(2)-F(6)
F(7)-P(2)-F(5)#2
F(6)-P(2)-F(5)#2
F(7)-P(2)-F(5)
F(6)-P(2)-F(5)
F(5)#2-P(2)-F(5)
F(7)-P(2)-F(4)
F(6)-P(2)-F(4)
F(5)#2-P(2)-F(4)
F(5)-P(2)-F(4)
F(7)-P(2)-F(4)#2
F(6)-P(2)-F(4)#2
F(5)#2-P(2)-F(4)#2
F(5)-P(2)-F(4)#2
F(4)-P(2)-F(4)#2
C(12)-S(1)-C(13)
C(12)-S(1)-Ru(1)
C(13)-S(1)-Ru(1)
C(1)-Ru(1)-C(19)
C(1)-Ru(1)-C(22)
C(19)-Ru(1)-C(22)
C(1)-Ru(1)-C(21)
C(19)-Ru(1)-C(21)
C(22)-Ru(1)-C(21)
C(1)-Ru(1)-C(20)
C(19)-Ru(1)-C(20)
C(22)-Ru(1)-C(20)
C(21)-Ru(1)-C(20)
C(1)-Ru(1)-C(18)
C(19)-Ru(1)-C(18)
C(22)-Ru(1)-C(18)
C(21)-Ru(1)-C(18)
C(20)-Ru(1)-C(18)
C(1)-Ru(1)-C(17)
C(19)-Ru(1)-C(17)
C(22)-Ru(1)-C(17)
C(21)-Ru(1)-C(17)
C(20)-Ru(1)-C(17)
C(18)-Ru(1)-C(17)
C(1)-Ru(1)-S(1)
C(19)-Ru(1)-S(1)
C(22)-Ru(1)-S(1)
C(21)-Ru(1)-S(1)
C(20)-Ru(1)-S(1)
C(18)-Ru(1)-S(1)

90.4(4)
180.0
90.4(4)
89.6(4)
90.4(4)
89.6(4)
179.2(8)
90.2(2)
89.8(2)
93.3(3)
86.7(3)
90.2(2)
89.8(2)
86.7(3)
93.3(3)
179.7(5)
101.0(4)
111.5(2)
121.1(2)
121.5(3)
119.2(3)
78.9(3)
94.7(3)
66.9(3)
36.8(3)
94.7(3)
37.6(2)
67.4(3)
37.5(2)
159.0(3)
37.5(2)
65.9(3)
78.3(3)
67.7(3)
155.6(3)
66.7(3)
36.7(3)
66.2(3)
79.6(3)
36.2(2)
90.3(2)
84.77(19)
150.50(19)
149.39(18)
112.07(17)
86.26(18)
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C(17)-Ru(1)-S(1)
C(1)-Ru(1)-CI(1)
C(19)-Ru(1)-CI(1)
C(22)-Ru(1)-CI(1)
C(21)-Ru(1)-CI(1)
C(20)-Ru(1)-CI(1)
C(18)-Ru(1)-CI(1)
C(17)-Ru(1)-CI(1)
S(1)-Ru(1)-CI(1)

113.96(19)
86.8(2)
151.65(19)
88.0(2)
115.13(18)
152.59(17)
114.13(19)
87.82(19)
95.27(7)

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,y,-z+3/2  #2 -x+2,y,-z+1/2

Table S7. Torsion angles [deg] for sbltal50414.; complex 1¢

N(1)-C(2)-C(3)-N(2)
N(1)-C(4)-C(5)-C(6)
N(1)-C(4)-C(5)-C(10)
C(10)-C(5)-C(6)-C(7)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(5)
C(6)-C(5)-C(10)-C(9)
C(4)-C(5)-C(10)-C(9)
N(2)-C(11)-C(12)-S(1)
C(22)-C(17)-C(18)-C(19)
C(23)-C(17)-C(18)-C(19)
Ru(1)-C(17)-C(18)-C(19)
C(22)-C(17)-C(18)-Ru(1)
C(23)-C(17)-C(18)-Ru(1)
C(17)-C(18)-C(19)-C(20)
Ru(1)-C(18)-C(19)-C(20)
C(17)-C(18)-C(19)-Ru(1)
C(18)-C(19)-C(20)-C(21)
Ru(1)-C(19)-C(20)-C(21)
C(18)-C(19)-C(20)-C(24)
Ru(1)-C(19)-C(20)-C(24)
C(18)-C(19)-C(20)-Ru(1)
C(19)-C(20)-C(21)-C(22)
C(24)-C(20)-C(21)-C(22)
Ru(1)-C(20)-C(21)-C(22)
C(19)-C(20)-C(21)-Ru(1)

-1.5(11)

~131.8(7)

49.3(9)
2.1(10)
178.9(6)
1.4(11)
-0.2(12)
-0.3(13)
-0.4(13)
1.6(11)

-179.5(7)

-75.2(7)
1.3(10)
176.1(6)
52.6(6)
-51.3(6)
123.5(6)
2.7(10)
57.3(6)
-54.6(6)
-3.1(10)
54.4(5)
173.3(6)
-129.3(6)
-57.5(6)
-0.4(10)
-176.6(6)
53.1(6)
-53.6(5)
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C(24)-C(20)-C(21)-Ru(1)
C(20)-C(21)-C(22)-C(17)
Ru(1)-C(21)-C(22)-C(17)
C(20)-C(21)-C(22)-Ru(1)
C(18)-C(17)-C(22)-C(21)
C(23)-C(17)-C(22)-C(21)
Ru(1)-C(17)-C(22)-C(21)
C(18)-C(17)-C(22)-Ru(1)
C(23)-C(17)-C(22)-Ru(1)
C(19)-C(20)-C(24)-C(25)
C(21)-C(20)-C(24)-C(25)
Ru(1)-C(20)-C(24)-C(25)
C(19)-C(20)-C(24)-C(26)
C(21)-C(20)-C(24)-C(26)
Ru(1)-C(20)-C(24)-C(26)
N(2)-C(1)-N(1)-C(2)
Ru(1)-C(1)-N(1)-C(2)
N(2)-C(1)-N(1)-C(4)
Ru(1)-C(1)-N(1)-C(4)
C(3)-C(2)-N(1)-C(1)
C(3)-C(2)-N(1)-C(4)
C(5)-C(4)-N(1)-C(1)
C(5)-C(4)-N(1)-C(2)
N(1)-C(1)-N(2)-C(3)
Ru(1)-C(1)-N(2)-C(3)
N(1)-C(1)-N(2)-C(11)
Ru(1)-C(1)-N(2)-C(11)
C(2)-C(3)-N(2)-C(1)
C(2)-C(3)-N(2)-C(11)
C(12)-C(11)-N(2)-C(1)
C(12)-C(11)-N(2)-C(3)
C(11)-C(12)-S(1)-C(13)
C(11)-C(12)-S(1)-Ru(1)
C(14)-C(13)-S(1)-C(12)
C(15)-C(13)-S(1)-C(12)
C(16)-C(13)-S(1)-C(12)
C(14)-C(13)-S(1)-Ru(1)
C(15)-C(13)-S(1)-Ru(1)
C(16)-C(13)-S(1)-Ru(1)

130.3(6)
4.4(11)
57.9(6)

-53.5(6)
-4.8(10)
-179.6(7)
-56.9(6)
52.0(6)
-122.7(6)
-77.9(8)
98.2(8)
-166.2(6)
158.6(7)
-25.4(10)
70.3(9)
2.8(9)

-174.9(6)
-176.2(7)

6.0(12)
-0.9(11)
178.2(8)
91.7(9)

-87.2(9)

-3.8(9)
174.1(6)
-177.4(7)
0.6(10)
3.4(11)
177.2(8)
65.2(10)
-107.6(8)
160.6(5)
30.6(6)
-56.3(6)
64.8(6)
-178.9(5)
67.2(6)
-171.7(5)
-55.4(6)
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Complex 1i

Table S8. Crystal data and structure refinement for sbltal51104, complex 1i

Identification code sbltal51104

Empirical formula C28 H31 BrCIF6 N2 P Ru S
Formula weight 789.01

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system, space group ~ Monoclinic, P ¢

Unit cell dimensions a=10.3883(10) A alpha =90 deg.
b=19.6463(19) A beta=95.526(2) deg.
c=14.7966(14) A gamma = 90 deg.

