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(1) Experimental details 

1.1 General remarks 

Manipulation of air-sensitive complexes were performed under a controlled dry argon 

or nitrogen atmosphere using standard Schlenk techniques. Glassware was stored in an 

oven at 150°C for at least 4 hours and evacuated before use. The monomers (cyclohexane 

oxide, epichlorohydrin, 4-vinyl cyclohexene oxide, 1,2-epoxyhexane) were dried by 

refluxing over CaH2 for 3 days and distilled under nitrogen atmosphere prior to use. All 

other reagents and solvents (ZnCl2, ZnEt2, Zn(OAc)2, phthalic anhydride) were 

commercially available and used without further purification. Compounds 1 were prepared 

using literature procedures. 1 1H and 13C{1H} NMR spectra were recorded on Bruker 

Avance-400 or Avance-500 spectrometers. The two-dimensional HMBC and 11B{1H} NMR 

spectra were measured with an Avance-500 instrument. 1H and 13C{1H} NMR spectra were 

calibrated against the residual signal of the solvent as internal references. The 11B{1H} 

NMR were calibrated against external standards (δ 11B(BF3∙Et2O) = 0.00). High-resolution 

mass spectra were measured with a Bruker Daltonics Autoflex II TM MALDI-TOF 

spectrometer. Gel Permeation Chromatography (GPC) analysis was perfomed using 

tetrahydrofuran as eluent (flow rate: 1 mL/min, at 40 °C) on a PL 50 apparatus, with 

molecular weights and molecular weight distributions reported relative to polystyrene 

standards. 

1.2 The synthesis of complexes 2a-2d 

A mixture of 1 (0.20 mmol) and Zn(OAC)2 ( 55 mg, 0.30 mmol ) was stirred in ethanol at 

room temperature for 24 hours. The reaction mixture gradually changed from turbid to clear 

and transparent. The resulting solution was then concentrated until microcrystals began to 

form. Upon the addition of n-hexane, a yellow solid (2a-2d) was obtained. 

2a. Yield: 109 mg, 83%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.59 (s, 4H, N=CH), 7.60 (d, 

J = 8 Hz, 4H, HPh), 7.25 (t, J = 8.0 Hz, 4H, HPh), 7.05-6.90 (m, 8H, HPh), -2.19 (s, 2H, B-H-B); 

13C{1H} NMR (100.61 MHz, Acetone-d6): δ 163.34 (N=CH),162.37(CPh), 135.59 (CPh), 

133.47 (CPh), 122.04 (CPh), 121.07 (CPh), 118.16 (CPh), 78.02 (Co-carb); 11B{1H} NMR (160.46 
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MHz, Acetone-d6): δ -11.78, -19.53, -22.47,-34.50,-37.07. HRMS (ESI): m/z calcd. For 

[C16H19O2N2B9Zn]
－
: 434.1732; found: [2a-Zn(H2O)2]2- : 434.1709. 

2b. Yield: 123 mg, 80%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.52 (s, 4H, N=CH), 

7.66-6.87 (m, 12H, HPh), 1.51 (s, 36H, tBu), -2.29 (s, 2H, B-H-B); 13C{1H} NMR (100.62 

MHz, Acetone-d6): δ 163.09 (N=CH), 161.92 (CPh), 143.03 (CPh), 133.82 (CPh), 131.03 (CPh), 

123.18 (CPh), 119.18 (CPh), 78.41 (Co-carb), 35.65 (CMe3), 30.11 (CMe3); 11B{1H} NMR 

(160.46 MHz, Acetone-d6): δ -9.67, -20.40, -32.28, -34.84; HRMS (ESI): m/z calcd. for 

[C24H35O2N2B9Zn]-: 547.3045; found: [2b-Zn(H2O)2]2- : 547.3013. 

2c. Yield: 144 mg, 82%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.56 (s, 4H, N=CH), 7.54 (d, 

4H, HPh), 7.46 (d, 4H, HPh), 1.52 (s, 36H, tBu), 1.35 (s, 36H, tBu), -2.29 (s, 2H, B-H-B); 

13C{1H} NMR (100.61 MHz, Acetone-d6): δ 163.80 (N=CH), 159.24 (CPh), 142.54 (CPh), 

141.88 (CPh), 130.43 (CPh), 128.95 (CPh),122.72 (CPh), 78.61 (Co-carb), 36.07 (CMe3), 34.74 

(CMe3), 31.55 (CMe3), 30.39 (CMe3); 11B{1H} NMR (160.46 MHz, Acetone-d6): δ -11.28, 

-21.79, -33.97, -36.28. HRMS (ESI): m/z calcd. for [C32H51O2N2B9Zn]-: 658.4194; found 

[2c-Zn(H2O)2]2-: 658.4173. 

