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Table S1-1. Crystallographic data and structure refinement details for compounds 1—4.

Compound 1 2 3 4

Empirical formula CiHp6010Ruy  CiHpoFsO10Ruy  CigHgF1,010Ru,  CigH300 0Ru,
Formula weight 580.51 688.45 824.45 608.52
Temperature (K) 200 150 150 180
Wavelength (A) 1.34138 1.34138 0.71073 0.71073
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/c P2/c P2i/c P2/c

a[A] 7.494(7) 7.9040(5) 8.6541(15) 7.8332(8)
b[A] 17.150(15) 17.5442(11) 17.954(3) 17.5642(17)
c[A] 7.979(5) 17.1910(10) 8.3730(14) 16.970(2)
AN 93.56(5) 110.411(3) 94.844(8) 90.706(5)
VA3 1023.5(14) 2234.2(2) 1296.3(4) 2334.6(4)

VA 2 4 2 4

Pealed [g-€m 3] 1.884 2.407 2.112 1.731

4 [mm™] 8.402 8.039 1.302 1.342

F(000) 580 1352 804 1224

GOF on F? 1.027 1.053 1.074 0.999
Reflections collected 10077 25020 13798 24011
Reflections unique 1933 4232 2475 4440

Riint) 0.0982 0.0677 0.1162 0.1471

Ry, wR, [I>20(1) 11 0.0458, 0.0970  0.0368,0.0926  0.0750, 0.1804 0.0590, 0.1409
Ry, wR,%(all data) 0.0859,0.1152  0.0535,0.0985  0.1264, 0.2146 0.1070, 0.1643

(DP)maxs (AP)min[/A3]  0.782,-1.035  0.816,-1.112 1430 - -2.284  1.277,-1.108




Table S1-2. Crystallographic data and structure refinement details for compounds 5—S8.

Compound

5

6

7

8

Empirical formula

Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group

N

Peated [gem™]

p [mm']

F(000)

GOF on F?
Reflections collected
Reflections unique

Ring)

Ry, wRy [I>20(1) 17
Rl; WRza (all data)

(Ap)maxa (Ap)min [e/A3]

CisHp4FsO10Ru,

716.51
150
1.34138
Monoclinic
P2/c
8.408(19)
17.66(4)
8.367(19)
99.14(10)
1227(5)
2

1.939
7.340

708

1.068
11804
2313
0.1381

0.0899, 0.2169
0.1153,0.2306

1.692, -1.876

CaoH2oF12010Ru

852.50

200

0.71073
Monoclinic
P2,/c
8.7030(6)
18.5622(13)
8.6999(6)
98.218(3)
1391.01(17)
2

2.035

1.217

836

1.077
32286

2627

0.0964

0.0423, 0.0925
0.0598, 0.1020

0.719, -1.285

CisH3CLFs010Ru,

757.34
293
1.34138
Monoclinic
P2y/c
9.314(15)
17.92(3)
8.011(15)
108.34(5)
1269(4)
2

1.982
8.388

740

1.083
11642
2398
0.1417

0.0740, 0.1919
0.1567,0.2295

1.212,-1.428

CisH;6CLF,010Ru,

893.34
180
1.34138
Monoclinic
P2/c
8.7048(4)
18.4734(8)
8.7051(4)
99.066(2)
1382.36

2

2.146
7.993

868

1.046
17502
2613
0.0459

0.0272, 0.0693
0.0298, 0.0707

0.718,-0.813

Table S1-3. Crystallographic data and structure refinement details for compounds 9 and 10

Compound

9

10

Empirical formula

Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group

Ci6H24F6010Ru,

812.59
294
1.34138
Triclinic
P1
11.899(4)
14.482(4)
15.387(4)
65.673(8)
87.772(9)
75.159(10)
2328.8(12)
3

552.46

180
1.34138
Monoclinic
P2,/c
9.6719(9)
7.1673(5)
14.9572(9)
90
119.200(5)
90
905.09(13)
2

Ci14H5,040Ru,




Pealea [gem ]

p [mm1]

F(000)

GOF on F?
Reflections collected
Reflections unique
Riiny)

Ry, wRy [I>20(1) 112

Rl, WRZ 4 (all data)

(Ap)maxs (Ap)min [G/A3]

1.738
5.858
1206
1.038
29572
8756
0.0435

0.0478, 0.1336

0.0525, 0.1366

1.260, -0.742

2.027
9.476
548
1.144
6507
1605
0.0287

0.0312, 0.0816

0.0315, 0.0818

0.721,-0.712

[a] R 1= Z[|Fo| = |FCl/ZIFol; wRy = [Ew(Fo* — & Zw(F ) ]2

Table S2-1. Selected bond distances (A) and angles (°) for compound 1

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.476(2) 0(3)-C(6) 1.284(9)
Ru(1)-0(5) 1.999(5) 0(4)-C(6) 1.271(9)
Ru(1)-0(1) 2.021(5) 0(5)-C(8) 1.434(8)
Ru(1)-0(2) 2.020(5) C(D-C(2) 1.376(10)
Ru(1)-0(3) 2.081(5) C(D)-C(3) 1.403(10)
Ru(1)-O(4)#1 2.080(5) C(2)-C(4) 1.516(10)
Ru(1)-0(5)#1 1.998(5) C(3)-C(5) 1.493(10)
0O(1)-C(2) 1.278(9) C(6)-C(7) 1.499(10)
0(2)-C(3) 1.275(9)
Selected angles (°)

O(5)-Ru(1)-O(5)#1 103.4(2) O(3)-Ru(1)-Ru(1)#1 87.50(15)
O(5)-Ru(1)-0(1) 170.4(2) O(4)#1-Ru(1)-Ru(1)#1 87.05(15)
O(5)#1-Ru(1)-0(1) 84.1(2) C(2)-O(1)-Ru(1) 125.0(4)
O(5)-Ru(1)-0(2) 82.8(2) C(3)-0(2)-Ru(1) 125.6(4)
O(5)#1-Ru(1)-0(2) 170.7(2) C(6)-0(3)-Ru(1) 119.0(4)
O(1)-Ru(1)-0(2) 90.4(2) C(6)-O(4)-Ru(1)#1 119.9(5)
O(5)-Ru(1)-0(3) 83.69(19) C(8)-0(5)-Ru(1) 122.8(4)
O(5)#1-Ru(1)-0(3) 93.2(2) C(8)-0(5)-Ru(1)#1 124.1(4)
O(1)-Ru(1)-0(3) 90.08(19) Ru(1)-O(5)-Ru(1)#1 76.56(18)
O(2)-Ru(1)-0(3) 94.3(2) C(2)-C(1)-C(3) 124.8(7)
O(5)-Ru(1)-O(4)#1 93.0(2) O(1)-C(2)-C(1) 127.5(6)
O(5)#1-Ru(1)-O(4)#1 83.3(2) O(1)-C(2)-C(4) 113.8(6)
O(1)-Ru(1)-O(4)#1 93.73(19) C(1)-C(2)-C(4) 118.7(6)
O(2)-Ru(1)-O(4)#1 89.6(2) 0(2)-C(3)-C(1) 125.8(6)
O(3)-Ru(1)-O(4)#1 174.6(2) 0(2)-C(3)-C(5) 114.5(6)
O(5)-Ru(1)-Ru(1)#1 51.69(16) C(1)-C(3)-C(5) 119.7(6)
O(5)#1-Ru(1)-Ru(1)#1 51.75(15) 0O(4)-C(6)-0(3) 126.2(6)
O(1)-Ru(1)-Ru(1)#1 135.51(15) O(4)-C(6)-C(7) 117.1(6)
O(2)-Ru(1)-Ru(1)#1 134.05(14) 0O(3)-C(6)-C(7) 116.7(6)