Volume 3005.8(5) A3
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Z, Calculated density 4, 1.744 Mg/m"3

Absorption coefficient 2.122 mm~"-1
F(000) 1576
Crystal size 0.250 x 0.120 x 0.100 mm

Theta range for data collection 1.728 to 28.040 deg.

Limiting indices -13<=h<=13, -25<=k<=25, -19<=I<=19
Reflections collected / unique 35513/ 13689 [R(int) = 0.0593]
Completeness to theta =25.242  99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6500

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 13689 /2 / 664

Goodness-of-fit on F/2 1.013

Final R indices [[>2sigma(I)] R1=0.0734, wR2 =0.1693

R indices (all data) R1=0.1122, wR2 =0.1906
Absolute structure parameter  0.55(2)

Extinction coefficient n/a

Largest diff. peak and hole ~ 4.796 and -1.394 e.A"-3

Table S9. Bond lengths [A] and angles [deg] for sbltal51104, complex 1i

C(1)-N(1) 1.315(19)
C(1)-N(2) 1.354(17)
C(1)-Ru(1) 2.050(15)
C(2)-C(3) 1.35(2)
C(2)-N(1) 1.411(18)
C(2)-H(2) 0.9500
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C(3)-N(2)
C(3)-H(3)
C(4)-N(1)
C(4)-C(5)
C(4)-H(4A)
C(4)-H(4B)
C(5)-C(6)
C(5)-C(10)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-H(10)
C(11)-N(2)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-S(1)
C(12)-H(12A)
C(12)-H(12B)
C(13)-C(18)
C(13)-C(14)
C(13)-S(1)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-Br(1)
C(17)-C(18)
C(17)-H(17)
C(18)-H(18)
C(19)-C(24)
C(19)-C(20)
C(19)-C(25)
C(19)-Ru(1)
C(20)-C(21)
C(20)-Ru(1)
C(20)-H(20)
C(21)-C(22)
C(21)-Ru(1)
C(21)-H(21)

1.361(19)
0.9500
1.473(17)
1.511(19)
0.9900
0.9900
1.393(19)
1.41(2)
1.41(2)
0.9500
1.38(3)
0.9500
1.36(3)
0.9500
1.37(2)
0.9500
0.9500
1.491(19)
1.52(2)
0.9900
0.9900
1.809(15)
0.9900
0.9900
1.37(2)
1.402(18)
1.775(14)
1.385(19)
0.9500
1.35(2)
0.9500
1.40(2)
1.893(14)
1.40(2)
0.9500
0.9500
1.41(2)
1.46(2)
1.50(2)
2.274(16)
1.37(2)
2.225(18)
0.9500
1.43(2)
2.215(16)
0.9500
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C(22)-C(23) 1.43(2)

C(22)-C(26) 1.510(19)
C(22)-Ru(1) 2.236(13)
C(23)-C(24) 1.40(2)
C(23)-Ru(1) 2.184(13)
C(23)-H(23) 0.9500
C(24)-Ru(1) 2.236(15)
C(24)-H(24) 0.9500
C(25)-H(25A) 0.9800
C(25)-H(25B) 0.9800
C(25)-H(25C) 0.9800
C(26)-C(27) 1.48(2)
C(26)-C(28) 1.515(17)
C(26)-H(26) 1.0000
C(27)-H(27A) 0.9800
C(27)-H(27B) 0.9800
C(27)-H(27C) 0.9800
C(28)-H(28A) 0.9800
C(28)-H(28B) 0.9800
C(28)-H(28C) 0.9800
C(29)-N(3) 1.4200
C(29)-N(4) 1.4200
C(29)-Ru(2) 2.054(8)
N(3)-C(30) 1.4200
N(3)-C(32) 1.45(2)
C(30)-C(31) 1.4200
C(30)-H(30) 0.9500
C(31)-N(4) 1.4200
C(31)-H@31) 0.9500
N(4)-C(39) 1.40(2)
C(32)-C(33) 1.52(2)
C(32)-H(32A) 0.9900
C(32)-H(32B) 0.9900
C(33)-C(34) 1.3900
C(33)-C(38) 1.3900
C(34)-C(35) 1.3900
C(34)-H(34) 0.9500
C(35)-C(36) 1.3900
C(35)-H(35) 0.9500
C(36)-C(37) 1.3900
C(36)-H(36) 0.9500
C(37)-C(38) 1.3900
C(37)-H(37) 0.9500
C(38)-H(38) 0.9500
C(39)-C(40) 1.44(2)
C(39)-H(39A) 0.9900
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C(39)-H(39B)
C(40)-S(2)
C(40)-H(40A)
C(40)-H(40B)
C(41)-C(46)
C(41)-C(42)
C(41)-S(2)
C(42)-C(43)
C(42)-H(42)
C(43)-C(44)
C(43)-H(43)
C(44)-C(45)
C(44)-Br(2)
C(45)-C(46)
C(45)-H(45)
C(46)-H(46)
C(47)-C(52)
C(47)-C(48)
C(47)-C(53)
C(47)-Ru(2)
C(48)-C(49)
C(48)-Ru(2)
C(48)-H(48)
C(49)-C(50)
C(49)-Ru(2)
C(49)-H(49)
C(50)-C(51)
C(50)-C(54)
C(50)-Ru(2)
C(51)-C(52)
C(51)-Ru(2)
C(51)-H(51)
C(52)-Ru(2)
C(52)-H(52)
C(53)-H(53A)
C(53)-H(53B)
C(53)-H(53C)
C(54)-C(55)
C(54)-C(56)
C(54)-H(54)
C(55)-H(55A)
C(55)-H(55B)
C(55)-H(55C)
C(56)-H(56A)
C(56)-H(56B)
C(56)-H(56C)

0.9900
1.758(16)
0.9900
0.9900
1.38(3)
1.41(3)
1.72(2)
1.38(2)
0.9500
1.35(3)
0.9500
1.37(3)
1.893(19)
1.49(3)
0.9500
0.9500
1.39(3)
1.45(2)
1.50(2)
2.265(15)
1.40(2)
2.198(14)
0.9500
1.40(2)
2.216(16)
0.9500
1.43(2)
1.52(2)
2.283(15)
1.392)
2.243(15)
0.9500
2.222(18)
0.9500
0.9800
0.9800
0.9800
1.48(2)
1.54(2)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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F(1)-P(1)
F(2)-P(1)
F(3)-P(1)
F(4)-P(1)
F(5)-P(1)
F(6)-P(1)
F(7)-P(2)
F(8)-P(2)
F(9)-P(2)
F(10)-P(2)
F(11)-P(2)
F(12)-P(2)
S(1)-Ru(1)
S(2)-Ru(2)
CI(1)-Ru(1)
Cl(2)-Ru(2)

N()-C(1)-N(2)
N(1)-C(1)-Ru(1)
N(2)-C(1)-Ru(1)
C(3)-C(2)-N(1)
C(3)-C(2)-H()
N(D-C(2)-H(2)
C(2)-CR)-NQ@)
C(2)-CB3)-HB)
N(2)-C3)-HB3)
N(D-C#)-CG)
N(1)-C(4)-H(4A)
C(5)-C(4)-H(4A)
N(1)-C(4)-H(4B)
C(5)-C(4)-H(4B)

