
 

S1 

Supplementary Information 
 

Synthesis of Bis-Strychnos Alkaloids (–)-Sungucine, (–)-Isosungucine, and (–)-

Strychnogucine B from (–)-Strychnine 

 

Senzhi Zhao,
a
 Christiana N. Teijaro,

a
 Heng Chen,

a
 Gopal Sirasani,

a
 Shivaiah Vaddypally,

a
  

Owen O’Sullivan,
a
 Michael J. Zdilla,

a
 Graham E. Dobereiner  

a
 and Rodrigo B. Andrade  ⃰ 

,a 

 

a
Department of Chemistry, Temple University, 19122 Philadelphia-PA, USA 

 

 

 

General information 

 

Single crystal X-ray diffraction was performed with a Mo Kα radiation obtained from a sealed 

molybdenum tube with a monochromator. The structure was solved using direct methods and refined using full-

matrix least squares (SHELXTL). Additional experimental and sample details are given in the crystallographic 

tables. 
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Figure S1. 
1
H NMR spectrum (500 MHz, CDCl3) of 6. 
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Figure S2. 
13

C NMR spectrum (125 MHz, CDCl3) of 6. 
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Figure S3. 
1
H NMR spectrum (500 MHz, CDCl3) of 10. 



 

S5 

Figure S4. 
13

C NMR spectrum (125 MHz, CDCl3) of 10. 
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Figure S5. 
1
H NMR spectrum (500 MHz, CDCl3) of 13. 
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Figure S6. 
13

C NMR spectrum (125 MHz, CDCl3) of 13. 
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Figure S7. 
1
H NMR spectrum (500 MHz, CDCl3) of 16. 
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Figure S8. 
13

C NMR spectrum (125 MHz, CDCl3) of 16. 
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Figure S9. 
1
H NMR spectrum (500 MHz, CDCl3) of 20-D. 
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Figure S10. 
13

C NMR spectrum (125 MHz, CDCl3) of 20-D. 
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Figure S11. 
1
H NMR spectrum (500 MHz, CDCl3) of 24. 
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Figure S12. 
13

C NMR spectrum (125 MHz, CDCl3) of 24. 
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Figure S13. 
1
H NMR spectrum (500 MHz, CDCl3) of 26. 



 

S15 

Figure S14. 
13

C NMR spectrum (125 MHz, CDCl3) of 26. 
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Crystal structure report for 6 

 

A specimen of C23H19F3N2O3, approximate dimensions of 0.040 × 0.160 × 0.220 mm, was used for the  

X-ray crystallographic analysis. The X-ray intensity data were measured. 

The integration of the data using a triclinic unit cell yielded a total of 8438 reflections to a maximum  

θ angle of 28.00° (0.76 Å resolution), of which 7331 were independent (average redundancy 1.151, completeness = 

98.8%, Rint = 1.30%, Rsig = 2.24%) and 7084 (96.63%) were greater than 2σ(F
2
). The final cell constants of a = 

7.2817(10) Å, b = 10.2276(15) Å, c = 13.916(2) Å, α = 77.657(2)°, β = 78.862(2)°, γ = 72.059(2)°, volume = 

954.1(2) Å
3
, are based upon the refinement of the XYZ-centroids of reflections above 20 σ(I). The calculated 

minimum and maximum transmission coefficients (based on crystal size) are 0.6907 and 0.7456. 

The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group 

P 1, with Z = 2 for the formula unit, C23H19F3N2O3. The final anisotropic full-matrix least-squares refinement on F
2
 

with 587 variables converged at R1 = 3.05%, for the observed data and wR2 = 7.83% for all data. The goodness-of-

fit was 1.034. The largest peak in the final difference electron density synthesis was 0.321 eÅ
-3

 and the largest hole 

was –0.214 eÅ
-3

 with an RMS deviation of 0.039 eÅ
-3

. On the basis of the final model, the calculated density was 

1.491 g cm
-3

 and F(000), 444 e
-
. 
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Table S1. Sample and crystal data for 6_1 

Identification code 6_1 

Chemical formula C23H19F3N2O3 

Formula weight / (g mol
-1

) 428.40 

Wavelength / Å 0.71073 

Crystal size / mm 0.040 × 0.160 × 0.220 

Crystal system Triclinic 

Space group P 1 

Unit cell dimensions a = 7.2817(10) Å α = 77.657(2)° 

 
b = 10.2276(15) Å β = 78.862(2)° 

 
c = 13.916(2) Å γ = 72.059(2)° 

Volume / Å
3
 954.1(2) 