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

Table S2-2. Selected bond distances (A) and angles (°) for compound 2

Selected bond distances (A)

Ru(1)-Ru(2) 2.4663(5) 0O(8)-C(10) 1.278(6)
Ru(1)-O(1) 1.987(3) 0(9)-C(13) 1.275(6)
Ru(1)-0(2) 1.991(3) 0O(10)-C(15) 1.272(6)
Ru(1)-0(7) 2.023(3) C(3)-C(4) 1.483(8)
Ru(1)-O(8) 2.024(3) C(5)-C(6) 1.513(8)
Ru(1)-O(5) 2.072(3) C(7)-C(8) 1.499(7)
Ru(1)-0(3) 2.079(3) C(8)-C(9) 1.410(7)
Ru(2)-0(1) 1.988(3) C(9)-C(10) 1.375(7)
Ru(2)-0(2) 1.986(3) C(10)-C(11) 1.527(7)
Ru(2)-0(4) 2.058(3) C(12)-C(13) 1.513(7)
Ru(2)-0(6) 2.062(3) C(13)-C(14) 1.412(7)
Ru(2)-0(9) 2.014(3) C(14)-C(15) 1.363(7)
Ru(2)-0(10) 2.031(3) C(15)-C(16) 1.510(7)
O(1)-C(1) 1.446(6) F(1)-C(11) 1.324(6)
0(2)-C(2) 1.440(6) F(2)-C(11) 1.320(7)
0(3)-C(3) 1.272(6) F(3)-C(11) 1.320(7)
0(4)-C(3) 1.289(6) F(4)-C(16) 1.327(6)
O(5)-C(5) 1.269(6) F(5)-C(16) 1.356(6)
0(6)-C(5) 1.274(6) F(6)-C(16) 1.339(7)
O(7)-C(8) 1.281(6)
Selected angles (°)

Ru(2)-Ru(1)-0(1) 51.67(9) Ru(2)-0(1)-C2(1) 123.6(3)
Ru(2)-Ru(1)-0(2) 51.59(9) Ru(1)-O(2)-Ru(2) 76.65(11)
Ru(2)-Ru(1)-0(3) 86.94(8) Ru(1)-0(2)-C(2) 122.2(3)
Ru(2)-Ru(1)-0(5) 87.33(9) Ru(2)-0(2)-C(2) 123.0(3)
Ru(2)-Ru(1)-O(7) 135.11(9) Ru(1)-0(3)-C(3) 119.8(3)
Ru(2)-Ru(1)-O(8) 134.84(9) Ru(2)-0(4)-C(3) 119.5(3)
O(1)-Ru(1)-0(2) 103.26(13) Ru(1)-0(5)-C(5) 119.3(3)
O(1)-Ru(1)-0(3) 84.12(13) Ru(2)-0(6)-C(5) 119.8(3)
O(1)-Ru(1)-O(5) 92.05(13) Ru(1)-O(7)-C(8) 127.4(3)
O(1)-Ru(1)-O(7) 83.75(12) Ru(1)-O(8)-C(10) 124.1(3)
O(1)-Ru(1)-O(8) 171.27(13) Ru(2)-0(9)-C(13) 127.3(3)
O(2)-Ru(1)-0(3) 92.36(13) Ru(2)-0(10)-C(15) 123.5(3)
O(2)-Ru(1)-0(5) 84.33(13) 0(3)-C(3)-0(4) 125.7(5)
O(2)-Ru(1)-0(7) 170.83(14) 0(3)-C(3)-C(4) 117.6(4)
O(2)-Ru(1)-0(8) 83.58(12) 0(4)-C(3)-C(4) 116.7(4)
O(3)-Ru(1)-0(5) 174.25(12) 0O(5)-C(5)-0(6) 126.4(5)
O(3)-Ru(1)-0(7) 94.27(13) 0O(5)-C(5)-C(6) 116.8(5)
O(3)-Ru(1)-0(8) 90.23(13) 0O(6)-C(5)-C(6) 116.8(4)

0(5)-Ru(1)-0(7) 89.57(13) 0(7)-C(8)-C(7) 116.6(4)




O(5)-Ru(1)-O(8) 94.05(13) 0(7)-C(8)-C(9) 124.3(5)
O(7)-Ru(1)-0(8) 90.05(12) C(7)-C(8)-C(9) 119.1(5)
Ru(1)-Ru(2)-0(1) 51.62(9) C(8)-C(9)-C(10) 124.4(5)
Ru(1)-Ru(2)-0(2) 51.76(9) O(8)-C(10)-C(9) 129.2(5)
Ru(1)-Ru(2)-0(4) 87.85(9) 0(8)-C(10)-C(11) 111.3(4)
Ru(1)-Ru(2)-0(6) 87.22(9) C(9)-C(10)-C(11) 119.5(5)
Ru(1)-Ru(2)-0(9) 134.95(9) F(1)-C(11)-F(2) 107.0(5)
Ru(1)-Ru(2)-0(10) 134.95(9) F(1)-C(11)-F(3) 106.4(4)
O(1)-Ru(2)-0(2) 103.39(13) F(1)-C(11)-C(10) 113.5(4)
O(1)-Ru(2)-0(4) 84.02(13) F(2)-C(11)-F(3) 106.8(4)
O(1)-Ru(2)-0(6) 92.24(13) F(2)-C(11)-C(10) 112.6(4)
O(1)-Ru(2)-0(9) 83.54(13) F(3)-C(11)-C(10) 110.2(4)
O(1)-Ru(2)-0(10) 170.90(14) 0(9)-C(13)-C(12) 115.6(4)
0(2)-Ru(2)-0(4) 93.62(13) 0(9)-C(13)-C(14) 124.9(4)
0(2)-Ru(2)-0(6) 84.01(13) C(12)-C(13)-C(14) 119.6(5)
0(2)-Ru(2)-0(9) 171.48(13) C(13)-C(14)-C(15) 124.0(5)
0(2)-Ru(2)-0(10) 83.57(13) 0(10)-C(15)-C(14) 129.7(5)
0(4)-Ru(2)-0(6) 175.00(12) 0(10)-C(15)-C(16) 111.9(4)
0(4)-Ru(2)-0(9) 92.03(13) C(14)-C(15)-C(16) 118.4(5)
0(4)-Ru(2)-0(10) 89.74(13) F(4)-C(16)-F(5) 105.4(4)
0(6)-Ru(2)-0(9) 90.84(13) F(4)-C(16)-C(6) 107.6(4)
0(6)-Ru(2)-0(10) 94.36(13) F(4)-C(16)-C(15) 114.5(4)
0(9)-Ru(2)-0(10) 90.08(13) F(5)-C(16)-F(6) 105.5(4)
Ru(1)-O(1)-Ru(2) 76.70(11) F(5)-C(16)-C(15) 110.4(4)
Ru(1)-0(1)-C(1) 123.3(3) F(6)-C(16)-C(15) 112.8(4)

