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Supplementary Materials: Influences of Alkyl and 
Aryl Substituents on Iminopyridine Fe(II) and Co(II) 
Catalyzed Isoprene Polymerization 
Lihua Guo, Xinyu Jing, Shuoyan Xiong, Wenjing Liu, Yanlan liu, Zhe Liu and Changle Chen 

1. Optimization of MAO/Fe Ratio with 3a 

Table S1. Optimization of MAO/Fe ratio with 3a a. 

Entry Al/Fe Yield (%) Activity b Mn c (×10−4) PDI c 
1 200 12.1 1.0 3.1 2.63 
2 500 58.2 4.9 7.0 1.82 
3 800 40.1 3.4 1.3 2.07 

a Polymerization conditions: 8.0 μmol of Fe(II) complex; Reaction temperature = 25 °C, 7 mL toluene 
and 1 mL CH2Cl2; isoprene = 2 mL; time = 2 h; b 104 g of Polyisorene (mol of Fe)−1·h−1; c Determined by GPC. 

Catalytic activity increased when the Al/Fe ratio was increased from 200:1 to 500:1, but activity 
decreased when Al/Fe ratio was further increased to 800:1. 
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2. 1H NMR, 13C NMR of the Ligands 
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Figure S1. 1H NMR spectrum (500 MHz) of L1 in CDCl3. 
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Figure S2. 13C NMR spectrum (126 MHz) of L1 in CDCl3. 
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Figure S3. 1H NMR spectrum (500 MHz) of L3 in CDCl3. 
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Figure S4. 13C NMR spectrum (126 MHz) of L3 in CDCl3. 



Polymers 2016, 8, 389; doi:10.3390/polym8110389 S6 of S40 

 

0 . 00 . 51 . 01 . 52 . 02 . 53 . 03 . 54 . 04 . 55 . 05 . 56 . 06 . 57 . 07 . 58 . 08 . 59 . 0
f 1  ( p p m )

16
.3
0

1.
06

0.
99

1.
05

1.
00

7.
26

7.
27

7.
28

7.
29

7.
30

7.
32

7.
33

7.
34

7.
34

7.
79

7.
81

7.
82

7.
99

8.
15

8.
38

8.
39

8.
60

8.
61

 
Figure S5. 1H NMR spectrum (500 MHz) of L4 in CDCl3. * Hexane, H2O. 
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Figure S6. 13C NMR spectrum (126 MHz) of L4 in CDCl3. 
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3. MALDI-TOF-MS of Fe(II) and Co(II) Complexes 

 
Figure S7. MALDI-TOF-MS of complex 1a. 
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Figure S8. MALDI-TOF-MS of complex 3a. 
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Figure S9. MALDI-TOF-MS of complex 4a. 
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Figure S10. MALDI-TOF-MS of complex 7a. 
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Figure S11. MALDI-TOF-MS of complex 2b. 
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Figure S12. MALDI-TOF-MS of complex 3b. 
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Figure S13. MALDI-TOF-MS of complex 5b. 
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4. GPC Curves of Representive Polyisoprene Samples 

 

Figure S14. GPC curves of Polyisoprene (Table 1, Entry 2). 
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Figure S15. GPC curves of Polyisoprene (Table 1, Entry 4). 
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Figure S16. GPC curves of Polyisoprene (Table 1, Entry 5). 



Polymers 2016, 8, 389; doi:10.3390/polym8110389 S18 of S40 

 

 
Figure S17. GPC curves of Polyisoprene (Table 1, Entry 6). 
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Figure S18. GPC curves of Polyisoprene (Table 1, Entry 8). 
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Figure S19. GPC curves of Polyisoprene (Table 1, Entry 9). 
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Figure S20. GPC curves of Polyisoprene (Table 1, Entry 10). 
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Figure S21. GPC curves of Polyisoprene (Table 2, Entry 2). 
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Figure S22. GPC curves of Polyisoprene (Table 2, Entry 4). 
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5. NMR Spectra of the Representive Polyisoprenes 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0

1.
00

2.
84

 

Figure S23. 1H NMR spectrum (500 MHz) of polyisoprene in CDCl3 (Table 1, Entry 5). 

 

Figure S24. 1H NMR spectrum (500 MHz) of polyisoprene in CDCl3 (Table 1, Entry 8). 
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Figure S25. 13C NMR spectrum (126 MHz) of polyisoprene in CDCl3 (Table 1, Entry 5). 
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Figure S26. 13C NMR spectrum (126 MHz) of polyisoprene in CDCl3 (Table 1, Entry 8). 
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Figure S27. 1H NMR spectrum (500 MHz) of polyisoprene in CDCl3 (Table 2, Entry 2). * H2O. 