Z 2 

Density (calculated) / (g cm
-3

) 1.491 

Absorption coefficient / mm
-1

 0.119 

F(000) 444 
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Table S2. Data collection and structure refinement for 6_1 

Theta range for data collection / ° 2.12 to 28.00 

Index ranges –9 ≤ h ≤ 7, –13 ≤ k ≤ 13, –18 ≤ l ≤ 18 

Reflections collected 8438 

Independent reflections 7331 [R(int) = 0.0130] 

Max. and min. transmission 0.7456 and 0.6907 

Structure solution technique direct methods 

Structure solution program XS (Sheldrick, 2008) 

Refinement method full-matrix least-squares on F
2
 

Refinement program XL (Sheldrick, 2008) 

Function minimized Σ w(Fo
2
 – Fc

2
)

2
 

Data / restraints / parameters 7331 / 39 / 587 

Goodness-of-fit on F
2
 1.034 

Final R indices 7084 data; I > 2σ(I) R1 = 0.0305, wR2 = 0.0772 

 
all data R1 = 0.0319, wR2 = 0.0783 

Weighting scheme w = 1 / [σ
2
(Fo

2
) + (0.0434P)

2
 + 0.2604P], where P = (Fo

2
 + 2Fc

2
) / 3 

Absolute structure parameter 0.2(2) 

Largest diff. peak and hole / eÅ
-3

 0.321 and –0.214  

R.M.S. deviation from mean / eÅ
-3

 0.039  

 

Table S3. Bond lengths for 6_1 

Bond length / Å 

F1-C10 1.324(3) F2-C10 1.333(3) 

F3-C10 1.351(3) O1-C9 1.227(3) 

O2-C18 1.448(3) O2-C19 1.436(3) 

O3-C21 1.220(3) N1-C1 1.411(3) 

N1-C21 1.379(3) N1-C22 1.488(2) 

N2-C11 1.352(3) N2-C12 1.487(3) 

N2-C13 1.477(3) C1-C2 1.397(3) 
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C1-C6 1.399(3) C2-H2 0.95 

C2-C3 1.384(4) C3-H3 0.95 

C3-C4 1.397(4) C4-H4 0.95 

C4-C5 1.394(4) C5-H5 0.95 

C5-C6 1.382(3) C6-C7 1.513(3) 

C7-C8 1.537(3) C7-C12 1.560(3) 

C7-C22 1.568(3) C8-C9 1.427(3) 

C8-C11 1.377(3) C9-C10 1.553(3) 

C11-H11 0.95 C12-H12 1.0 

C12-C16 1.517(3) C13-H13A 0.99 

C13-H13B 0.99 C13-C14 1.520(3) 

C14-C15 1.528(3) C14-C17 1.326(3) 

C15-H15 1.0 C15-C16 1.534(3) 

C15-C23 1.542(3) C16-H16A 0.99 

C16-H16B 0.99 C17-H17 0.95 

C17-C18 1.509(3) C18-H18A 0.99 

C18-H18B 0.99 C19-H19 1.0 

C19-C20 1.552(3) C19-C23 1.534(3) 

C20-H20A 0.99 C20-H20B 0.99 

C20-C21 1.523(3) C22-H22 1.0 

C22-C23 1.539(3) C23-H23 1.0 

F4-C33 1.276(4) F4A-C33 1.390(12) 

F5-C33 1.333(3) F5A-C33 1.359(8) 

F6-C33 1.329(4) F6A-C33 1.221(9) 

O4-C44 1.223(3) O5-C41 1.435(3) 

O5-C42 1.425(2) O6-C32 1.230(3) 

N3-C24 1.415(3) N3-C44 1.368(3) 

N3-C45 1.489(2) N4-C34 1.340(3) 

N4-C35 1.492(3) N4-C36 1.477(3) 

C24-C25 1.397(3) C24-C29 1.398(3) 

C25-H25 0.95 C25-C26 1.397(3) 
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C26-H26 0.95 C26-C27 1.387(3) 

C27-H27 0.95 C27-C28 1.402(3) 

C28-H28 0.95 C28-C29 1.386(3) 

C29-C30 1.515(3) C30-C31 1.550(3) 

C30-C35 1.544(3) C30-C45 1.572(3) 

C31-C32 1.412(3) C31-C34 1.380(3) 

C32-C33 1.558(3) C34-H34 0.95 

C35-H35 1.0 C35-C39 1.515(3) 