H(4A)-C(4)-H(4B)

C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)

1.596(11)
1.575(11)
1.609(10)
1.567(12)
1.588(12)
1.599(11)
1.570(13)
1.513(13)
1.591(11)
1.566(13)
1.589(13)
1.597(10)
2.384(3)
2.401(5)
2.395(3)
2.392(4)

103.9(12)
130.3(10)
125.1(11)
104.5(12)
127.7
127.7
106.9(12)
126.5
126.5
113.0(12)
109.0
109.0
109.0
109.0
107.8
118.6(13)
120.4(13)
120.8(13)
120.0(14)
120.0
120.0
120.2(16)
119.9
119.9
118.9(16)
120.5
120.5
122.3(17)
118.8
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C(10)-C(9)-H(9)
C(9)-C(10)-C(5)
C(9)-C(10)-H(10)
C(5)-C(10)-H(10)
N(2)-C(11)-C(12)
N(2)-C(11)-H(11A)

C(12)-C(11)-H(11A)

N(2)-C(11)-H(11B)

C(12)-C(11)-H(11B)
H(11A)-C(11)-H(11B)

C(11)-C(12)-S(1)

C(11)-C(12)-H(12A)

S(1)-C(12)-H(12A)

C(11)-C(12)-H(12B)

S(1)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

C(18)-C(13)-C(14)
C(18)-C(13)-S(1)

C(14)-C(13)-S(1)

C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-Br(1)
C(17)-C(16)-Br(1)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(13)-C(18)-C(17)
C(13)-C(18)-H(18)
C(17)-C(18)-H(18)
C(24)-C(19)-C(20)
C(24)-C(19)-C(25)
C(20)-C(19)-C(25)
C(24)-C(19)-Ru(1)
C(20)-C(19)-Ru(1)
C(25)-C(19)-Ru(1)
C(21)-C(20)-C(19)
C(21)-C(20)-Ru(1)
C(19)-C(20)-Ru(1)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
Ru(1)-C(20)-H(20)

118.8
119.3(15)
120.3
120.3
110.2(11)
109.6
109.6
109.6
109.6
108.1
108.0(11)
110.1
110.1
110.1
110.1
108.4
120.4(13)
116.3(10)
123.2(11)
118.9(13)
120.5
120.5
120.3(13)
119.9
119.9
122.3(13)
119.3(11)
118.2(12)
117.4(14)
121.3
121.3
120.6(14)
119.7
119.7
115.5(14)
123.5(16)
121.0(15)
70.4(9)
69.3(9)
129.2(11)
121.2(14)
71.6(10)
72.8(9)
119.4
119.4
128.5
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C(20)-C(21)-C(22)
C(20)-C(21)-Ru(1)
C(22)-C(21)-Ru(1)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
Ru(1)-C(21)-H(21)
C(21)-C(22)-C(23)
C(21)-C(22)-C(26)
C(23)-C(22)-C(26)
C(21)-C(22)-Ru(1)
C(23)-C(22)-Ru(1)
C(26)-C(22)-Ru(1)
C(24)-C(23)-C(22)
C(24)-C(23)-Ru(1)
C(22)-C(23)-Ru(1)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
Ru(1)-C(23)-H(23)
C(23)-C(24)-C(19)
C(23)-C(24)-Ru(1)
C(19)-C(24)-Ru(1)
C(23)-C(24)-H(24)
C(19)-C(24)-H(24)
Ru(1)-C(24)-H(24)
C(19)-C(25)-H(25A)
C(19)-C(25)-H(25B)
H(25A)-C(25)-H(25B)
C(19)-C(25)-H(25C)
H(25A)-C(25)-H(25C)
H(25B)-C(25)-H(25C)
C(27)-C(26)-C(22)
C(27)-C(26)-C(28)
C(22)-C(26)-C(28)
C(27)-C(26)-H(26)
C(22)-C(26)-H(26)
C(28)-C(26)-H(26)
C(26)-C(27)-H(27A)
C(26)-C(27)-H(27B)
H(27A)-C(27)-H(27B)
C(26)-C(27)-H(27C)
H(27A)-C(27)-H(27C)
H(27B)-C(27)-H(27C)
C(26)-C(28)-H(28A)
C(26)-C(28)-H(28B)
H(28A)-C(28)-H(28B)
C(26)-C(28)-H(28C)

123.3(15)
72.4(10)
72.1(8)
118.4
118.4
129.9
115.5(13)
124.4(14)
119.9(13)
70.5(8)
69.2(8)
133.2(10)
121.6(13)
73.5(8)
73.1(8)
119.2
119.2
126.0
122.7(14)
69.5(8)
73.3(9)
118.6
118.6
131.7
109.5
109.5
109.5
109.5
109.5
109.5
114.2(12)
109.5(12)
107.1(11)
108.6
108.6
108.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(28A)-C(28)-H(28C)  109.5
H(28B)-C(28)-H(28C)  109.5

N(3)-C(29)-N(4) 108.0
N(3)-C(29)-Ru(2) 129.0(2)
N(4)-C(29)-Ru(2) 122.6(2)
C(30)-N(3)-C(29) 108.0
C(30)-N(3)-C(32) 124.7(10)
C(29)-N(3)-C(32) 127.3(10)
N(3)-C(30)-C(31) 108.0
N(3)-C(30)-H(30) 126.0
C(31)-C(30)-H(30) 126.0
N(4)-C(31)-C(30) 108.0
N@4)-C(31)-H(31) 126.0
C(30)-C(31)-H(31) 126.0
C(39)-N(4)-C(31) 123.7(8)
C(39)-N(4)-C(29) 127.9(8)
C(31)-N(4)-C(29) 108.0
N(3)-C(32)-C(33) 113.0(14)
N(3)-C(32)-H(32A) 109.0
C(33)-C(32)-H(32A) 109.0
N(3)-C(32)-H(32B) 109.0

C(33)-C(32)-H(32B) 109.0
H(32A)-C(32)-H(32B)  107.8

C(34)-C(33)-C(38) 120.0
C(34)-C(33)-C(32) 115.0(11)
C(38)-C(33)-C(32) 124.9(11)
C(35)-C(34)-C(33) 120.0
C(35)-C(34)-H(34) 120.0
C(33)-C(34)-H(34) 120.0
C(34)-C(35)-C(36) 120.0
C(34)-C(35)-H(35) 120.0
C(36)-C(35)-H(35) 120.0
C(35)-C(36)-C(37) 120.0
C(35)-C(36)-H(36) 120.0
C(37)-C(36)-H(36) 120.0
C(38)-C(37)-C(36) 120.0
C(38)-C(37)-H(37) 120.0
C(36)-C(37)-H(37) 120.0
C(37)-C(38)-C(33) 120.0
C(37)-C(38)-H(38) 120.0
C(33)-C(38)-H(38) 120.0
N(4)-C(39)-C(40) 112.0(13)
N(4)-C(39)-H(39A) 109.2
C(40)-C(39)-H(39A) 109.2
N(4)-C(39)-H(39B) 109.2

C(40)-C(39)-H(39B) 109.2

S113



H(39A)-C(39)-H(39B)

C(39)-C(40)-S(2)

C(39)-C(40)-H(40A)

S(2)-C(40)-H(40A)

C(39)-C(40)-H(40B)

S(2)-C(40)-H(40B)

H(40A)-C(40)-H(40B)

C(46)-C(41)-C(42)
C(46)-C(41)-S(2)

C(42)-C(41)-S(2)