2d. Yield: 154 mg, 90%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.50 (s, 4H, N=CH), 8.21 (d, 

4H, HPh), 8.06 (d, 4H, HPh), 1.48 (s, 36H, tBu), -2.25 (s, 2H, B-H-B); 13C{1H} NMR (100.61 

MHz, Acetone-d6): δ 176.35 (N=CH), 162.15 (CPh), 143.14 (CPh), 134.64 (CPh), 131.53 (CPh), 

124.39 (CPh), 119.39 (CPh), 78.68 (Co-carb), 36.00 (CMe3), 29.69 (CMe3); 11B{1H} NMR 

(160 .46MHz, Acetone-d6): δ -14.95, -25.75, -37.82, -40.09. HRMS (ESI): m/z calcd. for 

[C32H49O6N4B9Zn]-: 748.3786; found [2d-Zn(H2O)2]2-: 748.3765. 

1.3 The synthesis of 3a-3d 

To a THF (5 mL) solution of 1 (0.20 mmol) and ZnCl₂ (27 mg, 0.20 mmol), Et₃N (0.40 

mmol) was slowly added at room temperature. The solution gradually changed from clear to 

turbid. After stirring for 12 hours, the mixture was filtered, and the filtrate was concentrated 

under reduced pressure until microcrystals began to form. Upon addition of n-hexane, a 

bright yellow solid (3) was obtained. 

3a. Yield: 99 mg, 96%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.33 (s, 2H, N=CH), 7.38 (d, J 

= 7.6 Hz, 2H, HPh), 7.25 (t, 2H, HPh), 7.06(d, J = 8 Hz, 2H, HPh), 6.75 (t, 2H, HPh), 3.20 (18H, 
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Et), 1.26 (24H, Et); 13C{1H} NMR (100.61 MHz, Acetone-d6): δ 165.52 (N=CH), 161.10 

(CPh), 135.75 (CPh), 133.51 (CPh), 122.52 (CPh), 122.15 (CPh), 117.55 (CPh), 77.99 (Co-carb, 

from HMBC), 47.41 (Et), 9.40 (Et); 11B{1H} NMR (160 .46MHz, Acetone-d6): δ -9.56, -20.31, 

-32.19, -34.77; HRMS (ESI): m/z calcd. for [C16H19O2N2B9Zn]-: 434.1732; found [3a]-: 

434.1712.  

3b. Yield: 116 mg, 92%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.33 (s, 2H, N=CH), 7.14 (d, 

J = 5.5 Hz, 2H, HPh), 6.99 (d, J = 5.9 Hz, 2H, HPh), 6.36 (t, 2H, HPh), 2.93 (18H, Et), 1.48 (s, 

18H, tBu), 1.14 (24H, Et); 13C{1H} NMR (100.61 MHz, Acetone-d6): δ 171.77 (N=CH), 

162.73 (CPh), 142.10 (CPh) , 133.80 (CPh), 129.38 (CPh), 120.88 (CPh), 112.19 (CPh), 78.98, 

79.24 (Co-carb, from HMBC), 47.39 (Et), 35.92 (CMe3), 30.14 (CMe3), 9.34 (Et); 11B{1H}NMR 

(160.46MHz, Acetone-d6): δ -10.22, -20.59, -32.56, -35.15; HRMS (ESI): m/z calcd. For 

[C24H35O2N2B9Zn]-: 546.2942; found [3b]-: 546.2965. 