C36-H36A 0.99 C36-H36B 0.99 

C36-C37 1.519(3) C37-C38 1.533(3) 

C37-C40 1.323(3) C38-H38 1.0 

C38-C39 1.537(3) C38-C46 1.541(3) 

C39-H39A 0.99 C39-H39B 0.99 

C40-H40 0.95 C40-C41 1.508(3) 

C41-H41A 0.99 C41-H41B 0.99 

C42-H42 1.0 C42-C43 1.548(3) 

C42-C46 1.539(3) C43-H43A 0.99 

C43-H43B 0.99 C43-C44 1.516(3) 

C45-H45 1.0 C45-C46 1.531(3) 

C46-H46 1.0 
  

 

Table S4. Bond angles for 6_1 

Bond angle / ° 

C19-O2-C18 114.35(16) C1-N1-C22 109.61(16) 

C21-N1-C1 126.11(18) C21-N1-C22 118.19(17) 

C11-N2-C12 108.13(17) C11-N2-C13 121.1(2) 

C13-N2-C12 117.44(18) C2-C1-N1 128.8(2) 

C2-C1-C6 121.5(2) C6-C1-N1 109.76(19) 

C1-C2-H2 121.1 C3-C2-C1 117.8(2) 

C3-C2-H2 121.1 C2-C3-H3 119.2 
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C2-C3-C4 121.5(2) C4-C3-H3 119.2 

C3-C4-H4 120.1 C5-C4-C3 119.9(2) 

C5-C4-H4 120.1 C4-C5-H5 120.2 

C6-C5-C4 119.6(2) C6-C5-H5 120.2 

C1-C6-C7 111.0(2) C5-C6-C1 119.8(2) 

C5-C6-C7 129.2(2) C6-C7-C8 118.73(18) 

C6-C7-C12 113.74(18) C6-C7-C22 102.32(17) 

C8-C7-C12 99.62(17) C8-C7-C22 109.51(18) 

C12-C7-C22 113.39(17) C9-C8-C7 125.09(19) 

C11-C8-C7 107.14(19) C11-C8-C9 126.1(2) 

O1-C9-C8 125.3(2) O1-C9-C10 117.2(2) 

C8-C9-C10 117.38(19) F1-C10-F2 108.05(19) 

F1-C10-F3 107.3(2) F1-C10-C9 111.5(2) 

F2-C10-F3 105.9(2) F2-C10-C9 113.5(2) 

F3-C10-C9 110.32(18) N2-C11-C8 113.2(2) 

N2-C11-H11 123.4 C8-C11-H11 123.4 

N2-C12-C7 103.42(18) N2-C12-H12 108.9 

N2-C12-C16 110.38(18) C7-C12-H12 108.9 

C16-C12-C7 116.13(18) C16-C12-H12 108.9 

N2-C13-H13A 110.1 N2-C13-H13B 110.1 

N2-C13-C14 108.15(16) H13A-C13-H13B 108.4 

C14-C13-H13A 110.1 C14-C13-H13B 110.1 

C13-C14-C15 114.91(19) C17-C14-C13 122.77(19) 

C17-C14-C15 122.23(19) C14-C15-H15 108.8 

C14-C15-C16 110.35(18) C14-C15-C23 114.60(17) 

C16-C15-H15 108.8 C16-C15-C23 105.46(17) 

C23-C15-H15 108.8 C12-C16-C15 108.38(18) 

C12-C16-H16A 110.0 C12-C16-H16B 110.0 

C15-C16-H16A 110.0 C15-C16-H16B 110.0 

H16A-C16-H16B 108.4 C14-C17-H17 119.0 

C14-C17-C18 122.0(2) C18-C17-H17 119.0 
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O2-C18-C17 110.89(17) O2-C18-H18A 109.5 

O2-C18-H18B 109.5 C17-C18-H18A 109.5 

C17-C18-H18B 109.5 H18A-C18-H18B 108.0 

O2-C19-H19 109.3 O2-C19-C20 104.41(17) 

O2-C19-C23 114.66(17) C20-C19-H19 109.3 

C23-C19-H19 109.3 C23-C19-C20 109.73(17) 

C19-C20-H20A 108.4 C19-C20-H20B 108.4 

H20A-C20-H20B 107.5 C21-C20-C19 115.54(18) 

C21-C20-H20A 108.4 C21-C20-H20B 108.4 

O3-C21-N1 123.1(2) O3-C21-C20 123.2(2) 