Table S2-3. Selected bond distances (A) and angles (°) for compound 3

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.4560(9) 0O(5)-C(8) 1.258(10)
Ru(1)-0(3) 1.983(6) C(1)-C(2) 1.492(15)
Ru(1)-0(4) 2.026(6) C(3)-C4) 1.455(16)
Ru(1)-0(5) 2.030(6) C(5)-F(5) 1.290(11)
Ru(1)-O(1) 2.065(7) C(5)-F(6) 1.290(12)
Ru(1)-0(2) 2.073(7) C(5)-F(4) 1.298(13)
Ru(1)-O(3)#1 1.991(6) C(5)-C(6) 1.540(13)
O(1)-C(1)#1 1.271(11) C(6)-C(7) 1.370(14)
0(2)-C(1) 1.270(11) C(7)-C(8) 1.390(13)
0(3)-C(3) 1.474(10) C(8)-C(9) 1.513(14)
0(4)-C(6) 1.268(10)

Selected angles (°)
O(3)-Ru(1)-O(3)#1 103.7(2) C(6)-O(4)-Ru(1) 76.4(2)
O(3)-Ru(1)-0(4) 171.9(3) C(8)-O(5)-Ru(1) 125.8(6)
O(3)#1-Ru(1)-0(4) 83.3(2) O(1)#1-C(1)-0(2) 126.3(6)
O(3)-Ru(1)-0(5) 84.4(2) O(1)#1-C(1)-C(2) 126.2(9)




0(3)#1-Ru(1)-0(5) 171.02) 0(2)-C(1)-C(2) 116.7(9)
O(4)-Ru(1)-0(5) 88.9(2) C(4)-C(3)-0(3) 117.1(8)
0(3)-Ru(1)-0(1) 84.2(2) F(5)-C(5)-F(6) 110.3(9)
0(3)#1-Ru(1)-0(1) 92.13) F(5)-C(5)-F(4) 107.8(9)
O(4)-Ru(1)-0(1) 91.5(3) F(6)-C(5)-F(4) 107.99)
0(5)-Ru(1)-0(1) 92.8(3) F(5)-C(5)-C(6) 104.8(10)
0(3)-Ru(1)-0(2) 92.1(2) F(6)-C(5)-C(6) 112.909)
0(3)#1-Ru(1)-0(2) 85.1(2) F(4)-C(5)-C(6) 112.4(8)
0(4)-Ru(1)-0(2) 92.7(2) 0(4)-C(6)-C(7) 110.6(8)
0(5)-Ru(1)-0(2) 90.7(3) 0(4)-C(6)-C(5) 128.09)
O(1)-Ru(1)-0(2) 174.7(2) C(7)-C(6)-C(5) 110.8(8)
0(3)-Ru(1)-Ru(1)#1 51.97(17) C(6)-C(7)-C(8) 121.1(8)
O(3)#1-Ru(1)-Ru(1)#1 51.69(16) 0(5)-C(8)-C(7) 123.3(9)
O(4)-Ru(1)-Ru(1)#1 134.84(18) 0(5)-C(8)-C(9) 127.5(9)
O(5)-Ru(1)-Ru(1)#1 136.23(16) C(7)-C(8)-C(9) 111.9(8)
O(1)-Ru(1)-Ru(1)#1 86.99(16) C(7)-C(8)-C(9) 120.7(9)
0(2)-Ru(1)-Ru(1)#1 87.72(15) F(1)-C(9)-F(3) 106.7(9)
C(1)#1-0(1)-Ru(1) 120.1(6) F(1)-C(9)-F(2) 106.9(9)
C(1)-0(2)-Ru(1) 118.9(6) F(3)-C(9)-F(2) 106.2(9)
C(3)-0(3)-Ru(1) 123.9(5) F(1)-C(9)-C(8) 112.5(9)
C(3)-03)-Ru(1)#1 122.3(5) F(3)-C(9)-C(8) 111.3(8)
Ru(1)-0(3)-Ru(1)#1 76.4(2) F(2)-C(9)-C(8) 112.89)

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

Table S2-4. Selected bond distances (A) and angles (°) for compound 4

Selected bond distances (A)

Ru(1)-Ru(2) 2.4748(8) 0(6)-C(6) 1.270(10)
Ru(1)-0(1) 1.973(5) 0(7)-C(10) 1.279(10)
Ru(1)-0(2) 2.009(5) 0(8)-C(12) 1.274(10)
Ru(1)-0(8) 2.023(6) 0(9)-C(15) 1.320(10)
Ru(1)-0(7) 2.023(6) 0(10)-C(17) 1.303(9)
Ru(1)-0(3) 2.070(5) C(3)-C(4) 1.508(12)
Ru(1)-0(5) 2.084(5) C(4)-C(5) 1.502(15)
Ru(2)-0(1) 1.996(5) C(6)-C(7) 1.491(13)
Ru(2)-0(2) 2.011(5) C(7)-C(8) 1.488(15)
Ru(2)-0(4) 2.085(5) C(9)-C(10) 1.499(14)
Ru(2)-0(6) 2.079(6) C(10)-C(11) 1.406(14)
Ru(2)-0(9) 2.009(5) C(11)-C(12) 1.394(14)
Ru(2)-0(10) 2.034(5) C(12)-C(13) 1.512(14)
O(1)-C(1) 1.422(10) C(14)-C(15) 1.479(12)
0(2)-C(2) 1.436(10) C(15)-C(16) 1.388(12)
0(3)-C(3) 1.284(10) C(16)-C(17) 1.356(13)
0(4)-C(3) 1.258(10) C(17)-C(18) 1.514(12)
0(5)-C(6) 1.284(10)




Selected angles (°)