 
Figure S28. 1H NMR spectrum (500 MHz) of polyisoprene in CDCl3 (Table 2, Entry 4). * H2O. 
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Figure S29. 13C NMR spectrum (126 MHz) of polyisoprene in CDCl3 (Table 2, Entry 2). 



Polymers 2016, 8, 389; doi:10.3390/polym8110389 S27 of S40 

 

-100102030405060708090100110120130140150160
ppm  

Figure S30. 13C NMR spectrum (126 MHz) of polyisoprene in CDCl3 (Table 2, Entry 4). 

6. FTIR Spectra of Representive Polyisoprenes 

 
Figure S31. FTIR spectra of polyisoprene (Table 2, Entry 1). 
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Figure S32. FTIR spectra of polyisoprene (Table 2, Entry 2). 

 
Figure S33. FTIR spectra of polyisoprene (Table 2, Entry 3). 

 
Figure S34. FTIR spectra of polyisoprene (Table 2, Entry 4). 
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7. X-Ray Crystallography of Complexes 

CCDC numbers of 7a′ and 2b are 1503575 and 1503576 respectively. These data can be obtained 
free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ 
data_request/cif. 

Table S2. Crystal data and structure refinement for 7a′ and 2b. 

Identification Code 7a′ 2b 
Empirical formula C78 H65 Cl5 Fe2 N4 C14 H22 Cl2 Co N2  

Formula weight 1,347.29 348.17 
Temperature/K 298(2) 298(2) 
Crystal system monoclinic Triclinic 

Space group P21/c P-1 
a/Å 15.6440(14) 7.2174(6) 
b/Å 17.5271(16) 7.9139(7) 
c/Å 27.172(3) 17.2103(15) 
α/° 90 78.037(2) 
β/° 111.962(3) 78.580(2) 
γ/° 90 65.6660(10 

Volume/Å3 6,909.7(11) 869.21(13) 
Z 4 2 

ρcalcg/cm3 1.295 1.330 
Absorp coeff/mm−1 0.659 1.284 

F(000) 2,792 362 
Crystal size/mm3 0.23 × 0.18 × 0.12 mm3 0.45 × 0.16 × 0.15 

2θ range for data collection/° 2.32 to 25.02 2.85 to 25.02 

Index ranges 
−18 ≤ h ≤ 17, −20 ≤ k ≤20, 

−21 ≤ l ≤ 32 
−8 ≤ h ≤ 8, −9 ≤ k ≤9, 

−20 ≤ l ≤ 13 
Reflections collected 12,065 4,427 

Independent reflections 12,066 [R(int) = 0.0000] 3,016 [R(int) = 0.0311] 
Data/restraints/parameters 12,066/0/805 3,016/0/177 

Goodness-of-fit on F2 0.843 1.067 
Final R indexes (I ≥ 2σ (I)) R1 = 0.0887, wR2 = 0.2048 R1 = 0.0525, wR2 = 0.1142 
Final R indexes (all data) R1 = 0.1808, wR2 = 0.2417 R1 = 0.0764, wR2 = 0.1214 

Largest diff. peak/hole/e·Å−3 0.47/−0.72 0.59/−0.49 

Table S3. Bond Lengths (Å) and angles (°) for 7a′. 

Fe(1)–N(3) 2.156(6) 
Fe(1)–N(1) 2.167(7) 
Fe(1)–N(4) 2.174(6) 
Fe(1)–N(2) 2.192(6) 
Fe(1)–Cl(1) 2.249(2) 
Fe(2)–Cl(4) 2.166(3) 
Fe(2)–Cl(5) 2.181(3) 
Fe(2)–Cl(3) 2.181(3) 
Fe(2)–Cl(2) 2.189(3) 
N(1)–C(2) 1.314(10) 
N(1)–C(6) 1.331(10) 
N(2)–C(1) 1.267(9) 
N(2)–C(7) 1.441(9) 
N(3)–C(45) 1.306(9) 
N(3)–C(41) 1.366(9) 
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N(4)–C(40) 1.272(9) 
N(4)–C(46) 1.445(9) 
C(1)–C(2) 1.498(11) 
C(1)–H(1) 0.9300 
C(2)–C(3) 1.359(11) 
C(3)–C(4) 1.365(11) 
C(3)–H(3) 0.9300 
C(4)–C(5) 1.391(12) 
C(4)–H(4) 0.9300 
C(5)–C(6) 1.372(12) 
C(5)–H(5) 0.9300 
C(6)–H(6) 0.9300 
C(7)–C(8) 1.397(10) 

