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X-ray Analysis 
 

The X-ray intensity data were measured on Bruker D8 Venture and X8 APEX2 diffractometer equipped 

with multilayer monochromators, Cu/Mo K/α INCOATEC micro focus sealed tubes and Oxford and 

Cryoflex2 cooling systems. The structure was solved by direct methods or charge flipping and refined 

by full-matrix least-squares techniques. Non-hydrogen atoms were refined with anisotropic 

displacement parameters. Hydrogen atoms were inserted at calculated positions and refined with riding 

model. The following software was used: Bruker SAINT software package1 using a narrow-frame 

algorithm for frame integration, SADABS2 for absorption correction, OLEX23 for structure solution, 

refinement, molecular diagrams and graphical user-interface, Shelxle4 for refinement and graphical 

user-interface SHELXS-20155 for structure solution, SHELXL-20156 for refinement, Platon7 for 

symmetry check. Experimental data and CCDC-Codes Experimental data and CCDC-Code (Available 

online: http://www.ccdc.cam.ac.uk/conts/retrieving.html) can be found in Table S1. Crystal data, data 

collection parameters, and structure refinement details are given in Tables S2 to S27. Crystal structures 

and packing are visualized in Figures S1 to S17. 

  

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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Table S1 Experimental parameter and CCDC-Codes. 

Sample Machine Source Temp. 
Detector 

Distance 

Time/ 

Frame 
#Frames 

Frame 

width 
CCDC 

 Bruker  [K] [mm] [s]  [°]  

cis-1 X8 Mo 120 35 40 497 0.500 1923065 

trans-1 X8 Mo 120 35 3 1110 0.500 1923066 

4a X8 Mo 100 40 60 900 1.000 1923067 

4c X8 Mo 100  40 10 3444 1.000 1923068 

cis-5a X8 Mo 120 35 10 3914 1.000 1923069 

trans-5a X8 Mo 120 35 20 1935 1.000 1923070 

cis-5d X8 Mo 120 35 60 857 0.500 1923071 

trans-5d X8 Mo 100 35 5 802 0.500 1923072 

7 X8 Mo 130 35 5 1645 0.500 1923073 

9 X8 Mo 130 40 30 592 0.500 1923074 

11 D8 Mo 100 30 5 2022 0.500 1923075 

12 D8 Cu 100 30 4 4912 0.700 1923076 

21 D8 Mo 100 40 1 496 0.500 1923077 
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(Z)-11,12,15,16-Tetrahydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine, cis-1 

 

Figure S1 Crystal structure of cis-1 (S-configuration). Second independent molecule in the asymmetric unit omitted for 

clarity. C-C Bond precision: 0.0066 Å. 
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Table S2 Sample and crystal data of cis-1. 

Chemical formula C24H20N2 Crystal system monoclinic 

Formula weight [g/mol] 336.42 Space group P21/n 

Temperature [K] 120 Z 8 

Measurement method \f and \w scans Volume [Å3] 3455.2(17) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

14.133(5) 90 

Crystal size / [mm3] 0.17 × 0.07 × 0.01   11.145(3) 105.704(13) 

Crystal habit clear colourless   22.787(6) 90 

Density (calculated) / 

[g/cm3] 
1.293 

Absorption 

coefficient / [mm-1] 
0.076 

Abs. correction Tmin    0.5686 
Abs. correction 

Tmax 
0.7452 

Abs. correction type     multiscan F(000) [e-] 1424 

 

Table S3 Data collection and structure refinement of cis-1. 

Index ranges 
-17 ≤ h ≤ 14, -13 ≤ k ≤ 

11, -26 ≤ l ≤ 27 
Theta range for 

data collection [°] 
4.1 to 50.696 

Reflections number              17942 
Data / restraints / 

parameters 
6321/0/469 

Refinement method Least squares 
Final R indices 

all data R1 = 0.2364, wR2 = 0.2084 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0772, wR2 = 0.1482 

Goodness-of-fit on F2 0.936 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0654P)2]  

Largest diff. peak and 

hole [e Å-3] 
0.41/-0.43 where P=(Fo

2+2Fc
2)/3 
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(E)-11,12,15,16-Tetrahydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine,  trans-1 

 

Figure S2 Asymmetric unit of trans-1 (S-configuration). C-C Bond precision: 0.0030 Å. As the spacegroup P212121 is a 

chiral one only one of the two forms crystalized. The proof for one of these two could not be done by x-ray methods. The 

corresponding Flack parameter was not in the range of trust.  