Ru(2)-Ru(1)-0(1) 51.84(15) 0(6)-Ru(2)-0(9) 92.6(2)
Ru(2)-Ru(1)-0(2) 52.05(15) 0(6)-Ru(2)-0(10) 90.5(2)
Ru(2)-Ru(1)-0(3) 87.56(15) 0(9)-Ru(2)-0(10) 90.9(2)
Ru(2)-Ru(1)-0(5) 86.99(15) Ru(1)-O(1)-Ru(2) 77.16(19)
Ru(2)-Ru(1)-0(7) 133.66(18) Ru(1)-O(1)-C(1) 122.9(5)
Ru(2)-Ru(1)-0(8) 135.35(17) Ru(2)-0(1)-C(1) 122.5(5)
O(1)-Ru(1)-0(2) 103.9(2) Ru(1)-0(2)-Ru(2) 75.99(18)
O(1)-Ru(1)-0(3) 93.6(2) Ru(1)-0(2)-C(2) 122.6(5)
O(1)-Ru(1)-0(5) 83.9(2) Ru(2)-0(2)-C(2) 122.9(5)
O(1)-Ru(1)-0(7) 82.2(2) Ru(1)-0(3)-C(3) 119.1(5)
O(1)-Ru(1)-0(8) 171.1(2) Ru(2)-0(4)-C(3) 119.6(5)
0(2)-Ru(1)-0(3) 83.6(2) Ru(1)-0(5)-C(6) 119.7(5)
0(2)-Ru(1)-0(5) 92.1(2) Ru(2)-0(6)-C(6) 119.7(6)
0(2)-Ru(1)-0(7) 171.8(2) Ru(1)-0(7)-C(10) 125.7(6)
0(2)-Ru(1)-0(8) 83.5(2) Ru(1)-0(8)-C(12) 124.7(6)
0(3)-Ru(1)-0(5) 174.4(2) Ru(2)-0(9)-C(15) 126.4(5)
0(3)-Ru(1)-0(7) 90.6(2) Ru(2)-0(10)-(17) 125.0(5)
0(3)-Ru(1)-0(8) 92.1(2) 0(3)-C(3)-0(4) 126.7(8)
0(5)-Ru(1)-0(7) 94.1(2) 0(3)-C(3)-C(4) 115.8(7)
0(5)-Ru(1)-0(8) 90.9(2) 0(4)-C(3)-C(4) 117.5(7)
O(7)-Ru(1)-0(8) 91.0(2) C(3)-C(4)-C(5) 110.7(8)
Ru(1)-Ru(2)-0(1) 51.01(15) 0(5)-C(6)-0(6) 126.0(8)
Ru(1)-Ru(2)-0(2) 51.96(15) 0(5)-C(6)-C(7) 116.0(8)
Ru(1)-Ru(2)-0(4) 86.82(15) 0(6)-C(6)-C(7) 118.0(8)
Ru(1)-Ru(2)-0(6) 87.51(15) C(6)-C(7)-C(8) 113.4(8)
Ru(1)-Ru(2)-0(9) 134.03(15) 0(7)-C(10)-C(9) 115.7(9)
Ru(1)-Ru(2)-0(10) 135.04(16) 0(7)-C(10)-C(11) 125.1(9)
0(1)-Ru(2)-0(2) 103.0(2) C(9)-C(10)-C(11) 119.1(8)
O(1)-Ru(2)-0(4) 92.3(2) C(10)-C(11)-(12) 125.6(8)
O(1)-Ru(2)-0(6) 84.5(2) 0(8)-C(12)-C(11) 127.19)
O(1)-Ru(2)-0(9) 83.2(2) 0(8)-C(12)(13) 114.4(8)
O(1)-Ru(2)-0(10) 172.12) C(11)-C(12)-(13) 118.6(8)
0(2)-Ru(2)-0(4) 83.9(2) 0(9)-C(15)-C(14) 113.8(7)
0(2)-Ru(2)-0(6) 92.2(2) 0(9)-C(15)-C(16) 122.8(8)
0(2)-Ru(2)-0(9) 172.5(2) C(14)-C(15)-C(16) 123.4(8)
0(2)-Ru(2)-0(10) 83.3(2) C(15)-C(16)-C(17) 129.8(8)
O(4)-Ru(2)-0(6) 174.3(2) 0(10)-C(17)-C(16) 124.9(8)
0(4)-Ru(2)-0(9) 91.7(2) 0(10)-C(17)-C(18) 114.6(8)
O(4)-Ru(2)-0(10) 93.3(2) C(16)-C(17)-C(18) 120.5(7)

Table S2-5. Selected bond distances (A) and angles (°) for compound 5

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.450(6) | 0(5)-C(6) 1.254(17)




Ru(1)-0(1) 1.978(9) F(1)-C(5) 1.361(17)
Ru(1)-0(3) 2.081(10) F(2)-C(5) 1.293(17)
Ru(1)-0(4) 2.009(10) F(3)-C(5) 1.314(17)
Ru(1)-0(5) 2.024(10) C(2)-C(3) 1.50(2)
Ru(1)-O(1)#1 1.978(10) C(3)-C4) 1.50(2)
Ru(1)-0Q2)#1 2.067(9) C(5)-C(6) 1.531(18)
O(1)-C(1) 1.429(15) C(6)-C(7) 1.39(2)
0(2)-C(2) 1.251(16) C(7)-C(8) 1.384(19)
0(3)-C(2) 1.292(17) C(8)-C(9) 1.51(2)
0(4)-C(8) 1.252(16)

Selected angles (°)
O(1)-Ru(1)-O(1)#1 103.5(4) Ru(1)-O(1)-Ru(1)#1 76.5(3)
O(1)-Ru(1)-O(4) 83.1(4) C(2)-0(2)-Ru(1)#1 119.7(8)
O(1)#1-Ru(1)-0(4) 172.2(4) C(2)-0(3)-Ru(1) 118.3(8)
O(1)-Ru(1)-0(5) 171.1(4) C(8)-O(4)-Ru(1) 126.8(8)
O(1)#1-Ru(1)-O(5) 83.8(4) C(6)-O(5)-Ru(1) 124.1(8)
O(4)-Ru(1)-0(5) 90.1(4) 0(2)-C(2)-0(3) 126.8(12)
O(1)-Ru(1)-O(2)#1 85.0(3) 0(2)-C(2)-C(3) 117.2(12)
O(1)#1-Ru(1)-O(2)#1 92.2(3) 0(3)-C(2)-C(3) 115.9(12)
O(4)-Ru(1)-O(2)#1 92.7(4) C(2)-C(3)-C(4) 115.5(12)
O(5)-Ru(1)-O(2)#1 89.7(3) F(2)-C(5)-F(3) 109.0(12)
O(1)-Ru(1)-0(3) 91.9(3) F(2)-C(5)-F(1) 107.0(11)
O(1)#1-Ru(1)-0(3) 85.0(4) F(3)-C(5)-F(1) 105.2(12)
O(4)-Ru(1)-0(3) 90.6(4) F(2)-C(5)-C(6) 112.3(11)
O(5)-Ru(1)-0(3) 93.9(4) F(3)-C(5)-C(6) 113.9(11)
O(2)#1-Ru(1)-0(3) 175.1(4) F(1)-C(5)-C(6) 109.0(11)
O(1)-Ru(1)-Ru(1)#1 51.8(3) O(5)-C(6)-C(7) 128.5(12)
O(1)#1-Ru(1)-Ru(1)#1 51.7(3) 0O(5)-C(6)-C(5) 112.3(10)
O(4)-Ru(1)-Ru(1)#1 134.7(3) C(7)-C(6)-C(5) 119.3(12)
O(5)-Ru(1)-Ru(1)#1 135.3(2) C(8)-C(7)-C(6) 124.1(14)
O(2)#1-Ru(1)-Ru(1)#1 87.7(3) 0(4)-C(8)-C(7) 125.6(12)
O(3)-Ru(1)-Ru(1)#1 87.5(3) 0(4)-C(8)-C(9) 116.2(12)
C(1)-O(1)-Ru(1) 123.4(8) C(7)-C(8)-C(9) 117.9(12)
C(1)-O(1)-Ru(1)#1 124.0(8)

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

Table S2-6. Selected bond distances (A) and angles (°) for compound 6

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.4601(6) C(2)-C(3) 1.517(11)
Ru(1)-0(3) 1.985(4) C(4)-C(5) 1.492(10)
Ru(1)-0(5) 2.029(4) C(6)-C(7) 1.391(10)
Ru(1)-0(4) 2.030(4) C(6)-C(8) 1.396(10)
Ru(1)-0(1) 2.070(4) C(7)-C(9) 1.527(9)