C(7)–C(12) 1.404(10) 
C(8)–C(9) 1.380(10) 

C(8)–C(13) 1.519(11) 
C(9)–C(10) 1.416(11) 
C(9)–H(9) 0.9300 

C(10)–C(11) 1.361(10) 
C(10)–C(39) 1.507(10) 
C(11)–C(12) 1.405(10) 
C(11)–H(11) 0.9300 
C(12)–C(26) 1.529(10) 
C(13)–C(20) 1.504(11) 
C(13)–C(14) 1.526(11) 
C(13)–H(13) 0.9800 
C(14)–C(15) 1.351(12) 
C(14)–C(19) 1.407(12) 
C(15)–C(16) 1.389(12) 
C(15)–H(15) 0.9300 
C(16)–C(17) 1.333(13) 
C(16)–H(16) 0.9300 
C(17)–C(18) 1.337(14) 
C(17)–H(17) 0.9300 
C(18)–C(19) 1.357(13) 
C(18)–H(18) 0.9300 
C(19)–H(19) 0.9300 
C(20)–C(25) 1.372(12) 
C(20)–C(21) 1.381(12) 
C(21)–C(22) 1.344(14) 
C(21)–H(21) 0.9300 
C(22)–C(23) 1.387(16) 
C(22)–H(22) 0.9300 
C(23)–C(24) 1.355(15) 
C(23)–H(23) 0.9300 
C(24)–C(25) 1.381(14) 
C(24)–H(24) 0.9300 
C(25)–H(25) 0.9300 
C(26)–C(27) 1.493(11) 
C(26)–C(33) 1.539(11) 
C(26)–H(26) 0.9800 
C(27)–C(32) 1.386(12) 
C(27)–C(28) 1.401(12) 
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C(28)–C(29) 1.365(13) 
C(28)–H(28) 0.9300 
C(29)–C(30) 1.354(16) 
C(29)–H(29) 0.9300 
C(30)–C(31) 1.342(15) 
C(30)–H(30) 0.9300 
C(31)–C(32) 1.412(14) 
C(31)–H(31) 0.9300 
C(32)–H(32) 0.9300 
C(33)–C(38) 1.352(11) 
C(33)–C(34) 1.370(10) 
C(33)–H(33) 0.9800 
C(34)–C(35) 1.386(12) 
C(34)–H(34) 0.9300 
C(35)–C(36) 1.331(13) 
C(35)–H(35) 0.9300 
C(36)–C(37) 1.367(13) 
C(36)–H(36) 0.9300 
C(37)–C(38) 1.389(12) 
C(37)–H(37) 0.9300 
C(38)–H(38) 0.9300 

C(39)–H(39A) 0.9600 
C(39)–H(39B) 0.9600 
C(39)–H(39C) 0.9600 
C(40)–C(41) 1.439(10) 
C(40)–H(40) 0.9300 
C(41)–C(42) 1.375(11) 
C(42)–C(43) 1.354(11) 
C(42)–H(42) 0.9300 
C(43)–C(44) 1.382(12) 
C(43)–H(43) 0.9300 
C(44)–C(45) 1.367(11) 
C(44)–H(44) 0.9300 
C(45)–H(45) 0.9300 
C(46)–C(47) 1.396(10) 
C(46)–C(51) 1.410(11) 
C(47)–C(48) 1.380(10) 
C(47)–C(52) 1.531(11) 
C(48)–C(49) 1.376(11) 
C(48)–H(48) 0.9300 
C(49)–C(50) 1.374(11) 
C(49)–C(78) 1.495(11) 
C(50)–C(51) 1.377(10) 
C(50)–H(50) 0.9300 
C(51)–C(65) 1.523(11) 
C(52)–C(53) 1.506(11) 
C(52)–C(59) 1.525(12) 
C(52)–H(52) 0.9800 
C(53)–C(54) 1.364(11) 
C(53)–C(58) 1.413(12) 
C(54)–C(55) 1.403(12) 
C(54)–H(54) 0.9300 
C(55)–C(56) 1.339(13) 
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C(55)–H(55) 0.9300 
C(56)–C(57) 1.323(14) 
C(56)–H(56) 0.9300 
C(57)–C(58) 1.388(13) 
C(57)–H(57) 0.9300 
C(58)–H(58) 0.9300 
C(59)–C(60) 1.353(11) 
C(59)–C(64) 1.409(12) 
C(60)–C(61) 1.401(13) 
C(60)–H(60) 0.9300 
C(61)–C(62) 1.384(15) 
C(61)–H(61) 0.9300 
C(62)–C(63) 1.340(14) 
C(62)–H(62) 0.9300 
C(63)–C(64) 1.385(13) 
C(63)–H(63) 0.9300 
C(64)–H(64) 0.9300 
C(65)–C(72) 1.507(11) 
C(65)–C(66) 1.546(11) 
C(65)–H(65) 0.9800 
C(66)–C(71) 1.326(11) 
C(66)–C(67) 1.379(12) 
C(67)–C(68) 1.390(13) 
C(67)–H(67) 0.9300 
C(68)–C(69) 1.350(14) 
C(68)–H(68) 0.9300 
C(69)–C(70) 1.387(15) 
C(69)–H(69) 0.9300 
C(70)–C(71) 1.396(13) 
C(70)–H(70) 0.9300 
C(71)–H(71) 0.9300 
C(72)–C(77) 1.380(12) 
C(72)–C(73) 1.398(12) 
C(73)–C(74) 1.416(13) 
C(73)–H(73) 0.9300 
C(74)–C(75) 1.375(15) 
C(74)–H(74) 0.9300 
C(75)–C(76) 1.344(15) 
C(75)–H(75) 0.9300 
C(76)–C(77) 1.381(13) 
C(76)–H(76) 0.9300 
C(77)–H(77) 0.9300 