N1-C21-C20 113.69(17) N1-C22-C7 104.76(16) 

N1-C22-H22 109.8 N1-C22-C23 104.95(16) 

C7-C22-H22 109.8 C23-C22-C7 117.28(17) 

C23-C22-H22 109.8 C15-C23-H23 104.9 

C19-C23-C15 118.85(17) C19-C23-C22 107.40(16) 

C19-C23-H23 104.9 C22-C23-C15 114.53(16) 

C22-C23-H23 104.9 C42-O5-C41 114.63(18) 

C24-N3-C45 109.54(16) C44-N3-C24 125.93(16) 

C44-N3-C45 119.20(16) C34-N4-C35 108.82(17) 

C34-N4-C36 122.36(19) C36-N4-C35 117.40(17) 

C25-C24-N3 128.19(19) C25-C24-C29 121.49(19) 

C29-C24-N3 110.26(17) C24-C25-H25 121.2 

C26-C25-C24 117.6(2) C26-C25-H25 121.2 

C25-C26-H26 119.3 C27-C26-C25 121.33(19) 

C27-C26-H26 119.3 C26-C27-H27 119.8 

C26-C27-C28 120.41(19) C28-C27-H27 119.8 

C27-C28-H28 120.5 C29-C28-C27 119.0(2) 

C29-C28-H28 120.5 C24-C29-C30 110.45(17) 

C28-C29-C24 120.12(19) C28-C29-C30 129.42(19) 

C29-C30-C31 117.70(17) C29-C30-C35 115.17(17) 

C29-C30-C45 102.35(15) C31-C30-C45 109.05(16) 
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C35-C30-C31 99.78(15) C35-C30-C45 113.14(16) 

C32-C31-C30 123.22(18) C34-C31-C30 106.47(19) 

C34-C31-C32 128.2(2) O6-C32-C31 126.01(19) 

O6-C32-C33 115.9(2) C31-C32-C33 118.07(18) 

F4-C33-F5 109.9(3) F4-C33-F6 108.2(3) 

F4-C33-C32 113.3(3) F4A-C33-C32 116.6(6) 

F5-C33-C32 110.19(19) F5A-C33-F4A 96.2(8) 

F5A-C33-C32 110.1(3) F6-C33-F5 105.0(3) 

F6-C33-C32 109.9(2) F6A-C33-F4A 103.6(10) 

F6A-C33-F5A 111.1(10) F6A-C33-C32 117.2(4) 

N4-C34-C31 112.83(19) N4-C34-H34 123.6 

C31-C34-H34 123.6 N4-C35-C30 102.86(16) 

N4-C35-H35 109.0 N4-C35-C39 109.94(17) 

C30-C35-H35 109.0 C39-C35-C30 116.64(17) 

C39-C35-H35 109.0 N4-C36-H36A 110.4 

N4-C36-H36B 110.4 N4-C36-C37 106.51(17) 

H36A-C36-H36B 108.6 C37-C36-H36A 110.4 

C37-C36-H36B 110.4 C36-C37-C38 115.14(19) 

C40-C37-C36 121.95(19) C40-C37-C38 122.8(2) 

C37-C38-H38 108.9 C37-C38-C39 109.51(17) 

C37-C38-C46 114.88(17) C39-C38-H38 108.9 

C39-C38-C46 105.66(16) C46-C38-H38 108.9 

C35-C39-C38 108.28(17) C35-C39-H39A 110.0 

C35-C39-H39B 110.0 C38-C39-H39A 110.0 

C38-C39-H39B 110.0 H39A-C39-H39B 108.4 

C37-C40-H40 118.8 C37-C40-C41 122.5(2) 

C41-C40-H40 118.8 O5-C41-C40 111.12(18) 

O5-C41-H41A 109.4 O5-C41-H41B 109.4 

C40-C41-H41A 109.4 C40-C41-H41B 109.4 

H41A-C41-H41B 108.0 O5-C42-H42 109.2 

O5-C42-C43 104.32(18) O5-C42-C46 114.29(16) 
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C43-C42-H42 109.2 C46-C42-H42 109.2 

C46-C42-C43 110.35(17) C42-C43-H43A 107.8 

C42-C43-H43B 107.8 H43A-C43-H43B 107.2 

C44-C43-C42 117.87(18) C44-C43-H43A 107.8 

C44-C43-H43B 107.8 O4-C44-N3 122.66(19) 

