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General Remarks 

Deuterated solvents were obtained from Cambridge Isotope Laboratories, Inc. (Andover, MA, USA) or Alfa Aesar. All 

commercially available compounds were purchased from Sigma-Aldrich (Switzerland), Acros, Apollo Scientific, Alfa Aesar, and 

Fluorochem (United Kingdom). Column chromatography was performed on silica gel P60 (40-63 μm) from SilicycleTM, and the 

solvents were HPLC grade. TLC was performed with silica gel 60 F254 aluminum plates purchased from Merck. Analytics and 

instruments: NMR experiments were performed on Bruker Avance III NMR spectrometers operating at 250 MHz, 400, 500, or 

600 MHz proton frequencies. The instruments were equipped with a direct-observe 5 mm BBFO smart probe (250 MHz.400 

MHz, 600 MHz), an indirect-detection 5 mm BBI probe (500 MHz, 600 MHz), or a four-channel cryogenic helium-cooled 5 mm 

QCI-F probe (600 MHz). All probes were equipped with actively shielded z-gradients (10 A). The chemical shifts are reported 

in ppm relative to tetramethylsilane or referenced to the residual solvent peak, and the J values are given in Hz (±0.1 Hz). 

Standard Bruker pulse sequences were used, and the data was processed on Topspin 3.2 (Bruker) using twofold zero-filling in 

the indirect dimension. The measurements are performed at room temperature. The multiplicities are written as: s=singlet, 

d=doublet, t=triplet, q=quartet, quint=quintet, dd=doublet of doublet, m=multiplet. UV-Vis absorption spectra were recorded at 

20 °C on a Jasco V-770 Spectrophotometer. Fluorescence spectra measurements were performed on a Jasco FP-8600. CD 

measurements were performed on a JASCO J-1500 CD Spectrophotometer. Quantum yields were measured with Hamamatsu 

Quantaurus-QY, all compounds were measured three times, and the average was reported. The UV/Vis, CD, and fluorescence 

spectra were measured in 1 cm quartz glass cuvettes. High-pressure liquid chromatography (HPLC) and gel permeation 

chromatography (GPC) were performed on a Shimadzu Prominence System. For high-resolution mass spectrometry (HRMS), 

an HR-ESI-ToF-MS measurement was performed on a maXisTM 4G instrument from Bruker. Zn dust was activated prior to use 

by stirring in 0.1 M aq. HCl for several minutes, followed by washing the powder in this order with distilled water, ethanol, and 

diethyl ether and drying it in vacuo. The used column for analytical separation on chiral stationary phase was a Chiralpak IG, 5 

μm, 4.6×250 mm. performed with a Shimadzu Prominence System equipped with SDV preparative columns from Polymer 

Standards Service (two Shodex columns in series, 20×600 mm each, exclusion limit: 30 000 g mol−1) with chloroform as 

solvent. Description of J = 5 Hz experiments. 
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Synthetic Procedures and Analytical Data 

Dibromo phthalic anhydride,1 2-bromo-9-(4-nitrophenyl)-9H-carbazole (1), 9-(4-nitrophenyl)-2-((triisopropylsilyl)ethynyl)-

carbazole (3), and 4-(2-((triisopropylsilyl)ethynyl)-carbazol-9-yl)aniline (5) and ECBr were synthesized as previously reported,2 

all preparations of monomers and endcaps are adapted from synthetic procedures reported therein. 

2,7-dibromo-9-(4-nitrophenyl)-carbazole (2): In an oven-dried and argon-purged 50 mL round bottom flask equipped with a 

septum and magnetic stirring bar, 2,7-dibromo-9H-carbazole (10 g, 30.8 mmol) and CsF (9.36 g, 61.6 mmol) were suspended 

in 10 mL dry DMSO. 1-Fluoro-4-nitrobenzene (13.9 g, 98.8 mmol) was added and placed under argon atmosphere. The reaction 

was placed in an oil bath heated to 150 °C and stirred overnight. Reaction control by LC–MS indicated complete conversion the 

next day, and the reaction mixture was poured into deionized water. The precipitates were collected by filtration and washed 

with warmed Et2O, MeOH, and H2O. The solids were dried at 60 °C in vacuo yielding the titular compound as a yellow powder 

(12.52 g, 30.8 mmol) in 91 % yield 

1H NMR (400 MHz, CDCl3) δ = 8.52 (d, J = 8.8 Hz, 2H), 8.34 – 8.23 (m, 2H), 7.95 (d, J = 8.3 Hz, 2H), 7.74 (apparent d, 2H), 

7.56 (apparent s, 2H), 7.49 – 7.42 (m, 2H), 7.21 – 7.13 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ = 146.8, 142.6, 141.0, 127.3, 126.0, 124.9, 122.5, 121.9, 120.6, 113.0. 

HR-MS (ESI-ToF, +): m/z = [M]+· Calcd. For C18H10Br2N2O2: 443.9104; Found 443.9094. 