3c. Yield: 136 mg, 92%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.36 (s, 2H, N=CH), 7.28 (s, 

2H, HPh), 6.97 (s, 2H, HPh), 3.00 (18H, Et), 1.50 (s, 18H, tBu), 1.30 (s, 18H, tBu), 1.18 (t, 

24H, Et); 13C{1H} NMR (100.61 MHz, Acetone-d6): δ 169.83 (N=CH), 163.07 (CPh), 141.40 

(CPh), 133.53 (CPh), 129.22 (CPh), 127.42 (CPh), 119.60 (CPh), 79.76(Co-carb, from HMBC), 

47.43 (Et3N), 36.19 (CMe3), 34.29 (CMe3), 31.97 (CMe3), 9.47 (Et); 11B{1H} NMR 

(160.46MHz, Acetone-d6): δ -10.16, -12.01, -20.44, -32.51, -34.95; HRMS(ESI): m/z calcd. 

for [C32H51O2N2B9Zn]-: 658.4236; found [3c]-: 658.4220. 

3d. Yield: 135 mg, 94%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.38 (s, 2H, N=CH), 8.14 (s, 

2H, HPh), 8.02 (s, 2H, HPh), 3.08 (s, 24H, Et), 1.49 (s, 18H, tBu), 1.23 (t, 36H, Et); 13C{1H} 

NMR (100.61 MHz, Acetone-d6): δ 177.05 (N=CH), 161.25 (CPh), 143.21 (CPh), 134.02 

(CPh), 131.58 (CPh), 124.18 (CPh), 120.04 (CPh), 78.50(Co-carb, from HMBC), 47.50 (Et3N), 

36.21 (CMe3), 9.21 (Et3N); 11B{1H}NMR (160.46MHz, Acetone-d6): δ -10.42, -20.55, -32.51, 

-35.08; HRMS(ESI): m/z calcd. for [C24H33O6N4B9Zn]-: 636.2685; found [3d]-: 636.2670. 

1.4 The synthesis of 4a-4d   

To a THF (5 mL) solution of 1 (0.20 mmol) and ZnCl₂ (27 mg, 0.20 mmol), Et₃N (1.20 

mmol) was slowly added at room temperature. The solution gradually changed from clear to 

turbid. After stirring for 7 hours, the mixture was filtered, and the filtrate was concentrated 
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under reduced pressure to afford the crude product, which was further purified by column 

chromatography (DCM:Hexane=10:1). 

4a. Yield: 41 mg, 40%.1H NMR (400.13 MHz, Acetone-d6): δ 8.34 (s, 2H, N=CH), 7.40 (d, J 

= 7.7 Hz, 2H, HPh), 7.27(t, 2H, HPh), 7.13(m, 2H, HPh), 6.77 (m, 2H, HPh); 13C{1H} NMR 

(100.61 MHz, Acetone-d6): δ 164.11 (N=CH), 163.11 (CPh), 136.29 (CPh), 134.16 (CPh), 

122.73 (CPh), 121.73 (CPh), 118.72 (CPh), 91.42 (Co-carb, from HMBC); 11B{1H} NMR 

(160 .46MHz, Acetone-d6): δ -9.58, -15.68; HRMS (ESI): m/z calcd. for 

[C16H21O2N2B10ZnNa]+: 470.2556; found [4a+Na]+: 470.2566. 

4b. Yield: 56 mg, 44%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.67 (s, 2H, N=CH), 7.34 (d, J 

= 8 Hz, 2H, HPh), 7.18 (d, J = 8 Hz, 2H, HPh), 6.46 (t, J = 8 Hz, 2H, HPh), 1.48 (s, 18H, tBu); 

13C{1H} NMR (100.61 MHz, Acetone-d6): δ 169.91 (N=CH), 162.96 (CPh), 142.88 (CPh) , 

133.80 (CPh), 133.68 (CPh), 130.83(CPh), 130.74 (CPh), 122.90 (CPh), 89.72 (Co-carb, from 

HMBC), 35.60 (CMe3); 11B{1H} NMR (160.46MHz, Acetone-d6): δ -8.56, -12.5; HRMS (ESI): 

m/z calcd. for [C24H38O2N2B10Zn]+: 560.3155; found [4b+H]+:560.3259. 

4c. Yield: 77 mg, 52%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.33 (s, 2H, N=CH), 7.26 (s, 

2H, HPh), 6.95 (s, 2H, HPh), 1.49 (s, 18H, tBu), 1.29 (s, 18H, tBu); 13C{1H} NMR (100.61 

MHz, Acetone-d6): δ 163.71 (N=CH), 142.40 (CPh), 132.41 (CPh), 130.20(CPh), 129.42 (CPh),  

128.61 (CPh), 90.74 (Co-carb, from HMBC), 36.20 (CMe3), 34.72 (CMe3), 31.76 (CMe3), 30.49 

(CMe3); 11B {1H} NMR (160.46MHz, Acetone-d6): δ -7.2, -12.11,-14.24. 