O4-C44-C43 122.21(19) N3-C44-C43 115.11(17) 

N3-C45-C30 104.54(15) N3-C45-H45 109.6 

N3-C45-C46 106.15(15) C30-C45-H45 109.6 

C46-C45-C30 117.12(17) C46-C45-H45 109.6 

C38-C46-H46 105.8 C42-C46-C38 118.32(17) 

C42-C46-H46 105.8 C45-C46-C38 113.56(16) 

C45-C46-C42 106.51(17) C45-C46-H46 105.8 

 

 

Crystal structure report for 10 

 

A specimen of C24.50H27ClN2O4, approximate dimensions of 0.030 × 0.070 × 0.300 mm, was used for the 

X-ray crystallographic analysis. The X-ray intensity data were measured. 

The integration of the data using an orthorhombic unit cell yielded a total of 8738 reflections to a maximum 

θ angle of 21.95° (0.95 Å resolution), of which 4595 were independent (average redundancy 1.902, completeness = 

96.4%, Rint = 4.05%, Rsig = 7.10%) and 3648 (79.39%) were greater than 2σ(F
2
). The final cell constants of a = 

7.188(4) Å, b = 22.411(12) Å, c = 26.507(15) Å, volume = 4270.(4) Å
3
, are based upon the refinement of the XYZ-

centroids of reflections above 20 σ(I). The calculated minimum and maximum transmission coefficients (based on 

crystal size) are 0.6411 and 0.7447. 

The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group 

P 21 21 21, with Z = 8 for the formula unit, C24.50H27ClN2O4. The final anisotropic full-matrix least-squares 

refinement on F
2
 with 568 variables converged at R1 = 4.29%, for the observed data and wR2 = 9.64% for all data. 

The goodness-of-fit was 1.013. The largest peak in the final difference electron density synthesis was 0.201 eÅ
-3

 and 

the largest hole was –0.286 eÅ
-3

 with an RMS deviation of 0.049 eÅ
-3

. On the basis of the final model, the 

calculated density was 1.397 g cm
-3

 and F(000), 1896 e
-
. 
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Table S5. Sample and crystal data for 10_1 

Identification code 10_1 

Chemical formula C24.50H27ClN2O4 

Formula weight / (g mol
-1

) 448.93 

Wavelength / Å 0.71073 

Crystal size / mm 0.030 × 0.070 × 0.300 

Crystal system orthorhombic 

Space group P 21 21 21 

Unit cell dimensions a = 7.188(4) Å α = 90° 

 
b = 22.411(12) Å β = 90° 

 
c = 26.507(15) Å γ = 90° 

Volume / Å
3
 4270.(4)  

Z 8 

Density (calculated) / (g cm
-3

) 1.397  
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Absorption coefficient / mm
-1

 0.215 

F(000) 1896 

 

Table S6. Data collection and structure refinement for 10_1 

Theta range for data collection / ° 1.19 to 21.95 

Index ranges –7 ≤ h ≤ 7, –19 ≤ k ≤ 23, –17 ≤ l ≤ 27 

Reflections collected 8738 

Independent reflections 4595 [R(int) = 0.0405] 

Max. and min. transmission 0.7447 and 0.6411 

Structure solution technique direct methods 

Structure solution program XS (Sheldrick, 2008) 

Refinement method full-matrix least-squares on F
2
 

Refinement program XL (Sheldrick, 2008) 

Function minimized Σ w(Fo
2
 – Fc

2
)

2
 

Data / restraints / parameters 4595 / 0 / 568 

Goodness-of-fit on F
2
 1.013 

Final R indices 3648 data; I > 2σ(I) R1 = 0.0429, wR2 = 0.0882 

 
all data R1 = 0.0656, wR2 = 0.0964 

Weighting scheme w = 1 / [σ
2
(Fo

2
) + (0.0493P)

2
], where P = (Fo

2
 + 2Fc

2
) / 3 

Absolute structure parameter –0.1(1) 

Largest diff. peak and hole / eÅ
-3

 0.201 and –0.286  

R.M.S. deviation from mean / eÅ
-3

 0.049 

 

Table S7. Bond lengths for 10_1 

Bond length / Å 

Cl01-C49 1.780(7) Cl02-C49 1.739(6) 

C49-H49A 0.99 C49-H49B 0.99 

O00C-C26 1.189(7) O004-C37 1.441(7) 

O004-C38 1.432(7) O006-C25 1.462(8) 
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O006-C26 1.335(7) O007-C42 1.227(7) 