Table S4 Sample and crystal data of trans-1. 

Chemical formula C24H20N2 Crystal system orthorhombic 

Formula weight [g/mol] 336.42 Space group P212121 

Temperature [K] 120 Z 4 

Measurement method \f and \w scans Volume [Å3] 1755.68(12) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

10.5405(4) 90 

Crystal size / [mm3] 0.26 × 0.2 × 0.2   11.5662(5) 90 

Crystal habit clear colourless   14.4010(5) 90 

Density (calculated) / 

[g/cm3] 
1.273 

Absorption 

coefficient / [mm-1] 
0.075 

Abs. correction Tmin    0.6929 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 712 
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Figure S3 Orthogonal projection packing of trans-1 along axis a. The analysis of hydrogen bonded molecular aggregates by 

Platon detected the Infinite 1D-chain with base vector: [  0  1  0]. 

 

 

Table S5 Data collection and structure refinement of trans-1. 

Index ranges 
-12 ≤ h ≤ 12, -13 ≤ k ≤ 

13, -15 ≤ l ≤ 17 
Theta range for 

data collection [°] 
4.516 to 50.694 

Reflections number              20450 
Data / restraints / 

parameters 
3214/0/235 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0361, wR2 = 0.0848 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0333, wR2 = 0.0827 

Goodness-of-fit on F2 1.062 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0449P)2 +0.3440P]  

Largest diff. peak and 

hole [e Å-3] 
0.16/-0.18 where P=(Fo

2+2Fc
2)/3 
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N,N'-([1,1'-Binaphthalene]-2,2'-diyl)bis(N-allylmethanesulfonamide) 4a 

 

Figure S4 Asymmetric unit of 4a (R-configuration). C-C Bond precision: 0.0046 Å. As the spacegroup P212121 is a chiral 

one only one of the two forms crystalized. The anomalous dispersion with the Flack parameter x = -0.07(5) is a good proof 

for the crystallization in R-configuration.  
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Table S6 Sample and crystal data.of 4a. 

Chemical formula C28H28N2O4S2 Crystal system orthorhombic 

Formula weight [g/mol] 520.64 Space group P212121 

Temperature [K] 100.15 Z 4 

Measurement method \f and \w scans Volume [Å3] 2487.8(5) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell dimensions  

[Å] and [°] 
9.7339(11) 90 

Crystal size / [mm3] 0.1 × 0.1 × 0.03   11.2343(11) 90 

Crystal habit clear colourless block   22.750(3) 90 

Density (calculated) / 

[g/cm3] 
1390 

Absorption 

coefficient / [mm-1] 
0.253 

Abs. correction Tmin    0.5836 
Abs. correction 

Tmax 
0.7452 

Abs. correction type     multiscan F(000) [e-] 1096.0 

 

Table S7 Data collection and structure refinement of 4a 

Index ranges 
-11 ≤ h ≤ 11, -10 ≤ k ≤ 

13, -27 ≤ l ≤ 27 
Theta range for 

data collection [°] 
5.096 to 51.432 

Reflections number              32379 
Data / restraints / 

parameters 
4660/0/328 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0429, wR2 = 0.0829 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0348, wR2 = 0.0791 

Goodness-of-fit on F2 1034 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0367P)2 +0.3250P]  

Largest diff. peak and 

hole [e Å-3] 
0.23/-0.28 where P=(Fo

2+2Fc
2)/3 
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N,N'-([1,1'-Binaphthalene]-2,2'-diyl)bis(N-allyl-2,2,2-triflouroacetamide 4c 

 

Figure S5 Crystal structure of 4c (S-configuration). C-C Bond precision: 0.0019 Å. 

Table S8 Sample and crystal data of 4c. 

Chemical formula C30H22F6N2O2 Crystal system monoclinic 

Formula weight [g/mol] 556.49 Space group C2/c 

Temperature [K] 100 Z 4 

Measurement method \f and \w scans Volume [Å3] 2518.17(13) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

13.8966(4) 90 

Crystal size / [mm3] 0.5 × 0.2 × 0.2   13.3655(4) 103.583(2) 

Crystal habit clear brown   13.9480(4) 90 

Density (calculated) / 

[g/cm3] 
1.468 

Absorption 

coefficient / [mm-1] 
0.123 

Abs. correction Tmin    0.6911 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 1144 
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Table S9 Data collection and structure refinement of 4c. 

