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Table 1. Crystallographic data for complexes 1, 2, 4, 6, 9, 10a and 11c

1 2 4 6 9 10a 11c
Formula C34H29Cl4F20

O4.50P2Ru2S4

C58H22Cl5F40O3

P4Ru2

C38.50H18Cl2

F20N2O2P2R
u

C43.50 H32Cl 
F23N2O5P3 Ru 
S

C68H28BClF
44N2O2P2Ru

C42H32 F23 
N2O6P3Ru 
S

C40H24F23 

N2O7P3Ru 
S

Formula 
weight

1423.69 2030.03 1154.46 1361.20 1950.19 1323.74 1307.65

Crystal 
system

Triclinic Triclinic Monoclinic Triclinic Monoclinic Monoclinic Monoclinic

Space group P-1 P-1 P21/c P-1 C2/c  C2/c C2/c
a (Å) 11.6961(5) 13.3638(10) 12.597(5) 16.2162(6) 45.7793(19) 35.246(5) 36.080(5)
b (Å) 15.1943(7) 15.3727(12) 11.179(5) 18.2514(7) 12.2606(6) 13.157(5) 12.8866(18)
c (Å) 15.9594(7) 18.2384(13) 28.426(5) 20.5416(7) 31.1479(14) 23.854(5) 24.761(4)
α(°) 96.611(2) 93.202(4) 90 109.4870(10) 90 90 90
β(°) 109.061(2) 110.568(4) 90.797 94.6870(10) 123.569(2) 117.195(10) 118.406(13)
γ(°) 111.884(2) 107.691(4) 90 113.2980(10) 90 90 90
V (Å-3) 2395.11(18) 3286.1(4) 4003(2) 5101.3(3) 14567.0(11) 9839(4) 10127(3)
Z 2 2 4 4 8 8 8
Dcalc(g/cm-3) 1.974 2.052 1.916 1.772 1.778 1.787 1.715
T (K) 110 (2) 100(2) 100(2) 100 (2) 100(2) 100(2) 110(2)
λ (Å) 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
µ(mm-1) 1.213 0.922 0.740 0.626 0.457 0.595 0.579
Ra 0.0573 0.0490 0.0393 0.0453 0.0566 0.0727 0.0423
Rw

a 0.1359 0.1217 0.0861 0.1194 0.1613 0.2058 0.0942

aR = ∑(|Fo|  |Fc|)/∑|Fo|, Rw = [∑w(|Fo|  |Fc|)2/∑w|Fo|2]1/2 (based on reflections with I > 2σ(I))



S4

Figure S1. (a) ORTEP view of [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] complex (1) and selected 

bond lengths and bond angles

ORTEP view of the complex [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] (1) showing the atom labeling 

and 50% probability ellipsoids (Hydrogen atoms and solvent are omitted for clarity). Bond 

lengths (Å): Ru(1)-P(2) 2.2144(15), Ru(1)-P(1) 2.2369(14), Ru(1)-Cl(4) 2.3653(13), Ru(1)-Cl(2) 

2.4227(14), Ru(1)-Cl(3) 2.4840(14), Ru(1)-Cl(1) 2.4990(12), Ru(2)-S(2) 2.2672(15), Ru(2)-S(3) 

2.2659(13), Ru(2)-S(1) 2.2705(14), Ru(2)-Cl(1) 2.4227(13), Ru(2)-Cl(2) 2.4245(13), Ru(2)-

Cl(3) 2.4526(12); Bond angles (deg): P(2)-Ru(1)-P(1) 83.87(5), Ru(2)-Cl(1)-Ru(1) 82.02(4), 

Ru(1)-Cl(2)-Ru(2) 83.57(4), Ru(2)-Cl(3)-Ru(1) 81.73(4).
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(b) 1H NMR spectrum of [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] (1)

(c) 31P{1H} NMR spectrum of [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] (1)
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(d)19F NMR spectrum of [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] (1)

 

(e) 13C NMR spectrum of [(dfppe)ClRu(µ-Cl)3Ru(dmso-S)3] (1)



S7

Figure S2. (a) ORTEP view of [(dfppe)ClRu(µ-Cl)3Ru(dfppe)Cl] complex (2) and selected bond 

lengths and bond angles

ORTEP view of the complex [(dfppe)ClRu(µ-Cl)3Ru(dfppe)Cl] (2) showing the atom labeling 

and 50% probability ellipsoids (Hydrogen atoms and solvent are omitted for clarity). Bond 

lengths (Å): Ru(1)-P(1)  2.2399(11), Ru(1)-P(2) 2.2434(10), Ru(1)-Cl(3)  2.3902(11), Ru(1)-