9-(4-nitrophenyl)-2,7-bis((triisopropylsilyl)ethynyl)-carbazole (4): To a 500 mL Schlenk tube equipped with a magnetic stirring 

bar and septum 2 (2.00 g, 4.48 mmol) was added and dissolved in a mixture of 16 mL THF and 50 mL diisopropylamin. The 

mixture was sparged 30 min with argon, followed by the addition of Pd(PPh3)4 (259 mg, 224 μmol), CuI (51.2 mg, 269 μmol), 

and (triisopropylsilyl)acetylene (4.90 g, 6.03 mL, 26.9 mmol). The tube was sealed, placed in a pre-heated oil bath at 90 °C, and 

allowed to stir over night. Reaction control by LC–MS indicated complete conversion, thus, the reaction mixture was diluted with 

CH2Cl2 and filtered over a silica plug. Volatiles were removed and the crude subjected to fcc (SiO2: 19 : 1-

4 : 1=cyclohexane:toluene). The titular compound was isolated as yellow solid (2.67 g, 4.48 mmol) in 92 % yield. 

1H NMR (400 MHz, CDCl3) δ = 8.58 – 8.49 (m, 2H), 8.02 (d, J = 8.0 Hz, 2H), 7.82 – 7.70 (m, 2H), 7.49 (apparent s, 1H), 7.46 

(dd, J = 8.0, 1.3 Hz, 2H), 1.13 (d, J = 1.9 Hz, 42H). 

13C NMR (101 MHz, CDCl3) δ = 143.1, 140.3, 127.4, 125.9, 125.9, 123.7, 121.9, 120.7, 113.1, 107.6, 91.6, 18.8, 11.5. 

HR-MS (ESI-ToF, +): m/z = [M]+· Calcd. For C40H52N2O2Si2: 648.3562; Found 648.3564.  

4-(2-((triisopropylsilyl)ethynyl)-carbazol-9-yl)aniline (7): In a 100 mL round bottomed flask equipped with a magnetic stirring bar 

6 (1.38 g, 2.13 mmol) and SnCl2 dihydrate (2.94 g, 12.8 mmol) were dissolved in a mixture of 20 mL of THF and 10 mL ethanol. 

The reaction mixture was set under an argon atmosphere, placed in a pre-heated oil bath at 50 °C, and allowed to stir over 

night. LC–MS indicated complete conversion and saturated aqueous NaHCO3was added. This mixture was extracted three 

times with CH2Cl2. After evaporation of volatiles an orange semisolid was quantitatively isolated (1.32 g, 2.13 mmol). NMR 

indicated sufficient purity and the product was used without further characterization and purification. 

1H NMR (400 MHz, CD2Cl2) δ = 8.06 – 8.00 (m, 2H), 7.41 – 7.34 (m, 4H), 7.31 – 7.21 (m, 2H), 6.95 – 6.86 (m, 2H), 3.99 (s, 2H), 

1.13 (s, 42H). 

  



4  

General procedure for the synthesis of end capping agents (ECX) and monomers (MX): 

In a round-bottom flask equipped with a magnetic stir bar, 1 eq. of 4-carbazol-9-yl aniline was dissolved in glacial acetic acid 

(0.4 M), and 1.1 of the appropriate phthalimide was added, and the reaction mixture placed in an oil bath at 120 °C. After 16 h, 

the reaction is allowed to cool to room temperature, and the product is collected by filtration. The product is washed with 

deionized H2O and MeOH and subsequently dried in vacuo at 60 °C.  

ECCl 

1H NMR (400 MHz, THF) δ 8.16 (dd, J = 7.8, 0.8 Hz, 1H), 8.13 (d, J = 8.1 Hz, 1H), 7.94 (t, J = 4.1 Hz, 1H), 7.83 (d, J = 4.4 Hz, 

2H), 7.83 – 7.80 (m, 2H), 7.79 – 7.73 (m, 2H), 7.57 (s, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.45 – 7.37 (m, 2H), 7.32 – 7.24 (m, 1H), 

1.16 (s, 21H). 

13C NMR (101 MHz, THF) δ = 166.3, 165.2, 142.8, 141.3, 137.6, 136.9, 136.5, 135.5, 132.7, 132.1, 129.2, 129.0, 128.4, 127.6, 

125.5, 124.9, 124.2, 123.0, 121.7, 121.5, 121.5, 121.1, 113.9, 111.0, 109.8, 90.2, 19.3, 12.5. 

HR-MS (ESI-ToF, +): m/z = [M+H]+ Calcd. For C37H36ClN2O2Si: 603.2229; Found 603.2238.  

MCl 

1H NMR (400 MHz, THF-d8) δ = 8.20 – 8.08 (apparent d, 2H), 7.86 – 7.77 (m, 4H), 7.56 – 7.51 (apparent s, 2H), 7.42 (dd, J = 

8.1, 1.3 Hz, 2H), 1.16 (apparent s, 42H). 

13C NMR (101 MHz, THF-d8) δ = 164.0, 142.2, 137.9, 137.3, 132.7, 130.7, 130.6, 129.4, 128.6, 125.9, 124.4, 122.3, 121.5, 

114.1, 109.6, 90.8, 19.3, 12.5. 

HR-MS (ESI-ToF, +): m/z = [M+H]+ Calcd. For C48H55Cl2N2O2Si2: 817.3174; Found 817.3185.  