Ru(1)-0(2)#1 2.074(4) C(8)-C(10) 1.521(10)




Ru(1)-0(3)#1 1.995(4) C(9)-F(3) 1.314(9)
O(1)-C(1) 1.282(7) C(9)-F(2) 1.308(8)
0(2)-C(1) 1.275(7) C(9)-F(1) 1.315(9)
0(3)-C(4) 1.466(8) C(10)-F(6) 1.310(10)
0(4)-C(7) 1.252(7) C(10)-F(4) 1.247(9)
0(5)-C(8) 1.256(8) C(10)-F(5) 1.254(11)
C(1)-C(2) 1.489(9)
Selected #1ngles (°)

O(3)-Ru(1)-O(3)#1 103.64(16) C(7)-0(4)-Ru(1) 126.3(4)
O3)#1-Ru(1)-0(5) 170.85(16) C(8)-O(5)-Ru(1) 126.3(4)
O(3)-Ru(1)-0(5) 84.48(16) 0(2)-C(1)-0(1) 125.5(5)
O(3)#1-Ru(1)-0(4) 83.47(16) 0(2)-C(1)-C(2) 117.8(5)
O(3)-Ru(1)-O(4) 171.94(17) O(1)-C(1)-C(2) 116.7(5)
O(5)-Ru(1)-0(4) 88.74(16) C(1)-C(2)-C(3) 114.1(6)
O@3)#1-Ru(1)-0(1) 85.36(17) C(5)-C(4)-0(3) 109.5(5)
O(3)-Ru(1)-O(1) 91.94(17) C(7)-C(6)-C(8) 121.8(6)
O(5)-Ru(1)-O(1) 90.22(17) 0(4)-C(7)-C(6) 128.5(6)
O(4)-Ru(1)-0O(1) 92.44(16) 0(4)-C(7)-C(9) 112.8(6)
O3)#1-Ru(1)-O(2)#1 92.12(17) C(6)-C(7)-C(9) 118.7(6)
O(3)-Ru(1)-O(2)#1 84.16(17) 0O(5)-C(8)-C(6) 128.2(6)
O(5)-Ru(1)-O(2)#1 92.91(17) O(5)-C(8)-C(10) 113.4(6)
O(4)-Ru(1)-O(2)#1 91.86(16) C(6)-C(8)-C(10) 118.4(6)
O(1)-Ru(1)-O(2)#1 174.74(15) F(3)-C(9)-F(2) 106.7(6)
O(@3)#1-Ru(1)-Ru(1)#1 51.65(11) F(3)-C(9)-F(1) 106.7(6)
O(3)-Ru(1)-Ru(1)#1 51.99(12) F(2)-C(9)-F(1) 106.7(7)
O(5)-Ru(1)-Ru(1)#1 136.29(11) F(3)-C(9)-C(7) 113.8(6)
O(4)-Ru(1)-Ru(1)#1 134.98(12) F(2)-C(9)-C(7) 112.0(6)
O(1)-Ru(1)-Ru(1)#1 87.81(11) F(1)-C(9)-C(7) 110.6(6)
O(2)#1-Ru(1)-Ru(1)#1 87.01(11) F(6)-C(10)-F(4) 103.2(8)
C(1)-O(1)-Ru(1) 119.4(4) F(6)-C(10)-F(5) 102.3(7)
C(1)-0(2)-Ru(1)#1 120.2(4) F(4)-C(10)-F(5) 111.2(9)
C(4)-0(3)-Ru(1) 123.0(4) F(6)-C(10)-C(8) 110.5(7)
C(4)-0(3)-Ru(1)#1 122.1(4) F(4)-C(10)-C(8) 115.3(7)
Ru(1)-O(3)-Ru(1)#1 76.36(15) F(5)-C(10)-C(8) 110.5(7)

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

Table S2-7. Selected bond distances (A) and angles (°) for compound 7

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.495(5) 0(5)-C(5) 1.252(14)
Ru(1)-0(1) 1.997(8) C(2)-C(3) 1.53(2)
Ru(1)-0(4) 2.040(9) C(3)-Cl(1) 1.815(18)
Ru(1)-0(5) 2.053(8) C(4)-C(5) 1.534(19)
Ru(1)-0(2) 2.082(9) C(5)-C(6) 1.44(2)
Ru(1)-O(1)#1 2.021(9) C(6)-C(7) 1.406(18)




Ru(1)-0O(3)#1 2.099(10) C(7-C(8) 1.51(2)
O(1)-C(1) 1.474(18) C(8)-F(3) 1.357(18)
0(2)-C(2) 1.307(15) C(8)-F(1) 1.334(15)
0(3)-C(2) 1.264(15) C(8)-F(2) 1.395(19)
O4)-C(7) 1.292(13)

Selected angles (°)
O(1)-Ru(1)-O(1)#1 103.3(3) Ru(1)-O(1)-Ru(1)#1 76.8(3)
O(1)-Ru(1)-O(4) 83.7(3) C(2)-0(2)-Ru(1) 119.5(8)
O(1)#1-Ru(1)-0(4) 171.6(3) C(2)-0(3)-Ru(1)#1 119.4(8)
O(1)-Ru(1)-O(5) 170.8(3) C(7)-0(4)-Ru(1) 125.8(8)
O(1)#1-Ru(1)-O(5) 84.2(3) C(5)-0(5)-Ru(1) 128.4(8)
O(4)-Ru(1)-0(5) 89.4(3) 0(3)-C(2)-0(2) 126.5(12)
O(1)-Ru(1)-0(2) 83.6(3) 0(3)-C(2)-C(3) 114.9(12)
O(1)#1-Ru(1)-0(2) 92.8(3) 0(2)-C(2)-C(3) 118.6(12)
O(4)-Ru(1)-0(2) 92.8(4) C(2)-C(3)-CI(1) 110.7(11)
O(5)-Ru(1)-0(2) 90.8(3) 0O(5)-C(5)-C(6) 124.1(11)
O(1)-Ru(1)-O(3)#1 92.5(3) 0O(5)-C(5)-C(4) 115.6(12)
O(1)#1-Ru(1)-O(3)#1 84.3(3) C(6)-C(5)-C(4) 120.3(10)
O(4)-Ru(1)-O(3)#1 90.7(4) C(7)-C(6)-C(5) 125.0(10)
O(5)-Ru(1)-O(3)#1 93.6(3) 0(4)-C(7)-C(6) 126.7(12)
O(2)-Ru(1)-O(3)#1 174.5(3) 0(4)-C(7)-C(8) 114.5(10)
O(1)-Ru(1)-Ru(1)#1 52.1(2) C(6)-C(7)-C(8) 118.9(10)
O(1)#1-Ru(1)-Ru(1)#1 51.22) F(3)-C(8)-F(1) 108.1(12)
O(4)-Ru(1)-Ru(1)#1 135.5(2) F(3)-C(8)-F(2) 102.5(12)
O(5)-Ru(1)-Ru(1)#1 135.1(2) F(1)-C(8)-F(2) 106.3(12)
O(2)-Ru(1)-Ru(1)#1 87.1(2) F(3)-C(8)-C(7) 112.9(11)
O(3)#1-Ru(1)-Ru(1)#1 87.4(2) F(1)-C(8)-C(7) 117.1(12)
C(1)-O(1)-Ru(1) 122.7(7) F(2)-C(8)-C(7) 108.8(11)
C(1)-O(1)-Ru(1)#1 121.7(7)