Cl(1)  2.4182(11), Ru(1)-Cl(4) 2.4899(10), Ru(1)-Cl(2) 2.4970(10), Ru(2)-P(4) 2.2067(11), 

Ru(2)-P(3) 2.2580(11), Ru(2)-Cl(5) 2.4174(10), Ru(2)-Cl(2) 2.4970(10), Ru(2)-Cl(4) 

2.4950(10); Bond angles (deg): P(1)-Ru(1)-P(2) 85.33(4), P(4)-Ru(2)-P(3) 83.81(4), Ru(2)-

Cl(2)-Ru(1) 82.43(3), Ru(2)-Cl(3)-Ru(1) 86.39(3), Ru(1)-Cl(4)-Ru(2) 82.03(3).
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(b) 1H NMR spectrum of [(dfppe)ClRu(µ-Cl)3RuCl(dfppe)] (2)

(c) 31P NMR spectrum of [(dfppe)ClRu(µ-Cl)3RuCl(dfppe)] (2)
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Figure S3. (a) 1H NMR spectrum of trans-[RuCl2(bpy)(dfppe)] (3)

(b) 31P NMR spectrum of trans-[RuCl2(bpy)(dfppe)] (3)
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(c) 19F NMR spectrum of trans-[RuCl2(bpy)(dfppe)] (3)

(d) 13C NMR spectrum of trans-[RuCl2(bpy)(dfppe)] (3)
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(e) ES-MS spectrum of the complex trans-[RuCl2(bpy)(dfppe)] (3)

Calculated Mass spectrum (3)



S12

Experimental Mass spectrum of (3): m/z = 1050. 9102 [M+ − Cl¯]
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Figure S4. (a) ORTEP view of trans-[RuCl2(phen)(dfppe)] complex (4) and selected bond 

lengths and bond angles

ORTEP view of the complex trans-[RuCl2(Phen)(dfppe)] (4) showing the atom labeling and 50% 

probability ellipsoids (Hydrogen atoms and solvent are omitted for clarity). Bond lengths (Å): 

Ru(1)-N(1) 2.130(3), Ru(1)-N(2) 2.131(3), Ru(1)-P(2)  2.2763(11), Ru(1)-P(1) 2.2932(10), 

Ru(1)-Cl(1) 2.3945(9), Ru(1)-Cl(2) 2.3973(9) Bond angles(deg): N(1)-Ru(1)-N(2) 77.78(10), 

N(1)-Ru(1)-P(2) 176.79(8), N(2)-Ru(1)-P(2) 99.03(8), N(1)-Ru(1)-P(1) 99.27(8), N(2)-Ru(1)-

P(1) 175.93(8), P(2)-Ru(1)-P(1) 83.93(4)
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(b) 1H NMR spectrum of trans-[RuCl2(phen)(dfppe)] (4)

(c) 31P NMR spectrum of trans-[RuCl2(phen)(dfppe)] (4)
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(d) 19F NMR spectrum of trans-[RuCl2(phen)(dfppe)] (4)

(e) 13C NMR spectrum of trans-[RuCl2(phen)(dfppe)] (4)
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(f) ES-MS spectrum of trans-[RuCl2(phen)(dfppe)] (4)

Calculated Mass spectrum of (4)

 Experimental Mass spectrum of (4): m/z = 1074.9425 [M+  − Cl¯]
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Figure S5.  (a) 1H NMR spectrum of [RuCl(P(OMe)3)(bpy)(dfppe)]+ (5)

(b) 31P NMR spectrum of [RuCl(P(OMe)3)(bpy)(dfppe)]+ (5)



S18

(c) 19F NMR spectrum of [RuCl(P(OMe)3)(bpy)(dfppe)]+ (5)

(d) 13C NMR spectrum of [RuCl(P(OMe)3)(bpy)(dfppe)]+ (5)
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(e) ES-MS spectrum of [RuCl(P(OMe)3)(bpy)(dfppe)]+ (5)

Calculated Mass spectrum of (5)