Index ranges 
-19 ≤ h ≤ 19, -18 ≤ k ≤ 

18, -19 ≤ l ≤ 19 
Theta range for 

data collection [°] 
4.812 to 59.992 

Reflections number              75275 
Data / restraints / 

parameters 
3655/0/181 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0627, wR2 = 0.1186 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0439, wR2 = 0.1103 

Goodness-of-fit on F2 1.091 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0539P)2 +1.5315P]  

Largest diff. peak and 

hole [e Å-3] 
0.48/-0.24 where P=(Fo

2+2Fc
2)/3 
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(Z)-11,16-Bis(methylsulfonyl)-11,12,15,16-tetrahydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine  cis-5a 

 

Figure S6 Crystal structure of cis 5a (S-configurationm). C-C Bond precision: 0.0032 Å. Solvent omitted for clarity. Platon 

detected one short intramolecular contact. The resulting alert is wrong because the according atoms are from different parts 

in disordered co-crystalized solvent. These alerts could not be avoided. Also not with the help of Mr. Spek (developer of 

Platon). 
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Table S10 Sample and crystal data of cis-5a 

Chemical formula C27H28Cl3N2O4S2 Crystal system triclinic 

Formula weight [g/mol] 614.98 Space group P-1 

Temperature [K] 120 Z 2 

Measurement method \f and \w scans Volume [Å3] 1416.00(12) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell dimensions  

[Å] and [°] 
10.7270(5) 86.543(2) 

Crystal size / [mm3] 0.4 × 0.3 × 0.25   11.3356(5) 81.059(3) 

Crystal habit clear colourless block   12.4265(6) 71.569(2) 

Density (calculated) / 

[g/cm3] 
1442 

Absorption 

coefficient / [mm-1] 
0.508 

Abs. correction Tmin    0.7038 
Abs. correction 

Tmax 
0.7460 

Abs. correction type     multiscan F(000) [e-] 638.0 

 

Table S11 Data collection and structure refinement of cis-5a. 

Index ranges 
-15 ≤ h ≤ 15, -15 ≤ k ≤ 

15, -17 ≤ l ≤ 17 
Theta range for 

data collection [°] 
4.044 to 60.132 

Reflections number              111464 
Data / restraints / 

parameters 
8253/0/355 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0607, wR2 = 0.1540 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0482, wR2 = 0.1388 

Goodness-of-fit on F2 1089 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0764P)2 +1.8185P]  

Largest diff. peak and 

hole [e Å-3] 
1.22/-1.10 where P=(Fo

2+2Fc
2)/3 
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(E)-11,16-Bis(methylsulfonyl)-11,12,15,16-tetrahydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine  trans-5a 

 

Figure S7 Crystal structure of trans-5a (S-configuration). C-C Bond precision: 0.0022 Å.  

 

 

Table S12 Sample and crystal data of trans-5a.  

Chemical formula C52H48N4O8S4 Crystal system monoclinic 

Formula weight [g/mol] 985.18 Space group P21/n 

Temperature [K] 120.15 Z 2 

Measurement method \f and \w scans Volume [Å3] 2326.62(14) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

10.8879(4) 90 

Crystal size / [mm3] 0.2 × 0.11 × 0.07   13.6381(5) 90.396(2) 

Crystal habit clear colourless   15.6689(5) 90 

Density (calculated) / 

[g/cm3] 
1.406 

Absorption 

coefficient / [mm-1] 
0.266 

Abs. correction Tmin    0.6776 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 1032 
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Table S13 Data collection and structure refinement of trans-5a. 

Index ranges 
-15 ≤ h ≤ 15, -19 ≤ k ≤ 

19, -21 ≤ l ≤ 22 
Theta range for 

data collection [°] 
3.96 to 60.144 

Reflections number              92527 
Data / restraints / 

parameters 
6775/0/403 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0693, wR2 = 0.1039 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0406, wR2 = 0.0907 

Goodness-of-fit on F2 1.017 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0391P)2 +1.5784P]  

Largest diff. peak and 

hole [e Å-3] 
0.33/-0.58 where P=(Fo

2+2Fc
2)/3 
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Di-tert-butyl (Z)-12,15-dihydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine-11,16-dicarboxylate  cis-5d 

 

Figure S8 Crystal structure of cis-5d (S-configuration). C-C Bond precision: 0.0029 Å. Disorder omitted for clarity. Main 

residue disorder 10%. Platon detected short intramolecular contacts. These three resulting alerts are wrong because the 

according atoms are from different parts. These alerts could not be avoided. Also not with the help of Mr. Spek (developer of 

Platon). 