C(78)–H(78A) 0.9600 
C(78)–H(78B) 0.9600 
C(78)–H(78C) 0.9600 

N(3)–Fe(1)–N(1) 155.5(2) 
N(3)–Fe(1)–N(4) 76.3(2) 
N(1)–Fe(1)–N(4) 94.1(2) 
N(3)–Fe(1)–N(2) 92.8(2) 
N(1)–Fe(1)–N(2) 75.2(2) 
N(4)–Fe(1)–N(2) 127.9(2) 
N(3)–Fe(1)–Cl(1) 102.30(18) 
N(1)–Fe(1)–Cl(1) 102.20(19) 
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N(4)–Fe(1)–Cl(1) 112.02(18) 
N(2)–Fe(1)–Cl(1) 120.04(17) 
Cl(4)–Fe(2)–Cl(5) 110.85(16) 
Cl(4)–Fe(2)–Cl(3) 108.07(14) 
Cl(5)–Fe(2)–Cl(3) 110.93(13) 
Cl(4)–Fe(2)–Cl(2) 109.68(13) 
Cl(5)–Fe(2)–Cl(2) 109.85(13) 
Cl(3)–Fe(2)–Cl(2) 107.38(13) 
C(2)–N(1)–C(6) 115.8(7) 
C(2)–N(1)–Fe(1) 116.3(5) 
C(6)–N(1)–Fe(1) 127.8(6) 
C(1)–N(2)–C(7) 115.7(7) 
C(1)–N(2)–Fe(1) 114.9(5) 
C(7)–N(2)–Fe(1) 129.1(5) 

C(45)–N(3)–C(41) 116.0(7) 
C(45)–N(3)–Fe(1) 130.2(6) 
C(41)–N(3)–Fe(1) 113.7(5) 
C(40)–N(4)–C(46) 119.4(7) 
C(40)–N(4)–Fe(1) 113.9(5) 
C(46)–N(4)–Fe(1) 126.4(5) 
N(2)–C(1)–C(2) 118.8(8) 
N(2)–C(1)–H(1) 120.6 
C(2)–C(1)–H(1) 120.6 
N(1)–C(2)–C(3) 125.3(8) 
N(1)–C(2)–C(1) 114.7(7) 
C(3)–C(2)–C(1) 119.9(8) 
C(2)–C(3)–C(4) 118.6(9) 
C(2)–C(3)–H(3) 120.7 
C(4)–C(3)–H(3) 120.7 
C(3)–C(4)–C(5) 118.0(9) 
C(3)–C(4)–H(4) 121.0 
C(5)–C(4)–H(4) 121.0 
C(6)–C(5)–C(4) 118.3(9) 
C(6)–C(5)–H(5) 120.9 
C(4)–C(5)–H(5) 120.9 
N(1)–C(6)–C(5) 123.9(9) 
N(1)–C(6)–H(6) 118.1 
C(5)–C(6)–H(6) 118.1 
C(8)–C(7)–C(12) 123.0(7) 
C(8)–C(7)–N(2) 119.5(7) 
C(12)–C(7)–N(2) 117.4(7) 
C(9)–C(8)–C(7) 117.4(7) 

C(9)–C(8)–C(13) 121.6(7) 
C(7)–C(8)–C(13) 121.0(7) 
C(8)–C(9)–C(10) 121.6(8) 
C(8)–C(9)–H(9) 119.2 
C(10)–C(9)–H(9) 119.2 
C(11)–C(10)–C(9) 118.8(7) 