N00A-C40 1.494(7) N00A-C42 1.376(7) 

N00A-C43 1.421(8) N00E-C28 1.474(8) 

N00E-C31 1.499(7) N00E-C35 1.479(8) 

C25-H25A 0.98 C25-H25B 0.98 

C25-H25C 0.98 C26-C27 1.511(9) 

C27-H27A 0.99 C27-H27B 0.99 

C27-C28 1.525(8) C28-H28 1.0 

C28-C29 1.541(8) C29-H29A 0.99 

C29-H29B 0.99 C29-C30 1.556(8) 

C30-C31 1.559(8) C30-C40 1.538(8) 

C30-C48 1.523(8) C31-H31 1.0 

C31-C32 1.517(8) C32-H32A 0.99 

C32-H32B 0.99 C32-C33 1.535(8) 

C33-H33 1.0 C33-C34 1.519(8) 

C33-C39 1.526(8) C34-C35 1.515(8) 

C34-C36 1.331(9) C35-H35A 0.99 

C35-H35B 0.99 C36-H36 0.95 

C36-C37 1.506(8) C37-H37A 0.99 

C37-H37B 0.99 C38-H38 1.0 

C38-C39 1.540(8) C38-C41 1.554(8) 

C39-H39 1.0 C39-C40 1.535(8) 

C40-H40 1.0 C41-H41A 0.99 

C41-H41B 0.99 C41-C42 1.504(9) 

C43-C44 1.402(8) C43-C48 1.389(8) 

C44-H44 0.95 C44-C45 1.375(9) 

C45-H45 0.95 C45-C46 1.389(8) 

C46-H46 0.95 C46-C47 1.379(8) 

C47-H47 0.95 C47-C48 1.379(9) 

O00D-C13 1.222(7) O003-C15 1.433(7) 

O003-C16 1.446(7) O005-C23 1.353(8) 
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O005-C24 1.453(7) O009-C23 1.202(7) 

N00B-C6 1.422(8) N00B-C12 1.498(7) 

N00B-C13 1.377(7) N008-C8 1.495(7) 

N008-C19 1.470(8) N008-C20 1.477(8) 

C1-H1 0.95 C1-C2 1.386(9) 

C1-C6 1.412(9) C2-H2 0.95 

C2-C3 1.391(9) C3-H3 0.95 

C3-C4 1.400(9) C4-H4 0.95 

C4-C5 1.382(9) C5-C6 1.379(8) 

C5-C7 1.506(9) C7-C8 1.558(8) 

C7-C12 1.562(8) C7-C21 1.538(8) 

C8-H8 1.0 C8-C9 1.515(8) 

C9-H9A 0.99 C9-H9B 0.99 

C9-C10 1.531(8) C10-H10 1.0 

C10-C11 1.532(8) C10-C18 1.535(8) 

C11-H11 1.0 C11-C12 1.529(9) 

C11-C15 1.532(8) C12-H12 1.0 

C13-C14 1.517(10) C14-H14A 0.99 

C14-H14B 0.99 C14-C15 1.548(9) 

C15-H15 1.0 C16-H16A 0.99 

C16-H16B 0.99 C16-C17 1.503(8) 

C17-H17 0.95 C17-C18 1.322(9) 

C18-C19 1.509(7) C19-H19A 0.99 

C19-H19B 0.99 C20-H20 1.0 

C20-C21 1.524(9) C20-C22 1.544(7) 

C21-H21A 0.99 C21-H21B 0.99 

C22-H22A 0.99 C22-H22B 0.99 

C22-C23 1.519(9) C24-H24A 0.98 

C24-H24B 0.98 C24-H24C 0.98 
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Table S8. Bond angles for 10_1 

Bond angle / ° 

Cl01-C49-H49A 109.2 Cl01-C49-H49B 109.2 

Cl02-C49-Cl01 112.2(4) Cl02-C49-H49A 109.2 

Cl02-C49-H49B 109.2 H49A-C49-H49B 107.9 

C38-O004-C37 114.5(5) C26-O006-C25 114.5(5) 

C42-N00A-C40 117.7(5) C42-N00A-C43 125.5(5) 

C43-N00A-C40 108.8(5) C28-N00E-C31 109.3(4) 

C28-N00E-C35 112.2(5) C35-N00E-C31 113.4(5) 