 

Table S14 Sample and crystal data of cis-5d. 

Chemical formula C34H38N2O4 Crystal system monoclinic 

Formula weight [g/mol] 538.66 Space group C2/c 

Temperature [K] 100 Z 4 

Measurement method \f and \w scans Volume [Å3] 2837.5(12) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell dimensions  

[Å] and [°] 
19.795(4) 90 

Crystal size / [mm3] 0.15 × 0.12 × 0.08   12.914(4) 124.816(10) 

Crystal habit clear colourless block   13.521(4) 90 

Density (calculated) / 

[g/cm3] 
1261 

Absorption 

coefficient / [mm-1] 
0.082 

Abs. correction Tmin    0.6689 
Abs. correction 

Tmax 
0.7460 

Abs. correction type     multiscan F(000) [e-] 1152.0 
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Table S15 Data collection and structure refinement of cis 5d. 

Index ranges 
-26 ≤ h ≤ 27, -18 ≤ k ≤ 

18, -19 ≤ l ≤ 19 
Theta range for 

data collection [°] 
4.382 to 60.364 

Reflections number              14987 
Data / restraints / 

parameters 
4180/3/210 

Refinement method Least squares 
Final R indices 

all data R1 = 0.1009, wR2 = 0.1535 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0604, wR2 = 0.1344 

Goodness-of-fit on F2 1025 

Weighting scheme 

w=1/[σ2(Fo2)+(0.0606P)2 +2.0466P]  

Largest diff. peak and 

hole [e Å-3] 
0.32/-0.26 where P=(Fo

2+2Fc
2)/3 
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Di-tert-butyl (E)-12,15-dihydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine-11,16-dicarboxylate  trans-5d 

 

Figure S9 Crystal structure of trans-5d (S-configuration). C-C Bond precision: 0.0031 Å. 

 

 

 

 

Figure S10 Packing of trans-5d along axis c. Visualization of two classes of intermolecular interactions: red highlighted 

weak C-H—O interactions and green highlighted C-H—PI Ring interactions. 
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Table S16 Sample and crystal data of trans-5d. 

Chemical formula C34H36N2O4 Crystal system monoclinic 

Formula weight [g/mol] 536.65 Space group C2/c 

Temperature [K] 100.0 Z 4 

Measurement method \f and \w scans Volume [Å3] 2828.9(3) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell dimensions  

[Å] and [°] 
19.7641(15) 90 

Crystal size / [mm3] 0.2 × 0.12 × 0.1   12.6467(8) 127.156(3) 

Crystal habit clear colourless block   14.2008(9) 90 

Density (calculated) / 

[g/cm3] 
1260 

Absorption 

coefficient / [mm-1] 
0.082 

Abs. correction Tmin    0.6549 
Abs. correction 

Tmax 
0.7460 

Abs. correction type     multiscan F(000) [e-] 1144.0 

 

 

Table S17 Data collection and structure refinement of trans-5d. 

Index ranges 
-27 ≤ h ≤ 26, -17 ≤ k ≤ 

17, -20 ≤ l ≤ 17 
Theta range for 

data collection [°] 
4.332 to 60.264 

Reflections number              13784 
Data / restraints / 

parameters 
4156/0/184 

Refinement method Least squares 
Final R indices 

all data R1 = 0.1131, wR2 = 0.1557 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0583, wR2 = 0.1295 

Goodness-of-fit on F2 1033 

Weighting scheme 

w=1/[σ2(Fo2)+(0.0617P)2 ]  

Largest diff. peak and 

hole [e Å-3] 
0.30/-0.30 where P=(Fo

2+2Fc
2)/3 
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tert-Butyl 11-bromo-8-oxo-11,12-dihydro-8H-7,10-methanodinaphtho[2,1-d:1',2'-f][1]oxa[3,8]di- 

azacycloundecine-13(10H)-carboxylate  7  

 

Figure S11 Crystal structure of 7 (S-configuration). C-C Bond precision: 0.0031 Å 
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Table S18 Sample and crystal data of 7. 