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

Table S2-8. Selected bond distances (A) and angles (°) for compound 8

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.4617(5) C(1)-C(2) 1.494(7)
Ru(1)-0(1) 1.988(3) C(3)-C(4) 1.507(6)
Ru(1)-O(1)#1 1.986(3) C(5)-F(1) 1.305(6)
Ru(1)-0(2) 2.068(3) C(5)-F(3) 1.311(5)
Ru(1)-0(4) 2.021(3) C(5)-F(2) 1.317(6)
Ru(1)-0(5) 2.025(3) C(5)-C(6) 1.530(6)
Ru(1)-03)#1 2.067(3) C(6)-C(7) 1.387(6)
0(1)-C(1) 1.465(5) C(7)-C(8) 1.398(6)
0(2)-C(3) 1.273(4) C(8)-C(9) 1.526(6)
0(3)-C(3) 1.271(4) C(9)-F(5) 1.265(6)
0(4)-C(6) 1.259(5) C(9)-F(4) 1.270(5)




0O(5)-C(8) 1.262(5) C(9)-F(6) 1.297(6)
CI(1)-C(4) 1.750(5)
Selected angles (°)

O(1)#1-Ru(1)-O(1) 103.44(10) C(6)-O(4)-Ru(1) 126.7(3)
O(1)#1-Ru(1)-0(4) 83.44(10) C(8)-O(5)-Ru(1) 126.2(3)
O(1)-Ru(1)-O(4) 172.16(11) O(1)-C(1)-C(2) 109.2(3)
O(1)#1-Ru(1)-O(5) 171.09(10) 0(3)-C(3)-0(2) 126.9(3)
O(1)-Ru(1)-O(5) 84.62(10) 0(3)-C(3)-C(4) 117.9(3)
O(4)-Ru(1)-0(5) 88.78(11) 0(2)-C(3)-C(4) 115.1(3)
O(1)#1-Ru(1)-O(3)#1 92.18(10) C(3)-C(4)-CI(1) 112.4(3)
O(1)-Ru(1)-O(3)#1 84.22(10) F(1)-C(5)-F(3) 107.0(4)
O(4)-Ru(1)-O(3)#1 91.84(10) F(1)-C(5)-F(2) 106.4(4)
O(5)-Ru(1)-O(3)#1 92.41(10) F(3)-C(5)-F(2) 107.5(3)
O(1)#1-Ru(1)-0(2) 85.47(10) F(1)-C(5)-C(6) 112.1(3)
O(1)-Ru(1)-0(2) 91.76(10) F(3)-C(5)-C(6) 113.3(4)
O(4)-Ru(1)-0(2) 92.55(10) F(2)-C(5)-C(6) 110.1(4)
O(5)-Ru(1)-0(2) 90.56(10) 0(4)-C(6)-C(7) 128.4(4)
O(3)#1-Ru(1)-0(2) 174.75(10) 0(4)-C(6)-C(5) 112.7(3)
O(1)#1-Ru(1)-Ru(1)#1 51.76(7) C(7)-C(6)-C(5) 118.9(3)
O(1)-Ru(1)-Ru(1)#1 51.69(7) C(6)-C(7)-C(8) 121.4(4)
O(4)-Ru(1)-Ru(1)#1 135.06(8) O(5)-C(8)-C(7) 128.5(4)
O(5)-Ru(1)-Ru(1)#1 136.16(8) 0O(5)-C(8)-C(9) 113.0(4)
O(@3)#1-Ru(1)-Ru(1)#1 87.09(7) C(7)-C(8)-C(9) 118.5(3)
O(2)-Ru(1)-Ru(1)#1 87.77(7) F(5)-C(9)-F(4) 110.5(5)
C(1)-O(1)-Ru(1)#1 122.5(2) F(5)-C(9)-F(6) 104.0(5)
C(1)-O(1)-Ru(1) 122.7(2) F(4)-C(9)-F(6) 104.0(5)
Ru(1)#1-O(1)-Ru(1) 76.56(9) F(5)-C(9)-C(8) 112.5(4)
C(3)-0(2)-Ru(1) 118.6(2) F(4)-C(9)-C(8) 114.0(4)
C(3)-0(3)-Ru(1)#1 119.5(2) F(6)-C(9)-C(8) 110.9(4)

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

Table S2-9. Selected bond distances (A) and angles (°) for compound 9

Selected bond distances (A)

Ru(1)-Ru(1)#1
Ru(2)-Ru(3)
Ru(1)-O(1)
Ru(1)-O(1)#1
Ru(1)-0(5)
Ru(1)-0(4)
Ru(1)-0(2)
Ru(1)-0(3)#1
Ru(2)-0(6)
Ru(3)-0(6)
Ru(2)-0(12)

2.4650(10)
2.4668(10)
1.992(4)
1.991(4)
2.019(4)
2.030(4)
2.065(4)
2.079(4)
1.988(4)
2.000(4)
2.026(4)

C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)
C(13)-F(1)

1.364(11)
1.382(9)

1.390(12)
1.348(13)
1.364(19)
1.375(17)
1.548(13)
1.389(11)
1.357(13)
1.504(12)
1.20(12)




Ru(2)-0(13) 2.026(4) C(13)-F(2) 1.30(12)
Ru(3)-0(9) 2.069(5) C(13)-F(3) 1.338(18)
Ru(2)-0(8) 2.068(5) C(17)-C(18) 1.381(12)
O(1)-C(1) 1.443(8) C(17)-C(22) 1.394(11)
0(2)-C(2) 1.274(7) C(18)-C(19) 1.377(17)
0(3)-C(2) 1.273(7) C(19)-C(20) 1.36(2)
0(4)-C(12) 1.253(9) C(20)-C(21) 1.35(2)
0(5)-C(10) 1.262(8) C(21)-C(22) 1.407(14)
C(2)-C(3) 1.491(9) C(30)-C(31) 1.534(11)
06-Cl14 1.432(7) C(31)-C(32) 1.383(10)
08-C16 1.287(9) C(32)-C(33) 1.375(10)
09-C16 1.276(9) C(33)-C(34) 1.491(12)
012-C31 1.248(7) F(4)-C(34) 1.319(13)
013-C33 1.276(8) F(5)-C(34) 1.320(16)
C16-C17 1.481(10) F6-C(34) 1.240(19)
Selected angles (°)