O006-C25-H25A 109.5 O006-C25-H25B 109.5 

O006-C25-H25C 109.5 H25A-C25-H25B 109.5 

H25A-C25-H25C 109.5 H25B-C25-H25C 109.5 

O00C-C26-O006 123.0(6) O00C-C26-C27 125.5(5) 

O006-C26-C27 111.5(5) C26-C27-H27A 108.8 

C26-C27-H27B 108.8 C26-C27-C28 113.9(5) 

H27A-C27-H27B 107.7 C28-C27-H27A 108.8 

C28-C27-H27B 108.8 N00E-C28-C27 110.8(4) 

N00E-C28-H28 109.2 N00E-C28-C29 103.7(5) 

C27-C28-H28 109.2 C27-C28-C29 114.5(5) 

C29-C28-H28 109.2 C28-C29-H29A 111.6 

C28-C29-H29B 111.6 C28-C29-C30 100.9(5) 

H29A-C29-H29B 109.4 C30-C29-H29A 111.6 

C30-C29-H29B 111.6 C29-C30-C31 100.2(4) 

C40-C30-C29 110.7(5) C40-C30-C31 114.9(5) 

C48-C30-C29 113.5(5) C48-C30-C31 114.3(5) 

C48-C30-C40 103.7(4) N00E-C31-C30 104.5(5) 

N00E-C31-H31 109.0 N00E-C31-C32 111.7(5) 

C30-C31-H31 109.0 C32-C31-C30 113.6(4) 

C32-C31-H31 109.0 C31-C32-H32A 109.7 

C31-C32-H32B 109.7 C31-C32-C33 109.6(5) 

H32A-C32-H32B 108.2 C33-C32-H32A 109.7 
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C33-C32-H32B 109.7 C32-C33-H33 109.1 

C34-C33-C32 108.7(5) C34-C33-H33 109.1 

C34-C33-C39 114.1(5) C39-C33-C32 106.6(5) 

C39-C33-H33 109.1 C35-C34-C33 114.9(6) 

C36-C34-C33 122.1(5) C36-C34-C35 122.9(6) 

N00E-C35-C34 111.8(5) N00E-C35-H35A 109.2 

N00E-C35-H35B 109.2 C34-C35-H35A 109.2 

C34-C35-H35B 109.2 H35A-C35-H35B 107.9 

C34-C36-H36 119.3 C34-C36-C37 121.4(6) 

C37-C36-H36 119.3 O004-C37-C36 111.1(5) 

O004-C37-H37A 109.4 O004-C37-H37B 109.4 

C36-C37-H37A 109.4 C36-C37-H37B 109.4 

H37A-C37-H37B 108.0 O004-C38-H38 109.1 

O004-C38-C39 115.5(4) O004-C38-C41 103.7(5) 

C39-C38-H38 109.1 C39-C38-C41 110.0(5) 

C41-C38-H38 109.1 C33-C39-C38 118.7(5) 

C33-C39-H39 104.9 C33-C39-C40 114.3(4) 

C38-C39-H39 104.9 C40-C39-C38 107.8(5) 

C40-C39-H39 104.9 N00A-C40-C30 104.1(5) 

N00A-C40-C39 106.0(4) N00A-C40-H40 109.9 

C30-C40-H40 109.9 C39-C40-C30 116.5(5) 

C39-C40-H40 109.9 C38-C41-H41A 108.4 

C38-C41-H41B 108.4 H41A-C41-H41B 107.4 

C42-C41-C38 115.7(5) C42-C41-H41A 108.4 

C42-C41-H41B 108.4 O007-C42-N00A 121.4(6) 

O007-C42-C41 123.9(5) N00A-C42-C41 114.7(5) 

C44-C43-N00A 129.3(5) C48-C43-N00A 110.6(5) 

C48-C43-C44 120.1(6) C43-C44-H44 120.7 

C45-C44-C43 118.6(6) C45-C44-H44 120.7 

C44-C45-H45 119.6 C44-C45-C46 120.8(6) 

C46-C45-H45 119.6 C45-C46-H46 119.6 
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C47-C46-C45 120.9(6) C47-C46-H46 119.6 

C46-C47-H47 120.6 C48-C47-C46 118.8(6) 

C48-C47-H47 120.6 C43-C48-C30 109.2(5) 

C47-C48-C30 129.9(5) C47-C48-C43 120.9(6) 

C15-O003-C16 114.9(5) C23-O005-C24 116.1(5) 

C6-N00B-C12 109.0(4) C13-N00B-C6 124.8(5) 