Chemical formula C30H27BrN2O4 Crystal system monoclinic 

Formula weight [g/mol] 559.44 Space group P21/n 

Temperature [K] 130 Z 4 

Measurement method \f and \w scans Volume [Å3] 2514.7(3) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

9.4794(6) 90 

Crystal size / [mm3] 0.23 × 0.14 × 0.14   21.6529(14) 92.249(2) 

Crystal habit clear colourless   12.2608(6) 90 

Density (calculated) / 

[g/cm3] 
1.478 

Absorption 

coefficient / [mm-1] 
1.675 

Abs. correction Tmin    0.6587 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 1152 

 

Table S19 Data collection and structure refinement. of 7 

Index ranges 
-13 ≤ h ≤ 13, -30 ≤ k ≤ 

30, -14 ≤ l ≤ 17 
Theta range for 

data collection [°] 
4.694 to 60.292 

Reflections number              50380 
Data / restraints / 

parameters 
7358/0/337 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0774, wR2 = 0.0997 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0411, wR2 = 0.0875 

Goodness-of-fit on F2 1.049 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0375P)2 +0.9399P]  

Largest diff. peak and 

hole [e Å-3] 
0.78/-0.82 where P=(Fo

2+2Fc
2)/3 
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Di-tert-butyl (8R,9S)-9-bromo-8-(bromomethyl)-9,10-dihydro-7H-dinaphtho[2,1-f:1',2'-

h][1,5]diazonine-7,11(8H)-dicarboxylate   9   

 

Figure S12 Crystal structure of 9 (S-configuration). C-C Bond precision: 0.0069 Å. Solvent omitted for clarity. 

Table S20 Sample and crystal data of 9. 

Chemical formula C36H40Br2N2O4.5 Crystal system monoclinic 

Formula weight [g/mol] 732.52 Space group C2/c 

Temperature [K] 130 Z 8 

Measurement method \f and \w scans Volume [Å3] 6648.4(15) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

23.929(2) 90 

Crystal size / [mm3] 0.11 × 0.11 × 0.1   12.375(2) 111.178(4) 

Crystal habit clear colourless   24.078(3) 90 

Density (calculated) / 

[g/cm3] 
1.464 

Absorption 

coefficient / [mm-1] 
2.482 

Abs. correction Tmin    0.606 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 3008 
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Table S21 Data collection and structure refinement of 9. 

Index ranges 
-22 ≤ h ≤ 28, -14 ≤ k ≤ 

10, -28 ≤ l ≤ 29 
Theta range for 

data collection [°] 
4.114 to 50.696 

Reflections number              16131 
Data / restraints / 

parameters 
6069/0/408 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0995, wR2 = 0.0975 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0483, wR2 = 0.0825 

Goodness-of-fit on F2 0.996 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0217P)2 ]  

Largest diff. peak and 

hole [e Å-3] 
0.57/-0.53 where P=(Fo

2+2Fc
2)/3 
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Di-tert-butyl (1aR*,17aS*)-1a,2,17,17a-tetrahydrodinaphtho[2,1-b:1',2'-d]oxireno[2,3-

h][1,6]diazecine-3,16-dicarboxylate   11’ 

 

Figure S13 Crystal structure of 11’ (S-configuration). C-C Bond precision: 0.0026 Å.  

 

Table S22 Sample and crystal data.of 11’ 

Chemical formula C34H36N2O6 Crystal system monoclinic 

Formula weight [g/mol] 568.65 Space group P21/c 

Temperature [K] 100 Z 4 

Measurement method \f and \w scans Volume [Å3] 2913.7(4) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell 

dimensions  [Å] 

and [°] 

15.6315(14) 90 

Crystal size / [mm3] 0.1 × 0.05 × 0.03   16.9124(14) 111.746(3) 

Crystal habit clear colourless   11.8661(9) 90 

Density (calculated) / 

[g/cm3] 
1.296 

Absorption 

coefficient / [mm-1] 
0.089 

Abs. correction Tmin    0.7047 
Abs. correction 

Tmax 
0.746 

Abs. correction type     multiscan F(000) [e-] 1208 
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Figure S14 Illustration of moderate intermolecular interactions O-H—O between two molecules of 11’. 

 

 

Table S23 Data collection and structure refinement of 11’. 