C(11)–C(10)–C(39) 121.8(7) 
C(9)–C(10)–C(39) 119.3(8) 
C(10)–C(11)–C(12) 122.5(7) 
C(10)–C(11)–H(11) 118.7 
C(12)–C(11)–H(11) 118.7 
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C(7)–C(12)–C(11) 116.5(7) 
C(7)–C(12)–C(26) 121.4(7) 
C(11)–C(12)–C(26) 122.0(7) 
C(20)–C(13)–C(8) 112.0(7) 

C(20)–C(13)–C(14) 112.7(7) 
C(8)–C(13)–C(14) 112.2(7) 

C(20)–C(13)–H(13) 106.5 
C(8)–C(13)–H(13) 106.5 
C(14)–C(13)–H(13) 106.5 
C(15)–C(14)–C(19) 117.8(9) 
C(15)–C(14)–C(13) 119.9(8) 
C(19)–C(14)–C(13) 122.1(9) 
C(14)–C(15)–C(16) 122.5(10) 
C(14)–C(15)–H(15) 118.8 
C(16)–C(15)–H(15) 118.8 
C(17)–C(16)–C(15) 119.1(11) 
C(17)–C(16)–H(16) 120.4 
C(15)–C(16)–H(16) 120.4 
C(16)–C(17)–C(18) 118.7(11) 
C(16)–C(17)–H(17) 120.6 
C(18)–C(17)–H(17) 120.6 
C(17)–C(18)–C(19) 124.8(11) 
C(17)–C(18)–H(18) 117.6 
C(19)–C(18)–H(18) 117.6 
C(18)–C(19)–C(14) 117.0(10) 
C(18)–C(19)–H(19) 121.5 
C(14)–C(19)–H(19) 121.5 
C(25)–C(20)–C(21) 116.1(9) 
C(25)–C(20)–C(13) 124.0(9) 
C(21)–C(20)–C(13) 119.9(8) 
C(22)–C(21)–C(20) 123.2(11) 
C(22)–C(21)–H(21) 118.4 
C(20)–C(21)–H(21) 118.4 
C(21)–C(22)–C(23) 119.0(12) 
C(21)–C(22)–H(22) 120.5 
C(23)–C(22)–H(22) 120.5 
C(24)–C(23)–C(22) 119.7(12) 
C(24)–C(23)–H(23) 120.2 
C(22)–C(23)–H(23) 120.2 
C(23)–C(24)–C(25) 119.4(12) 
C(23)–C(24)–H(24) 120.3 
C(25)–C(24)–H(24) 120.3 
C(20)–C(25)–C(24) 122.1(10) 
C(20)–C(25)–H(25) 119.0 
C(24)–C(25)–H(25) 119.0 
C(27)–C(26)–C(12) 113.5(6) 
C(27)–C(26)–C(33) 114.1(7) 
C(12)–C(26)–C(33) 111.5(7) 
C(27)–C(26)–H(26) 105.6 
C(12)–C(26)–H(26) 105.6 
C(33)–C(26)–H(26) 105.6 
C(32)–C(27)–C(28) 118.3(9) 
C(32)–C(27)–C(26) 122.5(9) 
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C(28)–C(27)–C(26) 119.2(8) 
C(29)–C(28)–C(27) 122.0(10) 
C(29)–C(28)–H(28) 119.0 
C(27)–C(28)–H(28) 119.0 
C(30)–C(29)–C(28) 118.4(12) 
C(30)–C(29)–H(29) 120.8 
C(28)–C(29)–H(29) 120.8 
C(31)–C(30)–C(29) 122.4(11) 
C(31)–C(30)–H(30) 118.8 
C(29)–C(30)–H(30) 118.8 
C(30)–C(31)–C(32) 120.4(11) 
C(30)–C(31)–H(31) 119.8 
C(32)–C(31)–H(31) 119.8 
C(27)–C(32)–C(31) 118.4(10) 
C(27)–C(32)–H(32) 120.8 
C(31)–C(32)–H(32) 120.8 
C(38)–C(33)–C(34) 120.4(8) 
C(38)–C(33)–C(26) 121.5(8) 
C(34)–C(33)–C(26) 118.1(8) 
C(38)–C(33)–H(33) 90.6 
C(34)–C(33)–H(33) 90.6 
C(26)–C(33)–H(33) 90.6 
C(33)–C(34)–C(35) 118.8(9) 
C(33)–C(34)–H(34) 120.6 
C(35)–C(34)–H(34) 120.6 
C(36)–C(35)–C(34) 122.0(9) 
C(36)–C(35)–H(35) 119.0 
C(34)–C(35)–H(35) 119.0 
C(35)–C(36)–C(37) 118.5(9) 
C(35)–C(36)–H(36) 120.7 
C(37)–C(36)–H(36) 120.7 
C(36)–C(37)–C(38) 121.2(10) 
C(36)–C(37)–H(37) 119.4 
C(38)–C(37)–H(37) 119.4 
C(33)–C(38)–C(37) 119.0(9) 
C(33)–C(38)–H(38) 120.5 
C(37)–C(38)–H(38) 120.5 