C(43)-C(42)-C(41)
C(43)-C(42)-H(42)
C(41)-C(42)-H(42)
C(44)-C(43)-C(42)
C(44)-C(43)-H(43)
C(42)-C(43)-H(43)
C(43)-C(44)-C(45)
C(43)-C(44)-Br(2)
C(45)-C(44)-Br(2)
C(44)-C(45)-C(46)
C(44)-C(45)-H(45)
C(46)-C(45)-H(45)
C(41)-C(46)-C(45)
C(41)-C(46)-H(46)
C(45)-C(46)-H(46)
C(52)-C(47)-C(48)
C(52)-C(47)-C(53)
C(48)-C(47)-C(53)
C(52)-C(47)-Ru(2)
C(48)-C(47)-Ru(2)
C(53)-C(47)-Ru(2)
C(49)-C(48)-C(47)
C(49)-C(48)-Ru(2)
C(47)-C(48)-Ru(2)
C(49)-C(48)-H(48)
C(47)-C(48)-H(48)
Ru(2)-C(48)-H(48)
C(50)-C(49)-C(48)
C(50)-C(49)-Ru(2)
C(48)-C(49)-Ru(2)
C(50)-C(49)-H(49)
C(48)-C(49)-H(49)
Ru(2)-C(49)-H(49)
C(49)-C(50)-C(51)
C(49)-C(50)-C(54)
C(51)-C(50)-C(54)

107.9
116.9(15)
108.1
108.1
108.1
108.1
107.3
116.0(19)
117.7(16)
125.7(15)
121.7(18)
119.2
119.2
120.6(17)
119.7
119.7
123.8(18)
119.7(16)
116.4(16)
114.2(18)
122.9
122.9
123.1(19)
118.5
118.5
115.7(15)
124.5(17)
119.8(16)
70.3(10)
68.6(8)
131.7(13)
121.5(15)
72.2(9)
73.6(8)
119.3
119.3
127.0
121.7(15)
74.6(9)
70.8(9)
119.2
119.2
127.6
116.8(14)
120.6(14)
122.4(14)
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C(49)-C(50)-Ru(2)
C(51)-C(50)-Ru(2)
C(54)-C(50)-Ru(2)
C(52)-C(51)-C(50)
C(52)-C(51)-Ru(2)
C(50)-C(51)-Ru(2)
C(52)-C(51)-H(51)
C(50)-C(51)-H(51)
Ru(2)-C(51)-H(51)
C(51)-C(52)-C(47)
C(51)-C(52)-Ru(2)
C(47)-C(52)-Ru(2)
C(51)-C(52)-H(52)
C(47)-C(52)-H(52)
Ru(2)-C(52)-H(52)
C(47)-C(53)-H(53A)
C(47)-C(53)-H(53B)
H(53A)-C(53)-H(53B)
C(47)-C(53)-H(53C)
H(53A)-C(53)-H(53C)
H(53B)-C(53)-H(53C)
C(55)-C(54)-C(50)
C(55)-C(54)-C(56)
C(50)-C(54)-C(56)
C(55)-C(54)-H(54)
C(50)-C(54)-H(54)
C(56)-C(54)-H(54)
C(54)-C(55)-H(55A)
C(54)-C(55)-H(55B)
H(55A)-C(55)-H(55B)
C(54)-C(55)-H(55C)
H(55A)-C(55)-H(55C)
H(55B)-C(55)-H(55C)
C(54)-C(56)-H(56A)
C(54)-C(56)-H(56B)
H(56A)-C(56)-H(56B)
C(54)-C(56)-H(56C)
H(56A)-C(56)-H(56C)
H(56B)-C(56)-H(56C)
C(1)-N(1)-C(2)
C(1)-N(1)-C(4)
C(2)-N(1)-C(4)
C(1)-N(2)-C(3)
C(1)-N(2)-C(11)
C(3)-N(2)-C(11)
F(4)-P(1)-F(2)

69.3(9)
70.1(8)
135.6(11)
121.5(16)
71.0(10)
73.2(9)
119.3
119.3
129.0
122.8(17)
72.7(10)
73.6(10)
118.6
118.6
127.3

109.5
109.5
109.5
109.5
109.5
109.5
108.0(15)
110.6(15)
115.3(13)
107.6
107.6
107.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
112.4(12)
126.8(12)
120.7(12)
112.2(12)
123.4(13)
124.2(12)
90.9(8)
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F(4)-P(1)-F(5)
F(2)-P(1)-F(5)
F(4)-P(1)-F(1)
F(2)-P(1)-F(1)
F(5)-P(1)-F(1)
F(4)-P(1)-F(6)
F(2)-P(1)-F(6)
F(5)-P(1)-F(6)
F(1)-P(1)-F(6)
F(4)-P(1)-F(3)
F(2)-P(1)-F(3)
F(5)-P(1)-F(3)
F(1)-P(1)-F(3)
F(6)-P(1)-F(3)
F(8)-P(2)-F(10)
F(8)-P(2)-F(7)
F(10)-P(2)-F(7)
F(8)-P(2)-F(11)
F(10)-P(2)-F(11)
F(7)-P(2)-F(11)
F(8)-P(2)-F(9)
F(10)-P(2)-F(9)
F(7)-P(2)-F(9)
F(11)-P(2)-F(9)
F(8)-P(2)-F(12)
F(10)-P(2)-F(12)
F(7)-P(2)-F(12)
F(11)-P(2)-F(12)
F(9)-P(2)-F(12)
C(13)-S(1)-C(12)
C(13)-S(1)-Ru(1)
C(12)-S(1)-Ru(1)
C(41)-S(2)-C(40)
C(41)-S(2)-Ru(2)
C(40)-S(2)-Ru(2)
C(1)-Ru(1)-C(23)
C(1)-Ru(1)-C(21)
C(23)-Ru(1)-C(21)
C(1)-Ru(1)-C(20)
C(23)-Ru(1)-C(20)
C(21)-Ru(1)-C(20)
C(1)-Ru(1)-C(24)
C(23)-Ru(1)-C(24)
C(21)-Ru(1)-C(24)
C(20)-Ru(1)-C(24)
C(1)-Ru(1)-C(22)

89.8(8)
179.0(8)
177.1(8)
91.7(8)
87.6(7)
89.9(7)
91.4(7)
89.3(7)
91.3(7)
88.8(7)
90.2(6)
89.2(6)
89.9(6)
178.0(7)
91.7(10)
92.2(10)
175.8(10)
179.4(11)
88.0(9)
88.1(9)
87.6(9)
87.9(7)
90.6(7)
92.9(9)
92.3(8)
91.9(8)
89.5(7)
87.2(8)
179.8(8)
102.8(7)
112.0(4)
111.1(5)
104.8(9)
115.2(6)
108.5(7)
114.5(5)
98.0(6)
66.6(6)
125.4(6)
78.8(6)
36.0(6)
150.8(5)
37.0(5)
77.4(6)
65.9(6)
91.5(6)
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C(23)-Ru(1)-C(22)
C(21)-Ru(1)-C(22)
C(20)-Ru(1)-C(22)
C(24)-Ru(1)-C(22)
C(1)-Ru(1)-C(19)
C(23)-Ru(1)-C(19)
C(21)-Ru(1)-C(19)
C(20)-Ru(1)-C(19)
C(24)-Ru(1)-C(19)
C(22)-Ru(1)-C(19)
C(1)-Ru(1)-S(1)
C(23)-Ru(1)-S(1)
C(21)-Ru(1)-S(1)
C(20)-Ru(1)-S(1)
C(24)-Ru(1)-S(1)
C(22)-Ru(1)-S(1)
C(19)-Ru(1)-S(1)
C(1)-Ru(1)-CI(1)
C(23)-Ru(1)-CI(1)
C(21)-Ru(1)-CI(1)
C(20)-Ru(1)-CI(1)
C(24)-Ru(1)-CI(1)
C(22)-Ru(1)-CI(1)
C(19)-Ru(1)-CI(1)
S(1)-Ru(1)-CI(1)
C(29)-Ru(2)-C(48)
C(29)-Ru(2)-C(49)
C(48)-Ru(2)-C(49)
C(29)-Ru(2)-C(52)
C(48)-Ru(2)-C(52)
C(49)-Ru(2)-C(52)
C(29)-Ru(2)-C(51)
C(48)-Ru(2)-C(51)
C(49)-Ru(2)-C(51)
C(52)-Ru(2)-C(51)
C(29)-Ru(2)-C(47)
C(48)-Ru(2)-C(47)
C(49)-Ru(2)-C(47)
C(52)-Ru(2)-C(47)
C(51)-Ru(2)-C(47)
C(29)-Ru(2)-C(50)
C(48)-Ru(2)-C(50)
C(49)-Ru(2)-C(50)
C(52)-Ru(2)-C(50)
C(51)-Ru(2)-C(50)
C(47)-Ru(2)-C(50)