4d. Yield: 59 mg, 41%. 1H NMR (400.13 MHz, Acetone-d6): δ 8.40 (s, 2H, N=CH), 8.15 (s, 

2H, HPh), 8.02 (s, 2H, HPh), 1.49 (s, 18H, tBu); 13C{1H} NMR (100.61 MHz, Acetone-d6): δ 

176.49  (N=CH), 162.22 (CPh), 143.20 (CPh), 134.67 (CPh), 131.62 (CPh), 124.41 (CPh), 

119.53 (CPh), 92.34(Co-carb, from HMBC), 36.10 (CMe3); 11B{1H} NMR (160.46MHz, 

Acetone-d6): δ -7.22, -12.25.  

1.5 The synthesis of 1b and 1d 

A flask equipped with Dean-Stark distillation apparatus was added toluene (20 mL), the 

corresponding aldehyde (11.5 mmol), compound 1 (1.00 g, 5.75 mmol) and a few drops of 

trifluoroacetic acid. After the mixture was refluxed for 6 hours, all the volatiles were 

removed under reduced pressure to give a slightly orange crude product, which was 
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recrystallized in ethanol to afford 1 as yellow solid. 

1b. Yield: 1.842 g, 65%. 1H NMR (400.13 MHz, CDCl3): δ 11.77 (s, 2H, OH), 8.72 (s, 2H, 

N=CH), 7.46 (d, 2H, HPh), 7.28 (d, 2H, HPh), 6.92 (t, 2H, HPh), 1.39 (s, 18H, tBu); 13C{1H} 

NMR (100.61 MHz, CDCl3): δ 171.41 (N=CH), 160.74 (CPh), 138.31 (CPh), 132.76 (CPh), 

132.23 (CPh), 119.19 (CPh), 117.87 (CPh), 93.81 (Ccage), 35.12 (CMe3), 29.44 (CMe3); 11B{1H} 

NMR (160.46 MHz, CDCl3): δ -7.49, -9.43, -12.30. HRMS(ESI): m/z calcd. for 

[C24H38O2N2B9]-: 484.3829; found: [1b]-: 484.3818. 

1d. Yield: 1.996 g, 61%. 1H NMR (400.13 MHz, CDCl3): δ 12.56 (s, 2H, OH), 8.86 (s, 2H, 

N=CH), 8.34 (s, 4H, HPh), 1.41 (s, 18H, tBu); 13C{1H} NMR (100.61 MHz, CDCl3): δ 170.75 

(N=CH), 165.35 (CPh), 140.37 (CPh), 140.06 (CPh), 128.28 (CPh), 127.49 (CPh), 116.97 (CPh), 

92.28 (Ccage), 35.60 (CMe3), 29.07 (CMe3); 11B{1H} NMR (160.46 MHz, CDCl3): δ -7.80, 

-12.35. HRMS (ESI): m/z calcd. for [C24H36O6N4B9]-: 574.3509, found [1d]-: 574.3520. 

(2) NMR Spectra 

 
Figure S1. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 2a. 
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Figure S2. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 2a. 

 

Figure S3. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 2a. 
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Figure S4. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 2b. 

 

 

Figure S5. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 2b. 
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Figure S6. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 2b. 

 

 

Figure S7. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 2c. 
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Figure S8. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 2c. 

 
Figure S9. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 2c 
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Figure S10 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 2d. 

 

 

Figure S11. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 2d. 
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Figure S12. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 2d. 

 

 

Figure S13. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 3a. 
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Figure S14. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 3a. 

 

 
Figure S15. 1H-13C HMBC (Acetone-d6) spectrum of compound 3a. 
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Figure S16. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 3a. 

 

 

Figure S17. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 3b. 
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Figure S18. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 3b. 

 

 

Figure S19. 1H-13C HMBC (Acetone-d6) spectrum of compound 3b. 
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Figure S20. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 3b. 

 

Figure S21. 1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 3c. 
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Figure S22. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 3c. 

 

Figure S23. 1H-13C HMBC (Acetone-d6) spectrum of compound 3c. 