C(10)–C(39)–H(39A) 109.5 
C(10)–C(39)–H(39B) 109.5 

H(39A)–C(39)–H(39B) 109.5 
C(10)–C(39)–H(39C) 109.5 

H(39A)–C(39)–H(39C) 109.5 
H(39B)–C(39)–H(39C) 109.5 

N(4)–C(40)–C(41) 120.5(7) 
N(4)–C(40)–H(40) 119.8 
C(41)–C(40)–H(40) 119.8 
N(3)–C(41)–C(42) 122.6(7) 
N(3)–C(41)–C(40) 115.4(7) 
C(42)–C(41)–C(40) 121.9(8) 
C(43)–C(42)–C(41) 119.3(8) 
C(43)–C(42)–H(42) 120.4 
C(41)–C(42)–H(42) 120.4 
C(42)–C(43)–C(44) 119.0(9) 
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C(42)–C(43)–H(43) 120.5 
C(44)–C(43)–H(43) 120.5 
C(45)–C(44)–C(43) 117.9(8) 
C(45)–C(44)–H(44) 121.1 
C(43)–C(44)–H(44) 121.1 
N(3)–C(45)–C(44) 125.3(8) 
N(3)–C(45)–H(45) 117.4 
C(44)–C(45)–H(45) 117.4 
C(47)–C(46)–C(51) 121.4(7) 
C(47)–C(46)–N(4) 118.8(7) 
C(51)–C(46)–N(4) 119.8(7) 
C(48)–C(47)–C(46) 117.2(7) 
C(48)–C(47)–C(52) 122.3(8) 
C(46)–C(47)–C(52) 120.4(7) 
C(49)–C(48)–C(47) 123.1(8) 
C(49)–C(48)–H(48) 118.5 
C(47)–C(48)–H(48) 118.5 
C(50)–C(49)–C(48) 117.9(8) 
C(50)–C(49)–C(78) 121.6(8) 
C(48)–C(49)–C(78) 120.5(9) 
C(49)–C(50)–C(51) 122.7(8) 
C(49)–C(50)–H(50) 118.6 
C(51)–C(50)–H(50) 118.6 
C(50)–C(51)–C(46) 117.4(8) 
C(50)–C(51)–C(65) 124.1(7) 
C(46)–C(51)–C(65) 118.4(7) 
C(53)–C(52)–C(59) 114.2(7) 
C(53)–C(52)–C(47) 114.7(7) 
C(59)–C(52)–C(47) 110.1(7) 
C(53)–C(52)–H(52) 105.6 
C(59)–C(52)–H(52) 105.6 
C(47)–C(52)–H(52) 105.6 
C(54)–C(53)–C(58) 117.0(8) 
C(54)–C(53)–C(52) 123.7(8) 
C(58)–C(53)–C(52) 119.2(8) 
C(53)–C(54)–C(55) 121.4(9) 
C(53)–C(54)–H(54) 119.3 
C(55)–C(54)–H(54) 119.3 
C(56)–C(55)–C(54) 119.1(10) 
C(56)–C(55)–H(55) 120.4 
C(54)–C(55)–H(55) 120.4 
C(57)–C(56)–C(55) 122.1(11) 
C(57)–C(56)–H(56) 119.0 
C(55)–C(56)–H(56) 119.0 
C(56)–C(57)–C(58) 120.4(11) 
C(56)–C(57)–H(57) 119.8 
C(58)–C(57)–H(57) 119.8 
C(57)–C(58)–C(53) 119.9(10) 
C(57)–C(58)–H(58) 120.0 
C(53)–C(58)–H(58) 120.0 
C(60)–C(59)–C(64) 118.9(9) 
C(60)–C(59)–C(52) 120.7(8) 
C(64)–C(59)–C(52) 120.2(8) 
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C(59)–C(60)–C(61) 119.8(10) 
C(59)–C(60)–H(60) 120.1 
C(61)–C(60)–H(60) 120.1 
C(62)–C(61)–C(60) 121.1(11) 
C(62)–C(61)–H(61) 119.4 
C(60)–C(61)–H(61) 119.4 
C(63)–C(62)–C(61) 118.8(11) 
C(63)–C(62)–H(62) 120.6 
C(61)–C(62)–H(62) 120.6 
C(62)–C(63)–C(64) 121.6(11) 
C(62)–C(63)–H(63) 119.2 
C(64)–C(63)–H(63) 119.2 
C(63)–C(64)–C(59) 119.8(10) 
C(63)–C(64)–H(64) 120.1 
C(59)–C(64)–H(64) 120.1 
C(72)–C(65)–C(51) 112.6(7) 
C(72)–C(65)–C(66) 112.2(7) 
C(51)–C(65)–C(66) 112.4(7) 
C(72)–C(65)–H(65) 106.4 
C(51)–C(65)–H(65) 106.4 
C(66)–C(65)–H(65) 106.4 
C(71)–C(66)–C(67) 120.1(9) 
C(71)–C(66)–C(65) 119.2(8) 
C(67)–C(66)–C(65) 120.7(8) 
C(66)–C(67)–C(68) 119.7(10) 
C(66)–C(67)–H(67) 120.1 
C(68)–C(67)–H(67) 120.1 
C(69)–C(68)–C(67) 119.4(10) 
C(69)–C(68)–H(68) 120.3 
C(67)–C(68)–H(68) 120.3 
C(68)–C(69)–C(70) 121.3(11) 
C(68)–C(69)–H(69) 119.3 
C(70)–C(69)–H(69) 119.3 
C(69)–C(70)–C(71) 117.3(11) 
C(69)–C(70)–H(70) 121.3 
C(71)–C(70)–H(70) 121.3 
C(66)–C(71)–C(70) 122.0(10) 
C(66)–C(71)–H(71) 119.0 
C(70)–C(71)–H(71) 119.0 
C(77)–C(72)–C(73) 119.1(8) 
C(77)–C(72)–C(65) 119.4(8) 
C(73)–C(72)–C(65) 121.5(8) 
C(72)–C(73)–C(74) 119.8(10) 
C(72)–C(73)–H(73) 120.1 
C(74)–C(73)–H(73) 120.1 
C(75)–C(74)–C(73) 118.7(10) 
C(75)–C(74)–H(74) 120.6 
C(73)–C(74)–H(74) 120.6 
C(76)–C(75)–C(74) 120.9(10) 
C(76)–C(75)–H(75) 119.5 
C(74)–C(75)–H(75) 119.5 
C(75)–C(76)–C(77) 121.5(11) 
C(75)–C(76)–H(76) 119.3 
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C(77)–C(76)–H(76) 119.3 
C(72)–C(77)–C(76) 119.8(10) 
C(72)–C(77)–H(77) 120.1 
C(76)–C(77)–H(77) 120.1 