MBr 

1H NMR (400 MHz, THF-d8) δ = 8.16 (apparent d, 1H), 8.13 (ad, J = 8.1 Hz, 1H), 8.01 (dd, J = 8.1, 0.9 Hz, 1H), 7.98 (dd, J = 

7.4, 0.9 Hz, 1H), 7.89 – 7.80 (m, 2H), 7.79 – 7.75 (m, 2H), 7.73 (d, J = 7.7 Hz, 1H), 7.57 (apparent s, J = 1.1 Hz, 1H), 7.48 

(apparent d, 1H), 7.44 – 7.38 (m, 2H), 7.27 (apparent t, 1H), 1.16 (apparent s, 22H). 

13C NMR (101 MHz, THF) δ = 164.2, 142.2, 140.9, 137.3, 132.9, 132.6, 129.4, 128.6, 125.9, 124.4, 122.3, 121.5, 118.4, 114.1, 

109.6, 90.8, 19.3, 12.5. 

HR-MS (ESI-ToF, +): m/z = [M+Na]+ Calcd. For C48H54Br2N2NaO2Si2: 927.1983; Found 927.1958.  
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Oligomerization by reductive homocoupling: 

Different size-distributions of the obtained oligomer mixture were obtained depending on the stoichiometry of ECX to MX; the 

reaction with equimolar amounts of either is described. Spectral data for A[2] matched our previous report. 

Method A 

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with NiBr2 (10 mol%), PPh3 (20 mol%), and Zn dust 

(5 eq.) and placed under an Argon atmosphere. 1 mL DMAc was added to the reaction mixture and the tube was placed in an 

80 °C warm oil bath. The active species was allowed to be formed for half an hour. In a separate flame-dried Schlenk tube 

equipped with a magnetic stirrer, MX  and ECX were suspended in DMAc (to 0.1 M concentration) under an Argon atmosphere. 

The solution of the active catalyst was added to the latter tube, and subsequently, the reaction vessel was closed. This mixture 

was allowed to stir for 5 days at 80 °C, cool to room temperature, and diluted with DMAc. The product was precipitated by 

adding deionized H2O, collected over a pad of celite, washed with MeOH, and washed down the pad with CH2Cl2. After the 

evaporation of volatiles, the crude product was obtained. Individual oligomers were isolated using preparative GPC. 

Method B 

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with NiCl2(PPh3)2 (10 mol%), PPh3 (20 mol%), KI (3 

mol%) and Zn dust (5 eq.) and placed under an Argon atmosphere. 2-Me THF (1 mL) was added to the reaction mixture, and 

the tube was placed in an 80 °C warm oil bath. The active species was allowed to be formed for half an hour. In a separate 

flame-dried Schlenk tube equipped with a magnetic stirrer, MX and ECx were suspended in 2-Me THF (to 0.1 M concentration) 

under an Argon atmosphere. The solution of the active catalyst was added to the latter tube, and subsequently, the reaction 

vessel was closed. This mixture was allowed to stir for 5 days at 80 °C and then cooled to room temperature. The reaction 

mixture is filtered through a celite pad, washed with 2-Me THF, and the volatiles evaporated. Individual oligomers were isolated 

using preparative GPC. 

A[3] 

1H NMR (600 MHz, THF) δ = 8.16 – 7.99 (several overlapping broad signals, 14H), 7.85 – 7.80 (m, 4H), 7.78 – 7.74 (m, 2H), 

7.76 – 7.72 (m, 4H), 7.72 – 7.64 (m, 2H), 7.53 (s, 2H), 7.45 – 7.41 (m, 4H), 7.40 – 7.37 (m, 4H), 7.37 – 7.34 (m, 4H), 7.24 

(apparent t, 2H), 1.11 (s, 42H), 1.06 (s, 42H). 

13C NMR (151 MHz, THF) δ = 167.2, 166.9, 142.7, 142.1, 141.3, 137.5, 137.4, 136.9, 136.1, 135.9, 135.0, 133.4, 133.0, 132.8, 

130.5, 129.2, 129.1, 128.4, 128.3, 127.6, 125.9, 125.5, 124.9, 124.6, 124.3, 124.1, 122.3, 121.7, 121.4, 121.4, 121.1, 113.9, 

113.8, 110.9, 109.7, 109.5, 90.7, 90.1, 19.3, 19.2, 12.4, 12.4. 

HR-MS (MALDI-ToF, +): m/z=[M]+ Calcd. for C122H124N6O6Si4: 1880.8654; Found 1880.8646. 

A[4] 

1H NMR (600 MHz, THF) δ = 8.20 – 8.07 (several overlapping broad signals, 10H), 8.07 – 8.00 (m, 8H), 7.83 (d, J = 8.5 Hz, 

4H), 7.80 (apparent d, 4H), 7.74 (apparent d, 4H), 7.71 (apparent d, 8H), 7.53 (s, 2H), 7.45 – 7.40 (m, 6H), 7.39 – 7.34 (m, 8H), 

7.24 (apparent t, 2H), 1.10 (s, 42H), 1.06 (broad s, 84H). 

13C NMR (151 MHz, THF) δ = 167.3, 167.0, 142.7, 142.2, 141.3, 137.4, 136.9, 136.2, 136.1, 135.9, 133.4, 133.0, 132.9, 130.6, 

129.2, 129.2, 129.1, 129.0, 128.4, 128.3, 127.6, 125.9, 125.5, 124.9, 124.6, 124.3, 124.2, 122.3, 121.7, 121.4, 121.1, 113.9, 

113.8, 110.9, 109.7, 109.5, 90.7, 90.1, 19.3, 19.2, 12.4, 12.4. 