18 
 

 

Figure S24. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 3c. 

 

 

Figure S25.1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 3d. 
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Figure S26. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 3d. 

 

Figure S27. 1H-13C HMBC (Acetone-d6) spectrum of compound 3d. 
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Figure S28. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 3d. 

 

 
Figure S29.1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 4a 
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Figure S30. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 4a. 

 

Figure S31. 1H-13C HMBC (Acetone-d6) spectrum of compound 4a 
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Figure S32. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 4a 

 
Figure S33.1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 4b 
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Figure S34. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 4b 

 

 
Figure S35. 1H-13C HMBC (Acetone-d6) spectrum of compound 4b 
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Figure S36. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 4b 

 

 

Figure S37.1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 4c 
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Figure S38. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 4c 

 

Figure S39 11H-13C HMBC (Acetone-d6) spectrum of compound 4c 
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Figure S40. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 4c 

 

 
Figure S41.1H NMR (Acetone-d6, 400.13 MHz) spectrum of compound 4d 
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Figure S42. 13C{1H} NMR (Acetone-d6, 100.62 MHz) spectrum of compound 4d 

 

Figure S43. 1H-13C HMBC (Acetone-d6) spectrum of compound 4d 
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Figure S44. 11B{1H} NMR (Acetone-d6, 160.46 MHz) spectrum of compound 4d 

 

Figure S45. 1H NMR (CDCl3, 400.13 MHz) spectrum of compound 1b. 
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Figure S46. 13C{1H} NMR (CDCl3, 100.62 MHz) spectrum of compound 1b. 

 

 

Figure S47. 11B{1H} NMR (CDCl3, 160.46 MHz) spectrum of compound 1b 
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Figure S48. 1H NMR (CDCl3, 400.13 MHz) spectrum of compound 1d. 

 

Figure S49. 13C{1H} NMR (CDCl3, 100.62 MHz) spectrum of compound 1d. 
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Figure S50. 11B{1H} NMR (CDCl3, 160.46 MHz) spectrum of compound 1d. 

 

(3) General Procedure for ROCOP 

The polymerization was carried out using standard Schlenk techniques. A 25 mL reaction 

tubes was charged with the desired amounts of zinc catalysts, co-catalysts (PPNCl), 

phthalic anhydride, freshly distilled epoxides (2.55 mmol) and 5 mL toluene. The reaction 

mixture was heated and stirred for desired time, during which time an increase in viscosity 

was observed. The reaction was quenched by addition of a few drops of 1 M HCl aqueous 

solution. The polymer was isolated by methanol precipitation, filtering, and drying under 

vacuum at 50 °C for 6 h. 

Following the optimization of the model ROCOP (catalyst 3b, catalyst/co-catalyst ratio; 

1:4, reaction time: 16 hours, temperature: 110 oC.), various co-monomers were explored to 

assess the scope for producing structurally diverse polyesters. (Table S1) 
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Figure S51.1H NMR ( DMSO-d6, 400.13 MHz) spectrum of Table1 entry 7. 

 
Figure S52.1H NMR (DMSO-d6, 400.13 MHz) spectrum of Table S2 entry 1. 
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Figure S53.1H NMR (DMSO-d6, 400.13 MHz) spectrum of Table S2 entry 2. 

 

 

Figure S54.1H NMR (DMSO-d6, 400.13 MHz) spectrum of Table S2 entry 3. 
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(4) GPC data of polymers 

 

Figure S55. GPC data of Table1 entry 13. 

 

Figure S56. GPC data of Table S2 entry 1. 
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Figure S57. GPC data of Table S2 entry 2. 

 

Figure S58. GPC data of Table S2 entry 3. 

(5) X-ray crystallographic details 

For X-ray structure analyses, the oil-coated crystals were mounted onto a loop, and the 

diffraction data were collected on a Bruker Smart Apex II or Bruker D8-Venture 

diffractometer with graphite-monochromated Mo Kα (λ = 0.71073 Å) at the requested 
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temperature . An empirical (multi-scan) absorption correction was applied with the program 

SADABS.2 The structures were solved by Olex23 with the ShelXT 4 solution program using 

the intrinsic phasing method and subsequently refined on F2 with the ShelXL5 refinement 

package (SHELXL-2014) using full-matrix least-squares minimization techniques. If not 

noted otherwise, all non-hydrogen atoms were refined anisotropically, and hydrogen atoms 

were located at calculated positions or found in the ΔF map. Figures of the solid-state 

molecular structures were generated using XP as implemented in the SHELXTL program. 

