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Table S1. Screening of catalysts.a 

 

 
entry catalyst yield of 3b 

1 RuH2(CO)(PPh3)3 0% 
2 RuHCl(CO)(PPh3)3 0% 
3 RuH(OAc)(CO)(PPh3)2 0% 
4 [RuCl2(C6H6)]2/PPh3

c 0% 
5 Ru(cod)(cot) (4) 34% 
6 Ru3(CO)12 21% 
7 Ru(CO)3(PPh3)2 0% 
8 RhCl(PPh3)3 0% 
9 [RhCl(coe)2]2 9% 
10 [RhCl(coe)2]2/PCy3

d 5% 
	 aReaction conditions: 1 (1 mmol), vinyl n-butylate (2) (2 mmol), 
catalyst (0.05 mmol), toluene 1 mL, reflux, 20 h. bGC yield. c10 
mol % of PPh3. d10 mol % of PCy3. 
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Table S2. Screening of additives.a 

 

 
entry additive additive/Ru yield of 3b 

1c none 0 34% 
2d none 0 37%e 
3 PEt3 1 9% 
4 PEt3 2 8% 
5 PPh3 1 20% 
6 PPh3 2 20% 
7d P(fur)3 2 10%e 
8 dppp 1 12% 
9 P(OPh)3 3 0% 
10 P(OEt)3 3 0% 
11 tBuNC 3 trace 

	 aReaction conditions: 1 (1 mmol), 2 (2 mmol), 4 (0.05 mmol), 
additive (5-15 mol %), toluene 1 mL, reflux, 20 h. bGC yield. 
cThe result described in Table 1, entry 5. dPerformed with 5 
mmol of 2 and 0.10 mmol of 4 in 1.5 mL of toluene. eYields 
were determined based on 1H NMR spectra of 3 isolated as 
mixtures with starting material 1. 
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 Determination of the Order of the Reaction in Aromatic Compound 24 (Table 8, entries 1-6). 

In a glove box, 1,3,5-trimethoxybenzene (16.8 mg, 0.1 mmol) as an internal standard and Ru(cod)(cot) 

(4) (3.2 mg, 10 µmol, or 6.3 mg, 20 µmol) were placed in a NMR tube, and then toluene-d8, 3-methyl-2-

phenylpyridine (24), and β-styryl acetate (6d) (309 µL, 2.0 mmol, E/Z = 66:34) were added in this order. 

The tube was sealed and heated in an oil bath at 90 °C. The reaction mixture was monitored by 

measuring the concentration of the alkenylation product (25) by 1H NMR. The concentrations of 24 

were as follows; 0.1 M (16 µL, 0.1 mmol, toluene-d8: 675 µL), 0.2 M (32 µL, 0.2 mmol, toluene-d8: 659 

µL), 0.3 M (48 µL, 0.3 mmol, toluene-d8: 643 µL). 

 
entry [24]0 (M) [6d]0 (M) [4]0 (mM) kobs × 107 (M·s-1) 

1 0.1 2.0 10 10.4 

2 0.2 2.0 10 7.8 

3 0.3 2.0 10 5.4 

4 0.1 2.0 20 14.5 

5 0.2 2.0 20 11.3 

6 0.3 2.0 20 8.6 

Figure S1. Time-concentration plots. Reaction conditions: [24]0 = 0.1-0.3 M, [6d]0 = 2.0 M, [4]0 = 10-

20 mM in toluene-d8, at 90 °C. 
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 Determination of the Order of the Reaction in Alkenyl Ester 6d (Table 8, entries 4 and 7-10). 

In a glove box, 1,3,5-trimethoxybenzene (16.8 mg, 0.1 mmol) as an internal standard and Ru(cod)(cot) 

(4) (6.3 mg, 20 µmol) were placed in a NMR tube, and then toluene-d8, 3-methyl-2-phenylpyridine (24) 

(16 µL, 0.1 mmol), and β-styryl acetate (6d) (E/Z = 66:34) were added in this order. The tube was sealed 

and heated in an oil bath at 90 °C. The reaction mixture was monitored by measuring the concentration 

of the alkenylation product (25) by 1H NMR. The concentrations of 6d were as follows; 0.5 M (78 µL, 

0.5 mmol, toluene-d8: 906 µL), 1.0 M (155 µL, 1.0 mmol, toluene-d8: 829 µL), 1.5 M (232 µL, 1.5 mmol, 

toluene-d8: 752 µL), 2.0 M (309 µL, 2.0 mmol, toluene-d8: 675 µL), 2.5 M (386 µL, 2.5 mmol, toluene-

d8: 598 µL). 

 
entry [24]0 (M) [6d]0 (M) [4]0 (mM) kobs × 107 (M·s-1) 

4 0.1 2.0 20 14.5 

7 0.1 0.5 20 2.9 

8 0.1 1.0 20 5.8 

9 0.1 1.5 20 11.3 

10 0.1 2.0 20 18.6 

Figure S2. Time-concentration plots. Reaction conditions: [24]0 = 0.1 M, [6d]0 = 0.5-2.5 M, [4]0 = 20 

mM in toluene-d8, at 90 °C. 
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 Determination of the Order of the Reaction in Catalyst 4 (Table 8, entries 1, 4 and 11-13). In a 

glove box, 1,3,5-trimethoxybenzene (16.8 mg, 0.1 mmol) as an internal standard and Ru(cod)(cot) (4) 

were placed in a NMR tube, and then toluene-d8 (675 µL), 3-methyl-2-phenylpyridine (24) (16 µL, 0.1 

mmol), and β-styryl acetate (6d) (309 µL, 2.0 mmol, E/Z = 66:34) were added in this order. The tube 

was sealed and heated in an oil bath at 90 °C. The reaction mixture was monitored by measuring the 

concentration of the alkenylation product (25) by 1H NMR. The concentrations of 4 were as follows; 1 

mM (0.3 mg, 1 µmol), 3 mM (1.0 mg, 3 µmol), 5 mM (1.6 mg, 5 µmol), 10 mM (3.2 mg, 10 µmol), 20 

mM (6.3 mg, 20 µmol). 

 
entry [24]0 (M) [6d]0 (M) [4]0 (mM) kobs × 107 (M·s-1) 

1 0.1 2.0 10 10.4 

4 0.1 2.0 20 14.5 

11 0.1 2.0 1 2.1 

12 0.1 2.0 2 5.1 

13 0.1 2.0 3 5.9 

Figure S3. Time-concentration plots. Reaction conditions: [24]0 = 0.1 M, [6d]0 = 2.0 M, [4]0 = 1-20 mM 

in toluene-d8, at 90 °C. 
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Observation of Intermolecular H-D Scrambling at the Ortho Positions of 24 and 24-d5 with 6d 

Catalyzed by 4 (Table 10, entry 1).  

N PhAcO
Ru(cod)(cot) (4)
0.05 mmol
toluene 1.0 mL
120 oC, 1 h
pressure tube

E/Z = 66:34

6d
3 mmol

+ N

Ph

24
0.5 mmol

25-dn

N +

24-d5
0.5 mmol

dn+

24-dn
97% GC yield
89% isolated yield
(mw: 171.7)

2% GC yield
3% isolated yield
(mw: 273.9)

D
D

D
D

D

N
dn

 

 
 

m/z 170.1 171.1 172.1 173.1 174.1 175.1 176.1 

integral 31548.80 60333.25 32883.30 33456.60 59302.05 33251.95 3840.90 
 
Figure S4. APCI MS spectrum of 24-dn. Exact mass: 170.1 ([24-d0+H]+), 171.1 ([24-d1+H]+), 172.1 

([24-d2+H]+), 173.1 ([24-d3+H]+), 174.1 ([24-d4+H]+), 175.1 ([24-d5+H]+). 
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Observation of Intermolecular H-D Scrambling at the Ortho Positions of 24 and 24-d5 with 6d 

Catalyzed by 38a (Table 10, entry 2).  

N PhAcO
38a
0.025 mmol
toluene 0.5 mL
120 oC, 1 h
pressure tube

E/Z = 66:34

6d
1.5 mmol

+ N

Ph

24
0.25 mmol

25-dn

N +

24-d5
0.25 mmol

dn+

24-dn
99% GC yield
99% isolated yield
(mw: 171.7)

<1% GC yield

(mw: 273.9)

D
D

D
D

D

N
dn

 
   

 
 

m/z 170.1 171.1 172.1 173.1 174.1 175.1 176.1 

integral 427985.53 697028.80 433627.88 458138.33 708246.45 412350.63 42319.96 
 
Figure S5. APCI MS spectrum of 24-dn. Exact mass: 170.1 ([24-d0+H]+), 171.1 ([24-d1+H]+), 172.1 

([24-d2+H]+), 173.1 ([24-d3+H]+), 174.1 ([24-d4+H]+), 175.1 ([24-d5+H]+). 
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Observation of Intermolecular H-D Scrambling of 24 and 24-d5 Catalyzed by 4 (Table 10, entry 3).  

N
Ru(cod)(cot) (4)
0.01 mmol
toluene 0.2 mL
120 oC, 1 h
pressure tube

+

24
0.1 mmol

N

24-d5
0.1 mmol

24-dn
quant

(mw: 171.7)

D
D

D
D

D

N
dn

H(D)

0.87 H
(0.13 D)

 
 

 

Observation of Intermolecular H-D Scrambling at the Ortho Positions of 24 and 24-d5 Catalyzed 

by 38a (Table 10, entry 4).  

N
38a
0.01 mmol
toluene 0.2 mL
120 oC, 1 h
pressure tube

+

24
0.1 mmol

N

24-d5
0.1 mmol

24-dn
quant

(mw: 171.7)

D
D

D
D

D

N
dn

 

 
 

m/z 170.1 171.1 172.1 173.1 174.1 175.1 176.1 

integral 28789.75 47142.33 24296.65 27901.04 43439.50 22163.65 2709.02 
 
Figure S6. APCI MS spectrum of 24-dn. Exact mass: 170.1 ([24-d0+H]+), 171.1 ([24-d1+H]+), 172.1 

([24-d2+H]+), 173.1 ([24-d3+H]+), 174.1 ([24-d4+H]+), 175.1 ([24-d5+H]+). 
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Observation of Intramolecular H-D Scrambling at the Ortho Positions of 24-d1 with 6d Catalyzed 

by 4.  

N PhAcO
Ru(cod)(cot) (4)
0.025 mmol
toluene 0.5 mL
120 oC, 1 h
pressure tubeE/Z = 66:34

6d
1.5 mmol

N

Ph

24-d1
0.5 mmol

25-dn

+
dn

+

24-dn
96% GC yield
88% isolated yield
(mw: 170.2)

2% GC yield
2% isolated yield
(mw: 272.4)

N
dn

D

 
 

 
 

m/z 170.1 171.1 172.1 173.1 

integral 11940.06 22831.27 12353.33 1474.50 
 
Figure S7. APCI MS spectrum of 24-dn. Exact mass: 170.1 ([24-d0+H]+), 171.1 ([24-d1+H]+), 172.1 

([24-d2+H]+). 
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X-ray Crystallographic Data 

 

 

 
 

 

Figure S8.  An ORTEP drawing of complex 38b. Hydrogen atoms are omitted for clarity. 
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Figure S9.  An ORTEP drawing of complex 39a. Hydrogen atoms and a toluene molecule contained in 

the unit cell are omitted for clarity. 
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Table S3. Crystal data and structure refinement for 38b and 39a. 
 
 38b 39a 

Empirical formula C22H25NO2Ru C34H30N2O2Ru·0.5C7H8 
Formula weight 436.50 645.74 

Temperature 93(2) K 123(2) K 

Crystal color, habit Yellow, Block Red, Platelet 
Crystal dimensions 0.50 x 0.40 x 0.20 mm 0.30 x 0.20 x 0.10 mm 

Crystal system Triclinic Triclinic 

Space group P-1 P-1 

a (Å) 9.3192(12) 9.3382(9) 
b (Å) 10.6453(14) 10.7006(11) 

c (Å) 10.8679(14) 16.4644(15) 

α (°) 108.651(4) 74.606(2) 
β (°) 111.833(3) 74.799(3) 

γ (°) 99.462(4) 71.863(3) 

V (Å3) 897.7(2) 1478.1(2) 

Z 2 2 
Density (calculated) 1.615 mg/mm3 1.451 mg/mm3 

F(000) 448 666 

Absorption coefficient 0.890 mm-1 0.568 mm-1 
Theta range for data collection 3.18 to 27.49° 3.08 to 25.00° 

Reflections collected 8614 10726 

Independent reflections 4045 [R(int) = 0.0211] 4995 [R(int) = 0.0450] 

Number of parameters 237 372 
Goodness-of-fit on F2 1.260 1.118 

Final R indices [I>2sigma(I)] R1 = 0.0306 R1 = 0.0419 

 wR2 = 0.0837 wR2 = 0.0871 
R indices (all data) R1 = 0.0327 R1 = 0.0582 

 wR2 = 0.0906 wR2 = 0.1010 
 
a
 Goodness of Fit = {Σ[w (|Fo| – |Fc|)2] / (Nobs – Nparameters)}

1/2 
b R = Σ ||Fo| - |Fc|| / Σ |Fo|, Rw = {Σ[w (|Fo| – |Fc|)2] / Σ[wFo

2]}1/2 

 

S13



 
 

Table S4. Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2× 103) for 
38b. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

        x       y       z U(eq)  
Ru(1) 8926(1) 7341(1) 7357(1) 11(1)  
N(1) 8785(3) 5341(2) 7233(3) 15(1)  
C(1) 7425(4) 4235(3) 6227(3) 18(1)  
C(2) 7264(4) 2894(3) 6146(3) 22(1)  
C(3) 8544(4) 2687(3) 7151(4) 25(1)  
C(4) 9941(4) 3800(3) 8155(4) 23(1)  
C(5) 10073(3) 5147(3) 8188(3) 15(1)  
C(6) 11452(3) 6462(3) 9200(3) 15(1)  
C(7) 11176(3) 7684(3) 9016(3) 15(1)  
C(8) 12368(3) 8978(3) 10034(3) 20(1)  
C(9) 13811(4) 9067(3) 11144(3) 23(1)  
C(10) 14095(3) 7871(4) 11253(3) 22(1)  
C(11) 12940(4) 6555(3) 10315(3) 20(1)  
C(12) 13385(4) 5333(4) 10583(4) 30(1)  
C(13) 8202(4) 9028(3) 6809(3) 16(1)  
C(14) 9842(4) 9606(3) 7836(3) 17(1)  
C(15) 11191(4) 9925(3) 7411(4) 25(1)  
C(16) 11506(6) 8692(4) 6596(6) 46(1)  
C(17) 10454(4) 7266(3) 6256(3) 20(1)  
C(18) 8804(4) 6661(3) 5240(3) 22(1)  
C(19) 7819(8) 7343(6) 4377(4) 71(2)  
C(20) 7592(5) 8612(4) 5180(4) 31(1)  
O(1) 7811(2) 7669(2) 8821(2) 15(1)  
C(21) 6372(3) 7083(3) 7761(3) 15(1)  
O(2) 6189(2) 6611(2) 6464(2) 17(1)  
C(22) 4909(4) 6970(3) 8058(4) 24(1)  
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Table S5. Bond lengths [Å] and angles [°] for 38b. 
 