HR-MS (MALDI-ToF, +): m/z=[M]+ Calcd. for C170H178N8O8Si6: 2627.2378; Found 2627.2392. 
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A[5] 

1H NMR (600 MHz, THF) δ = 8.22 (apparent d, 2H), 8.17 – 7.99 (several overlapping signals, 20H), 7.84 (apparent d, 6H), 7.81 

(apparent d, 4H), 7.77 – 7.68 (broad m, 10H), 7.53 (s, 2H), 7.48 – 7.40 (m, 8H), 7.36 (apparent d, 10H), 7.24 (apparent t, 2H), 

1.09 (s, 42H), 1.05 (broad s, 126H). 

13C NMR (151 MHz, THF) δ = 167.3, 167.0, 142.7, 142.1, 141.3, 137.9, 137.4, 136.9, 136.2, 135.9, 133.4, 133.0, 132.9, 130.6, 

129.2, 129.2, 129.1, 128.4, 128.4, 128.3, 127.6, 125.9, 125.5, 124.9, 124.6, 124.3, 124.2, 122.3, 121.7, 121.4, 121.1, 113.9, 

113.8, 110.9, 109.7, 109.5, 90.7, 90.1, 19.3, 19.2, 12.4, 12.4. 

HR-MS (MALDI-ToF, +): m/z=[M]+ Calcd. for C218H232N10O10Si8: 3373.6102; Found 3373.6201. 

 

Scheme S1: Yamamoto-type statistical polymerization. 

Table S1: Selected conditions screened for the statistical end-capped polymerization by Yamamoto type coupling. 

X eq. 

ECX 

eq. 

MX 

solvent cat. ligand additive time temp. yield 

A[2] 

yield 

A[3] 

yield 

A[4] 

yield 

A[5] 

Br 2 1 DMAc NiBr2 PPh3 Zn 16 h 80 °C 27% 11% 4% 1% 

Br 2 1 DMAc NiBr2 PPh3 Zn 3 d 80 °C 4% 2% 2% n.d 

Br 2 1 THF Ni(PPh)3Cl2 PPh3 Zn. KI 3 d 80 °C 44% 17% 2% n.d 

Cl 1 1 2Me-THF Ni(PPh)3Cl2 PPh3 Zn. KI 3 d 80 °C 48% 23% 7% 4% 

Cl 1 2 2Me-THF Ni(PPh)
3
Cl

2
 PPh

3
 Zn, KI 3 d 80 °C 12% 18% 16% 7% 
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Geländerfication 

In a 250 mL round bottom flask equipped with a magnetic stir bar A[3] (38 mg, 20.2 µmol, 1 eq.) was dissolved in 50 ml DMSO 

(4·10-4 M) and placed in an oil bath heated to 100 °C. Subsequently, 17 mg of CuF2 was added. The reaction was stirred for 

three days open to air. After the mixture cooled down to room temperature the crude product was precipitated and purified by 

GPC to yield GBD3 in 44% yield (11 mg, 8.78 µmol). 

1H NMR (600 MHz, THF-d8) δ = 8.16 (apparent d, 2H), 8.15 – 8.12 (m, 4H), 8.11 (d, J = 5.0 Hz, 2H), 8.05 (t, J = 7.7 Hz, 2H), 

7.98 (dd, J = 7.9, 1.0 Hz, 2H), 7.97 (s, 2H), 7.82 – 7.75 (m, 4H), 7.71 – 7.67 (m, 4H), 7.67 – 7.65 (m, 4H), 7.64 – 7.62 (m, 2H), 

7.62 – 7.58 (m, 2H), 7.46 – 7.39 (m, 4H), 7.31 – 7.25 (m, 6H). 

13C NMR (151 MHz, THF-d8) δ = 167.2, 167.2, 166.6, 156.8, 142.8, 142.8, 141.9, 137.1, 136.8, 136.4, 136.0, 135.5, 133.2, 

133.0, 132.8, 131.0, 130.3, 129.4, 129.0, 128.6, 127.9, 125.3, 124.6, 124.6, 124.1, 122.6, 121.8, 121.7, 121.5, 121.3, 120.9, 

119.9, 117.8, 117.6, 110.8, 103.8, 86.2, 85.6, 76.2, 75.5. 

HR-MS (ESI-ToF, +): m/z = [2M+2Ag]2+ Calcd. For C172H80Ag2N12O12: 1359.2055; Found 1359.2047. 

In a 250 mL round bottom flask equipped with a magnetic stir bar A[4] (20 mg, 7.61 µmol, 1 eq.) was dissolved in 75 ml DMSO 

(10-4 M) and placed in an oil bath heated to 100 °C. Subsequently, 19 mg of CuF·2H2O was added. The reaction was stirred for 

three days open to air. After the mixture cooled down to room temperature the crude product was precipitated and purified by 

GPC to yield GBD4 in 23% yield (3 mg, 1.78 µmol). 

1H NMR (600 MHz, THF-d8) δ 8.17 (dt, J = 7.8, 0.9 Hz, 2H), 8.15 – 8.14 (m, 4H), 8.13 – 8.13 (m, 4H), 8.13 – 8.11 (m, 2H), 8.06 

(apparent t, 2H), 8.02 (apparent d, 2H), 8.01 (apparent dd, 2H), 7.82 – 7.77 (m, 4H), 7.71 – 7.67 (m, 10H), 7.66 – 7.65 (m, 2H), 

7.64 – 7.63 (m, 2H), 7.62 (d, J = 8.3 Hz, 2H), 7.46 – 7.41 (m, 4H), 7.31 – 7.26 (m, 8H). 