Molecular structures of 2a, 3b and 4a, as well as the pertinent structure parameters, 

were given in Fig. S59-S61. Crystal data, data collection parameters, and the results of the 

analysis of these compounds are listed in Tables S1. Crystallographic data for the structures of 

compounds reported in this paper have been deposited with the Cambridge Crystallographic Data 

Center as supplementary publication numbers CCDC 2444573-2444575. 

 

Figure S59. Molecular structure of 2a. Molecular structure of 2a (Some of the hydrogen atoms are 

omitted for clarity, ellipsoids set at the 30% probability level). Selected bond lengths (Å) and angles(°): 

C(1)-C(2) 1.594(6), Zn(1)-Zn(2) 3.1277(7), Zn(1)-O(1) 1.993(3), Zn(1)-O(2) 1.981(3), Zn(1)-O(3) 

2.046(3), Zn(1)-N(1) 2.042(3), Zn(1)-N(2) 2.044(3), Zn(2)-O(1) 2.103(3), Zn(2)-O(2) 2.123(3), Zn(2)-O(4) 

2.048(3), N(1)-C(1) 1.446(5), N(1)-C(3) 1.280(5), N(2)-C(2) 1.436(5), N(2)-C(10) 1.284(5); 

O(1)-Zn(1)-O(3) 97.09(12), O(1)-Zn(1)-N(1) 89.98(12), O(1)-Zn(1)-N(2) 152.95(13), O(2)-Zn(1)-O(1) 

81.70(11), O(2)-Zn(1)-O(3) 100.86(12), O(2)-Zn(1)-N(1) 150.72(13), O(2)-Zn(1)-N(2) 91.72(12), 

O(3)-Zn(1)-Zn(2) 111.59(8), N(1)-Zn(1)-Zn(2) 119.03(10), N(1)-Zn(1)-O(3) 108.03(13), N(1)-Zn(1)-N(2) 

83.02(13), N(2)-Zn(1)-Zn(2) 121.86(10), N(2)-Zn(1)-O(3) 109.93(13), Zn(1A)-Zn(2)-Zn(1) 100.32(3), 

O(1A)-Zn(2)-Zn(1) 81.18(8), O(1) -Zn(2)-O(1A) 86.77(16), O(1A)-Zn(2)-O(2) 93.06(11), 
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O(1A)-Zn(2)-O(2A) 75.94(11), O(1)-Zn(2)-O(2) 75.94(11), O(1)-Zn(2)-O(2A) 93.06(11), 

O(2A)-Zn(2)-Zn(1) 127.84(8), O(2)-Zn(2)-O(2A) 165.01(15), O(4)-Zn(2)-Zn(1) 134.08(10), 

O(4)-Zn(2)-Zn(1A) 100.30(9), O(4A)-Zn(2)-O(1) 90.00(12), O(4)-Zn(2)-O(1) 172.77(13), 

O(4A)-Zn(2)-O(2) 92.42(12), O(4)-Zn(2)-O(2) 97.80(12), O(4)-Zn(2)-O(4A) 93.92(19), C(1)-N(1)-Zn(1) 

115.0(3), C(3)-N(1)-Zn(1) 124.4(3), C(3)-N(1)-C(1) 120.5(4), C(2)-N(2)-Zn(1) 114.8(3), C(10)-N(2)-Zn(1) 

123.8(3), C(10)-N(2)-C(2) 121.4(4), N(1)-C(1)-C(2) 112.4(3), N(2)-C(2)-C(1) 113.0(3) 

 

Figure S60. Molecular structure of 3a (Some of the hydrogen atoms are omitted for clarity, ellipsoids set 

at the 30% probability level). Selected bond lengths (Å) and angles(°): C(1)-C(2) 1.584(4), Zn(1)-Cl(1) 

2.3454(13), Zn(1)-O(1) 2.027(2), Zn(1)-O(2) 1.955(2), Zn(1)-N(1) 2.133(3), Zn(1)-N(2) 2.107(2); 