Ru(1)-N(1)   2.069(2) C(6)-C(7)   1.427(4) 
Ru(1)-C(7)   2.073(3) C(7)-C(8)   1.402(4) 
Ru(1)-C(18)   2.131(3) C(8)-C(9)   1.397(4) 
Ru(1)-C(17)   2.170(3) C(9)-C(10)   1.374(5) 
Ru(1)-O(1)   2.1745(19) C(10)-C(11)   1.391(5) 
Ru(1)-C(13)   2.196(3) C(11)-C(12)   1.509(4) 
Ru(1)-C(14)   2.237(3) C(13)-C(14)   1.393(4) 
Ru(1)-O(2)   2.2533(19) C(13)-C(20)   1.523(4) 
Ru(1)-C(21)   2.565(3) C(14)-C(15)   1.517(4) 
N(1)-C(1)   1.357(4) C(15)-C(16)   1.474(5) 
N(1)-C(5)   1.361(4) C(16)-C(17)   1.511(5) 
C(1)-C(2)   1.382(4) C(17)-C(18)   1.399(4) 
C(2)-C(3)   1.391(5) C(18)-C(19)   1.504(5) 
C(3)-C(4)   1.378(5) C(19)-C(20)   1.452(5) 
C(4)-C(5)   1.407(4) O(1)-C(21)   1.277(3) 
C(5)-C(6)   1.481(4) C(21)-O(2)   1.268(3) 
C(6)-C(11)   1.425(4) C(21)-C(22)   1.508(4) 
    
N(1)-Ru(1)-C(7)  78.13(10) C(4)-C(3)-C(2) 119.6(3) 
N(1)-Ru(1)-C(18)  88.79(11) C(3)-C(4)-C(5) 120.6(3) 
C(7)-Ru(1)-C(18) 114.63(11) N(1)-C(5)-C(4) 119.0(3) 
N(1)-Ru(1)-C(17)  92.13(10) N(1)-C(5)-C(6) 112.9(2) 
C(7)-Ru(1)-C(17)  78.41(11) C(4)-C(5)-C(6) 128.1(3) 
C(18)-Ru(1)-C(17)  37.95(12) C(11)-C(6)-C(7) 120.8(3) 
N(1)-Ru(1)-O(1)  90.67(8) C(11)-C(6)-C(5) 124.3(3) 
C(7)-Ru(1)-O(1)  92.16(9) C(7)-C(6)-C(5) 114.8(2) 
C(18)-Ru(1)-O(1) 152.44(10) C(8)-C(7)-C(6) 117.5(3) 
C(17)-Ru(1)-O(1) 169.38(10) C(8)-C(7)-Ru(1) 127.1(2) 
N(1)-Ru(1)-C(13) 159.13(11) C(6)-C(7)-Ru(1) 115.1(2) 
C(7)-Ru(1)-C(13) 122.73(11) C(9)-C(8)-C(7) 121.4(3) 
C(18)-Ru(1)-C(13)  81.62(11) C(10)-C(9)-C(8) 120.2(3) 
C(17)-Ru(1)-C(13)  91.60(11) C(9)-C(10)-C(11) 121.6(3) 
O(1)-Ru(1)-C(13)  89.41(9) C(10)-C(11)-C(6) 118.4(3) 
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N(1)-Ru(1)-C(14) 163.60(10) C(10)-C(11)-C(12) 116.2(3) 
C(7)-Ru(1)-C(14)  86.34(11) C(6)-C(11)-C(12) 125.4(3) 
C(18)-Ru(1)-C(14)  92.97(12) C(14)-C(13)-C(20) 124.4(3) 
C(17)-Ru(1)-C(14)  79.48(11) C(14)-C(13)-Ru(1)  73.32(16) 
O(1)-Ru(1)-C(14)  95.20(9) C(20)-C(13)-Ru(1) 109.61(19) 
C(13)-Ru(1)-C(14)  36.63(10) C(13)-C(14)-C(15) 121.7(3) 
N(1)-Ru(1)-O(2)  85.78(8) C(13)-C(14)-Ru(1)  70.06(16) 
C(7)-Ru(1)-O(2) 147.31(9) C(15)-C(14)-Ru(1) 112.68(19) 
C(18)-Ru(1)-O(2)  93.02(10) C(16)-C(15)-C(14) 115.3(3) 
C(17)-Ru(1)-O(2) 130.97(10) C(15)-C(16)-C(17) 117.4(3) 
O(1)-Ru(1)-O(2)  59.47(7) C(18)-C(17)-C(16) 123.9(3) 
C(13)-Ru(1)-O(2)  76.32(9) C(18)-C(17)-Ru(1)  69.53(16) 
C(14)-Ru(1)-O(2) 110.39(9) C(16)-C(17)-Ru(1) 113.8(2) 
N(1)-Ru(1)-C(21)  87.94(9) C(17)-C(18)-C(19) 125.3(4) 
C(7)-Ru(1)-C(21) 120.51(10) C(17)-C(18)-Ru(1)  72.53(16) 
C(18)-Ru(1)-C(21) 122.64(11) C(19)-C(18)-Ru(1) 110.7(2) 
C(17)-Ru(1)-C(21) 160.54(11) C(20)-C(19)-C(18) 117.6(3) 
O(1)-Ru(1)-C(21)  29.84(8) C(19)-C(20)-C(13) 116.3(3) 
C(13)-Ru(1)-C(21)  81.82(10) C(21)-O(1)-Ru(1)  92.25(16) 
C(14)-Ru(1)-C(21) 104.68(9) O(2)-C(21)-O(1) 119.4(2) 
O(2)-Ru(1)-C(21)  29.63(8) O(2)-C(21)-C(22) 120.6(3) 
C(1)-N(1)-C(5) 120.2(2) O(1)-C(21)-C(22) 120.0(3) 
C(1)-N(1)-Ru(1) 120.81(19) O(2)-C(21)-Ru(1)  61.45(14) 
C(5)-N(1)-Ru(1) 119.01(19) O(1)-C(21)-Ru(1)  57.91(13) 
N(1)-C(1)-C(2) 122.4(3) C(22)-C(21)-Ru(1) 177.8(2) 
C(1)-C(2)-C(3) 118.1(3) C(21)-O(2)-Ru(1)  88.91(16) 
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Table S6. Anisotropic displacement parameters (Å2× 103) for 38b. The anisotropic displacement factor 
exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
 

        U11        U22     U33     U23     U13     U12  
Ru(1) 11(1) 11(1) 10(1) 4(1) 4(1) 3(1)  
N(1) 16(1) 13(1) 16(1) 6(1) 8(1) 6(1)  
C(1) 19(1) 16(1) 15(1) 5(1) 6(1) 4(1)  
C(2) 26(2) 15(1) 21(1) 3(1) 11(1) 3(1)  
C(3) 32(2) 16(1) 32(2) 12(1) 17(1) 10(1)  
C(4) 27(2) 22(2) 29(2) 16(1) 14(1) 13(1)  
C(5) 18(1) 17(1) 15(1) 7(1) 10(1) 7(1)  
C(6) 14(1) 20(1) 13(1) 8(1) 7(1) 5(1)  
C(7) 13(1) 20(1) 12(1) 6(1) 6(1) 5(1)  
C(8) 17(1) 19(1) 17(1) 4(1) 5(1) 4(1)  
C(9) 15(1) 27(2) 16(1) 3(1) 3(1) 1(1)  
C(10) 13(1) 35(2) 13(1) 11(1) 3(1) 7(1)  
C(11) 17(1) 31(2) 21(1) 17(1) 11(1) 11(1)  
C(12) 21(2) 38(2) 35(2) 25(2) 7(1) 13(1)  
C(13) 21(1) 14(1) 16(1) 8(1) 8(1) 7(1)  
C(14) 20(1) 12(1) 21(1) 7(1) 11(1) 6(1)  
C(15) 24(2) 22(2) 33(2) 12(1) 17(1) 5(1)  
C(16) 56(3) 24(2) 73(3) 11(2) 55(3) 5(2)  
C(17) 24(1) 21(1) 21(1) 7(1) 16(1) 8(1)  
C(18) 30(2) 27(2) 12(1) 7(1) 11(1) 17(1)  
C(19) 122(5) 90(4) 14(2) 21(2) 21(2) 88(4)  
C(20) 46(2) 32(2) 18(2) 14(1) 11(1) 21(2)  
O(1) 16(1) 15(1) 14(1) 6(1) 7(1) 4(1)  
C(21) 15(1) 13(1) 19(1) 8(1) 8(1) 4(1)  
O(2) 13(1) 17(1) 16(1) 5(1) 5(1) 4(1)  
C(22) 18(1) 28(2) 30(2) 14(1) 15(1) 8(1)  
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Table S7. Torsion angles [°] for 38b. 
 