Index ranges 
-18 ≤ h ≤ 18, -20 ≤ k ≤ 

20, -14 ≤ l ≤ 14 
Theta range for 

data collection [°] 
4.412 to 50.698 

Reflections number              86244 
Data / restraints / 

parameters 
5330/0/386 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0565, wR2 = 0.1001 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0412, wR2 = 0.0905 

Goodness-of-fit on F2 1.052 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0360P)2 +1.5775P]  

Largest diff. peak and 

hole [e Å-3] 
0.20/-0.22 where P=(Fo

2+2Fc
2)/3 
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Di-tert-Butyl (1aR*,17aR*)-1a,2,17,17a-tetrahydrodinaphtho[2,1-b:1',2'-d]oxireno[2,3-

h][1,6]diazecine-3,16-dicarboxylate  12 

 

Figure S15 Crystal structure of 12 (S-configuration). C-C Bond precision: 0.0017 Å. 

 

 

 

Table S24 Sample and crystal data of 12. 

Chemical formula C34H36N2O4.88 Crystal system monoclinic 

Formula weight [g/mol] 550.65 Space group C2/c 

Temperature [K] 100 Z 4 

Measurement method \f and \w scans Volume [Å3] 2892.5(4) 

Radiation (Wavelength 

[Å]) 
CuKα (λ = 1.54178) 

Unit cell 

dimensions  [Å] 

and [°] 

19.4742(11) 90 

Crystal size / [mm3] 0.287 × 0.218 × 0.189   13.0437(11) 125.810(3) 

Crystal habit clear colourless   14.0412(12) 90 

Density (calculated) / 

[g/cm3] 
1.264 

Absorption 

coefficient / [mm-1] 
0.679 

Abs. correction Tmin    0.5543 
Abs. correction 

Tmax 
0.7536 

Abs. correction type     multiscan F(000) [e-] 1172 
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Table S25 Data collection and structure refinement of 12. 

Index ranges 
-24 ≤ h ≤ 23, -16 ≤ k ≤ 

16, -17 ≤ l ≤ 17 
Theta range for 

data collection [°] 
8.792 to 145.026 

Reflections number              21637 
Data / restraints / 

parameters 
2848/0/190 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0393, wR2 = 0.0977 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0374, wR2 = 0.0958 

Goodness-of-fit on F2 1.065 

Weighting scheme 

w=1/[σ2(Fo
2)+(0.0461P)2 +2.2674P]  

Largest diff. peak and 

hole [e Å-3] 
0.32/-0.28 where P=(Fo

2+2Fc
2)/3 

 

 

Figure S16 Packing of 12 along axis c. Green highlighted visualization of C-H—PI Ring intermolecular interactions  
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7,8,9,10,11,12-Hexahydrodinaphtho[2,1-b:1',2'-d][1,6]diazecine  21  

 

Figure S17 Crystal structure of 21 (S-configuration). C-C Bond precision: 0.0049 Å. 
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Table S26 Sample and crystal data of 21. 

Chemical formula C24H22N2 Crystal system orthorhombic 

Formula weight [g/mol] 338.43 Space group Aea2 

Temperature [K] 100.0 Z 4 

Measurement method \f and \w scans Volume [Å3] 1746.0(3) 

Radiation (Wavelength 

[Å]) 
MoKα (λ = 0.71073) 

Unit cell dimensions  

[Å] and [°] 
11.6694(12) 90 

Crystal size / [mm3] 0.843 × 0.196 × 0.034   15.4757(14) 90 

Crystal habit clear colourless plate   9.6682(7) 90 

Density (calculated) / 

[g/cm3] 
1287 

Absorption 

coefficient / [mm-1] 
0.075 

Abs. correction Tmin    0.4602 
Abs. correction 

Tmax 
0.7460 

Abs. correction type     multiscan F(000) [e-] 720.0 

 

Table S27 Data collection and structure refinement of 21. 

Index ranges 
-16 ≤ h ≤ 14, -21 ≤ k ≤ 

21, -13 ≤ l ≤ 13 
Theta range for 

data collection [°] 
5.264 to 60.196 

Reflections number              6717 
Data / restraints / 

parameters 
2282/1/118 

Refinement method Least squares 
Final R indices 

all data R1 = 0.0910, wR2 = 0.2103 

Function minimized Σ w(Fo
2 - Fc

2)2  I>2σ(I) R1 = 0.0767, wR2 = 0.1924 

Goodness-of-fit on F2 1016 

Weighting scheme 

w=1/[σ2(Fo2)+(0.1510P)2 ]  

Largest diff. peak and 

hole [e Å-3] 
0.34/-0.37 where P=(Fo

2+2Fc
2)/3 
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