37.7(6)
37.4(5)
67.1(5)
67.2(6)
163.3(6)
67.2(6)
66.8(6)
37.9(6)
36.3(6)
80.5(5)
89.1(4)
90.3(4)
156.8(4)
145.4(4)
85.7(4)
120.9(4)
107.6(4)
87.6(4)
157.9(4)
111.0(4)
87.5(4)
121.2(4)
147.8(4)
91.4(4)
91.23(12)
91.7(5)
91.3(5)
37.0(6)
154.8(5)
65.9(7)
77.7(7)
153.3(5)
77.4(6)
65.3(6)
36.3(6)
118.7(5)
37.8(6)
67.3(6)
36.2(6)
65.7(6)
116.6(5)
66.1(6)
36.2(5)
66.1(6)
36.7(6)
78.9(6)
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C(29)-Ru(2)-C1(2)
C(48)-Ru(2)-CI(2)
C(49)-Ru(2)-C1(2)
C(52)-Ru(2)-CI(2)
C(51)-Ru(2)-C1(2)
C(47)-Ru(2)-CI(2)
C(50)-Ru(2)-C1(2)
C(29)-Ru(2)-S(2)
C(48)-Ru(2)-S(2)
C(49)-Ru(2)-S(2)
C(52)-Ru(2)-S(2)
C(51)-Ru(2)-S(2)
C(47)-Ru(2)-S(2)
C(50)-Ru(2)-S(2)
Cl(2)-Ru(2)-S(2)

87.1(2)
156.4(5)
119.5(4)
118.0(5)
93.3(4)
153.9(5)
93.5(4)
91.5(3)
113.5(5)
150.5(4)
87.6(5)
115.2(4)
85.7(5)
151.8(4)
90.04(15)

Table S10. Torsion angles [deg] for sbltal51104, complex 1i

N(1)-C(2)-C(3)-N(2)
N(1)-C(4)-C(5)-C(6)
N(1)-C(4)-C(5)-C(10)
C(10)-C(5)-C(6)-C(7)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(5)
C(6)-C(5)-C(10)-C(9)
C(4)-C(5)-C(10)-C(9)
N(2)-C(11)-C(12)-S(1)
C(18)-C(13)-C(14)-C(15)
S(1)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(14)-C(15)-C(16)-Br(1)
C(15)-C(16)-C(17)-C(18)
Br(1)-C(16)-C(17)-C(18)
C(14)-C(13)-C(18)-C(17)
S(1)-C(13)-C(18)-C(17)
C(16)-C(17)-C(18)-C(13)
C(24)-C(19)-C(20)-C(21)
C(25)-C(19)-C(20)-C(21)
Ru(1)-C(19)-C(20)-C(21)
C(24)-C(19)-C(20)-Ru(1)

-0.3(16)
-136.2(13)

48.1(17)

2(2)
-177.5(13)

4(2)

-8(2)

9(3)
7(2)

3(2)
178.6(13)
-78.3(14)

2(2)
-178.6(11)
-1(2)
1(3)
176.5(11)
2(3)
-177.3(12)
2(2)
177.7(12)
3(2)
0(2)
-179.0(16)
-55.0(15)
54.6(12)
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C(25)-C(19)-C(20)-Ru(1)
C(19)-C(20)-C(21)-C(22)
Ru(1)-C(20)-C(21)-C(22)
C(19)-C(20)-C(21)-Ru(1)
C(20)-C(21)-C(22)-C(23)
Ru(1)-C(21)-C(22)-C(23)
C(20)-C(21)-C(22)-C(26)
Ru(1)-C(21)-C(22)-C(26)
C(20)-C(21)-C(22)-Ru(1)
C(21)-C(22)-C(23)-C(24)
C(26)-C(22)-C(23)-C(24)
Ru(1)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-Ru(1)
C(26)-C(22)-C(23)-Ru(1)
C(22)-C(23)-C(24)-C(19)
Ru(1)-C(23)-C(24)-C(19)
C(22)-C(23)-C(24)-Ru(1)
C(20)-C(19)-C(24)-C(23)
C(25)-C(19)-C(24)-C(23)
Ru(1)-C(19)-C(24)-C(23)
C(20)-C(19)-C(24)-Ru(1)
C(25)-C(19)-C(24)-Ru(1)
C(21)-C(22)-C(26)-C(27)
C(23)-C(22)-C(26)-C(27)
Ru(1)-C(22)-C(26)-C(27)
C(21)-C(22)-C(26)-C(28)
C(23)-C(22)-C(26)-C(28)
Ru(1)-C(22)-C(26)-C(28)
N(4)-C(29)-N(3)-C(30)
Ru(2)-C(29)-N(3)-C(30)
N(4)-C(29)-N(3)-C(32)
Ru(2)-C(29)-N(3)-C(32)
C(29)-N(3)-C(30)-C(31)
C(32)-N(3)-C(30)-C(31)
N(3)-C(30)-C(31)-N(4)
C(30)-C(31)-N(4)-C(39)
C(30)-C(31)-N(4)-C(29)
N(3)-C(29)-N(4)-C(39)
Ru(2)-C(29)-N(4)-C(39)
N(3)-C(29)-N(4)-C(31)
Ru(2)-C(29)-N(4)-C(31)
C(30)-N(3)-C(32)-C(33)
C(29)-N(3)-C(32)-C(33)
N(3)-C(32)-C(33)-C(34)
N(3)-C(32)-C(33)-C(38)
C(38)-C(33)-C(34)-C(35)

-124.1(15)
2(3)
-53.6(14)
55.5(15)
0(2)
-54.0(11)
-176.7(15)
129.6(14)
53.7(15)
3(2)
173.6(14)
-57.7(13)
54.7(11)
-128.8(13)
5(2)
-52.7(14)
57.5(12)
3(2)
175.7(16)
51.1(14)
-54.1(13)
124.6(16)
-32(2)
151.3(14)
63(2)
88.9(16)
-87.3(15)
-176.0(10)
0.0
173.1(3)
-178.4(10)
-5.3(9)
0.0
178.4(10)
0.0
-172.8(9)
0.0
172.5(10)
-1.2(9)
0.0
-173.6(3)
-49.8(18)
128.3(12)
154.9(12)
29(2)
0.0
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C(32)-C(33)-C(34)-C(35)
C(33)-C(34)-C(35)-C(36)
C(34)-C(35)-C(36)-C(37)
C(35)-C(36)-C(37)-C(38)
C(36)-C(37)-C(38)-C(33)
C(34)-C(33)-C(38)-C(37)
C(32)-C(33)-C(38)-C(37)
C(31)-N(4)-C(39)-C(40)
C(29)-N(4)-C(39)-C(40)
N(4)-C(39)-C(40)-S(2)
C(46)-C(41)-C(42)-C(43)
S(2)-C(41)-C(42)-C(43)
C(41)-C(42)-C(43)-C(44)
C(42)-C(43)-C(44)-C(45)
C(42)-C(43)-C(44)-Br(2)
C(43)-C(44)-C(45)-C(46)
Br(2)-C(44)-C(45)-C(46)
C(42)-C(41)-C(46)-C(45)
S(2)-C(41)-C(46)-C(45)
C(44)-C(45)-C(46)-C(41)
C(52)-C(47)-C(48)-C(49)
C(53)-C(47)-C(48)-C(49)
Ru(2)-C(47)-C(48)-C(49)
C(52)-C(47)-C(48)-Ru(2)
C(53)-C(47)-C(48)-Ru(2)
C(47)-C(48)-C(49)-C(50)
Ru(2)-C(48)-C(49)-C(50)
C(47)-C(48)-C(49)-Ru(2)
C(48)-C(49)-C(50)-C(51)
Ru(2)-C(49)-C(50)-C(51)
C(48)-C(49)-C(50)-C(54)
Ru(2)-C(49)-C(50)-C(54)
C(48)-C(49)-C(50)-Ru(2)
C(49)-C(50)-C(51)-C(52)
C(54)-C(50)-C(51)-C(52)
Ru(2)-C(50)-C(51)-C(52)
C(49)-C(50)-C(51)-Ru(2)
C(54)-C(50)-C(51)-Ru(2)
C(50)-C(51)-C(52)-C(47)
Ru(2)-C(51)-C(52)-C(47)
C(50)-C(51)-C(52)-Ru(2)
C(48)-C(47)-C(52)-C(51)
C(53)-C(47)-C(52)-C(51)
Ru(2)-C(47)-C(52)-C(51)
C(48)-C(47)-C(52)-Ru(2)
C(53)-C(47)-C(52)-Ru(2)