C(7)-Ru(1)-N(1)-C(1) 179.8(2)  C(17)-Ru(1)-C(14)-C(15) -9.7(2) 
C(18)-Ru(1)-N(1)-C(1) -64.8(2)  O(1)-Ru(1)-C(14)-C(15) 161.0(2) 
C(17)-Ru(1)-N(1)-C(1) -102.6(2)  C(13)-Ru(1)-C(14)-C(15) -117.0(3) 
O(1)-Ru(1)-N(1)-C(1) 87.7(2)  O(2)-Ru(1)-C(14)-C(15) -139.7(2) 
C(13)-Ru(1)-N(1)-C(1) -2.4(4)  C(21)-Ru(1)-C(14)-C(15) -170.2(2) 
C(14)-Ru(1)-N(1)-C(1) -161.2(3)  C(13)-C(14)-C(15)-C(16) -72.1(4) 
O(2)-Ru(1)-N(1)-C(1) 28.4(2)  Ru(1)-C(14)-C(15)-C(16) 7.7(4) 
C(21)-Ru(1)-N(1)-C(1) 58.0(2)  C(14)-C(15)-C(16)-C(17) 0.9(6) 
C(7)-Ru(1)-N(1)-C(5) 0.33(19)  C(15)-C(16)-C(17)-C(18) 71.1(5) 
C(18)-Ru(1)-N(1)-C(5) 115.8(2)  C(15)-C(16)-C(17)-Ru(1) -9.4(5) 
C(17)-Ru(1)-N(1)-C(5) 78.0(2)  N(1)-Ru(1)-C(17)-C(18) 85.30(19) 
O(1)-Ru(1)-N(1)-C(5) -91.7(2)  C(7)-Ru(1)-C(17)-C(18) 162.7(2) 
C(13)-Ru(1)-N(1)-C(5) 178.2(2)  O(1)-Ru(1)-C(17)-C(18) -169.5(4) 
C(14)-Ru(1)-N(1)-C(5) 19.4(4)  C(13)-Ru(1)-C(17)-C(18) -74.15(19) 
O(2)-Ru(1)-N(1)-C(5) -151.1(2)  C(14)-Ru(1)-C(17)-C(18) -108.9(2) 
C(21)-Ru(1)-N(1)-C(5) -121.5(2)  O(2)-Ru(1)-C(17)-C(18) -0.9(2) 
C(5)-N(1)-C(1)-C(2) 1.8(4)  C(21)-Ru(1)-C(17)-C(18) -4.5(4) 
Ru(1)-N(1)-C(1)-C(2) -177.6(2)  N(1)-Ru(1)-C(17)-C(16) -155.6(3) 
N(1)-C(1)-C(2)-C(3) 0.8(4)  C(7)-Ru(1)-C(17)-C(16) -78.2(3) 
C(1)-C(2)-C(3)-C(4) -2.2(5)  C(18)-Ru(1)-C(17)-C(16) 119.1(4) 
C(2)-C(3)-C(4)-C(5) 1.1(5)  O(1)-Ru(1)-C(17)-C(16) -50.5(7) 
C(1)-N(1)-C(5)-C(4) -2.9(4)  C(13)-Ru(1)-C(17)-C(16) 44.9(3) 
Ru(1)-N(1)-C(5)-C(4) 176.6(2)  C(14)-Ru(1)-C(17)-C(16) 10.2(3) 
C(1)-N(1)-C(5)-C(6) 179.7(2)  O(2)-Ru(1)-C(17)-C(16) 118.1(3) 
Ru(1)-N(1)-C(5)-C(6) -0.9(3)  C(21)-Ru(1)-C(17)-C(16) 114.6(4) 
C(3)-C(4)-C(5)-N(1) 1.4(4)  C(16)-C(17)-C(18)-C(19) -2.1(5) 
C(3)-C(4)-C(5)-C(6) 178.5(3)  Ru(1)-C(17)-C(18)-C(19) 103.4(3) 
N(1)-C(5)-C(6)-C(11) 179.3(2)  C(16)-C(17)-C(18)-Ru(1) -105.5(3) 
C(4)-C(5)-C(6)-C(11) 2.1(4)  N(1)-Ru(1)-C(18)-C(17) -95.01(19) 
N(1)-C(5)-C(6)-C(7) 1.1(3)  C(7)-Ru(1)-C(18)-C(17) -18.7(2) 
C(4)-C(5)-C(6)-C(7) -176.0(3)  O(1)-Ru(1)-C(18)-C(17) 175.85(18) 
C(11)-C(6)-C(7)-C(8) -4.4(4)  C(13)-Ru(1)-C(18)-C(17) 103.59(19) 
C(5)-C(6)-C(7)-C(8) 173.8(2)  C(14)-Ru(1)-C(18)-C(17) 68.67(19) 
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C(11)-C(6)-C(7)-Ru(1) -179.1(2)  O(2)-Ru(1)-C(18)-C(17) 179.28(18) 
C(5)-C(6)-C(7)-Ru(1) -0.9(3)  C(21)-Ru(1)-C(18)-C(17) 178.21(16) 
N(1)-Ru(1)-C(7)-C(8) -173.8(3)  N(1)-Ru(1)-C(18)-C(19) 143.1(4) 
C(18)-Ru(1)-C(7)-C(8) 103.1(3)  C(7)-Ru(1)-C(18)-C(19) -140.6(4) 
C(17)-Ru(1)-C(7)-C(8) 91.5(3)  C(17)-Ru(1)-C(18)-C(19) -121.9(4) 
O(1)-Ru(1)-C(7)-C(8) -83.5(2)  O(1)-Ru(1)-C(18)-C(19) 53.9(5) 
C(13)-Ru(1)-C(7)-C(8) 7.2(3)  C(13)-Ru(1)-C(18)-C(19) -18.3(4) 
C(14)-Ru(1)-C(7)-C(8) 11.5(3)  C(14)-Ru(1)-C(18)-C(19) -53.2(4) 
O(2)-Ru(1)-C(7)-C(8) -111.6(3)  O(2)-Ru(1)-C(18)-C(19) 57.4(4) 
C(21)-Ru(1)-C(7)-C(8) -93.4(3)  C(21)-Ru(1)-C(18)-C(19) 56.3(4) 
N(1)-Ru(1)-C(7)-C(6) 0.34(19)  C(17)-C(18)-C(19)-C(20) -63.1(7) 
C(18)-Ru(1)-C(7)-C(6) -82.8(2)  Ru(1)-C(18)-C(19)-C(20) 19.7(7) 
C(17)-Ru(1)-C(7)-C(6) -94.4(2)  C(18)-C(19)-C(20)-C(13) -7.2(8) 
O(1)-Ru(1)-C(7)-C(6) 90.57(19)  C(14)-C(13)-C(20)-C(19) 74.4(5) 
C(13)-Ru(1)-C(7)-C(6) -178.74(18)  Ru(1)-C(13)-C(20)-C(19) -8.4(5) 
C(14)-Ru(1)-C(7)-C(6) -174.4(2)  N(1)-Ru(1)-O(1)-C(21) -84.67(17) 
O(2)-Ru(1)-C(7)-C(6) 62.5(3)  C(7)-Ru(1)-O(1)-C(21) -162.82(17) 
C(21)-Ru(1)-C(7)-C(6) 80.7(2)  C(18)-Ru(1)-O(1)-C(21) 4.0(3) 
C(6)-C(7)-C(8)-C(9) 3.2(4)  C(17)-Ru(1)-O(1)-C(21) 170.0(5) 
Ru(1)-C(7)-C(8)-C(9) 177.1(2)  C(13)-Ru(1)-O(1)-C(21) 74.45(17) 
C(7)-C(8)-C(9)-C(10) 0.4(5)  C(14)-Ru(1)-O(1)-C(21) 110.66(17) 
C(8)-C(9)-C(10)-C(11) -2.8(5)  O(2)-Ru(1)-O(1)-C(21) 0.03(15) 
C(9)-C(10)-C(11)-C(6) 1.5(4)  Ru(1)-O(1)-C(21)-O(2) 0.0(3) 
C(9)-C(10)-C(11)-C(12) -178.2(3)  Ru(1)-O(1)-C(21)-C(22) -179.4(2) 
C(7)-C(6)-C(11)-C(10) 2.2(4)  N(1)-Ru(1)-C(21)-O(2) -85.09(16) 
C(5)-C(6)-C(11)-C(10) -175.9(3)  C(7)-Ru(1)-C(21)-O(2) -160.00(16) 
C(7)-C(6)-C(11)-C(12) -178.1(3)  C(18)-Ru(1)-C(21)-O(2) 2.2(2) 
C(5)-C(6)-C(11)-C(12) 3.8(4)  C(17)-Ru(1)-C(21)-O(2) 5.5(4) 
N(1)-Ru(1)-C(13)-C(14) -170.1(2)  O(1)-Ru(1)-C(21)-O(2) 180.0(3) 
C(7)-Ru(1)-C(13)-C(14) 7.3(2)  C(13)-Ru(1)-C(21)-O(2) 76.67(17) 
C(18)-Ru(1)-C(13)-C(14) -106.61(18)  C(14)-Ru(1)-C(21)-O(2) 105.53(17) 
C(17)-Ru(1)-C(13)-C(14) -69.89(18)  N(1)-Ru(1)-C(21)-O(1) 94.96(16) 
O(1)-Ru(1)-C(13)-C(14) 99.53(17)  C(7)-Ru(1)-C(21)-O(1) 20.0(2) 
O(2)-Ru(1)-C(13)-C(14) 158.18(18)  C(18)-Ru(1)-C(21)-O(1) -177.80(16) 
C(21)-Ru(1)-C(13)-C(14) 128.50(17)  C(17)-Ru(1)-C(21)-O(1) -174.5(3) 
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N(1)-Ru(1)-C(13)-C(20) -48.8(4)  C(13)-Ru(1)-C(21)-O(1) -103.28(17) 
C(7)-Ru(1)-C(13)-C(20) 128.7(2)  C(14)-Ru(1)-C(21)-O(1) -74.43(17) 
C(18)-Ru(1)-C(13)-C(20) 14.7(2)  O(2)-Ru(1)-C(21)-O(1) -180.0(3) 
C(17)-Ru(1)-C(13)-C(20) 51.4(2)  N(1)-Ru(1)-C(21)-C(22) 109(6) 
O(1)-Ru(1)-C(13)-C(20) -139.2(2)  C(7)-Ru(1)-C(21)-C(22) 34(6) 
C(14)-Ru(1)-C(13)-C(20) 121.3(3)  C(18)-Ru(1)-C(21)-C(22) -163(6) 
O(2)-Ru(1)-C(13)-C(20) -80.5(2)  C(17)-Ru(1)-C(21)-C(22) -160(5) 
C(21)-Ru(1)-C(13)-C(20) -110.2(2)  O(1)-Ru(1)-C(21)-C(22) 14(5) 
C(20)-C(13)-C(14)-C(15) 2.3(4)  C(13)-Ru(1)-C(21)-C(22) -89(6) 
Ru(1)-C(13)-C(14)-C(15) 104.9(3)  C(14)-Ru(1)-C(21)-C(22) -60(6) 
C(20)-C(13)-C(14)-Ru(1) -102.7(3)  O(2)-Ru(1)-C(21)-C(22) -166(6) 
N(1)-Ru(1)-C(14)-C(13) 167.5(3)  O(1)-C(21)-O(2)-Ru(1) 0.0(3) 
C(7)-Ru(1)-C(14)-C(13) -173.82(18)  C(22)-C(21)-O(2)-Ru(1) 179.4(2) 
C(18)-Ru(1)-C(14)-C(13) 71.67(18)  N(1)-Ru(1)-O(2)-C(21) 93.25(17) 
C(17)-Ru(1)-C(14)-C(13) 107.31(18)  C(7)-Ru(1)-O(2)-C(21) 33.1(3) 
O(1)-Ru(1)-C(14)-C(13) -81.98(17)  C(18)-Ru(1)-O(2)-C(21) -178.18(17) 
O(2)-Ru(1)-C(14)-C(13) -22.66(18)  C(17)-Ru(1)-O(2)-C(21) -177.60(17) 
C(21)-Ru(1)-C(14)-C(13) -53.21(18)  O(1)-Ru(1)-O(2)-C(21) -0.03(15) 
N(1)-Ru(1)-C(14)-C(15) 50.4(4)  C(13)-Ru(1)-O(2)-C(21) -97.57(17) 
C(7)-Ru(1)-C(14)-C(15) 69.1(2)  C(14)-Ru(1)-O(2)-C(21) -83.89(17) 
C(18)-Ru(1)-C(14)-C(15) -45.4(2)    
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Table S8. Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2× 103) for 
39a. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

              x              y              z              U(eq)  
Ru(1) 5478(1) 3942(1) 2453(1) 15(1)  
N(1) 4047(4) 3409(3) 1938(2) 17(1)  
C(1) 2660(5) 3266(5) 2394(3) 23(1)  
C(2) 1719(5) 2827(5) 2084(3) 26(1)  
C(3) 2245(5) 2494(5) 1280(3) 27(1)  
C(4) 3645(5) 2641(4) 787(3) 22(1)  
C(5) 4177(6) 2176(6) -51(3) 39(1)  
C(6) 4540(5) 3165(4) 1123(2) 16(1)  
C(7) 6042(5) 3437(4) 726(2) 16(1)  
C(8) 6726(5) 3467(4) -148(3) 20(1)  
C(9) 8179(5) 3663(4) -461(3) 23(1)  
C(10) 8978(5) 3835(4) 90(3) 24(1)  
C(11) 8279(5) 3866(4) 938(3) 20(1)  
C(12) 6812(5) 3709(4) 1277(3) 18(1)  
N(2) 6935(4) 4558(3) 2959(2) 15(1)  
C(13) 7591(5) 5516(4) 2438(3) 18(1)  
C(14) 8715(5) 5905(5) 2634(3) 22(1)  
C(15) 9237(5) 5232(4) 3384(3) 21(1)  
C(16) 8569(5) 4258(4) 3950(3) 18(1)  
C(17) 9249(5) 3522(5) 4745(3) 24(1)  
C(18) 7306(5) 4011(4) 3754(2) 15(1)  
C(19) 6269(5) 3265(4) 4413(2) 16(1)  
C(20) 5947(5) 3477(4) 5257(3) 18(1)  
C(21) 4896(5) 2929(4) 5902(3) 22(1)  
C(22) 4094(5) 2198(5) 5718(3) 28(1)  
C(23) 4349(5) 1997(4) 4901(3) 23(1)  
C(24) 5433(5) 2496(4) 4230(3) 17(1)  
C(25) 5610(5) 2168(4) 3391(3) 21(1)  
C(26) 6990(5) 1934(4) 2775(3) 19(1)  
C(27) 7374(5) 947(4) 2218(3) 20(1)  
C(28) 6303(5) 341(4) 2122(3) 23(1)  
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C(29) 6728(6) -559(5) 1576(3) 28(1)  
C(30) 8235(6) -885(5) 1111(3) 28(1)  
C(31) 9290(6) -319(5) 1217(3) 27(1)  
C(32) 8871(5) 581(4) 1763(3) 23(1)  
O(1) 4466(3) 6035(3) 1983(2) 21(1)  
C(33) 3429(5) 6163(4) 2648(3) 19(1)  
O(2) 3380(3) 5158(3) 3274(2) 21(1)  
C(34) 2250(6) 7485(5) 2695(3) 31(1)  
C(35) -2390(14) -180(13) 6166(8) 52(3)  
C(36) -992(6) -63(8) 5480(4) 37(2)  
C(37) 319(8) -112(8) 5749(4) 36(3)  
C(38) 1665(6) -28(8) 5151(6) 50(3)  
C(39) 1700(7) 104(9) 4284(5) 59(4)  
C(40) 388(9) 152(8) 4014(3) 47(3)  
C(41) -958(7) 69(7) 4613(4) 20(2)  
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Table S9. Bond lengths [Å] and angles [°] for 39a. 
 

Ru(1)-N(1)  2.039(3)  C(13)-C(14)  1.379(6) 
Ru(1)-C(12)  2.040(4)  C(14)-C(15)  1.380(6) 
Ru(1)-C(25)  2.098(4)  C(15)-C(16)  1.389(6) 
Ru(1)-N(2)  2.103(3)  C(16)-C(18)  1.416(6) 
Ru(1)-O(1)  2.157(3)  C(16)-C(17)  1.521(6) 
Ru(1)-C(26)  2.188(4)  C(18)-C(19)  1.491(6) 
Ru(1)-O(2)  2.306(3)  C(19)-C(20)  1.406(6) 
Ru(1)-C(33)  2.581(4)  C(19)-C(24)  1.425(6) 
N(1)-C(1)  1.348(5)  C(20)-C(21)  1.384(6) 
N(1)-C(6)  1.366(5)  C(21)-C(22)  1.370(6) 
C(1)-C(2)  1.368(6)  C(22)-C(23)  1.366(6) 
C(2)-C(3)  1.387(6)  C(23)-C(24)  1.403(6) 
C(3)-C(4)  1.377(6)  C(24)-C(25)  1.470(6) 
C(4)-C(6)  1.420(6)  C(25)-C(26)  1.415(6) 
C(4)-C(5)  1.500(6)  C(26)-C(27)  1.481(6) 
C(6)-C(7)  1.467(6)  C(27)-C(32)  1.390(6) 
C(7)-C(8)  1.409(6)  C(27)-C(28)  1.409(6) 
C(7)-C(12)  1.428(6)  C(28)-C(29)  1.388(6) 
C(8)-C(9)  1.380(6)  C(29)-C(30)  1.400(7) 
C(9)-C(10)  1.394(6)  C(30)-C(31)  1.374(7) 
C(10)-C(11)  1.382(6)  C(31)-C(32)  1.389(6) 
C(11)-C(12)  1.381(6)  O(1)-C(33)  1.264(5) 
N(2)-C(13)  1.346(5)  C(33)-O(2)  1.280(5) 
N(2)-C(18)  1.370(5)  C(33)-C(34)  1.505(6) 
     