Experimental Mass spectrum of (5) m/z = 1050.8887 [M+ - (P(OMe)3+OTf¯)]
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Figure S6. (a) ORTEP view of [RuCl(PMe3)(bpy)(dfppe)] cation (6) and selected bond lengths 

and bond angles 

ORTEP view of the [RuCl(PMe3)(bpy)(dfppe)] (6) cation at the 50% probability level. Solvent, 

disorder, and all hydrogen atoms are omitted for clarity. There are two independent molecules in 

the asymmetric unit; only one molecule is shown. Selected bond lengths (Å): Ru(1)-N(1) 

2.073(3), Ru(1)-N(2) 2.102(3), Ru(1)-P(1) 2.2938(8), Ru(1)-P(3) 2.3747(11), Ru(1)-P(2) 

2.4103(10), Ru(1)-Cl(1) 2.4233(9); Bond angles(deg): N(1)-Ru(1)-N(2) 78.16(12), N(1)-Ru(1)-

P(1) 104.44(9), N(2)-Ru(1)-P(1) 171.87(10), N(1)-Ru(1)-P(3) 85.33(9), N(2)-Ru(1)-P(3) 

87.90(10), P(1)-Ru(1)-P(3) 99.94(3), N(1)-Ru(1)-P(2) 105.93(9), N(2)-Ru(1)-P(2) 91.02(10), 

P(1)-Ru(1)-P(2) 80.86(3), P(3)-Ru(1)-P(2) 168.22(4)
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(b) 1H NMR spectrum of [RuCl(PMe3)(bpy)(dfppe)]+ (6)

(c) 31P NMR spectrum of [RuCl(PMe3)(bpy)(dfppe)]+ (6)
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(d) 19F NMR spectrum of [RuCl(PMe3)(bpy)(dfppe)]+ (6)

(e) 13C NMR spectrum of [RuCl(PMe3)(bpy)(dfppe)]+ (6)
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(f) ES-MS spectrum of [RuCl(PMe3)(bpy)(dfppe)]+ (6)

Calculated Mass spectrum of (6)

Experimental Mass spectrum of (6)

m/z = 1050.8882 [M+ - (PMe3+OTf¯)]
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Figure S7.  (a) 1H NMR spectrum of [RuCl(NCCH3)(bpy)(dfppe)]+ (7)

(b) 31P NMR spectrum of [RuCl(NCCH3)(bpy)(dfppe)]+ (7)
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(c) 19F NMR spectrum of [RuCl(NCCH3)(bpy)(dfppe)]+ (7)

(d) ES-MS spectrum of the complex [RuCl(NCCH3)(bpy)(dfppe)][OTf] (7)

Calculated Mass spectrum of (7)
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Experimental spectrum of (7)

m/z = 1050.8889 [M+ - (CH3CN + OTf¯)]
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Figure S8. (a) 1H NMR spectrum of [RuCl(CO)(bpy)(dfppe)]+ (8)

(b) 31P NMR spectrum of [RuCl(CO)(bpy)(dfppe)]+ (8)
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(c) 13C NMR spectrum of [RuCl(CO)(bpy)(dfppe)]+ (8)

(d) IR spectrum of [RuCl(CO)(bipy)(dfppe)][OTf], [v (CO)] = 2040 cm-1
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(e) ES-MS spectrum of [RuCl(CO)(bpy)(dfppe)]+ (8)

Calculated Mass spectrum

Experimental Mass Spectrum 

m/z = 1079.1661 [(M+H)+ −(CO + OTf¯)]
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Figure S9. (a) ORTEP view of [RuCl(OH2)(bpy)(dfppe)] cation  (9) and selected bond lengths 

and bond angles 

ORTEP view of the [RuCl(OH2)(bpy)(dfppe)] (9) cation at the 50% probability level. Solvent 

and all hydrogen atoms are omitted for clarity. Selected bond lengths (Å): Ru(1)-N(2) 2.067(4), 

Ru(1)-N(1) 2.117(4), Ru(1)-O(1) 2.183(4), Ru(1)-P(2) 2.2392(11), Ru(1)-P(1) 2.2862(12), 

Ru(1)-Cl(1) 2.3722(11). Bond angles(deg): N(2)-Ru(1)-N(1) 78.57(15), N(2)-Ru(1)-O(1) 

89.12(16), N(1)-Ru(1)-O(1) 78.76(15), N(2)-Ru(1)-P(2) 89.76(15), N(1)-Ru(1)-P(2) 98.73(12), 

O(1)-Ru(1)-P(2) 177.42(11), N(2)-Ru(1)-P(1) 100.28(11), N(1)-Ru(1)-P(1) 175.69(11), O(1)-