176.6(14)
0.0
0.0
0.0
0.0
0.0
-176.3(15)
112.3(13)
-59.0(18)
72.7(18)
4(3)
174.5(16)
2(3)
2(3)
176.9(16)
3(3)
178.1(17)
9(3)
179.3(19)
9(4)
3(2)
176.8(16)
-56.4(14)
53.7(14)
-126.8(16)
0(2)
-56.9(14)
57.0(14)
2(2)
-53.3(12)
-173.3(15)
131.6(14)
55.2(14)
-12)
173.6(16)
-54.3(14)
52.8(12)
-132.1(14)
-13)
-56.4(16)
55.3(14)
3(3)
-176.3(16)
56.0(16)
-52.9(13)
127.7(17)
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C(49)-C(50)-C(54)-C(55)
C(51)-C(50)-C(54)-C(55)
Ru(2)-C(50)-C(54)-C(55)
C(49)-C(50)-C(54)-C(56)
C(51)-C(50)-C(54)-C(56)
Ru(2)-C(50)-C(54)-C(56)
N(2)-C(1)-N(1)-C(2)
Ru(1)-C(1)-N(1)-C(2)
N(2)-C(1)-N(1)-C(4)
Ru(1)-C(1)-N(1)-C(4)
C(3)-C(2)-N(1)-C(1)
C(3)-C(2)-N(1)-C(4)
C(5)-C(4)-N(1)-C(1)
C(5)-C(4)-N(1)-C(2)
N(1)-C(1)-N(2)-C(3)
Ru(1)-C(1)-N(2)-C(3)
N(1)-C(1)-N(2)-C(11)
Ru(1)-C(1)-N(2)-C(11)
C(2)-C(3)-N(2)-C(1)
C(2)-C(3)-N(2)-C(11)
C(12)-C(11)-N(2)-C(1)
C(12)-C(11)-N(2)-C(3)
C(18)-C(13)-S(1)-C(12)
C(14)-C(13)-S(1)-C(12)
C(18)-C(13)-S(1)-Ru(1)
C(14)-C(13)-S(1)-Ru(1)
C(11)-C(12)-S(1)-C(13)
C(11)-C(12)-S(1)-Ru(1)
C(46)-C(41)-S(2)-C(40)
C(42)-C(41)-S(2)-C(40)
C(46)-C(41)-S(2)-Ru(2)
C(42)-C(41)-S(2)-Ru(2)
C(39)-C(40)-S(2)-C(41)
C(39)-C(40)-S(2)-Ru(2)

83.1(19)
-91.8(18)
174.0(13)

-152.7(16)

32(2)

-62(2)
3.0(16)
173.2(11)

-173.6(13)

302)
-1.8(17)
175.0(13)

-136.3(14)

47.3(17)
-3.2(16)

-174.1(10)

-177.6(12)
11.5(19)
2.2(17)
176.5(12)
60.8(18)
~112.9(15)
139.8(11)
-40.0(13)
-100.7(10)
79.4(12)
153.4(10)
33.4(11)
-141.2(18)
48.3(18)
99.7(18)
-70.8(17)
-154.4(14)
-30.9(15)
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Complex 1j

Table S11. Crystal data and structure refinement for sbltal51118, complex 1j

Identification code sbltal51118

Empirical formula C28 H31 C1IF6 N3 O2PRu S
Formula weight 755.11

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system, space group  Triclinic, P -1

Unit cell dimensions a=8.9199(7) A alpha=_81.652(2) deg.
b=11.3270(9) A beta=_84.987(2) deg.
c=15.5712(13) A gamma = 73.995(2) deg.

Volume 1494.4(2) A3
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Z, Calculated density 2, 1.678 Mg/m"3

Absorption coefficient 0.808 mm~*-1
F(000) 764
Crystal size 0.350 x 0.300 x 0.250 mm

Theta range for data collection 1.323 to 30.977 deg.

Limiting indices -12<=h<=12, -16<=k<=16, -22<=1<=22
Reflections collected / unique 35892 /9480 [R(int) = 0.0183]
Completeness to theta =25.242  100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7462 and 0.7149
Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 9480/ 0 /391

Goodness-of-fit on F/2 1.046

Final R indices [I>2sigma(I)] R1=0.0247, wR2 =0.0599

R indices (all data) R1=0.0288, wR2 = 0.0625
Extinction coefficient n/a

Largest diff. peak and hole ~ 0.694 and -0.631 e.A"-3

Table S12. Bond lengths [A] and angles [deg] for sbltal51118, complex 1j

C(1)-N(1) 1.3573(17)
C(1)-N(2) 1.3636(18)
C(1)-Ru(1) 2.0592(14)
C(2)-C(3) 1.349(2)
C(2)-N(1) 1.3906(19)
C(2)-H(2) 0.9500
C(3)-N(2) 1.3837(19)
C(3)-H(3) 0.9500
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C(4)-N(1)
C(4)-C(5)
C(4)-H(4A)
C(4)-H(4B)
C(5)-C(6)
C(5)-C(10)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-H(10)
C(11)-N(2)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-S(1)
C(12)-H(12A)
C(12)-H(12B)
C(13)-C(14)
C(13)-C(18)
C(13)-S(1)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-N(3)
C(17)-C(18)
C(17)-H(17)
C(18)-H(18)
C(19)-C(20)
C(19)-C(24)
C(19)-C(25)
C(19)-Ru(1)
C(20)-C(21)
C(20)-Ru(1)
C(20)-H(20)
C(21)-C(22)
C(21)-Ru(1)
C(21)-H21)
C(22)-C(23)
C(22)-C(26)