N(1)-Ru(1)-C(12) 79.58(15)  C(11)-C(12)-C(7) 117.4(4) 
N(1)-Ru(1)-C(25) 89.97(15)  C(11)-C(12)-Ru(1) 129.1(3) 
C(12)-Ru(1)-C(25) 114.78(16)  C(7)-C(12)-Ru(1) 113.4(3) 
N(1)-Ru(1)-N(2) 178.06(14)  C(13)-N(2)-C(18) 118.9(3) 
C(12)-Ru(1)-N(2) 100.01(15)  C(13)-N(2)-Ru(1) 116.4(3) 
C(25)-Ru(1)-N(2) 91.92(15)  C(18)-N(2)-Ru(1) 124.7(3) 
N(1)-Ru(1)-O(1) 90.33(12)  N(2)-C(13)-C(14) 123.2(4) 
C(12)-Ru(1)-O(1) 92.16(13)  C(13)-C(14)-C(15) 118.0(4) 
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C(25)-Ru(1)-O(1) 152.63(14)  C(14)-C(15)-C(16) 120.7(4) 
N(2)-Ru(1)-O(1) 87.80(12)  C(15)-C(16)-C(18) 118.3(4) 
N(1)-Ru(1)-C(26) 97.27(15)  C(15)-C(16)-C(17) 117.5(4) 
C(12)-Ru(1)-C(26) 79.01(15)  C(18)-C(16)-C(17) 124.2(4) 
C(25)-Ru(1)-C(26) 38.47(16)  N(2)-C(18)-C(16) 119.8(3) 
N(2)-Ru(1)-C(26) 84.49(15)  N(2)-C(18)-C(19) 118.1(3) 
O(1)-Ru(1)-C(26) 167.06(13)  C(16)-C(18)-C(19) 121.8(3) 
N(1)-Ru(1)-O(2) 89.97(12)  C(20)-C(19)-C(24) 117.7(4) 
C(12)-Ru(1)-O(2) 149.36(13)  C(20)-C(19)-C(18) 117.2(4) 
C(25)-Ru(1)-O(2) 93.74(14)  C(24)-C(19)-C(18) 124.6(4) 
N(2)-Ru(1)-O(2) 89.47(12)  C(21)-C(20)-C(19) 122.0(4) 
O(1)-Ru(1)-O(2) 58.90(10)  C(22)-C(21)-C(20) 119.8(4) 
C(26)-Ru(1)-O(2) 131.21(13)  C(23)-C(22)-C(21) 119.9(4) 
N(1)-Ru(1)-C(33) 89.86(13)  C(22)-C(23)-C(24) 122.5(4) 
C(12)-Ru(1)-C(33) 120.75(15)  C(23)-C(24)-C(19) 118.1(4) 
C(25)-Ru(1)-C(33) 123.42(15)  C(23)-C(24)-C(25) 116.3(4) 
N(2)-Ru(1)-C(33) 88.74(13)  C(19)-C(24)-C(25) 125.6(4) 
O(1)-Ru(1)-C(33) 29.22(12)  C(26)-C(25)-C(24) 126.0(4) 
C(26)-Ru(1)-C(33) 160.03(14)  C(26)-C(25)-Ru(1) 74.2(2) 
O(2)-Ru(1)-C(33) 29.69(11)  C(24)-C(25)-Ru(1) 108.6(3) 
C(1)-N(1)-C(6) 120.4(4)  C(25)-C(26)-C(27) 123.1(4) 
C(1)-N(1)-Ru(1) 121.1(3)  C(25)-C(26)-Ru(1) 67.3(2) 
C(6)-N(1)-Ru(1) 118.4(3)  C(27)-C(26)-Ru(1) 121.0(3) 
N(1)-C(1)-C(2) 122.3(4)  C(32)-C(27)-C(28) 117.4(4) 
C(1)-C(2)-C(3) 117.9(4)  C(32)-C(27)-C(26) 118.9(4) 
C(4)-C(3)-C(2) 121.7(4)  C(28)-C(27)-C(26) 123.6(4) 
C(3)-C(4)-C(6) 117.9(4)  C(29)-C(28)-C(27) 120.8(4) 
C(3)-C(4)-C(5) 118.4(4)  C(28)-C(29)-C(30) 120.5(4) 
C(6)-C(4)-C(5) 123.6(4)  C(31)-C(30)-C(29) 118.8(4) 
N(1)-C(6)-C(4) 119.5(4)  C(30)-C(31)-C(32) 120.9(5) 
N(1)-C(6)-C(7) 111.8(3)  C(31)-C(32)-C(27) 121.5(4) 
C(4)-C(6)-C(7) 128.6(4)  C(33)-O(1)-Ru(1) 94.4(2) 
C(8)-C(7)-C(12) 119.7(4)  O(1)-C(33)-O(2) 119.6(4) 
C(8)-C(7)-C(6) 124.2(4)  O(1)-C(33)-C(34) 120.0(4) 
C(12)-C(7)-C(6) 116.1(3)  O(2)-C(33)-C(34) 120.4(4) 
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C(9)-C(8)-C(7) 120.5(4)  O(1)-C(33)-Ru(1) 56.4(2) 
C(8)-C(9)-C(10) 119.9(4)  O(2)-C(33)-Ru(1) 63.2(2) 
C(11)-C(10)-C(9) 119.5(4)  C(34)-C(33)-Ru(1) 176.1(3) 
C(12)-C(11)-C(10) 122.8(4)  C(33)-O(2)-Ru(1) 87.1(2) 
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Table S10. Anisotropic displacement parameters (Å2× 103) for 39a. The anisotropic displacement 
factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
 

     U11     U22     U33     U23     U13     U12  
Ru(1) 13(1) 21(1) 13(1) -7(1) -2(1) -4(1)  
N(1) 16(2) 20(2) 15(2) -4(2) -3(1) -4(2)  
C(1) 12(2) 39(3) 18(2) -11(2) 4(2) -8(2)  
C(2) 17(3) 37(3) 29(3) -9(2) -4(2) -10(2)  
C(3) 21(3) 37(3) 29(3) -6(2) -11(2) -12(2)  
C(4) 22(3) 29(2) 18(2) -4(2) -9(2) -7(2)  
C(5) 49(4) 63(4) 27(3) -17(3) -4(2) -39(3)  
C(6) 19(2) 17(2) 13(2) -2(2) -4(2) -4(2)  
C(7) 16(2) 18(2) 12(2) -4(2) -3(2) -3(2)  
C(8) 20(2) 26(2) 17(2) -6(2) -5(2) -6(2)  
C(9) 24(3) 30(3) 17(2) -9(2) -1(2) -8(2)  
C(10) 24(3) 27(3) 22(2) -9(2) 1(2) -7(2)  
C(11) 12(2) 27(2) 23(2) -12(2) -4(2) -4(2)  
C(12) 21(2) 15(2) 16(2) -1(2) -7(2) -3(2)  
N(2) 17(2) 18(2) 10(2) -2(1) 0(1) -6(2)  
C(13) 20(2) 20(2) 14(2) -5(2) -2(2) -3(2)  
C(14) 15(2) 28(2) 26(2) -11(2) 0(2) -7(2)  
C(15) 13(2) 27(2) 27(2) -13(2) -7(2) -4(2)  
C(16) 23(3) 16(2) 14(2) -3(2) -5(2) -2(2)  
C(17) 21(3) 27(2) 28(2) -7(2) -10(2) -6(2)  
C(18) 15(2) 16(2) 14(2) -6(2) -2(2) -2(2)  
C(19) 16(2) 15(2) 14(2) -3(2) -5(2) 1(2)  
C(20) 18(2) 16(2) 19(2) -5(2) -9(2) 2(2)  
C(21) 28(3) 25(2) 11(2) -5(2) -3(2) -1(2)  
C(22) 25(3) 35(3) 19(2) -1(2) 2(2) -12(2)  
C(23) 24(3) 27(2) 21(2) -3(2) -4(2) -12(2)  
C(24) 21(2) 14(2) 16(2) -2(2) -7(2) -2(2)  
C(25) 21(3) 23(2) 24(2) -8(2) -6(2) -8(2)  
C(26) 20(2) 23(2) 14(2) -2(2) -6(2) -8(2)  
C(27) 24(3) 20(2) 13(2) 1(2) -6(2) -5(2)  
C(28) 26(3) 22(2) 19(2) -5(2) -4(2) -3(2)  
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C(29) 33(3) 28(3) 29(3) -11(2) -12(2) -7(2)  
C(30) 40(3) 23(2) 21(2) -10(2) -10(2) 0(2)  
C(31) 27(3) 27(3) 22(2) -9(2) -4(2) 2(2)  
C(32) 23(3) 21(2) 23(2) -3(2) -5(2) -4(2)  
O(1) 22(2) 27(2) 14(2) -5(1) -4(1) -6(1)  
C(33) 19(2) 24(2) 18(2) -7(2) -9(2) -5(2)  
O(2) 23(2) 24(2) 18(2) -7(1) -5(1) -5(1)  
C(34) 28(3) 32(3) 30(3) -10(2) -9(2) 3(2)  
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Table S11. Torsion angles [°] for 39a. 
 

C(12)-Ru(1)-N(1)-C(1) 178.0(4)  C(18)-C(19)-C(20)-C(21) 174.3(4) 
C(25)-Ru(1)-N(1)-C(1) 62.7(3)  C(19)-C(20)-C(21)-C(22) -2.5(6) 
N(2)-Ru(1)-N(1)-C(1) -104(4)  C(20)-C(21)-C(22)-C(23) 0.9(7) 
O(1)-Ru(1)-N(1)-C(1) -89.9(3)  C(21)-C(22)-C(23)-C(24) 1.1(7) 
C(26)-Ru(1)-N(1)-C(1) 100.6(3)  C(22)-C(23)-C(24)-C(19) -1.4(7) 
O(2)-Ru(1)-N(1)-C(1) -31.0(3)  C(22)-C(23)-C(24)-C(25) 178.4(4) 
C(33)-Ru(1)-N(1)-C(1) -60.7(3)  C(20)-C(19)-C(24)-C(23) -0.2(6) 
C(12)-Ru(1)-N(1)-C(6) -0.4(3)  C(18)-C(19)-C(24)-C(23) -171.7(4) 
C(25)-Ru(1)-N(1)-C(6) -115.6(3)  C(20)-C(19)-C(24)-C(25) -179.9(4) 
N(2)-Ru(1)-N(1)-C(6) 77(4)  C(18)-C(19)-C(24)-C(25) 8.6(7) 
O(1)-Ru(1)-N(1)-C(6) 91.8(3)  C(23)-C(24)-C(25)-C(26) -146.3(4) 
C(26)-Ru(1)-N(1)-C(6) -77.7(3)  C(19)-C(24)-C(25)-C(26) 33.4(7) 
O(2)-Ru(1)-N(1)-C(6) 150.7(3)  C(23)-C(24)-C(25)-Ru(1) 130.0(3) 
C(33)-Ru(1)-N(1)-C(6) 121.0(3)  C(19)-C(24)-C(25)-Ru(1) -50.3(5) 
C(6)-N(1)-C(1)-C(2) 2.6(7)  N(1)-Ru(1)-C(25)-C(26) 101.8(3) 
Ru(1)-N(1)-C(1)-C(2) -175.7(3)  C(12)-Ru(1)-C(25)-C(26) 23.3(3) 
N(1)-C(1)-C(2)-C(3) 1.5(7)  N(2)-Ru(1)-C(25)-C(26) -78.7(3) 
C(1)-C(2)-C(3)-C(4) -2.3(7)  O(1)-Ru(1)-C(25)-C(26) -167.6(3) 
C(2)-C(3)-C(4)-C(6) -0.8(7)  O(2)-Ru(1)-C(25)-C(26) -168.3(2) 
C(2)-C(3)-C(4)-C(5) 176.2(5)  C(33)-Ru(1)-C(25)-C(26) -168.4(2) 
C(1)-N(1)-C(6)-C(4) -5.7(6)  N(1)-Ru(1)-C(25)-C(24) -134.9(3) 
Ru(1)-N(1)-C(6)-C(4) 172.6(3)  C(12)-Ru(1)-C(25)-C(24) 146.7(3) 
C(1)-N(1)-C(6)-C(7) 177.4(4)  N(2)-Ru(1)-C(25)-C(24) 44.7(3) 
Ru(1)-N(1)-C(6)-C(7) -4.2(4)  O(1)-Ru(1)-C(25)-C(24) -44.2(5) 
C(3)-C(4)-C(6)-N(1) 4.8(6)  C(26)-Ru(1)-C(25)-C(24) 123.4(4) 
C(5)-C(4)-C(6)-N(1) -172.0(4)  O(2)-Ru(1)-C(25)-C(24) -44.9(3) 
C(3)-C(4)-C(6)-C(7) -178.9(4)  C(33)-Ru(1)-C(25)-C(24) -45.0(4) 
C(5)-C(4)-C(6)-C(7) 4.3(7)  C(24)-C(25)-C(26)-C(27) 145.0(4) 
N(1)-C(6)-C(7)-C(8) -170.2(4)  Ru(1)-C(25)-C(26)-C(27) -113.2(4) 
C(4)-C(6)-C(7)-C(8) 13.4(7)  C(24)-C(25)-C(26)-Ru(1) -101.8(4) 
N(1)-C(6)-C(7)-C(12) 8.6(5)  N(1)-Ru(1)-C(26)-C(25) -80.7(3) 
C(4)-C(6)-C(7)-C(12) -167.9(4)  C(12)-Ru(1)-C(26)-C(25) -158.6(3) 
C(12)-C(7)-C(8)-C(9) 4.6(6)  N(2)-Ru(1)-C(26)-C(25) 100.1(3) 
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C(6)-C(7)-C(8)-C(9) -176.7(4)  O(1)-Ru(1)-C(26)-C(25) 153.8(5) 
C(7)-C(8)-C(9)-C(10) -0.1(7)  O(2)-Ru(1)-C(26)-C(25) 15.7(3) 
C(8)-C(9)-C(10)-C(11) -2.8(7)  C(33)-Ru(1)-C(26)-C(25) 29.4(6) 
C(9)-C(10)-C(11)-C(12) 1.1(7)  N(1)-Ru(1)-C(26)-C(27) 35.3(3) 
C(10)-C(11)-C(12)-C(7) 3.3(6)  C(12)-Ru(1)-C(26)-C(27) -42.5(3) 
C(10)-C(11)-C(12)-Ru(1) -171.8(3)  C(25)-Ru(1)-C(26)-C(27) 116.1(4) 
C(8)-C(7)-C(12)-C(11) -6.1(6)  N(2)-Ru(1)-C(26)-C(27) -143.8(3) 
C(6)-C(7)-C(12)-C(11) 175.1(4)  O(1)-Ru(1)-C(26)-C(27) -90.1(7) 
C(8)-C(7)-C(12)-Ru(1) 169.8(3)  O(2)-Ru(1)-C(26)-C(27) 131.7(3) 
C(6)-C(7)-C(12)-Ru(1) -9.0(5)  C(33)-Ru(1)-C(26)-C(27) 145.4(4) 
N(1)-Ru(1)-C(12)-C(11) -179.7(4)  C(25)-C(26)-C(27)-C(32) -166.7(4) 
C(25)-Ru(1)-C(12)-C(11) -94.6(4)  Ru(1)-C(26)-C(27)-C(32) 111.6(4) 
N(2)-Ru(1)-C(12)-C(11) 2.3(4)  C(25)-C(26)-C(27)-C(28) 12.9(6) 
O(1)-Ru(1)-C(12)-C(11) 90.4(4)  Ru(1)-C(26)-C(27)-C(28) -68.8(5) 
C(26)-Ru(1)-C(12)-C(11) -80.1(4)  C(32)-C(27)-C(28)-C(29) -1.7(6) 
O(2)-Ru(1)-C(12)-C(11) 108.5(4)  C(26)-C(27)-C(28)-C(29) 178.7(4) 
C(33)-Ru(1)-C(12)-C(11) 96.8(4)  C(27)-C(28)-C(29)-C(30) 0.3(7) 
N(1)-Ru(1)-C(12)-C(7) 5.1(3)  C(28)-C(29)-C(30)-C(31) 1.2(7) 
C(25)-Ru(1)-C(12)-C(7) 90.2(3)  C(29)-C(30)-C(31)-C(32) -1.2(7) 
N(2)-Ru(1)-C(12)-C(7) -173.0(3)  C(30)-C(31)-C(32)-C(27) -0.3(7) 
O(1)-Ru(1)-C(12)-C(7) -84.9(3)  C(28)-C(27)-C(32)-C(31) 1.7(6) 
C(26)-Ru(1)-C(12)-C(7) 104.7(3)  C(26)-C(27)-C(32)-C(31) -178.7(4) 
O(2)-Ru(1)-C(12)-C(7) -66.8(4)  N(1)-Ru(1)-O(1)-C(33) 89.1(3) 
C(33)-Ru(1)-C(12)-C(7) -78.5(3)  C(12)-Ru(1)-O(1)-C(33) 168.7(3) 
N(1)-Ru(1)-N(2)-C(13) -31(4)  C(25)-Ru(1)-O(1)-C(33) -1.4(4) 
C(12)-Ru(1)-N(2)-C(13) 46.4(3)  N(2)-Ru(1)-O(1)-C(33) -91.4(3) 
C(25)-Ru(1)-N(2)-C(13) 162.0(3)  C(26)-Ru(1)-O(1)-C(33) -144.7(6) 
O(1)-Ru(1)-N(2)-C(13) -45.4(3)  O(2)-Ru(1)-O(1)-C(33) -0.6(2) 
C(26)-Ru(1)-N(2)-C(13) 124.2(3)  Ru(1)-O(1)-C(33)-O(2) 1.1(4) 
O(2)-Ru(1)-N(2)-C(13) -104.3(3)  Ru(1)-O(1)-C(33)-C(34) -178.1(4) 
C(33)-Ru(1)-N(2)-C(13) -74.6(3)  N(1)-Ru(1)-C(33)-O(1) -90.9(2) 
N(1)-Ru(1)-N(2)-C(18) 152(4)  C(12)-Ru(1)-C(33)-O(1) -13.2(3) 
C(12)-Ru(1)-N(2)-C(18) -130.4(3)  C(25)-Ru(1)-C(33)-O(1) 179.2(2) 
C(25)-Ru(1)-N(2)-C(18) -14.8(3)  N(2)-Ru(1)-C(33)-O(1) 87.7(2) 
O(1)-Ru(1)-N(2)-C(18) 137.8(3)  C(26)-Ru(1)-C(33)-O(1) 157.8(4) 
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C(26)-Ru(1)-N(2)-C(18) -52.6(3)  O(2)-Ru(1)-C(33)-O(1) 178.9(4) 
O(2)-Ru(1)-N(2)-C(18) 78.9(3)  N(1)-Ru(1)-C(33)-O(2) 90.2(2) 
C(33)-Ru(1)-N(2)-C(18) 108.6(3)  C(12)-Ru(1)-C(33)-O(2) 167.9(2) 
C(18)-N(2)-C(13)-C(14) 5.4(6)  C(25)-Ru(1)-C(33)-O(2) 0.3(3) 
Ru(1)-N(2)-C(13)-C(14) -171.7(3)  N(2)-Ru(1)-C(33)-O(2) -91.2(2) 
N(2)-C(13)-C(14)-C(15) 3.1(7)  O(1)-Ru(1)-C(33)-O(2) -178.9(4) 
C(13)-C(14)-C(15)-C(16) -4.4(6)  C(26)-Ru(1)-C(33)-O(2) -21.1(5) 
C(14)-C(15)-C(16)-C(18) -2.3(6)  N(1)-Ru(1)-C(33)-C(34) -66(5) 
C(14)-C(15)-C(16)-C(17) 177.6(4)  C(12)-Ru(1)-C(33)-C(34) 12(5) 
C(13)-N(2)-C(18)-C(16) -12.3(6)  C(25)-Ru(1)-C(33)-C(34) -156(5) 
Ru(1)-N(2)-C(18)-C(16) 164.5(3)  N(2)-Ru(1)-C(33)-C(34) 113(5) 
C(13)-N(2)-C(18)-C(19) 162.5(4)  O(1)-Ru(1)-C(33)-C(34) 25(5) 
Ru(1)-N(2)-C(18)-C(19) -20.7(5)  C(26)-Ru(1)-C(33)-C(34) -177(5) 
C(15)-C(16)-C(18)-N(2) 10.8(6)  O(2)-Ru(1)-C(33)-C(34) -156(5) 
C(17)-C(16)-C(18)-N(2) -169.1(4)  O(1)-C(33)-O(2)-Ru(1) -1.1(4) 
C(15)-C(16)-C(18)-C(19) -163.8(4)  C(34)-C(33)-O(2)-Ru(1) 178.2(4) 
C(17)-C(16)-C(18)-C(19) 16.3(6)  N(1)-Ru(1)-O(2)-C(33) -89.8(2) 
N(2)-C(18)-C(19)-C(20) -138.4(4)  C(12)-Ru(1)-O(2)-C(33) -20.6(4) 
C(16)-C(18)-C(19)-C(20) 36.3(6)  C(25)-Ru(1)-O(2)-C(33) -179.7(3) 
N(2)-C(18)-C(19)-C(24) 33.1(6)  N(2)-Ru(1)-O(2)-C(33) 88.4(2) 
C(16)-C(18)-C(19)-C(24) -152.2(4)  O(1)-Ru(1)-O(2)-C(33) 0.6(2) 
C(24)-C(19)-C(20)-C(21) 2.1(6)  C(26)-Ru(1)-O(2)-C(33) 170.6(2) 
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X-ray Crystallographic Data 