O(1)-Ru(1)-O(1)#1 103.53(17) C(12)-O(4)-Ru(1) 123.9(5)
O(1)-Ru(1)-O(5) 171.30(17) C(10)-O(5)-Ru(1) 125.8(4)
O(1)#1-Ru(1)-O(5) 83.59(17) 0(2)-C(2)-0(3) 126.7(6)
O(1)-Ru(1)-O(4) 83.76(18) 0(2)-C(2)-C(3) 116.8(5)
O(1)#1-Ru(1)-0(4) 171.97(18) 0(3)-C(2)-C(3) 116.5(5)
O(5)-Ru(1)-0(4) 89.45(18) C(8)-C(3)-C(4) 118.3(7)
O(1)-Ru(1)-0(2) 83.89(17) C(8)-C(3)-C(2) 120.3(6)
O(1)#1-Ru(1)-0(2) 93.43(17) C(4)-C(3)-C(2) 121.4(6)
O(5)-Ru(1)-0(2) 90.77(17) C(3)-C(4)-C(5) 121.3(7)
O(4)-Ru(1)-0(2) 90.67(18) C(6)-C(5)-C(4) 119.3(9)
O(1)-Ru(1)-O(3)#1 92.96(17) C(5)-C(6)-C(7) 119.7(10)
O(1)#1-Ru(1)-O(3)#1 83.20(17) C(8)-C(7)-C(6) 121.5(11)
O(5)-Ru(1)-O(3)#1 92.84(17) C(3)-C(8)-C(7) 119.9(10)
O(4)-Ru(1)-O(3)#1 93.18(18) O(5)-C(10)-C(11) 126.2(7)
O(2)-Ru(1)-O(3)#1 174.75(16) 0O(5)-C(10)-C(9) 112.9(7)
O(1)-Ru(1)-Ru(1)#1 51.76(12) C(11)-C(10)-C(9) 120.9(8)
O(1)#1-Ru(1)-Ru(1)#1 51.77(12) C(12)-C(11)-C(10) 124.2(8)
O(5)-Ru(1)-Ru(1)#1 135.11(12) 0(4)-C(12)-C(11) 129.1(7)
O(4)-Ru(1)-Ru(1)#1 135.41(14) 0(4)-C(12)-C(13) 112.3(9)
O(2)-Ru(1)-Ru(1)#1 87.85(12) C(11)-C(12)-C(13) 118.7(9)
OQ3)#1-Ru(1)-Ru(1)#1 86.91(12) F(1)-C(13)-F(2) 111.7(12)
C(1)-O(1)-Ru(1) 120.6(4) F(1)-C(13)-F(3) 103.7(13)
C(1)-O(1)-Ru(1)#1 122.3(4) F(2)-C(13)-F(3) 100.2(12)
Ru(1)-0(1)-Ru(1)#1 76.47(15) F(1)-C(13)-C(12) 115.7(12)
C(2)-0(2)-Ru(1) 119.1(4) F(2)-C(13)-C(12) 114.0(12)
C(2)-0(3)-Ru(1)#1 119.4(4) F(3)-C(13)-C(12) 109.8(9)
0O(6)-Ru(2)-0(7) 103.65(15) C(31)-O(12)-Ru(2) 126.6(4)
0O(6)-Ru(2)-0(12) 83.77(16) C(33)-0(13)-Ru(2) 123.3(4)




0(7)-Ru(2)-0(12) 170.86(16) 0(9)-C(16)-0(8) 125.0(5)
0(6)-Ru(2)-0(13) 170.34(16) 0(9)-C(16)-C(17) 118.2(5)
0(7)-Ru(2)-0(13) 83.96(17) 0(8)-C(16)-C(17) 116.8(6)
0(12)-Ru(2)-0(13) 89.26(17) C(18)-C(17)-C(22) 119.4(7)
0(6)-Ru(2)-0(8) 83.74(16) C(18)-C(17)-C(16) 122.2(7)
0(7)-Ru(2)-0(8) 93.44(17) C(22)-C(17)-C(16) 118.3(7)
0(12)-Ru(2)-0(8) 92.67(16) C(19)-C(18)-C(17) 119.4(9)
0(13)-Ru(2)-0(8) 89.93(17) C(20)-C(19)-C(18) 121.5(10)
0(6)-Ru(2)-0(10) 91.89(15) C(21)-C(20)-C(19) 120.4(9)
0(7)-Ru(2)-0(10) 83.89(16) C(20)-C(21)-C(22) 119.7(10)
0(12)-Ru(2)-0(10) 90.61(15) C(17)-C(22)-C(21) 119.7(9)
0(13)-Ru(2)-0(10) 94.88(16) 0(13)-C(33)-C(32) 128.4(6)
0(8)-Ru(2)-0(10) 174.22(15) 0(13)-C(33)-C(34) 111.4(7)
0(6)-Ru(2)-Ru(3) 52.01(11) C(33)-C(32)-C(31) 123.7(6)
O(7)-Ru(2)-Ru(3) 51.64(11) C(32)-C(33)-C(34) 120.1(7)
0(12)-Ru(2)-Ru(3) 135.52(12) 0(12)-C(31)-C(32) 126.3(6)
0(13)-Ru(2)-Ru(3) 135.21(12) 0(12)-C(31)-C(30) 114.3(6)
O(8)-Ru(2)-Ru(3) 87.51(11) C(32)-C(31)-C(30) 119.4(6)
0(9)-Ru(3)-Ru(2) 87.08(11) F(6)-C(34)-F(5) 103.8(12)
C(14)-0(6)-Ru(2) 122.9(3) F(6)-C(34)-F(4) 110.0(9)
C(14)-0(6)-Ru(3) 121.7(4) F(5)-C(34)-F(4) 98.4(9)
Ru(2)-0(6)-Ru(3) 76.44(13) F(6)-C(34)-C(33) 116.5(8)
C(16)-0(8)-Ru(2) 119.5(4) F(5)-C(34)-C(33) 111.1(8)
C(16)-0(9)-Ru(3) 120.3(4) F(4)-C(34)-C(33) 115.009)

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

Table S2-10. Selected bond distances (A) and angles (°) for compound 10

Selected bond distances (A)

Ru(1)-Ru(1)#1 2.4771(4) 0(2)-C(2) 1.261(4)
Ru(1)-O(1) 2.003(2) 0(3)-C(2) 1.264(5)
Ru(1)-O(1)#1 1.999(2) 0(4)-C(4) 1.280(4)
Ru(1)-0(2) 2.086(2) 0O(5)-C(6) 1.282(4)
Ru(1)-0(4) 2.022(3) C(3)-C(4) 1.496(4)
Ru(1)-0(5) 2.013(2) C(4)-C(5) 1.399(4)
Ru(1)-O(3)#1 2.077(2) C(5)-C(6) 1.386(4)
O(1)-C(1) 1.429(4) C(6)-C(7) 1.494(4)
Selected angles (°)
O(1)#1-Ru(1)-0O(1) 103.51(9) O(4)-Ru(1)-Ru(1)#1 135.60(8)
O(1)#1-Ru(1)-0O(5) 82.71(9) O(3)#1-Ru(1)-Ru(1)#1 87.49(6)
O(1)-Ru(1)-0(5) 172.43(9) O(2)-Ru(1)-Ru(1)#1 86.87(6)
O(1)#1-Ru(1)-0(4) 171.38(9) C(1)-O(1)-Ru(1)#1 121.8(2)
O(1)-Ru(1)-0(4) 84.08(10) C(1)-0(1)-Ru(1) 122.9(2)
O(5)-Ru(1)-0(4) 90.06(10) Ru(1)#1-O(1)-Ru(1) 76.49(8)