C(49)–C(78)–H(78A) 109.5 
C(49)–C(78)–H(78B) 109.5 

H(78A)–C(78)–H(78B) 109.5 
C(49)–C(78)–H(78C) 109.5 

H(78A)–C(78)–H(78C) 109.5 
H(78B)–C(78)–H(78C) 109.5 

Table S4. Bond Lengths (Å) and angles (°) for 2b. 

Co(1)–N(1) 2.040(3) 
Co(1)–N(2) 2.046(3) 
Co(1)–Cl(2) 2.2164(12) 
Co(1)–Cl(1) 2.2183(13) 
N(1)–C(6) 1.331(5) 
N(1)–C(2) 1.345(5) 
N(2)–C(1) 1.270(5) 
N(2)–C(7) 1.502(5) 
C(1)–C(2) 1.479(6) 
C(1)–H(1) 0.9300 
C(2)–C(3) 1.377(6) 
C(3)–C(4) 1.380(6) 
C(3)–H(3) 0.9300 
C(4)–C(5) 1.350(6) 
C(4)–H(4) 0.9300 
C(5)–C(6) 1.387(6) 
C(5)–H(5) 0.9300 
C(6)–H(6) 0.9300 
C(7)–C(13) 1.511(6) 
C(7)–C(14) 1.520(6) 
C(7)–C(8) 1.542(6) 
C(8)–C(9) 1.548(6) 

C(8)–H(8A) 0.9700 
C(8)–H(8B) 0.9700 
C(9)–C(10) 1.510(7) 
C(9)–C(12) 1.535(8) 
C(9)–C(11) 1.547(8) 

C(10)–H(10A) 0.9600 
C(10)–H(10B) 0.9600 
C(10)–H(10C) 0.9600 
C(11)–H(11A) 0.9600 
C(11)–H(11B) 0.9600 
C(11)–H(11C) 0.9600 
C(12)–H(12A) 0.9600 
C(12)–H(12B) 0.9600 
C(12)–H(12C) 0.9600 
C(13)–H(13A) 0.9600 
C(13)–H(13B) 0.9600 
C(13)–H(13C) 0.9600 
C(14)–H(14A) 0.9600 
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C(14)–H(14B) 0.9600 
C(14)–H(14C) 0.9600 