 

 

 
 

 

Figure S8.  An ORTEP drawing of complex 38b. Hydrogen atoms are omitted for clarity. 
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Figure S9.  An ORTEP drawing of complex 39a. Hydrogen atoms and a toluene molecule contained in 

the unit cell are omitted for clarity. 
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Table S3. Crystal data and structure refinement for 38b and 39a. 
 
 38b 39a 

Empirical formula C22H25NO2Ru C34H30N2O2Ru·0.5C7H8 
Formula weight 436.50 645.74 

Temperature 93(2) K 123(2) K 

Crystal color, habit Yellow, Block Red, Platelet 
Crystal dimensions 0.50 x 0.40 x 0.20 mm 0.30 x 0.20 x 0.10 mm 

Crystal system Triclinic Triclinic 

Space group P-1 P-1 

a (Å) 9.3192(12) 9.3382(9) 
b (Å) 10.6453(14) 10.7006(11) 

c (Å) 10.8679(14) 16.4644(15) 

α (°) 108.651(4) 74.606(2) 
β (°) 111.833(3) 74.799(3) 

γ (°) 99.462(4) 71.863(3) 

V (Å3) 897.7(2) 1478.1(2) 

Z 2 2 
Density (calculated) 1.615 mg/mm3 1.451 mg/mm3 

F(000) 448 666 

Absorption coefficient 0.890 mm-1 0.568 mm-1 
Theta range for data collection 3.18 to 27.49° 3.08 to 25.00° 

Reflections collected 8614 10726 

Independent reflections 4045 [R(int) = 0.0211] 4995 [R(int) = 0.0450] 

Number of parameters 237 372 
Goodness-of-fit on F2 1.260 1.118 

Final R indices [I>2sigma(I)] R1 = 0.0306 R1 = 0.0419 

 wR2 = 0.0837 wR2 = 0.0871 
R indices (all data) R1 = 0.0327 R1 = 0.0582 

 wR2 = 0.0906 wR2 = 0.1010 
 
a
 Goodness of Fit = {Σ[w (|Fo| – |Fc|)2] / (Nobs – Nparameters)}

1/2 
b R = Σ ||Fo| - |Fc|| / Σ |Fo|, Rw = {Σ[w (|Fo| – |Fc|)2] / Σ[wFo

2]}1/2 
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Table S4. Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2× 103) for 
38b. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

        x       y       z U(eq)  
Ru(1) 8926(1) 7341(1) 7357(1) 11(1)  
N(1) 8785(3) 5341(2) 7233(3) 15(1)  
C(1) 7425(4) 4235(3) 6227(3) 18(1)  
C(2) 7264(4) 2894(3) 6146(3) 22(1)  
C(3) 8544(4) 2687(3) 7151(4) 25(1)  
C(4) 9941(4) 3800(3) 8155(4) 23(1)  
C(5) 10073(3) 5147(3) 8188(3) 15(1)  
C(6) 11452(3) 6462(3) 9200(3) 15(1)  
C(7) 11176(3) 7684(3) 9016(3) 15(1)  
C(8) 12368(3) 8978(3) 10034(3) 20(1)  
C(9) 13811(4) 9067(3) 11144(3) 23(1)  
C(10) 14095(3) 7871(4) 11253(3) 22(1)  
C(11) 12940(4) 6555(3) 10315(3) 20(1)  
C(12) 13385(4) 5333(4) 10583(4) 30(1)  
C(13) 8202(4) 9028(3) 6809(3) 16(1)  
C(14) 9842(4) 9606(3) 7836(3) 17(1)  
C(15) 11191(4) 9925(3) 7411(4) 25(1)  
C(16) 11506(6) 8692(4) 6596(6) 46(1)  
C(17) 10454(4) 7266(3) 6256(3) 20(1)  
C(18) 8804(4) 6661(3) 5240(3) 22(1)  
C(19) 7819(8) 7343(6) 4377(4) 71(2)  
C(20) 7592(5) 8612(4) 5180(4) 31(1)  
O(1) 7811(2) 7669(2) 8821(2) 15(1)  
C(21) 6372(3) 7083(3) 7761(3) 15(1)  
O(2) 6189(2) 6611(2) 6464(2) 17(1)  
C(22) 4909(4) 6970(3) 8058(4) 24(1)  
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Table S5. Bond lengths [Å] and angles [°] for 38b. 
 

Ru(1)-N(1)   2.069(2) C(6)-C(7)   1.427(4) 
Ru(1)-C(7)   2.073(3) C(7)-C(8)   1.402(4) 
Ru(1)-C(18)   2.131(3) C(8)-C(9)   1.397(4) 
Ru(1)-C(17)   2.170(3) C(9)-C(10)   1.374(5) 
Ru(1)-O(1)   2.1745(19) C(10)-C(11)   1.391(5) 
Ru(1)-C(13)   2.196(3) C(11)-C(12)   1.509(4) 
Ru(1)-C(14)   2.237(3) C(13)-C(14)   1.393(4) 
Ru(1)-O(2)   2.2533(19) C(13)-C(20)   1.523(4) 
Ru(1)-C(21)   2.565(3) C(14)-C(15)   1.517(4) 
N(1)-C(1)   1.357(4) C(15)-C(16)   1.474(5) 
N(1)-C(5)   1.361(4) C(16)-C(17)   1.511(5) 
C(1)-C(2)   1.382(4) C(17)-C(18)   1.399(4) 
C(2)-C(3)   1.391(5) C(18)-C(19)   1.504(5) 
C(3)-C(4)   1.378(5) C(19)-C(20)   1.452(5) 
C(4)-C(5)   1.407(4) O(1)-C(21)   1.277(3) 
C(5)-C(6)   1.481(4) C(21)-O(2)   1.268(3) 
C(6)-C(11)   1.425(4) C(21)-C(22)   1.508(4) 
    
N(1)-Ru(1)-C(7)  78.13(10) C(4)-C(3)-C(2) 119.6(3) 
N(1)-Ru(1)-C(18)  88.79(11) C(3)-C(4)-C(5) 120.6(3) 
C(7)-Ru(1)-C(18) 114.63(11) N(1)-C(5)-C(4) 119.0(3) 
N(1)-Ru(1)-C(17)  92.13(10) N(1)-C(5)-C(6) 112.9(2) 
C(7)-Ru(1)-C(17)  78.41(11) C(4)-C(5)-C(6) 128.1(3) 
C(18)-Ru(1)-C(17)  37.95(12) C(11)-C(6)-C(7) 120.8(3) 
N(1)-Ru(1)-O(1)  90.67(8) C(11)-C(6)-C(5) 124.3(3) 
C(7)-Ru(1)-O(1)  92.16(9) C(7)-C(6)-C(5) 114.8(2) 
C(18)-Ru(1)-O(1) 152.44(10) C(8)-C(7)-C(6) 117.5(3) 
C(17)-Ru(1)-O(1) 169.38(10) C(8)-C(7)-Ru(1) 127.1(2) 
N(1)-Ru(1)-C(13) 159.13(11) C(6)-C(7)-Ru(1) 115.1(2) 
C(7)-Ru(1)-C(13) 122.73(11) C(9)-C(8)-C(7) 121.4(3) 
C(18)-Ru(1)-C(13)  81.62(11) C(10)-C(9)-C(8) 120.2(3) 
C(17)-Ru(1)-C(13)  91.60(11) C(9)-C(10)-C(11) 121.6(3) 
O(1)-Ru(1)-C(13)  89.41(9) C(10)-C(11)-C(6) 118.4(3) 
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N(1)-Ru(1)-C(14) 163.60(10) C(10)-C(11)-C(12) 116.2(3) 
C(7)-Ru(1)-C(14)  86.34(11) C(6)-C(11)-C(12) 125.4(3) 
C(18)-Ru(1)-C(14)  92.97(12) C(14)-C(13)-C(20) 124.4(3) 
C(17)-Ru(1)-C(14)  79.48(11) C(14)-C(13)-Ru(1)  73.32(16) 
O(1)-Ru(1)-C(14)  95.20(9) C(20)-C(13)-Ru(1) 109.61(19) 
C(13)-Ru(1)-C(14)  36.63(10) C(13)-C(14)-C(15) 121.7(3) 
N(1)-Ru(1)-O(2)  85.78(8) C(13)-C(14)-Ru(1)  70.06(16) 
C(7)-Ru(1)-O(2) 147.31(9) C(15)-C(14)-Ru(1) 112.68(19) 
C(18)-Ru(1)-O(2)  93.02(10) C(16)-C(15)-C(14) 115.3(3) 
C(17)-Ru(1)-O(2) 130.97(10) C(15)-C(16)-C(17) 117.4(3) 
O(1)-Ru(1)-O(2)  59.47(7) C(18)-C(17)-C(16) 123.9(3) 
C(13)-Ru(1)-O(2)  76.32(9) C(18)-C(17)-Ru(1)  69.53(16) 
C(14)-Ru(1)-O(2) 110.39(9) C(16)-C(17)-Ru(1) 113.8(2) 
N(1)-Ru(1)-C(21)  87.94(9) C(17)-C(18)-C(19) 125.3(4) 
C(7)-Ru(1)-C(21) 120.51(10) C(17)-C(18)-Ru(1)  72.53(16) 
C(18)-Ru(1)-C(21) 122.64(11) C(19)-C(18)-Ru(1) 110.7(2) 
C(17)-Ru(1)-C(21) 160.54(11) C(20)-C(19)-C(18) 117.6(3) 
O(1)-Ru(1)-C(21)  29.84(8) C(19)-C(20)-C(13) 116.3(3) 
C(13)-Ru(1)-C(21)  81.82(10) C(21)-O(1)-Ru(1)  92.25(16) 
C(14)-Ru(1)-C(21) 104.68(9) O(2)-C(21)-O(1) 119.4(2) 
O(2)-Ru(1)-C(21)  29.63(8) O(2)-C(21)-C(22) 120.6(3) 
C(1)-N(1)-C(5) 120.2(2) O(1)-C(21)-C(22) 120.0(3) 
C(1)-N(1)-Ru(1) 120.81(19) O(2)-C(21)-Ru(1)  61.45(14) 
C(5)-N(1)-Ru(1) 119.01(19) O(1)-C(21)-Ru(1)  57.91(13) 
N(1)-C(1)-C(2) 122.4(3) C(22)-C(21)-Ru(1) 177.8(2) 
C(1)-C(2)-C(3) 118.1(3) C(21)-O(2)-Ru(1)  88.91(16) 
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Table S6. Anisotropic displacement parameters (Å2× 103) for 38b. The anisotropic displacement factor 
exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
 