1.4795(19)
1.517(2)
0.9900
0.9900
1.391(2)
1.396(2)
1.394(2)
0.9500
1.394(3)
0.9500
1.379(3)
0.9500
1.395(2)
0.9500
0.9500
1.4643(18)
1.518(2)
0.9900
0.9900
1.8280(16)
0.9900
0.9900
1.390(2)
1.393(2)
1.7863(14)
1.391(2)
0.9500
1.379(2)
0.9500
1.383(3)
1.473(2)
1.392(2)
0.9500
0.9500
1.400(2)
1.429(2)
1.505(2)
2.2322(14)
1.429(2)
2.2149(14)
0.9500
1.396(2)
2.2611(14)
0.9500
1.438(2)
1.514(2)
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C(22)-Ru(1) 2.2808(14)
C(23)-C(24) 1.403(2)
C(23)-Ru(1) 2.2056(14)
C(23)-H(23) 0.9500
C(24)-Ru(1) 2.1884(15)
C(24)-H(24) 0.9500
C(25)-H(25A) 0.9800
C(25)-H(25B) 0.9800
C(25)-H(25C) 0.9800
C(26)-C(27) 1.523(4)
C(26)-C(28) 1.524(3)
C(26)-H(26) 1.0000
C(27)-H(Q27A) 0.9800
C(27)-H(27B) 0.9800
C(27)-H(27C) 0.9800
C(28)-H(28A) 0.9800
C(28)-H(28B) 0.9800
C(28)-H(28C) 0.9800
N(3)-0(2) 1.222(2)
N(3)-0(1) 1.226(2)
F(1)-P(1) 1.5912(15)
F(2)-P(1) 1.6009(13)
F(3)-P(1) 1.5708(13)
F(4)-P(1) 1.5910(15)
F(5)-P(1) 1.5908(14)
F(6)-P(1) 1.6029(12)
S(1)-Ru(1) 2.3891(4)
CI(1)-Ru(1) 2.4061(4)
N(1)-C(1)-N(2) 104.07(11)
N(1)-C(1)-Ru(1) 133.84(10)
N(2)-C(1)-Ru(1) 122.06(10)
C(3)-C(2)-N(1) 106.93(13)
C(3)-C(2)-H(2) 126.5
N(1)-C(2)-H(2) 126.5
C(2)-C(3)-N(2) 106.43(13)
C(2)-C(3)-H(3) 126.8
N(2)-C(3)-H(3) 126.8
N(1)-C(4)-C(5) 111.07(12)
N(1)-C(4)-H(4A) 109.4
C(5)-C(4)-H(4A) 109.4
N(1)-C(4)-H(4B) 109.4
C(5)-C(4)-H(4B) 109.4
H(4A)-C(4)-H(4B) 108.0
C(6)-C(5)-C(10) 119.13(15)
C(6)-C(5)-C(4) 121.14(13)

S125



C(10)-C(5)-C(4)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
C(9)-C(10)-C(5)
C(9)-C(10)-H(10)
C(5)-C(10)-H(10)
N(2)-C(11)-C(12)
N(2)-C(11)-H(11A)

C(12)-C(11)-H(11A)

N(2)-C(11)-H(11B)
C(12)-C(11)-H(11B)

H(11A)-C(11)-H(11B)

C(11)-C(12)-S(1)

C(11)-C(12)-H(12A)

S(1)-C(12)-H(12A)
C(11)-C(12)-H(12B)
S(1)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

C(14)-C(13)-C(18)
C(14)-C(13)-S(1)

C(18)-C(13)-S(1)

C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-N(3)

C(17)-C(16)-N(3)

C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(17)-C(18)-C(13)
C(17)-C(18)-H(18)
C(13)-C(18)-H(18)

119.73(14)
120.33(15)
119.8
119.8
120.04(18)
120.0
120.0
119.92(16)
120.0
120.0

120.11(15)
119.9

119.9
120.47(16)

119.8
119.8
112.19(12)
109.2
109.2
109.2
109.2
107.9
113.42(10)
108.9
108.9
108.9
108.9
107.7
121.08(13)
115.46(11)
123.43(12)
119.59(15)
120.2
120.2
118.52(15)
120.7
120.7
122.91(14)
118.33(16)
118.76(16)
118.42(15)
120.8
120.8
119.42(15)
120.3
120.3
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C(20)-C(19)-C(24)
C(20)-C(19)-C(25)
C(24)-C(19)-C(25)
C(20)-C(19)-Ru(1)
C(24)-C(19)-Ru(1)
C(25)-C(19)-Ru(1)
C(19)-C(20)-C(21)
C(19)-C(20)-Ru(1)
C(21)-C(20)-Ru(1)
C(19)-C(20)-H(20)
C(21)-C(20)-H(20)
Ru(1)-C(20)-H(20)
C(22)-C(21)-C(20)
C(22)-C(21)-Ru(1)
C(20)-C(21)-Ru(1)
C(22)-C(21)-H(21)
C(20)-C(21)-H(21)
Ru(1)-C(21)-H(21)
C(21)-C(22)-C(23)
C(21)-C(22)-C(26)
C(23)-C(22)-C(26)
C(21)-C(22)-Ru(1)
C(23)-C(22)-Ru(1)
C(26)-C(22)-Ru(1)
C(24)-C(23)-C(22)
C(24)-C(23)-Ru(1)
C(22)-C(23)-Ru(1)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
Ru(1)-C(23)-H(23)
C(23)-C(24)-C(19)
C(23)-C(24)-Ru(1)
C(19)-C(24)-Ru(1)
C(23)-C(24)-H(24)
C(19)-C(24)-H(24)
Ru(1)-C(24)-H(24)

C(19)-C(25)-H(25A)

C(19)-C(25)-H(25B)

H(25A)-C(25)-H(25B)

C(19)-C(25)-H(25C)

H(25A)-C(25)-H(25C)
H(25B)-C(25)-H(25C)

C(22)-C(26)-C(27)
C(22)-C(26)-C(28)
C(27)-C(26)-C(28)
C(22)-C(26)-H(26)

117.15(14)
121.36(15)
121.49(16)
70.98(8)
69.49(8)
129.70(11)
122.18(14)
72.32(8)
73.15(8)
118.9
118.9
127.9
120.67(14)
72.87(8)
69.64(8)
119.7
119.7
130.5
117.61(14)
123.84(16)
118.53(15)
71.33(8)
68.49(8)
129.93(10)
121.32(14)
70.72(8)
74.17(8)
119.3
119.3
128.0
121.02(14)
72.05(9)
72.81(8)
119.5
119.5
127.8
109.5
109.5
109.5
109.5
109.5
109.5
113.77(18)
107.95(18)
113.4(3)
107.1
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C(27)-C(26)-H(26)
C(28)-C(26)-H(26)
C(26)-C(27)-H(27A)
C(26)-C(27)-H(27B)
H(27A)-C(27)-H(27B)
C(26)-C(27)-H(27C)
H(27A)-C(27)-H(27C)
H(27B)-C(27)-H(27C)
C(26)-C(28)-H(28A)
C(26)-C(28)-H(28B)
H(28A)-C(28)-H(28B)
C(26)-C(28)-H(28C)
H(28A)-C(28)-H(28C)
H(28B)-C(28)-H(28C)
C(1)-N(1)-C(2)
C(1)-N(1)-C(4)
C(2)-N(1)-C(4)
C(1)-N(2)-C(3)
C(1)-N(2)-C(11)
C(3)-N(2)-C(11)
0(2)-N(3)-0(1)
0(2)-N(3)-C(16)
O(1)-N(3)-C(16)
F(3)-P(1)-F(5)
F(3)-P(1)-F(4)
F(5)-P(1)-F(4)
F(3)-P(1)-F(1)
F(5)-P(1)-F(1)
F(4)-P(1)-F(1)
F(3)-P(1)-F(2)
F(5)-P(1)-F(2)
F(4)-P(1)-F(2)
F(1)-P(1)-F(2)
F(3)-P(1)-F(6)
F(5)-P(1)-F(6)
F(4)-P(1)-F(6)
F(1)-P(1)-F(6)
F(2)-P(1)-F(6)
C(13)-S(1)-C(12)
C(13)-S(1)-Ru(1)
C(12)-S(1)-Ru(1)
C(1)-Ru(1)-C(24)
C(1)-Ru(1)-C(23)
C(24)-Ru(1)-C(23)
C(1)-Ru(1)-C(20)
C(24)-Ru(1)-C(20)