N(1)–Co(1)–N(2) 81.61(13) 
N(1)–Co(1)–Cl(2) 110.74(10) 
N(2)–Co(1)–Cl(2) 117.71(9) 
N(1)–Co(1)–Cl(1) 111.40(10) 
N(2)–Co(1)–Cl(1) 119.08(10) 
Cl(2)–Co(1)–Cl(1) 112.06(5) 

C(6)–N(1)–C(2) 118.1(4) 
C(6)–N(1)–Co(1) 129.8(3) 
C(2)–N(1)–Co(1) 112.1(3) 
C(1)–N(2)–C(7) 121.7(4) 

C(1)–N(2)–Co(1) 112.0(3) 
C(7)–N(2)–Co(1) 126.2(3) 
N(2)–C(1)–C(2) 119.6(4) 
N(2)–C(1)–H(1) 120.2 
C(2)–C(1)–H(1) 120.2 
N(1)–C(2)–C(3) 122.2(4) 
N(1)–C(2)–C(1) 114.6(4) 
C(3)–C(2)–C(1) 123.2(4) 
C(2)–C(3)–C(4) 118.7(4) 
C(2)–C(3)–H(3) 120.7 
C(4)–C(3)–H(3) 120.7 
C(5)–C(4)–C(3) 119.6(4) 
C(5)–C(4)–H(4) 120.2 
C(3)–C(4)–H(4) 120.2 
C(4)–C(5)–C(6) 119.0(4) 
C(4)–C(5)–H(5) 120.5 
C(6)–C(5)–H(5) 120.5 
N(1)–C(6)–C(5) 122.4(4) 
N(1)–C(6)–H(6) 118.8 
C(5)–C(6)–H(6) 118.8 

N(2)–C(7)–C(13) 113.7(4) 
N(2)–C(7)–C(14) 104.5(3) 
C(13)–C(7)–C(14) 109.4(4) 
N(2)–C(7)–C(8) 107.2(3) 
C(13)–C(7)–C(8) 113.8(4) 
C(14)–C(7)–C(8) 107.6(4) 
C(7)–C(8)–C(9) 123.1(4) 

C(7)–C(8)–H(8A) 106.5 
C(9)–C(8)–H(8A) 106.5 
C(7)–C(8)–H(8B) 106.5 
C(9)–C(8)–H(8B) 106.5 

H(8A)–C(8)–H(8B) 106.5 
C(10)–C(9)–C(12) 112.2(5) 
C(10)–C(9)–C(11) 107.9(4) 
C(12)–C(9)–C(11) 107.0(5) 
C(10)–C(9)–C(8) 113.9(4) 
C(12)–C(9)–C(8) 110.9(4) 
C(11)–C(9)–C(8) 104.3(5) 

C(9)–C(10)–H(10A) 109.5 
C(9)–C(10)–H(10B) 109.5 

H(10A)–C(10)–H(10B) 109.5 
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C(9)–C(10)–H(10C) 109.5 
H(10A)–C(10)–H(10C) 109.5 
H(10B)–C(10)–H(10C) 109.5 

C(9)–C(11)–H(11A) 109.5 
C(9)–C(11)–H(11B) 109.5 

H(11A)–C(11)–H(11B) 109.5 
C(9)–C(11)–H(11C) 109.5 

H(11A)–C(11)–H(11C) 109.5 
H(11B)–C(11)–H(11C) 109.5 

C(9)–C(12)–H(12A) 109.5 
C(9)–C(12)–H(12B) 109.5 

H(12A)–C(12)–H(12B) 109.5 
C(9)–C(12)–H(12C) 109.5 

H(12A)–C(12)–H(12C) 109.5 
H(12B)–C(12)–H(12C) 109.5 

C(7)–C(13)–H(13A) 109.5 
C(7)–C(13)–H(13B) 109.5 

H(13A)–C(13)–H(13B) 109.5 
C(7)–C(13)–H(13C) 109.5 

H(13A)–C(13)–H(13C) 109.5 
H(13B)–C(13)–H(13C) 109.5 

C(7)–C(14)–H(14A) 109.5 
C(7)–C(14)–H(14B) 109.5 

H(14A)–C(14)–H(14B) 109.5 
C(7)–C(14)–H(14C) 109.5 

H(14A)–C(14)–H(14C) 109.5 
H(14B)–C(14)–H(14C) 109.5 

 