13C NMR (151 MHz, THF-d8) δ = 137.1, 137.0, 136.8, 135.6, 129.0, 129.0, 128.7, 128.6, 127.9, 124.6, 122.8, 121.7, 121.7, 

121.5, 121.2, 118.0, 117.9, 117.6, 110.9 (all signals are extracted from a HSQC experiment) 

HR-MS (ESI-ToF, +): m/z = [M+H]+ Calcd. For C116H53N8O8: 1685.3981; Found 1685.3925. 
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Supporting Figures 

 

Figure S1: 1H-NMR of A[n], signals arising from the TIPS protecting group in the repeating unit are indicated in dark red six armed stars, the signals arising from 
the TIPS protecting group by yellow 4 armed stars, and the signal from the 1 carbazole position in the endcap by a bright red 5 armed star. 

 

Figure S2: Normalized absorption spectra of A[n] extracted from the preparative GPC run in chloroform. 
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HPLC chromatograms 

 

Figure S3: Chiral resolution of GBD[3] (top) and GBD[4] (bottom) for analytical separation. GBD[3] was resolved on a ChiralpakTM IG column (70% CH2Cl2 in heptane 
1 ml/min), GBD[4] was resolved on a ChiralpakTM IBN-5 column (50% EtOAc in heptane 1 ml/min). 
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Figure S4: Analytical Chiral resolution of GBD[2-4] on IG columns from ChiralpakTM by Daicel. Conditions: A) GBD[2], 1 mL/min, 50% CH2Cl2 in heptane. B) GBD[3], 
1 mL/min, 50% CH2Cl2 in heptane. C) left: GBD[4], 1 mL/min, 50% CH2Cl2 in heptane ChiralpakTM IG. Right: GBD[4], 1 mL/min, 50% CH2Cl2 in heptane 
ChiralpakTM .IBN-5 

Whilst the chiral resolution of GBD[2] and GBD[3] could be achieved with a high percentage of 70% CH2Cl2 in heptane on a IG 

(ChiralpakTM) chiral stationary phase which could not be used to resolve GBD[4]. Reducing the content to 50% CH2Cl2 allowed 

to resolve the dimeric and tetrameric species still efficiently and first (poor) separation for the tetramer was observed (Figure 

S4). Reducing the content to 40% CH2Cl2 allowed to resolve GBD[4]. However, optimized conditions were found on a different 

chiral stationary phase (IBN-5 column by ChiralpakTM, see Figure S3).  
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DFT Calculations 

Optimization, frequency analysis and TD-DFT calculations were preformed using Gaussian 09 (E.01),3 SpecDis 1.71 was used 

to extract the transitions and fit the calculated spectra.4,5 The optimized geometry of GBD[2] was reported with our previous 

findings,2 but re-optimized at the B3LYP/def2-SVP level of theory for this study. GBD[3] and GBD[4] were optimized at 

B3LYP/def2-SVP level of theory. The modeled geometries are displayed below. 

Determination of Torsional Angles 

Mercury 2021.3.0 was used to measure the angles in the modeled structures of (P)-GBD[2],  (P)-GBD[3] and (P)- GBD[4], as 

well as (P)- GBD[3] extracted from the solid state structure. Centroids (dummy atoms, marked in red) were calculated as pivots 

for measuring the angle between anchors for measuring the torsion ϕ. For ϕ, the centroids of the 7-membered scaffold of the 

individual phthalimides found in the axis were calculated. The torsional angle was measured from these centroids over the CC 

bond connecting the phthalimide units. The individual angles between the subunits were summed to determine the overall angle. 

The axis length was determined as the straight line connecting the carbon farthest apart in the phthalimide axis (from C6 to C6’’ 

marked in green). The banister lengths were determined by the sum of the straight lines over a carbazole from C2 to C7 

(highlighted in yellow) and the straight lines between the carbazole subunits. 

 

 

Figure S5. Measurements of key angles and distances in the model of (P)- GBD[4]. 

 

Figure S6. Measurements of key angles and distances in the model of (P)- GBD[3]. 
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Figure S7. Measurements of key angles and distances in the X-ray structure of (P)- GBD[3]. 

 

Figure S8. Measurements of key angles and distances in the model structure of (P)- GBD[2]. 
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TD-DFT 

For GBD[3], and GBD[4] 50 vertical transitions were calculated at the TD-PBE0/def2-SVP level of theory polarizable continuum 

model (PCM) for chloroform taken in account.  

 

Figure S9. Experimental (green solid line) and simulated (black dashed line, fitted with = 0.16 eV) ECD spectrum of GBD[3]. The calculated transitions are indicated 

by black sticks and shifted blue by 0.3 eV. The transitions were calculated at TD-PBE0/def2-SVP level of theory. 

 

Figure S10. Experimental (green solid line) and simulated (black dashed line, fitted with = 0.16 eV) ECD spectrum of GBD[4]. The calculated transitions are 
indicated by black sticks and shifted blue by 0.3 eV. The transitions were calculated at TD-PBE0/def2-SVP level of theory. 