        U11        U22     U33     U23     U13     U12  
Ru(1) 11(1) 11(1) 10(1) 4(1) 4(1) 3(1)  
N(1) 16(1) 13(1) 16(1) 6(1) 8(1) 6(1)  
C(1) 19(1) 16(1) 15(1) 5(1) 6(1) 4(1)  
C(2) 26(2) 15(1) 21(1) 3(1) 11(1) 3(1)  
C(3) 32(2) 16(1) 32(2) 12(1) 17(1) 10(1)  
C(4) 27(2) 22(2) 29(2) 16(1) 14(1) 13(1)  
C(5) 18(1) 17(1) 15(1) 7(1) 10(1) 7(1)  
C(6) 14(1) 20(1) 13(1) 8(1) 7(1) 5(1)  
C(7) 13(1) 20(1) 12(1) 6(1) 6(1) 5(1)  
C(8) 17(1) 19(1) 17(1) 4(1) 5(1) 4(1)  
C(9) 15(1) 27(2) 16(1) 3(1) 3(1) 1(1)  
C(10) 13(1) 35(2) 13(1) 11(1) 3(1) 7(1)  
C(11) 17(1) 31(2) 21(1) 17(1) 11(1) 11(1)  
C(12) 21(2) 38(2) 35(2) 25(2) 7(1) 13(1)  
C(13) 21(1) 14(1) 16(1) 8(1) 8(1) 7(1)  
C(14) 20(1) 12(1) 21(1) 7(1) 11(1) 6(1)  
C(15) 24(2) 22(2) 33(2) 12(1) 17(1) 5(1)  
C(16) 56(3) 24(2) 73(3) 11(2) 55(3) 5(2)  
C(17) 24(1) 21(1) 21(1) 7(1) 16(1) 8(1)  
C(18) 30(2) 27(2) 12(1) 7(1) 11(1) 17(1)  
C(19) 122(5) 90(4) 14(2) 21(2) 21(2) 88(4)  
C(20) 46(2) 32(2) 18(2) 14(1) 11(1) 21(2)  
O(1) 16(1) 15(1) 14(1) 6(1) 7(1) 4(1)  
C(21) 15(1) 13(1) 19(1) 8(1) 8(1) 4(1)  
O(2) 13(1) 17(1) 16(1) 5(1) 5(1) 4(1)  
C(22) 18(1) 28(2) 30(2) 14(1) 15(1) 8(1)  
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Table S7. Torsion angles [°] for 38b. 
 

C(7)-Ru(1)-N(1)-C(1) 179.8(2)  C(17)-Ru(1)-C(14)-C(15) -9.7(2) 
C(18)-Ru(1)-N(1)-C(1) -64.8(2)  O(1)-Ru(1)-C(14)-C(15) 161.0(2) 
C(17)-Ru(1)-N(1)-C(1) -102.6(2)  C(13)-Ru(1)-C(14)-C(15) -117.0(3) 
O(1)-Ru(1)-N(1)-C(1) 87.7(2)  O(2)-Ru(1)-C(14)-C(15) -139.7(2) 
C(13)-Ru(1)-N(1)-C(1) -2.4(4)  C(21)-Ru(1)-C(14)-C(15) -170.2(2) 
C(14)-Ru(1)-N(1)-C(1) -161.2(3)  C(13)-C(14)-C(15)-C(16) -72.1(4) 
O(2)-Ru(1)-N(1)-C(1) 28.4(2)  Ru(1)-C(14)-C(15)-C(16) 7.7(4) 
C(21)-Ru(1)-N(1)-C(1) 58.0(2)  C(14)-C(15)-C(16)-C(17) 0.9(6) 
C(7)-Ru(1)-N(1)-C(5) 0.33(19)  C(15)-C(16)-C(17)-C(18) 71.1(5) 
C(18)-Ru(1)-N(1)-C(5) 115.8(2)  C(15)-C(16)-C(17)-Ru(1) -9.4(5) 
C(17)-Ru(1)-N(1)-C(5) 78.0(2)  N(1)-Ru(1)-C(17)-C(18) 85.30(19) 
O(1)-Ru(1)-N(1)-C(5) -91.7(2)  C(7)-Ru(1)-C(17)-C(18) 162.7(2) 
C(13)-Ru(1)-N(1)-C(5) 178.2(2)  O(1)-Ru(1)-C(17)-C(18) -169.5(4) 
C(14)-Ru(1)-N(1)-C(5) 19.4(4)  C(13)-Ru(1)-C(17)-C(18) -74.15(19) 
O(2)-Ru(1)-N(1)-C(5) -151.1(2)  C(14)-Ru(1)-C(17)-C(18) -108.9(2) 
C(21)-Ru(1)-N(1)-C(5) -121.5(2)  O(2)-Ru(1)-C(17)-C(18) -0.9(2) 
C(5)-N(1)-C(1)-C(2) 1.8(4)  C(21)-Ru(1)-C(17)-C(18) -4.5(4) 
Ru(1)-N(1)-C(1)-C(2) -177.6(2)  N(1)-Ru(1)-C(17)-C(16) -155.6(3) 
N(1)-C(1)-C(2)-C(3) 0.8(4)  C(7)-Ru(1)-C(17)-C(16) -78.2(3) 
C(1)-C(2)-C(3)-C(4) -2.2(5)  C(18)-Ru(1)-C(17)-C(16) 119.1(4) 
C(2)-C(3)-C(4)-C(5) 1.1(5)  O(1)-Ru(1)-C(17)-C(16) -50.5(7) 
C(1)-N(1)-C(5)-C(4) -2.9(4)  C(13)-Ru(1)-C(17)-C(16) 44.9(3) 
Ru(1)-N(1)-C(5)-C(4) 176.6(2)  C(14)-Ru(1)-C(17)-C(16) 10.2(3) 
C(1)-N(1)-C(5)-C(6) 179.7(2)  O(2)-Ru(1)-C(17)-C(16) 118.1(3) 
Ru(1)-N(1)-C(5)-C(6) -0.9(3)  C(21)-Ru(1)-C(17)-C(16) 114.6(4) 
C(3)-C(4)-C(5)-N(1) 1.4(4)  C(16)-C(17)-C(18)-C(19) -2.1(5) 
C(3)-C(4)-C(5)-C(6) 178.5(3)  Ru(1)-C(17)-C(18)-C(19) 103.4(3) 
N(1)-C(5)-C(6)-C(11) 179.3(2)  C(16)-C(17)-C(18)-Ru(1) -105.5(3) 
C(4)-C(5)-C(6)-C(11) 2.1(4)  N(1)-Ru(1)-C(18)-C(17) -95.01(19) 
N(1)-C(5)-C(6)-C(7) 1.1(3)  C(7)-Ru(1)-C(18)-C(17) -18.7(2) 
C(4)-C(5)-C(6)-C(7) -176.0(3)  O(1)-Ru(1)-C(18)-C(17) 175.85(18) 
C(11)-C(6)-C(7)-C(8) -4.4(4)  C(13)-Ru(1)-C(18)-C(17) 103.59(19) 
C(5)-C(6)-C(7)-C(8) 173.8(2)  C(14)-Ru(1)-C(18)-C(17) 68.67(19) 
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C(11)-C(6)-C(7)-Ru(1) -179.1(2)  O(2)-Ru(1)-C(18)-C(17) 179.28(18) 
C(5)-C(6)-C(7)-Ru(1) -0.9(3)  C(21)-Ru(1)-C(18)-C(17) 178.21(16) 
N(1)-Ru(1)-C(7)-C(8) -173.8(3)  N(1)-Ru(1)-C(18)-C(19) 143.1(4) 
C(18)-Ru(1)-C(7)-C(8) 103.1(3)  C(7)-Ru(1)-C(18)-C(19) -140.6(4) 
C(17)-Ru(1)-C(7)-C(8) 91.5(3)  C(17)-Ru(1)-C(18)-C(19) -121.9(4) 
O(1)-Ru(1)-C(7)-C(8) -83.5(2)  O(1)-Ru(1)-C(18)-C(19) 53.9(5) 
C(13)-Ru(1)-C(7)-C(8) 7.2(3)  C(13)-Ru(1)-C(18)-C(19) -18.3(4) 
C(14)-Ru(1)-C(7)-C(8) 11.5(3)  C(14)-Ru(1)-C(18)-C(19) -53.2(4) 
O(2)-Ru(1)-C(7)-C(8) -111.6(3)  O(2)-Ru(1)-C(18)-C(19) 57.4(4) 
C(21)-Ru(1)-C(7)-C(8) -93.4(3)  C(21)-Ru(1)-C(18)-C(19) 56.3(4) 
N(1)-Ru(1)-C(7)-C(6) 0.34(19)  C(17)-C(18)-C(19)-C(20) -63.1(7) 
C(18)-Ru(1)-C(7)-C(6) -82.8(2)  Ru(1)-C(18)-C(19)-C(20) 19.7(7) 
C(17)-Ru(1)-C(7)-C(6) -94.4(2)  C(18)-C(19)-C(20)-C(13) -7.2(8) 
O(1)-Ru(1)-C(7)-C(6) 90.57(19)  C(14)-C(13)-C(20)-C(19) 74.4(5) 
C(13)-Ru(1)-C(7)-C(6) -178.74(18)  Ru(1)-C(13)-C(20)-C(19) -8.4(5) 
C(14)-Ru(1)-C(7)-C(6) -174.4(2)  N(1)-Ru(1)-O(1)-C(21) -84.67(17) 
O(2)-Ru(1)-C(7)-C(6) 62.5(3)  C(7)-Ru(1)-O(1)-C(21) -162.82(17) 
C(21)-Ru(1)-C(7)-C(6) 80.7(2)  C(18)-Ru(1)-O(1)-C(21) 4.0(3) 
C(6)-C(7)-C(8)-C(9) 3.2(4)  C(17)-Ru(1)-O(1)-C(21) 170.0(5) 
Ru(1)-C(7)-C(8)-C(9) 177.1(2)  C(13)-Ru(1)-O(1)-C(21) 74.45(17) 
C(7)-C(8)-C(9)-C(10) 0.4(5)  C(14)-Ru(1)-O(1)-C(21) 110.66(17) 
C(8)-C(9)-C(10)-C(11) -2.8(5)  O(2)-Ru(1)-O(1)-C(21) 0.03(15) 
C(9)-C(10)-C(11)-C(6) 1.5(4)  Ru(1)-O(1)-C(21)-O(2) 0.0(3) 
C(9)-C(10)-C(11)-C(12) -178.2(3)  Ru(1)-O(1)-C(21)-C(22) -179.4(2) 
C(7)-C(6)-C(11)-C(10) 2.2(4)  N(1)-Ru(1)-C(21)-O(2) -85.09(16) 
C(5)-C(6)-C(11)-C(10) -175.9(3)  C(7)-Ru(1)-C(21)-O(2) -160.00(16) 
C(7)-C(6)-C(11)-C(12) -178.1(3)  C(18)-Ru(1)-C(21)-O(2) 2.2(2) 
C(5)-C(6)-C(11)-C(12) 3.8(4)  C(17)-Ru(1)-C(21)-O(2) 5.5(4) 
N(1)-Ru(1)-C(13)-C(14) -170.1(2)  O(1)-Ru(1)-C(21)-O(2) 180.0(3) 
C(7)-Ru(1)-C(13)-C(14) 7.3(2)  C(13)-Ru(1)-C(21)-O(2) 76.67(17) 
C(18)-Ru(1)-C(13)-C(14) -106.61(18)  C(14)-Ru(1)-C(21)-O(2) 105.53(17) 
C(17)-Ru(1)-C(13)-C(14) -69.89(18)  N(1)-Ru(1)-C(21)-O(1) 94.96(16) 
O(1)-Ru(1)-C(13)-C(14) 99.53(17)  C(7)-Ru(1)-C(21)-O(1) 20.0(2) 
O(2)-Ru(1)-C(13)-C(14) 158.18(18)  C(18)-Ru(1)-C(21)-O(1) -177.80(16) 
C(21)-Ru(1)-C(13)-C(14) 128.50(17)  C(17)-Ru(1)-C(21)-O(1) -174.5(3) 
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N(1)-Ru(1)-C(13)-C(20) -48.8(4)  C(13)-Ru(1)-C(21)-O(1) -103.28(17) 
C(7)-Ru(1)-C(13)-C(20) 128.7(2)  C(14)-Ru(1)-C(21)-O(1) -74.43(17) 
C(18)-Ru(1)-C(13)-C(20) 14.7(2)  O(2)-Ru(1)-C(21)-O(1) -180.0(3) 
C(17)-Ru(1)-C(13)-C(20) 51.4(2)  N(1)-Ru(1)-C(21)-C(22) 109(6) 
O(1)-Ru(1)-C(13)-C(20) -139.2(2)  C(7)-Ru(1)-C(21)-C(22) 34(6) 
C(14)-Ru(1)-C(13)-C(20) 121.3(3)  C(18)-Ru(1)-C(21)-C(22) -163(6) 
O(2)-Ru(1)-C(13)-C(20) -80.5(2)  C(17)-Ru(1)-C(21)-C(22) -160(5) 
C(21)-Ru(1)-C(13)-C(20) -110.2(2)  O(1)-Ru(1)-C(21)-C(22) 14(5) 
C(20)-C(13)-C(14)-C(15) 2.3(4)  C(13)-Ru(1)-C(21)-C(22) -89(6) 
Ru(1)-C(13)-C(14)-C(15) 104.9(3)  C(14)-Ru(1)-C(21)-C(22) -60(6) 
C(20)-C(13)-C(14)-Ru(1) -102.7(3)  O(2)-Ru(1)-C(21)-C(22) -166(6) 
N(1)-Ru(1)-C(14)-C(13) 167.5(3)  O(1)-C(21)-O(2)-Ru(1) 0.0(3) 
C(7)-Ru(1)-C(14)-C(13) -173.82(18)  C(22)-C(21)-O(2)-Ru(1) 179.4(2) 
C(18)-Ru(1)-C(14)-C(13) 71.67(18)  N(1)-Ru(1)-O(2)-C(21) 93.25(17) 
C(17)-Ru(1)-C(14)-C(13) 107.31(18)  C(7)-Ru(1)-O(2)-C(21) 33.1(3) 
O(1)-Ru(1)-C(14)-C(13) -81.98(17)  C(18)-Ru(1)-O(2)-C(21) -178.18(17) 
O(2)-Ru(1)-C(14)-C(13) -22.66(18)  C(17)-Ru(1)-O(2)-C(21) -177.60(17) 
C(21)-Ru(1)-C(14)-C(13) -53.21(18)  O(1)-Ru(1)-O(2)-C(21) -0.03(15) 
N(1)-Ru(1)-C(14)-C(15) 50.4(4)  C(13)-Ru(1)-O(2)-C(21) -97.57(17) 
C(7)-Ru(1)-C(14)-C(15) 69.1(2)  C(14)-Ru(1)-O(2)-C(21) -83.89(17) 
C(18)-Ru(1)-C(14)-C(15) -45.4(2)    
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Table S8. Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2× 103) for 
39a. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