Ru(1)-P(1) 97.09(11), P(2)-Ru(1)-P(1) 85.39(4)
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(b) 1H NMR spectrum of [RuCl(H2O)(bpy)(dfppe)]+ (9) (* indicates acetone and # indicates 
residual water)

(c) 31P NMR spectrum of [RuCl(H2O)(bpy)(dfppe)]+ (9)
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(d) 19F NMR spectrum of [RuCl(H2O)(bpy)(dfppe)]+ (9)

(e) ES-MS spectrum of [RuCl(H2O)(bpy)(dfppe)]+ (9)

Calculated Mass spectrum of (9)
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Experimental Mass spectrum of (9)

m/z = 1050.8873 [M+ - (H2O + BArF
4¯)]
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Figure S10. (a) ORTEP view of [RuH(PMe3)(bpy)(dfppe)]  cation (10a) and selected bond 

lengths and bond angles 

ORTEP view of the [RuH(PMe3)(bpy)(dfppe)] (10a) cation at the 50% probability level. Solvent, 

disorder, and all hydrogen atoms (except the Ru-H1) are omitted for clarity. Selected bond 

lengths (Å): Ru(1)-N(1) 2.118(5), Ru(1)-N(2) 2.174(5), Ru(1)-P(2) 2.2544(17), Ru(1)-P(1) 

2.3101(16), Ru(1)-P(3) 2.3685(17), Ru(1)-H(1) 1.55(7); Bond angles(deg): N(1)-Ru(1)-N(2) 

75.1(2), N(1)-Ru(1)-P(2) 173.24(14), N(2)-Ru(1)-P(2) 107.76(14), N(1)-Ru(1)-P(1) 90.96(13) 

N(2)-Ru(1)-P(1) 111.56(14), P(2)-Ru(1)-P(1) 82.45(6), N(1)-Ru(1)-P(3) 86.04(13), N(2)-Ru(1)-

P(3) 87.07(14) P(2)-Ru(1)-P(3) 99.62(6), P(1)-Ru(1)-P(3) 159.84(6), N(1)-Ru(1)-H(1) 97(3), 

N(2)-Ru(1)-H(1) 169(3) P(2)-Ru(1)-H(1) 80(3), P(1)-Ru(1)-H(1) 77(3), P(3)-Ru(1)-H(1) 83(3)
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(b) 1H NMR spectrum of [RuH(PMe3)(bpy)(dfppe)]+ (10a)

(c) 31P NMR spectrum of [RuH(PMe3)(bpy)(dfppe)]+ (10a)

13 
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(d) 13C NMR spectrum of [RuH(PMe3)(bpy)(dfppe)]+ (10a)

(e) ES-MS spectrum of [RuH(PMe3)(bpy)(dfppe)]+ (10a)

      Calculated Mass spectrum (10a)
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Experimental Mass spectrum of (10a)

m/z = 1093.1578 [(M+ - OTf¯ ]
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Figure S11. (a) 1H NMR spectrum of [RuH(P(OMe)3(bpy)(dfppe)]+ (11a)

(b) 31P NMR spectrum of [RuH(P(OMe)3(bpy)(dfppe)]+ (11a)
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(c) 13C NMR spectrum of [RuH(P(OMe)3(bpy)(dfppe)]+ (11a)

(d) ES-MS spectrum of [RuH(P(OMe)3(bpy)(dfppe)]+ (11a)

Calculated Mass spectrum (11a)
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Experimental Mass spectrum of (11a)

m/z = 1141.2285 [M+ −OTf¯]
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Figure S12. (a) ORTEP view of [RuH(P(OMe)3)(bpy)(dfppe)] cation (11c) and selected bond 

lengths and bond angles 

ORTEP view of the [RuH(P(OMe)3)(bpy)(dfppe)] (11c) cation at the 50% probability level. 