TDM analysis 

The Rotary strength R is the scalar product of the electric (𝜇) and magnetic (�⃗⃗⃗�) transition dipole moments, R = |𝜇| ∗ |�⃗⃗⃗�| cos 𝜃. 

We used Multiwfn1 to analyze the transition dipole moments and visualized the data using VMD.2 The summarized values can 

be found in Table S2. We analyzed the most intense red transition with an intense rotary strength for all three compounds TD-

PBE0/def2-SVP level of theory with polarizable continuum model (PCM) for chloroform taken in account. Even though the angle 

𝜃 is for all three compounds close to 90° it gets more coplanar with increasing size. Furthermore, the angles indicate moderately 
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large transition dipole moments. The direction of 𝜇 is found almost parallel along the banister for GBD[2], GBD[3], and GBD[4], 

see Figure S11. Interestingly, the absolute value of 𝜇 increases only moderately while the absolute value of �⃗⃗⃗� increases non 

linearly. These findings are in close resemblance with a series of helical PDI structures.3 

 

Figure S11. Visualization of the electric (�⃗�, red) and magnetic (�⃗⃗⃗�, blue) transition dipole moments 

Table S2. Summary of values of the TDM analysis. 

species state |�⃗⃗⃗�|(au) |�⃗⃗⃗⃗�|(au) 𝜽 

GBD[2] 14 5.23 6.48 90.47° 

GBD[3] 10 5.66 8.79 88.38° 

GBD[4] 7 6.11 14.78 83.86° 

 

 

 

 

Crystallographic Details 

Crystallographic data for compounds (rac)-GBD[3] reported in this paper have been deposited with the Cambridge 

Crystallographic Data Centre as supplementary information no. CCDC-2378167. Copies of the data can be obtained free of 

charge from https://www.ccdc.cam.ac.uk/structures/. 

 

Experimental Details. 

Single crystal X-ray diffraction data were collected on a STOE STADI VARI diffractometer with monochromated Ga K (1.34143 

Å) radiation at low temperature. Using Olex2,4 the structures were solved with the ShelXT5 structure solution program using 

Intrinsic Phasing and refined with the ShelXL6 refinement package using Least Squares minimization. Refinement was 

performed with anisotropic temperature factors for all non-hydrogen atoms; hydrogen atoms were calculated on idealized 

positions. Crystallographic data and refinement details are summarized in Table S3. 

 

https://www.ccdc.cam.ac.uk/structures/
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Table S3. Crystallographic data and refinement details for (rac)-GBD[3].  

Compound (rac)-GBD[3] ∙ 8 THF 

Empirical formula  C118H104N6O14  

Formula weight  1830.07  

Temperature/K  200  

Crystal system  triclinic  

Space group  P1̅  

a/Å  14.7673(5)  

b/Å  16.6167(7)  

c/Å  20.5716(8)  

α/°  71.702(3)  

β/°  89.043(3)  

γ/°  88.782(3)  

Volume/Å3  4791.3(3)  

Z  2  

ρcalcg/cm3  1.268  

μ/mm–1  0.428  

F(000)  1932.0  

Crystal size/mm3  0.15 × 0.04 × 0.03  

Radiation  Ga Kα (λ = 1.34143)  

2Θ range for data collection/°  5.208 to 110  

Index ranges  –18 ≤ h ≤ 7, –20 ≤ k ≤ 20, –25 ≤ l ≤ 25  

Reflections collected  63770  

Independent reflections  17937 [Rint = 0.0560, Rsigma = 0.0501]  

Ind. reflections with I ≥ 2σ (I) 11919 

Data/restraints/parameters  17937/2/1238  

Goodness-of-fit on F2  1.071  

Final R indexes [I ≥ 2σ (I)]  R1 = 0.0811, wR2 = 0.2404  

Final R indexes [all data]  R1 = 0.1119, wR2 = 0.2587  

Largest diff. peak/hole / e Å–3  0.91/–0.63  

CCDC number 2378167 
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NMR Spectra 

 

Figure S12. 1H-NMR(400MHz, THF-d8, 298K) of 2. 

 

Figure S13. 13C-NMR(101 MHz, THF-d8, 298K) of 2. 
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Figure S14. 1H-NMR(400MHz, THF-d8, 298K) of 4. 

 

Figure S15. 13C-NMR(101 MHz, THF-d8, 298K) of 4. 
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Figure S16. 1H-NMR(400MHz, THF-d8, 298K) of 6. 

 

Figure S17. 1H-NMR(400MHz, THF-d8, 298K) of ECCl. 
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Figure S18. 13C-NMR(101 MHz, THF-d8, 298K) of ECCl. 

 

Figure S19. 1H-NMR(400MHz, THF-d8, 298K) of MCl. 



26  

 

Figure S20. 13C-NMR(101 MHz, THF-d8, 298K) of MCl. 

 

Figure S21. 1H-NMR(400MHz, THF-d8, 298K) of MBr. 
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Figure S22. 13C-NMR(101 MHz, THF-d8, 298K) of MBr. 

 

Figure S23. 1H-NMR(600MHz, THF-d8, 298K) of A[3]. 
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Figure S24. 13C-NMR(151 MHz, THF-d8, 298K) of A[3]. 