107.1
107.1
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.05(12)
127.37(12)
121.58(12)
111.51(12)
124.93(12)
123.52(12)
123.88(16)
118.41(17)
117.71(17)
90.47(9)
91.05(9)
178.32(10)
91.88(9)
88.08(10)
92.57(11)
89.69(8)
89.49(8)
89.82(10)
177.13(10)
179.05(8)
90.23(8)
88.23(9)
88.79(8)
89.68(7)
101.75(7)
110.25(5)
109.47(5)
90.24(6)
112.89(6)
37.23(6)
124.88(5)
66.50(6)
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C(23)-Ru(1)-C(20) 78.32(5)

C(1)-Ru(1)-C(19) 95.41(5)
C(24)-Ru(1)-C(19) 37.70(6)
C(23)-Ru(1)-C(19) 67.48(6)
C(20)-Ru(1)-C(19) 36.70(6)
C(1)-Ru(1)-C(21) 161.74(5)
C(24)-Ru(1)-C(21) 78.45(6)
C(23)-Ru(1)-C(21) 65.72(6)
C(20)-Ru(1)-C(21) 37.21(5)
C(19)-Ru(1)-C(21) 66.89(5)
C(1)-Ru(1)-C(22) 149.45(6)
C(24)-Ru(1)-C(22) 67.26(6)
C(23)-Ru(1)-C(22) 37.34(6)
C(20)-Ru(1)-C(22) 66.16(5)
C(19)-Ru(1)-C(22) 79.52(5)
C(21)-Ru(1)-C(22) 35.79(5)
C(1)-Ru(1)-S(1) 84.62(4)
C(24)-Ru(1)-S(1) 122.08(4)
C(23)-Ru(1)-S(1) 93.74(4)
C(20)-Ru(1)-S(1) 150.33(4)
C(19)-Ru(1)-S(1) 159.70(4)
C(21)-Ru(1)-S(1) 113.52(4)
C(22)-Ru(1)-S(1) 90.13(4)
C(1)-Ru(1)-CI(1) 92.16(4)
C(24)-Ru(1)-CI(1) 150.14(4)
C(23)-Ru(1)-CI(1) 154.94(5)
C(20)-Ru(1)-CI(1) 88.05(4)
C(19)-Ru(1)-CI(1) 112.48(4)
C(21)-Ru(1)-CI(1) 90.75(4)
C(22)-Ru(1)-CI(1) 117.74(4)
S(1)-Ru(1)-Cl(1) 87.773(12)

Table S13. Torsion angles [deg] for sbltal51118, complex 1j

N(1)-C(2)-C(3)-N(2) 0.87(19)
N(1)-C(4)-C(5)-C(6) -81.74(18)
N(1)-C(4)-C(5)-C(10) 97.56(16)
C(10)-C(5)-C(6)-C(7) -0.4(2)
C(4)-C(5)-C(6)-C(7) 178.95(16)
C(5)-C(6)-C(7)-C(8) 0.5(3)
C(6)-C(7)-C(8)-C(9) 0.4(3)
C(7)-C(8)-C(9)-C(10) 0.13)
C(8)-C(9)-C(10)-C(5) 0.0(2)
C(6)-C(5)-C(10)-C(9) 0.1(2)
C(4)-C(5)-C(10)-C(9) -179.22(14)
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N(2)-C(11)-C(12)-S(1)
C(18)-C(13)-C(14)-C(15)
S(1)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(14)-C(15)-C(16)-N(3)
C(15)-C(16)-C(17)-C(18)
N(3)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(13)
C(14)-C(13)-C(18)-C(17)
S(1)-C(13)-C(18)-C(17)
C(24)-C(19)-C(20)-C(21)
C(25)-C(19)-C(20)-C(21)
Ru(1)-C(19)-C(20)-C(21)
C(24)-C(19)-C(20)-Ru(1)
C(25)-C(19)-C(20)-Ru(1)
C(19)-C(20)-C(21)-C(22)
Ru(1)-C(20)-C(21)-C(22)
C(19)-C(20)-C(21)-Ru(1)
C(20)-C(21)-C(22)-C(23)
Ru(1)-C(21)-C(22)-C(23)
C(20)-C(21)-C(22)-C(26)
Ru(1)-C(21)-C(22)-C(26)
C(20)-C(21)-C(22)-Ru(1)
C(21)-C(22)-C(23)-C(24)
C(26)-C(22)-C(23)-C(24)
Ru(1)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-Ru(1)
C(26)-C(22)-C(23)-Ru(1)
C(22)-C(23)-C(24)-C(19)
Ru(1)-C(23)-C(24)-C(19)
C(22)-C(23)-C(24)-Ru(1)
C(20)-C(19)-C(24)-C(23)
C(25)-C(19)-C(24)-C(23)
Ru(1)-C(19)-C(24)-C(23)
C(20)-C(19)-C(24)-Ru(1)
C(25)-C(19)-C(24)-Ru(1)
C(21)-C(22)-C(26)-C(27)
C(23)-C(22)-C(26)-C(27)
Ru(1)-C(22)-C(26)-C(27)
C(21)-C(22)-C(26)-C(28)
C(23)-C(22)-C(26)-C(28)
Ru(1)-C(22)-C(26)-C(28)
N(2)-C(1)-N(1)-C(2)
Ru(1)-C(1)-N(1)-C(2)
N(2)-C(1)-N(1)-C(4)

56.38(15)
-1.8(2)
-179.94(12)
-0.3(2)
2.102)
-176.68(14)
-1.8(2)
176.94(14)
-0.32)
2.12)
-179.94(12)
2.3(2)
178.52(14)
-55.95(12)
53.60(11)
-125.53(14)
1.402)
-54.17(12)
55.57(12)
0.5(2)
-52.17(11)
178.79(14)
126.10(14)
52.69(12)
-1.4(2)
-179.77(14)
-54.95(12)
53.54(12)
-124.82(13)
0.4(2)
-56.13(12)
56.55(13)
1.402)
-179.43(14)
55.77(12)
-54.34(11)
124.80(14)
-18.8(2)
159.44(18)
74.6(2)
108.0(3)
-73.7(3)
-158.6(2)
0.24(16)
-177.67(12)
-179.17(13)
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Ru(1)-C(1)-N(1)-C(4)
C(3)-C(2)-N(1)-C(1)
C(3)-C(2)-N(1)-C(4)
C(5)-C(4)-N(1)-C(1)
C(5)-C(4)-N(1)-C(2)
N(1)-C(1)-N(2)-C(3)
Ru(1)-C(1)-N(2)-C(3)
N(1)-C(1)-N(2)-C(11)
Ru(1)-C(1)-N(2)-C(11)
C(2)-C(3)-N(2)-C(1)
C(2)-C(3)-N(2)-C(11)
C(12)-C(11)-N(2)-C(1)
C(12)-C(11)-N(2)-C(3)
C(15)-C(16)-N(3)-0(2)
C(17)-C(16)-N(3)-0(2)
C(15)-C(16)-N(3)-O(1)
C(17)-C(16)-N(3)-0(1)
C(14)-C(13)-S(1)-C(12)
C(18)-C(13)-S(1)-C(12)
C(14)-C(13)-S(1)-Ru(1)
C(18)-C(13)-S(1)-Ru(1)
C(11)-C(12)-S(1)-C(13)
C(11)-C(12)-S(1)-Ru(1)

2.92)
-0.72(19)
178.73(14)
128.12(15)

-51.24(19)

0.33(16)
178.54(11)
178.21(13)

-3.57(19)
-0.77(19)

-178.70(14)

-66.04(18)
111.60(16)
-168.58(16)
12.6(2)
11.4(2)
-167.44(15)
-142.68(12)
39.22(14)
101.24(11)
-76.86(13)
-114.55(11)
2.10(12)
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