              x              y              z              U(eq)  
Ru(1) 5478(1) 3942(1) 2453(1) 15(1)  
N(1) 4047(4) 3409(3) 1938(2) 17(1)  
C(1) 2660(5) 3266(5) 2394(3) 23(1)  
C(2) 1719(5) 2827(5) 2084(3) 26(1)  
C(3) 2245(5) 2494(5) 1280(3) 27(1)  
C(4) 3645(5) 2641(4) 787(3) 22(1)  
C(5) 4177(6) 2176(6) -51(3) 39(1)  
C(6) 4540(5) 3165(4) 1123(2) 16(1)  
C(7) 6042(5) 3437(4) 726(2) 16(1)  
C(8) 6726(5) 3467(4) -148(3) 20(1)  
C(9) 8179(5) 3663(4) -461(3) 23(1)  
C(10) 8978(5) 3835(4) 90(3) 24(1)  
C(11) 8279(5) 3866(4) 938(3) 20(1)  
C(12) 6812(5) 3709(4) 1277(3) 18(1)  
N(2) 6935(4) 4558(3) 2959(2) 15(1)  
C(13) 7591(5) 5516(4) 2438(3) 18(1)  
C(14) 8715(5) 5905(5) 2634(3) 22(1)  
C(15) 9237(5) 5232(4) 3384(3) 21(1)  
C(16) 8569(5) 4258(4) 3950(3) 18(1)  
C(17) 9249(5) 3522(5) 4745(3) 24(1)  
C(18) 7306(5) 4011(4) 3754(2) 15(1)  
C(19) 6269(5) 3265(4) 4413(2) 16(1)  
C(20) 5947(5) 3477(4) 5257(3) 18(1)  
C(21) 4896(5) 2929(4) 5902(3) 22(1)  
C(22) 4094(5) 2198(5) 5718(3) 28(1)  
C(23) 4349(5) 1997(4) 4901(3) 23(1)  
C(24) 5433(5) 2496(4) 4230(3) 17(1)  
C(25) 5610(5) 2168(4) 3391(3) 21(1)  
C(26) 6990(5) 1934(4) 2775(3) 19(1)  
C(27) 7374(5) 947(4) 2218(3) 20(1)  
C(28) 6303(5) 341(4) 2122(3) 23(1)  
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C(29) 6728(6) -559(5) 1576(3) 28(1)  
C(30) 8235(6) -885(5) 1111(3) 28(1)  
C(31) 9290(6) -319(5) 1217(3) 27(1)  
C(32) 8871(5) 581(4) 1763(3) 23(1)  
O(1) 4466(3) 6035(3) 1983(2) 21(1)  
C(33) 3429(5) 6163(4) 2648(3) 19(1)  
O(2) 3380(3) 5158(3) 3274(2) 21(1)  
C(34) 2250(6) 7485(5) 2695(3) 31(1)  
C(35) -2390(14) -180(13) 6166(8) 52(3)  
C(36) -992(6) -63(8) 5480(4) 37(2)  
C(37) 319(8) -112(8) 5749(4) 36(3)  
C(38) 1665(6) -28(8) 5151(6) 50(3)  
C(39) 1700(7) 104(9) 4284(5) 59(4)  
C(40) 388(9) 152(8) 4014(3) 47(3)  
C(41) -958(7) 69(7) 4613(4) 20(2)  
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Table S9. Bond lengths [Å] and angles [°] for 39a. 
 

Ru(1)-N(1)  2.039(3)  C(13)-C(14)  1.379(6) 
Ru(1)-C(12)  2.040(4)  C(14)-C(15)  1.380(6) 
Ru(1)-C(25)  2.098(4)  C(15)-C(16)  1.389(6) 
Ru(1)-N(2)  2.103(3)  C(16)-C(18)  1.416(6) 
Ru(1)-O(1)  2.157(3)  C(16)-C(17)  1.521(6) 
Ru(1)-C(26)  2.188(4)  C(18)-C(19)  1.491(6) 
Ru(1)-O(2)  2.306(3)  C(19)-C(20)  1.406(6) 
Ru(1)-C(33)  2.581(4)  C(19)-C(24)  1.425(6) 
N(1)-C(1)  1.348(5)  C(20)-C(21)  1.384(6) 
N(1)-C(6)  1.366(5)  C(21)-C(22)  1.370(6) 
C(1)-C(2)  1.368(6)  C(22)-C(23)  1.366(6) 
C(2)-C(3)  1.387(6)  C(23)-C(24)  1.403(6) 
C(3)-C(4)  1.377(6)  C(24)-C(25)  1.470(6) 
C(4)-C(6)  1.420(6)  C(25)-C(26)  1.415(6) 
C(4)-C(5)  1.500(6)  C(26)-C(27)  1.481(6) 
C(6)-C(7)  1.467(6)  C(27)-C(32)  1.390(6) 
C(7)-C(8)  1.409(6)  C(27)-C(28)  1.409(6) 
C(7)-C(12)  1.428(6)  C(28)-C(29)  1.388(6) 
C(8)-C(9)  1.380(6)  C(29)-C(30)  1.400(7) 
C(9)-C(10)  1.394(6)  C(30)-C(31)  1.374(7) 
C(10)-C(11)  1.382(6)  C(31)-C(32)  1.389(6) 
C(11)-C(12)  1.381(6)  O(1)-C(33)  1.264(5) 
N(2)-C(13)  1.346(5)  C(33)-O(2)  1.280(5) 
N(2)-C(18)  1.370(5)  C(33)-C(34)  1.505(6) 
     
N(1)-Ru(1)-C(12) 79.58(15)  C(11)-C(12)-C(7) 117.4(4) 
N(1)-Ru(1)-C(25) 89.97(15)  C(11)-C(12)-Ru(1) 129.1(3) 
C(12)-Ru(1)-C(25) 114.78(16)  C(7)-C(12)-Ru(1) 113.4(3) 
N(1)-Ru(1)-N(2) 178.06(14)  C(13)-N(2)-C(18) 118.9(3) 
C(12)-Ru(1)-N(2) 100.01(15)  C(13)-N(2)-Ru(1) 116.4(3) 
C(25)-Ru(1)-N(2) 91.92(15)  C(18)-N(2)-Ru(1) 124.7(3) 
N(1)-Ru(1)-O(1) 90.33(12)  N(2)-C(13)-C(14) 123.2(4) 
C(12)-Ru(1)-O(1) 92.16(13)  C(13)-C(14)-C(15) 118.0(4) 
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C(25)-Ru(1)-O(1) 152.63(14)  C(14)-C(15)-C(16) 120.7(4) 
N(2)-Ru(1)-O(1) 87.80(12)  C(15)-C(16)-C(18) 118.3(4) 
N(1)-Ru(1)-C(26) 97.27(15)  C(15)-C(16)-C(17) 117.5(4) 
C(12)-Ru(1)-C(26) 79.01(15)  C(18)-C(16)-C(17) 124.2(4) 
C(25)-Ru(1)-C(26) 38.47(16)  N(2)-C(18)-C(16) 119.8(3) 
N(2)-Ru(1)-C(26) 84.49(15)  N(2)-C(18)-C(19) 118.1(3) 
O(1)-Ru(1)-C(26) 167.06(13)  C(16)-C(18)-C(19) 121.8(3) 
N(1)-Ru(1)-O(2) 89.97(12)  C(20)-C(19)-C(24) 117.7(4) 
C(12)-Ru(1)-O(2) 149.36(13)  C(20)-C(19)-C(18) 117.2(4) 
C(25)-Ru(1)-O(2) 93.74(14)  C(24)-C(19)-C(18) 124.6(4) 
N(2)-Ru(1)-O(2) 89.47(12)  C(21)-C(20)-C(19) 122.0(4) 
O(1)-Ru(1)-O(2) 58.90(10)  C(22)-C(21)-C(20) 119.8(4) 
C(26)-Ru(1)-O(2) 131.21(13)  C(23)-C(22)-C(21) 119.9(4) 
N(1)-Ru(1)-C(33) 89.86(13)  C(22)-C(23)-C(24) 122.5(4) 
C(12)-Ru(1)-C(33) 120.75(15)  C(23)-C(24)-C(19) 118.1(4) 
C(25)-Ru(1)-C(33) 123.42(15)  C(23)-C(24)-C(25) 116.3(4) 
N(2)-Ru(1)-C(33) 88.74(13)  C(19)-C(24)-C(25) 125.6(4) 
O(1)-Ru(1)-C(33) 29.22(12)  C(26)-C(25)-C(24) 126.0(4) 
C(26)-Ru(1)-C(33) 160.03(14)  C(26)-C(25)-Ru(1) 74.2(2) 
O(2)-Ru(1)-C(33) 29.69(11)  C(24)-C(25)-Ru(1) 108.6(3) 
C(1)-N(1)-C(6) 120.4(4)  C(25)-C(26)-C(27) 123.1(4) 
C(1)-N(1)-Ru(1) 121.1(3)  C(25)-C(26)-Ru(1) 67.3(2) 
C(6)-N(1)-Ru(1) 118.4(3)  C(27)-C(26)-Ru(1) 121.0(3) 
N(1)-C(1)-C(2) 122.3(4)  C(32)-C(27)-C(28) 117.4(4) 
C(1)-C(2)-C(3) 117.9(4)  C(32)-C(27)-C(26) 118.9(4) 
C(4)-C(3)-C(2) 121.7(4)  C(28)-C(27)-C(26) 123.6(4) 
C(3)-C(4)-C(6) 117.9(4)  C(29)-C(28)-C(27) 120.8(4) 
C(3)-C(4)-C(5) 118.4(4)  C(28)-C(29)-C(30) 120.5(4) 
C(6)-C(4)-C(5) 123.6(4)  C(31)-C(30)-C(29) 118.8(4) 
N(1)-C(6)-C(4) 119.5(4)  C(30)-C(31)-C(32) 120.9(5) 
N(1)-C(6)-C(7) 111.8(3)  C(31)-C(32)-C(27) 121.5(4) 
C(4)-C(6)-C(7) 128.6(4)  C(33)-O(1)-Ru(1) 94.4(2) 
C(8)-C(7)-C(12) 119.7(4)  O(1)-C(33)-O(2) 119.6(4) 
C(8)-C(7)-C(6) 124.2(4)  O(1)-C(33)-C(34) 120.0(4) 
C(12)-C(7)-C(6) 116.1(3)  O(2)-C(33)-C(34) 120.4(4) 
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C(9)-C(8)-C(7) 120.5(4)  O(1)-C(33)-Ru(1) 56.4(2) 
C(8)-C(9)-C(10) 119.9(4)  O(2)-C(33)-Ru(1) 63.2(2) 
C(11)-C(10)-C(9) 119.5(4)  C(34)-C(33)-Ru(1) 176.1(3) 
C(12)-C(11)-C(10) 122.8(4)  C(33)-O(2)-Ru(1) 87.1(2) 
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Table S10. Anisotropic displacement parameters (Å2× 103) for 39a. The anisotropic displacement 
factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
 

     U11     U22     U33     U23     U13     U12  
Ru(1) 13(1) 21(1) 13(1) -7(1) -2(1) -4(1)  
N(1) 16(2) 20(2) 15(2) -4(2) -3(1) -4(2)  
C(1) 12(2) 39(3) 18(2) -11(2) 4(2) -8(2)  
C(2) 17(3) 37(3) 29(3) -9(2) -4(2) -10(2)  
C(3) 21(3) 37(3) 29(3) -6(2) -11(2) -12(2)  
C(4) 22(3) 29(2) 18(2) -4(2) -9(2) -7(2)  
C(5) 49(4) 63(4) 27(3) -17(3) -4(2) -39(3)  
C(6) 19(2) 17(2) 13(2) -2(2) -4(2) -4(2)  
C(7) 16(2) 18(2) 12(2) -4(2) -3(2) -3(2)  
C(8) 20(2) 26(2) 17(2) -6(2) -5(2) -6(2)  
C(9) 24(3) 30(3) 17(2) -9(2) -1(2) -8(2)  
C(10) 24(3) 27(3) 22(2) -9(2) 1(2) -7(2)  
C(11) 12(2) 27(2) 23(2) -12(2) -4(2) -4(2)  
C(12) 21(2) 15(2) 16(2) -1(2) -7(2) -3(2)  
N(2) 17(2) 18(2) 10(2) -2(1) 0(1) -6(2)  
C(13) 20(2) 20(2) 14(2) -5(2) -2(2) -3(2)  
C(14) 15(2) 28(2) 26(2) -11(2) 0(2) -7(2)  
C(15) 13(2) 27(2) 27(2) -13(2) -7(2) -4(2)  
C(16) 23(3) 16(2) 14(2) -3(2) -5(2) -2(2)  
C(17) 21(3) 27(2) 28(2) -7(2) -10(2) -6(2)  
C(18) 15(2) 16(2) 14(2) -6(2) -2(2) -2(2)  
C(19) 16(2) 15(2) 14(2) -3(2) -5(2) 1(2)  
C(20) 18(2) 16(2) 19(2) -5(2) -9(2) 2(2)  
C(21) 28(3) 25(2) 11(2) -5(2) -3(2) -1(2)  
C(22) 25(3) 35(3) 19(2) -1(2) 2(2) -12(2)  
C(23) 24(3) 27(2) 21(2) -3(2) -4(2) -12(2)  
C(24) 21(2) 14(2) 16(2) -2(2) -7(2) -2(2)  
C(25) 21(3) 23(2) 24(2) -8(2) -6(2) -8(2)  
C(26) 20(2) 23(2) 14(2) -2(2) -6(2) -8(2)  
C(27) 24(3) 20(2) 13(2) 1(2) -6(2) -5(2)  
C(28) 26(3) 22(2) 19(2) -5(2) -4(2) -3(2)  
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C(29) 33(3) 28(3) 29(3) -11(2) -12(2) -7(2)  
C(30) 40(3) 23(2) 21(2) -10(2) -10(2) 0(2)  
C(31) 27(3) 27(3) 22(2) -9(2) -4(2) 2(2)  
C(32) 23(3) 21(2) 23(2) -3(2) -5(2) -4(2)  
O(1) 22(2) 27(2) 14(2) -5(1) -4(1) -6(1)  
C(33) 19(2) 24(2) 18(2) -7(2) -9(2) -5(2)  
O(2) 23(2) 24(2) 18(2) -7(1) -5(1) -5(1)  
C(34) 28(3) 32(3) 30(3) -10(2) -9(2) 3(2)  
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Table S11. Torsion angles [°] for 39a. 
 