O(1)-Zn(1)-Cl(1) 107.51(7), O(1)-Zn(1)-N(1) 82.54(9) , O(1)-Zn(1)-N(2) 137.85(9), O(2)-Zn(1)-Cl(1) 

103.43(8), O(2)-Zn(1)-O(1) 95.10(8), O(2)-Zn(1)-N(1) 157.74(10), O(2)-Zn(1)-N(2) 88.52(9), 

N(1)-Zn(1)-Cl(1) 98.35(8), N(2)-Zn(1)-Cl(1) 112.41(7), N(2)-Zn(1)-N(1) 78.91(10), C(1)-N(1)-Zn(1) 

117.25(18), C(2)-N(2)-Zn(1) 117.97(18), C(3)-N(2)-Zn(1) 123.0(2). 

 

Figure S61. Molecular structure of 4a (Some of the hydrogen atoms are omitted for clarity, ellipsoids set 

at the 30% probability level). Selected bond lengths (Å) and angles(o): C1-C(1A) 1.667(5), Zn1-O1 

1.973(2), Zn1-O2 2.012(3), Zn1-N1 2.124(2), N1-C1 1.421(3), N1-C2 1.291(3); O(1A)-Zn1-O1 92.87(13), 

O(1A)-Zn1-O2 102.20(9), O1-Zn1-O2 102.20(9), O1-Zn1-N1 87.59(9), O1-Zn1-N(1A) 153.88(10), 

O(1A)-Zn1-N1 153.88(10), O(1A)-Zn1-N(1A) 87.59(9), O2-Zn1-N(1A) 103.21(9), O2-Zn1-N1 103.21(9), 

N(1A)-Zn1-N1 80.87(12), C1-N1-Zn1 115.94(17), C2-N1-Zn1 125.00(19), C2-N1-C1  118.9(2), 

N1-C1-C11 112.49(14). 



38 
 

Table S1. Details of crystallographic data for 2a, 3a and 4a  

 2a 3b 4a 

Empirical formula C48H84B18N4O14Zn3 C37H69B9Cl4N4O2Zn C16H22B10N2O3Zn 

Formula weight 1331.88 906.42 463.82 

Temperature (K) 106.55 296.15 173.00 

Wavelength (Å) 0.71073 0.71073 0.71073 

Crystal system monoclinic triclinic orthorhombic 

space group C2/c P-1 Pnma 

a (Å) 31.280(3) 10.390(6) 8.8274(8) 

b (Å) 13.2146(11) 12.226(7) 17.7768(12) 

c (Å) 22.686(4) 22.240(13) 13.8438(12) 

 (°) 90 103.925(12) 90 

 (°) 128.651(2) 99.199(12) 90 

 (°) 90 97.975(12) 90 

V (Å 3) 7323.3(14) 2660(3) 2172.4(3) 

Z 4 2 4 

Dcalcd (g / cm3) 1.208 1.132 1.418 

µ (mm-1) 1.029 0.695 1.153 

F(000) 2768.0 956.0 944.0 

θ range (°) 3.334 ~ 56.664 3.492 ~ 61.01 5.474 ~ 58.23 

Limiting indices -41 ≤ h ≤ 33,-17 ≤ k ≤ 17, -28 ≤ l ≤ 30 -14 ≤ h ≤ 14, -17 ≤ k ≤ 16, -31 ≤ l ≤ 31 -12 ≤ h ≤ 12, -24 ≤ k ≤ 19, -16 ≤ l ≤ 18 

Ref. collected/unique 29602/9077 34030/14512 12163/2981 

Rint 0.0810 0.0744 0.0937 

Data / restraints / parameters 9077/475/422 14512/524/550 2981/1/158 

GOOF a 1.007 0.960 1.052 

Final R indices [I > 2(I)] b R1 = 0.0501, wR2 = 0.1088 R1 = 0.0642, wR2 = 0.1417 R1 = 0.0498, wR2 = 0.1107 

R indices (all data) R1 = 0.0974, wR2 = 0.1264 R1 = 0.1441, wR2 = 0.1737 R1 = 0.0741, wR2 = 0.1251 

Δρmax, min (e/Å3) 0.62/-0.56 0.43/-0.55 0.37/-0.56 

a Goodness-of-fit on F2  b R1 = ||Fo|-|Fc||/|Fo|, wR2 = [Σw(Fo
2-Fc

2)2/Σw(Fo
2)
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