 

Figure S25. 1H-NMR(600MHz, THF-d8, 333K) of A[3]. 
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Figure S26. High resolution HSQC-NMR(600MHz, THF-d8, 333K) of A[3]. 

 

Figure S27. COSY-NMR(600MHz, THF-d8, 333K) of A[3]. 
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Figure S28. NOESY-NMR(600 MHz, THF-d8, 333 K) of A[3] 

 

Figure S29. 1H-NMR(600 MHz, THF-d8, 298 K) of A[4] 
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Figure S30. 13C-NMR(151 MHz, THF-d8, 298 K) of A[4] 

 

Figure S31. 1H-NMR(600 MHz, THF-d8, 333 K) of A[4] 
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Figure S32. High resolution HSQC-NMR(600 MHz, THF-d8, 333 K) of A[4] 

 

Figure S33. COSY-NMR(600 MHz, THF-d8, 333 K) of A[4] 
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Figure S34. NOESY-NMR(600 MHz, THF-d8, 333 K) of A[4] 

 

Figure S35. 1H-NMR(600 MHz, THF-d8, 298 K) of A[5] 
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Figure S36. 13C-NMR(126 MHz, THF-d8, 298 K) of A[5] 

 

Figure S37. 1C-NMR(600 MHz, THF-d8) of A[5], top to bottom 333 K, 318 K, and 293 K.. 
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Figure S38. HSQC-NMR(600 MHz, THF-d8, 333 K) of A[5]. 

 

Figure S39. High resolution HSQC-NMR(600 MHz, THF-d8, 333 K) of A[5]. 
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Figure S40. COSY-NMR(600 MHz, THF-d8, 333 K) of A[5]. 

 

Figure S41. NOSY-NMR(600 MHz, THF-d8, 333 K) of A[5]. 
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Figure S42. HMBC-NMR(600 MHz, THF-d8, 333 K) of A[5]. 

 

Figure S43. 1H-NMR(600 MHz, THF-d8, 298 K) of GBD3 
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Figure S44. 13C-NMR(151 MHz, THF-d8, 298 K) of GBD3 

 

Figure S45. 1H-NMR(600 MHz, THF-d8, 333 K) of GBD3 
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Figure S46. HMBC-NMR(600 MHz, THF-d8, 298 K) of GBD3 

 

Figure S47. High resolution HSQC-NMR(600 MHz, THF-d8, 298 K) of GBD3 
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Figure S48. TOCSY-NMR(600 MHz, THF-d8, 298 K) of GBD3 

 

Figure S49. ROESY-NMR(600 MHz, THF-d8, 298 K) of GBD3 
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Figure S50. 1H-NMR(600 MHz, THF-d8, 298 K) of GBD4 

 

Figure S51. 1H-NMR(600 MHz, THF-d8, 333 K) of GBD4 
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Figure S52. High resolution HSQC-NMR(600 MHz, THF-d8, 333 K) of GBD4 

 

Figure S53. NOESY-NMR(600 MHz, THF-d8, 333 K) of GBD4 
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Figure S54. COSY-NMR(600 MHz, THF-d8, 333 K) of GBD4 
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HR-MS Reports
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Figure S55. HR-MS report of 2. 
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Figure S56. HR-MS report of 4. 
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Figure S57. HR-MS report of ECCl. 
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Figure S58. HR-MS report of MCl. 
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Figure S59. HR-MS report of MBr. 
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Figure S60. HR-MS report of A[4]. 
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Figure S60. HR-MS report of A[5]. 
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Figure S62. HR-MS report of GBD[3].  
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Figure S63. HR-MS report of GBD[4].  
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Cartesians of optimized geometries 
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GBD2-b3lyp-def2svp-freq.out Energy: -1674726.8044058 