C(12)-Ru(1)-N(1)-C(1) 178.0(4)  C(18)-C(19)-C(20)-C(21) 174.3(4) 
C(25)-Ru(1)-N(1)-C(1) 62.7(3)  C(19)-C(20)-C(21)-C(22) -2.5(6) 
N(2)-Ru(1)-N(1)-C(1) -104(4)  C(20)-C(21)-C(22)-C(23) 0.9(7) 
O(1)-Ru(1)-N(1)-C(1) -89.9(3)  C(21)-C(22)-C(23)-C(24) 1.1(7) 
C(26)-Ru(1)-N(1)-C(1) 100.6(3)  C(22)-C(23)-C(24)-C(19) -1.4(7) 
O(2)-Ru(1)-N(1)-C(1) -31.0(3)  C(22)-C(23)-C(24)-C(25) 178.4(4) 
C(33)-Ru(1)-N(1)-C(1) -60.7(3)  C(20)-C(19)-C(24)-C(23) -0.2(6) 
C(12)-Ru(1)-N(1)-C(6) -0.4(3)  C(18)-C(19)-C(24)-C(23) -171.7(4) 
C(25)-Ru(1)-N(1)-C(6) -115.6(3)  C(20)-C(19)-C(24)-C(25) -179.9(4) 
N(2)-Ru(1)-N(1)-C(6) 77(4)  C(18)-C(19)-C(24)-C(25) 8.6(7) 
O(1)-Ru(1)-N(1)-C(6) 91.8(3)  C(23)-C(24)-C(25)-C(26) -146.3(4) 
C(26)-Ru(1)-N(1)-C(6) -77.7(3)  C(19)-C(24)-C(25)-C(26) 33.4(7) 
O(2)-Ru(1)-N(1)-C(6) 150.7(3)  C(23)-C(24)-C(25)-Ru(1) 130.0(3) 
C(33)-Ru(1)-N(1)-C(6) 121.0(3)  C(19)-C(24)-C(25)-Ru(1) -50.3(5) 
C(6)-N(1)-C(1)-C(2) 2.6(7)  N(1)-Ru(1)-C(25)-C(26) 101.8(3) 
Ru(1)-N(1)-C(1)-C(2) -175.7(3)  C(12)-Ru(1)-C(25)-C(26) 23.3(3) 
N(1)-C(1)-C(2)-C(3) 1.5(7)  N(2)-Ru(1)-C(25)-C(26) -78.7(3) 
C(1)-C(2)-C(3)-C(4) -2.3(7)  O(1)-Ru(1)-C(25)-C(26) -167.6(3) 
C(2)-C(3)-C(4)-C(6) -0.8(7)  O(2)-Ru(1)-C(25)-C(26) -168.3(2) 
C(2)-C(3)-C(4)-C(5) 176.2(5)  C(33)-Ru(1)-C(25)-C(26) -168.4(2) 
C(1)-N(1)-C(6)-C(4) -5.7(6)  N(1)-Ru(1)-C(25)-C(24) -134.9(3) 
Ru(1)-N(1)-C(6)-C(4) 172.6(3)  C(12)-Ru(1)-C(25)-C(24) 146.7(3) 
C(1)-N(1)-C(6)-C(7) 177.4(4)  N(2)-Ru(1)-C(25)-C(24) 44.7(3) 
Ru(1)-N(1)-C(6)-C(7) -4.2(4)  O(1)-Ru(1)-C(25)-C(24) -44.2(5) 
C(3)-C(4)-C(6)-N(1) 4.8(6)  C(26)-Ru(1)-C(25)-C(24) 123.4(4) 
C(5)-C(4)-C(6)-N(1) -172.0(4)  O(2)-Ru(1)-C(25)-C(24) -44.9(3) 
C(3)-C(4)-C(6)-C(7) -178.9(4)  C(33)-Ru(1)-C(25)-C(24) -45.0(4) 
C(5)-C(4)-C(6)-C(7) 4.3(7)  C(24)-C(25)-C(26)-C(27) 145.0(4) 
N(1)-C(6)-C(7)-C(8) -170.2(4)  Ru(1)-C(25)-C(26)-C(27) -113.2(4) 
C(4)-C(6)-C(7)-C(8) 13.4(7)  C(24)-C(25)-C(26)-Ru(1) -101.8(4) 
N(1)-C(6)-C(7)-C(12) 8.6(5)  N(1)-Ru(1)-C(26)-C(25) -80.7(3) 
C(4)-C(6)-C(7)-C(12) -167.9(4)  C(12)-Ru(1)-C(26)-C(25) -158.6(3) 
C(12)-C(7)-C(8)-C(9) 4.6(6)  N(2)-Ru(1)-C(26)-C(25) 100.1(3) 
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C(6)-C(7)-C(8)-C(9) -176.7(4)  O(1)-Ru(1)-C(26)-C(25) 153.8(5) 
C(7)-C(8)-C(9)-C(10) -0.1(7)  O(2)-Ru(1)-C(26)-C(25) 15.7(3) 
C(8)-C(9)-C(10)-C(11) -2.8(7)  C(33)-Ru(1)-C(26)-C(25) 29.4(6) 
C(9)-C(10)-C(11)-C(12) 1.1(7)  N(1)-Ru(1)-C(26)-C(27) 35.3(3) 
C(10)-C(11)-C(12)-C(7) 3.3(6)  C(12)-Ru(1)-C(26)-C(27) -42.5(3) 
C(10)-C(11)-C(12)-Ru(1) -171.8(3)  C(25)-Ru(1)-C(26)-C(27) 116.1(4) 
C(8)-C(7)-C(12)-C(11) -6.1(6)  N(2)-Ru(1)-C(26)-C(27) -143.8(3) 
C(6)-C(7)-C(12)-C(11) 175.1(4)  O(1)-Ru(1)-C(26)-C(27) -90.1(7) 
C(8)-C(7)-C(12)-Ru(1) 169.8(3)  O(2)-Ru(1)-C(26)-C(27) 131.7(3) 
C(6)-C(7)-C(12)-Ru(1) -9.0(5)  C(33)-Ru(1)-C(26)-C(27) 145.4(4) 
N(1)-Ru(1)-C(12)-C(11) -179.7(4)  C(25)-C(26)-C(27)-C(32) -166.7(4) 
C(25)-Ru(1)-C(12)-C(11) -94.6(4)  Ru(1)-C(26)-C(27)-C(32) 111.6(4) 
N(2)-Ru(1)-C(12)-C(11) 2.3(4)  C(25)-C(26)-C(27)-C(28) 12.9(6) 
O(1)-Ru(1)-C(12)-C(11) 90.4(4)  Ru(1)-C(26)-C(27)-C(28) -68.8(5) 
C(26)-Ru(1)-C(12)-C(11) -80.1(4)  C(32)-C(27)-C(28)-C(29) -1.7(6) 
O(2)-Ru(1)-C(12)-C(11) 108.5(4)  C(26)-C(27)-C(28)-C(29) 178.7(4) 
C(33)-Ru(1)-C(12)-C(11) 96.8(4)  C(27)-C(28)-C(29)-C(30) 0.3(7) 
N(1)-Ru(1)-C(12)-C(7) 5.1(3)  C(28)-C(29)-C(30)-C(31) 1.2(7) 
C(25)-Ru(1)-C(12)-C(7) 90.2(3)  C(29)-C(30)-C(31)-C(32) -1.2(7) 
N(2)-Ru(1)-C(12)-C(7) -173.0(3)  C(30)-C(31)-C(32)-C(27) -0.3(7) 
O(1)-Ru(1)-C(12)-C(7) -84.9(3)  C(28)-C(27)-C(32)-C(31) 1.7(6) 
C(26)-Ru(1)-C(12)-C(7) 104.7(3)  C(26)-C(27)-C(32)-C(31) -178.7(4) 
O(2)-Ru(1)-C(12)-C(7) -66.8(4)  N(1)-Ru(1)-O(1)-C(33) 89.1(3) 
C(33)-Ru(1)-C(12)-C(7) -78.5(3)  C(12)-Ru(1)-O(1)-C(33) 168.7(3) 
N(1)-Ru(1)-N(2)-C(13) -31(4)  C(25)-Ru(1)-O(1)-C(33) -1.4(4) 
C(12)-Ru(1)-N(2)-C(13) 46.4(3)  N(2)-Ru(1)-O(1)-C(33) -91.4(3) 
C(25)-Ru(1)-N(2)-C(13) 162.0(3)  C(26)-Ru(1)-O(1)-C(33) -144.7(6) 
O(1)-Ru(1)-N(2)-C(13) -45.4(3)  O(2)-Ru(1)-O(1)-C(33) -0.6(2) 
C(26)-Ru(1)-N(2)-C(13) 124.2(3)  Ru(1)-O(1)-C(33)-O(2) 1.1(4) 
O(2)-Ru(1)-N(2)-C(13) -104.3(3)  Ru(1)-O(1)-C(33)-C(34) -178.1(4) 
C(33)-Ru(1)-N(2)-C(13) -74.6(3)  N(1)-Ru(1)-C(33)-O(1) -90.9(2) 
N(1)-Ru(1)-N(2)-C(18) 152(4)  C(12)-Ru(1)-C(33)-O(1) -13.2(3) 
C(12)-Ru(1)-N(2)-C(18) -130.4(3)  C(25)-Ru(1)-C(33)-O(1) 179.2(2) 
C(25)-Ru(1)-N(2)-C(18) -14.8(3)  N(2)-Ru(1)-C(33)-O(1) 87.7(2) 
O(1)-Ru(1)-N(2)-C(18) 137.8(3)  C(26)-Ru(1)-C(33)-O(1) 157.8(4) 
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C(26)-Ru(1)-N(2)-C(18) -52.6(3)  O(2)-Ru(1)-C(33)-O(1) 178.9(4) 
O(2)-Ru(1)-N(2)-C(18) 78.9(3)  N(1)-Ru(1)-C(33)-O(2) 90.2(2) 
C(33)-Ru(1)-N(2)-C(18) 108.6(3)  C(12)-Ru(1)-C(33)-O(2) 167.9(2) 
C(18)-N(2)-C(13)-C(14) 5.4(6)  C(25)-Ru(1)-C(33)-O(2) 0.3(3) 
Ru(1)-N(2)-C(13)-C(14) -171.7(3)  N(2)-Ru(1)-C(33)-O(2) -91.2(2) 
N(2)-C(13)-C(14)-C(15) 3.1(7)  O(1)-Ru(1)-C(33)-O(2) -178.9(4) 
C(13)-C(14)-C(15)-C(16) -4.4(6)  C(26)-Ru(1)-C(33)-O(2) -21.1(5) 
C(14)-C(15)-C(16)-C(18) -2.3(6)  N(1)-Ru(1)-C(33)-C(34) -66(5) 
C(14)-C(15)-C(16)-C(17) 177.6(4)  C(12)-Ru(1)-C(33)-C(34) 12(5) 
C(13)-N(2)-C(18)-C(16) -12.3(6)  C(25)-Ru(1)-C(33)-C(34) -156(5) 
Ru(1)-N(2)-C(18)-C(16) 164.5(3)  N(2)-Ru(1)-C(33)-C(34) 113(5) 
C(13)-N(2)-C(18)-C(19) 162.5(4)  O(1)-Ru(1)-C(33)-C(34) 25(5) 
Ru(1)-N(2)-C(18)-C(19) -20.7(5)  C(26)-Ru(1)-C(33)-C(34) -177(5) 
C(15)-C(16)-C(18)-N(2) 10.8(6)  O(2)-Ru(1)-C(33)-C(34) -156(5) 
C(17)-C(16)-C(18)-N(2) -169.1(4)  O(1)-C(33)-O(2)-Ru(1) -1.1(4) 
C(15)-C(16)-C(18)-C(19) -163.8(4)  C(34)-C(33)-O(2)-Ru(1) 178.2(4) 
C(17)-C(16)-C(18)-C(19) 16.3(6)  N(1)-Ru(1)-O(2)-C(33) -89.8(2) 
N(2)-C(18)-C(19)-C(20) -138.4(4)  C(12)-Ru(1)-O(2)-C(33) -20.6(4) 
C(16)-C(18)-C(19)-C(20) 36.3(6)  C(25)-Ru(1)-O(2)-C(33) -179.7(3) 
N(2)-C(18)-C(19)-C(24) 33.1(6)  N(2)-Ru(1)-O(2)-C(33) 88.4(2) 
C(16)-C(18)-C(19)-C(24) -152.2(4)  O(1)-Ru(1)-O(2)-C(33) 0.6(2) 
C(24)-C(19)-C(20)-C(21) 2.1(6)  C(26)-Ru(1)-O(2)-C(33) 170.6(2) 
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