C13-N00B-C12 118.4(5) C19-N008-C8 114.0(4) 

C19-N008-C20 114.2(5) C20-N008-C8 108.6(5) 

C2-C1-H1 120.9 C2-C1-C6 118.2(6) 

C6-C1-H1 120.9 C1-C2-H2 119.5 

C1-C2-C3 120.9(6) C3-C2-H2 119.5 

C2-C3-H3 120.0 C2-C3-C4 120.1(7) 

C4-C3-H3 120.0 C3-C4-H4 120.3 

C5-C4-C3 119.4(6) C5-C4-H4 120.3 

C4-C5-C7 128.4(5) C6-C5-C4 120.4(6) 

C6-C5-C7 110.9(6) C1-C6-N00B 128.6(5) 

C5-C6-N00B 110.4(6) C5-C6-C1 121.0(6) 

C5-C7-C8 116.5(5) C5-C7-C12 102.7(4) 

C5-C7-C21 112.1(5) C8-C7-C12 113.0(5) 

C21-C7-C8 101.0(4) C21-C7-C12 111.7(5) 

N008-C8-C7 105.8(5) N008-C8-H8 107.8 

N008-C8-C9 111.6(5) C7-C8-H8 107.8 

C9-C8-C7 115.6(4) C9-C8-H8 107.8 

C8-C9-H9A 110.2 C8-C9-H9B 110.2 

C8-C9-C10 107.6(5) H9A-C9-H9B 108.5 

C10-C9-H9A 110.2 C10-C9-H9B 110.2 

C9-C10-H10 108.5 C9-C10-C11 106.5(5) 

C9-C10-C18 110.9(4) C11-C10-H10 108.5 

C11-C10-C18 113.8(5) C18-C10-H10 108.5 

C10-C11-H11 104.9 C10-C11-C15 118.7(6) 

C12-C11-C10 113.6(4) C12-C11-H11 104.9 
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C12-C11-C15 108.4(5) C15-C11-H11 104.9 

N00B-C12-C7 104.2(5) N00B-C12-C11 106.5(4) 

N00B-C12-H12 109.6 C7-C12-H12 109.6 

C11-C12-C7 117.1(5) C11-C12-H12 109.6 

O00D-C13-N00B 122.2(7) O00D-C13-C14 123.7(5) 

N00B-C13-C14 114.0(6) C13-C14-H14A 108.3 

C13-C14-H14B 108.3 C13-C14-C15 116.0(5) 

H14A-C14-H14B 107.4 C15-C14-H14A 108.3 

C15-C14-H14B 108.3 O003-C15-C11 114.8(4) 

O003-C15-C14 103.9(5) O003-C15-H15 109.4 

C11-C15-C14 109.8(6) C11-C15-H15 109.4 

C14-C15-H15 109.4 O003-C16-H16A 109.4 

O003-C16-H16B 109.4 O003-C16-C17 111.2(5) 

H16A-C16-H16B 108.0 C17-C16-H16A 109.4 

C17-C16-H16B 109.4 C16-C17-H17 118.7 

C18-C17-C16 122.7(6) C18-C17-H17 118.7 

C17-C18-C10 122.3(5) C17-C18-C19 124.8(6) 

C19-C18-C10 112.9(5) N008-C19-C18 112.8(5) 

N008-C19-H19A 109.0 N008-C19-H19B 109.0 

C18-C19-H19A 109.0 C18-C19-H19B 109.0 

H19A-C19-H19B 107.8 N008-C20-H20 108.6 

N008-C20-C21 106.1(5) N008-C20-C22 109.4(5) 

C21-C20-H20 108.6 C21-C20-C22 115.6(5) 

C22-C20-H20 108.6 C7-C21-H21A 110.9 

C7-C21-H21B 110.9 C20-C21-C7 104.3(5) 

C20-C21-H21A 110.9 C20-C21-H21B 110.9 

H21A-C21-H21B 108.9 C20-C22-H22A 109.4 

C20-C22-H22B 109.4 H22A-C22-H22B 108.0 

C23-C22-C20 111.3(5) C23-C22-H22A 109.4 

C23-C22-H22B 109.4 O005-C23-C22 112.3(6) 

O009-C23-O005 122.1(7) O009-C23-C22 125.7(7) 
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O005-C24-H24A 109.5 O005-C24-H24B 109.5 

O005-C24-H24C 109.5 H24A-C24-H24B 109.5 

H24A-C24-H24C 109.5 H24B-C24-H24C 109.5 
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