O(1)#1-Ru(1)-0(3)#1 83.49(9) C(2)-0(2)-Ru(1) 118.6(2)




O(1)-Ru(1)-0(3)#1
0(5)-Ru(1)-0(3)#1
O(4)-Ru(1)-0(3)#1
O(1)#1-Ru(1)-0(2)
O(1)-Ru(1)-0(2)
0(5)-Ru(1)-0(2)
0(4)-Ru(1)-0(2)
0(3)#1-Ru(1)-0(2)

O(1)#1-Ru(1)-Ru(1)#1

O(1)-Ru(1)-Ru(1)#1
O(5)-Ru(1)-Ru(1)#1

93.38(9)
91.60(9)
92.07(9)
92.87(9)
83.25(9)
92.22(9)
92.07(9)
174.36(9)
51.83(6)
51.69(6)
134.35(6)

C(2)-0(3)-Ru(1)#1
C(4)-0O(4)-Ru(1)
C(6)-O(5)-Ru(1)
0(2)-C(2)-0(3)
O(4)-C(4)-C(5)
O(4)-C(4)-C3)
C(5)-CH)-CB)
C(6)-C(5)-C(4)
O(3)-C(6)-C(5)
O(3)-C(6)-C(7)
C(5)-C(6)-C(7)

118.4(2)
125.83(19)
125.57(18)
128.3(3)
125.0(3)
115.3(3)
119.7(3)
126.1(3)
125.5(3)
114.4(2)
120.1(3)

Symmetry transformations used to generate equivalent atoms: #1 -x, -y+1, -z+1
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Fig. S5-2 ORTEP representation of the crystal structure of 2
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Fig. S5-8 ORTEP representation of the crystal structure of 8
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Table S3-1. Selected bond distances (A) from the experiment and calculation of compound 1

Exp. Calc.
Ru(1)-0(5A 1.998(5) 2.04976
Ru(1)-O(1) 2.021(5) 2.03610
Ru(1)-0(2) 2.020(5) 2.03610
Ru(1)-0(3) 2.081(5) 2.11362
Ru(1)-O(4H)A 2.080(5) 2.11362
Ru(1)-Ru(1)A 2.476(2) 2.52291

Table S3-2. Selected bond distances (A) from the experiment and calculation of compound 3

Exp. Calc.
Ru(1)-0(3)A 1.991(6) 2.03505
Ru(1)-0(4) 2.026(6) 2.03582
Ru(1)-O(5) 2.030(6) 2.03423
Ru(1)-O(1) 2.065(7) 2.10904
Ru(1)-0(2) 2.073(7) 2.10487
Ru(1)-Ru(1)A 2.4560(9) 2.50669

Table S3-3. Selected bond distances (A) from the experiment and calculation of compound 5

Exp. Calc.




Ru(1)-O(1)A 1.978(10) 2.04759

Ru(1)-O(4) 2.009(10) 2.03554
Ru(1)-0(5) 2.024(10) 2.03450
Ru(1)-0(2)A 2.067(9) 2.10874
Ru(1)-0(3) 2.081(10) 2.11228
Ru(1)-Ru(1)A 2.450(6) 2.51591

Table S3-4. Selected bond distances (A) from the experiment and calculation of compound 9

Exp. Calc.
Ru(1)-O(DHA 1.991(4) 2.04339
Ru(1)-0(5) 2.019(4) 2.03577
Ru(1)-0(4) 2.030(4) 2.0349
Ru(1)-0(2) 2.065(4) 2.10973
Ru(1)-0(3)A 2.079(4) 2.09795
Ru(1)-Ru(1)A 2.4650(10) 2.51502

Table S3-5. Selected bond distances (A) from the experiment and calculation of compound 10

Exp. Calc.
Ru(1)-O()A 1.999(2) 2.04951
Ru(1)-0(5) 2.013(2) 2.03528
Ru(1)-0(4) 2.022(3) 2.03467
Ru(1)-0(3)A 2.077(2) 2.11932
Ru(1)-0(2) 2.086(2) 2.12349
Ru(1)-Ru()A 2.4771(4) 2.53223

Table S4 Vibrational frequencies (v, cm™!) of compounds 3, 5 and 10. Experiment data are shown

in bold, DFT-computed values in normal.

v(Ru-Ru) v(Ru-0O,) v(Ru-O,) v(Ru-O;) w(C-O) v(C-C) v(C-F/H)

3 358 320 605 150 1597 1351 1598
364 305 574 145 1552 1298,1534 1448
5 339 298 518 178 1599 1301,1525 539;1523
338 268 486 169 1566 1278,1507 511;1423
10 341 386 513 167 1557 1283 674;1369

345 369 484 156 1533 1269 667;1442
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Fig. S8-5 Experimental and calculated UV—vis spectra for compound 10.

Table S5-1 The representative calculated optical transitions for compound 1

A (nm) f assign. %
409.67 0.2118 d—=1* .o 42
357.56 0.1432 c—c* 81
300.19 0.0460 0—=*c.0() 96
271.43 0.1384 P o 69
242.38 0.2082 re0@—T .00 25
217.46 0.3695 ORu0 —0*Ru0m) 31

Table S5-2. The representative calculated optical transitions for compound 3

A (nm) f assign. %
479.66 0.2326 Som* o0 63
331.38 0.0656 CRuom—0* 54
276.61 0.0558 Oru0@—0* 19
220.51 0.3315 ORe-0—0*Ru 00 12

202.68 0.2195 GRu-O(a)HG*Ru-O(a) 12




Table S5-3 The representative calculated optical transitions for compound 5

A (nm) f assign. %
444.78 0.2307 S co 68
356.58 0.0587 c—0* 43
323.87 0.0361 * Ru-o— 0 89
272.65 0.0343 0—6* 00 32
244.59 02110 ORu0@—0*Ru00) 17
220.81 0.3319 ORu-0@ 0 Ru0a) 12

Table S5-4. The representative calculated optical transitions for compound 9

A (nm) f assign. %
451.22 0.1501 ST .o 43
405.17 0.1906 d—m* 49
346.31 0.0495 c—c* 28
250.24 0.6262 T benzeney—T* (benzenc) 30
226.93 0.1998 ORu0)—0*Ru-0) 27
204.30 0.2289 ORu0t) =0 Ru-06) 4

Table S5-5. The representative calculated optical transitions for compound 10

A (nm) f assign. %
400.15 0.2433 S—m* co 61
361.42 0.1197 c—c* 71
303.96 0.0281 d—=1*c.0() 96
272.68 0.1408 P o 78
236.40 03611 ORru0—0* R0 48
221.14 0.1446 Po—m 25
196.26 0.1844 ORru.0—T 29

Table S6 The differential pulse voltammograms (DPV) peaks data (E/V) for compounds 1-10

1 2 3 4 5 6 7 8 9 10
A -0.58 -0.64 -0.62  -063 -0.62 -0.61 -0.61 -0.62 -0.61 -0.60
B 0.90 0.82 0.85 0.84 0.86 0.85 0.86  0.86 0.88 0.86

C 1.26 1.18 1.26 1.25 1.26 1.26 1.26 1.26 1.27 1.23