Solvent and all hydrogen atoms are omitted for clarity. Selected bond lengths (Å): P(1)-Ru(1) 

2.3269(11), P(3)-Ru(1) 2.2561(11), P(4)-Ru(1) 2.2681(11), Ru(1)-N(2) 2.115(4), Ru(1)-N(1) 

2.184(3). Bond angles(deg): N(2)-Ru-N(1) 76.14(14), N(2)-Ru-P(3) 173.32(10), N(1)-Ru(1)-

P(3) 108.57(10), N(2)-Ru(1)-P(4) 89.93(9), N(1)-Ru(1)-P(4) 84.34(9), P(3)-Ru(1)-P(4) 95.21(4), 

N(2)-Ru(1)-P(1) 90.93(9), N(1)-Ru(1)-P(1) 112.32(9), P(3)-Ru(1)-P(1) 82.90(4), P(4)-Ru(1)-

P(1) 163.01(4)
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(b) 1H NMR spectral stack plot (acetone-d6, 293 K) indicating the isomerization of 11a to 11c

(c) 31P{1H} NMR spectral stack plot indicating the isomerization of 11a to 11c
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Figure S13. (a) VT 1H NMR (CD2Cl2) spectral stack plot for the reaction of 

[RuH(P(OMe)3)(bpy)(dfppe)][OTf] with HOTf.

(b) VT 31P{1H} NMR (CD2Cl2) spectral stack plot for the reaction of 

[RuH(P(OMe)3)(bpy)(dfppe)][OTf] with HOTf .
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(c) VT 31P{1H} NMR (CD2Cl2) spectral stack plot for the reaction of hydride complex, 

[RuH(P(OMe)3)(bpy)(dfppe)][OTf] with HOTf.
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(d) VT 19F NMR spectral stack plot for the reaction of hydride complex, 

[RuH(P(OMe)3)(bpy)(dfppe)][OTf] with HOTf.

(e) Spin-saturation transfer experiment: 31P NMR spectral stack plots for the reaction of hydride 

complex, [RuH(P(OMe)3)(bpy)(dfppe)][OTf] with HOTf (irradiation of 13a) 

Spin-saturation transfer Experiment 
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Figure S14. (a) 1H NMR spectrum of isomeric aqua complex (acetone-d6, 293 K) 

[Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 (14a (85 %), 14b (15 %)) (in the expansion coordinated 

water signals of isomers, * denotes residual water in acetone–d6 and # denotes hexane and 

silicone grease peak)
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(b) 31P{1H} NMR (acetone-d6, 293 K) spectrum of isomeric aqua complex 

[Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 (14a (85 %), 14b (15 %))
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(c) IR spectrum of [Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 (14a, 14b), [v (H2O)] = 3520 cm-1. 

(d) 13C NMR (acetone-d6, 293 K) spectrum of isomeric aqua complex 

[Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 14a (85 %), 14b (15 %))
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(e) ES-MS spectrum of isomeric aqua complexes [Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 

14a (85 %), 14b (15 %)

Calculated Mass spectrum of (14a, 14b)

Experimental Mass spectrum (14a, 14b)

m/z = 1136.9460 [M+ - (H2O + 2OTf¯)] 
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Figure S15. (a) 1H NMR spectral stack plot for the reaction of 

[Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 (14a, 14b) with H2. (acetone-d6, 293 K)
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(b) 31P{1H} NMR  spectral stack plot for the reaction of [Ru(H2O)(P(OMe)3)(bpy)(dfppe)][OTf]2 

(14a, 14b) with H2 (acetone-d6, 293 K)

Figure S16. 2H NMR spectrum of [Ru(D)(P(OMe)3)(bpy)(dfppe)][OTf](11a-d) in acetone-d6 at 

293 K.
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Figure S17. (a) 1H NMR spectrum of [Ru(NCCH3)(P(OMe)3)(bpy)(dfppe)][OTf]2 (15) (acetone-

d6, 293 K)
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(b) 31P{1H} NMR spectrum of [Ru(NCCH3)(P(OMe)3)(bpy)(dfppe)][OTf]2 (15) (acetone-d6, 293 

K)

(c) 13C NMR spectrum of [Ru(NCCH3)(P(OMe)3)(bpy)(dfppe)][OTf]2 (15) (acetone-d6, 293 K)
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(d) ES-MS spectrum of [Ru(NCCH3)(P(OMe)3)(bpy)(dfppe)][OTf]2 (15)

Calculated Mass spectrum (15)

Experimental Mass spectrum (15)

m/z = 1137.2452 [M+ –CH3CN - 2OTf¯] 
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Table 2. Experimental elemental analysis data sheet along with a table for the compounds 11a, 

14, 5, 7, 10, 9, 4, 11c, 8.
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Table 3. Experimental elemental analysis data sheet along with a table for the compounds 2, 1, 

6, 3.
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Table 4. Experimental elemental analysis data sheet along with a table for the compounds 6, 9.