O         -1.46279        3.00841        0.79491 

O         -3.53335        3.17126       -3.31769 

O          1.46280        3.00842       -0.79491 

O          3.53336        3.17125        3.31769 

N         -2.68965        2.77046       -1.17424 

N         -5.56559       -1.92474        0.10282 

N          5.56559       -1.92474       -0.10283 

N          2.68966        2.77046        1.17424 

C         -1.75506        3.39421       -0.31072 

C         -1.25827        4.60025       -1.04604 

C         -0.35707        5.59810       -0.65424 

C         -0.16408        6.65684       -1.56533 

H          0.53231        7.45615       -1.30031 

C         -0.81782        6.70196       -2.80336 

H         -0.62458        7.53950       -3.47792 

C         -1.70759        5.68957       -3.18325 

H         -2.22896        5.70443       -4.14243 

C         -1.91179        4.65536       -2.27799 

C         -2.81975        3.47718       -2.39499 

C         -3.42171        1.59281       -0.85204 

C         -4.01479        1.45307        0.41133 

H         -3.90112        2.23969        1.15664 

C         -4.72394        0.29398        0.72550 

H         -5.16425        0.17317        1.71724 

C         -4.86756       -0.72820       -0.22272 

C         -4.28846       -0.57601       -1.49030 

H         -4.40529       -1.36791       -2.23267 

C         -3.56029        0.57107       -1.80225 

H         -3.11222        0.68010       -2.78926 

C         -6.92942       -2.04955        0.37190 

C         -7.92798       -1.06816        0.36926 

H         -7.69546       -0.02641        0.14121 

C         -9.23164       -1.46778        0.66566 

H        -10.02923       -0.72042        0.67085 

C         -9.54082       -2.81113        0.95477 

H        -10.57242       -3.08903        1.18316 

C         -8.54511       -3.78649        0.94837 

H         -8.78923       -4.82894        1.16792 

C         -7.22444       -3.41376        0.65433 

C         -4.97720       -3.18493        0.21588 

C         -5.97504       -4.14005        0.55522 

C         -5.60148       -5.48244        0.73333 

H         -6.35105       -6.23465        0.99113 

C         -4.26834       -5.85158        0.58932 

H         -3.96648       -6.89065        0.73112 

C         -3.27475       -4.88653        0.26957 

C         -3.63731       -3.53702        0.07698 

H         -2.87423       -2.79692       -0.16390 

C         -1.89543       -5.22118        0.15720 

C         -0.67967       -5.34546        0.05436 

C          0.67967       -5.34546       -0.05432 

C          1.89542       -5.22118       -0.15716 

C          4.97719       -3.18493       -0.21588 

C          3.63731       -3.53702       -0.07696 

H          2.87423       -2.79692        0.16392 

C          3.27475       -4.88653       -0.26954 

C          4.26834       -5.85158       -0.58929 

H          3.96647       -6.89066       -0.73109 

C          5.60147       -5.48245       -0.73331 

H          6.35103       -6.23465       -0.99111 

C          5.97504       -4.14006       -0.55522 

C          6.92941       -2.04956       -0.37192 

C          7.22444       -3.41377       -0.65434 

C          8.54510       -3.78650       -0.94839 

H          8.78922       -4.82895       -1.16795 

C          9.54081       -2.81114       -0.95481 

H         10.57240       -3.08904       -1.18321 

C          9.23163       -1.46778       -0.66571 

H         10.02922       -0.72043       -0.67091 

C          7.92798       -1.06816       -0.36930 

H          7.69546       -0.02641       -0.14125 

C          4.86757       -0.72820        0.22271 

C          4.72393        0.29398       -0.72551 

H          5.16424        0.17316       -1.71725 

C          4.01478        1.45307       -0.41134 

H          3.90111        2.23969       -1.15664 

C          3.42172        1.59281        0.85204 

C          3.56030        0.57107        1.80225 

H          3.11224        0.68011        2.78926 

C          4.28848       -0.57601        1.49029 

H          4.40530       -1.36791        2.23267 

C          1.75507        3.39422        0.31073 

C          1.25828        4.60025        1.04605 

C          0.35708        5.59810        0.65425 

C          0.16408        6.65684        1.56534 

H         -0.53231        7.45615        1.30033 

C          0.81782        6.70195        2.80338 

H          0.62458        7.53949        3.47794 

C          1.70760        5.68957        3.18326 

H          2.22896        5.70442        4.14244 

C          1.91180        4.65536        2.27799 

C          2.81976        3.47718        2.39499 
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C         -0.38999       -3.03763        0.57609 

C          0.38997       -3.03761       -0.57612 

C          0.80152       -4.22123       -1.20044 

C          0.38253       -5.41526       -0.58534 

C         -0.38258       -5.41528        0.58522 

C         -0.80155       -4.22126        1.20036 

C         -0.63539       -1.62004        0.97491 

N          0.00001       -0.80158        0.00002 

C          0.63538       -1.62001       -0.97490 

O         -1.24889       -1.23633        1.94202 

O          1.24889       -1.23628       -1.94200 

C          0.00001        0.63197        0.00004 

C         -0.84910        1.35450        0.86088 

C         -0.83219        2.74844        0.86850 

C          0.00001        3.46695        0.00005 

C          0.83222        2.74845       -0.86841 

C          0.84913        1.35450       -0.86079 

N          0.00001        4.88739        0.00004 

C         -1.12488        5.70833       -0.11924 

C         -0.71879        7.07255       -0.07620 

C          0.71881        7.07255        0.07617 

C          1.12490        5.70833        0.11928 

C         -2.45975        5.34984       -0.28918 

C         -3.42568        6.37278       -0.39493 

C         -3.02791        7.73641       -0.34251 

C         -1.69016        8.08163       -0.19011 

C          1.69019        8.08163        0.19002 

C          3.02794        7.73641        0.34244 

C          3.42571        6.37278        0.39494 

C          2.45977        5.34984        0.28924 

C         -4.78542        5.97824       -0.54287 

C         -5.89919        5.47635       -0.65276 

C          4.78544        5.97824        0.54290 

C          5.89920        5.47633        0.65281 

C          2.91961       -3.79345       -2.55515 

C          3.62363       -3.84988       -3.75509 

C          3.07194       -4.37279       -4.91850 

C          1.76308       -4.86346       -4.83528 

C          1.04975       -4.81144       -3.63026 

C          1.60427       -4.26235       -2.45639 

C          3.82353       -3.21892       -1.51399 

N          5.05624       -2.93264       -2.16236 

C          4.98393       -3.28240       -3.53960 

O          3.57835       -3.03923       -0.34465 

O          5.85636       -3.14820       -4.36209 

C          6.20434       -2.36842       -1.52631 

C          7.48771       -2.55720       -2.07088 

C          8.60189       -1.96935       -1.47403 

C          8.47493       -1.21416       -0.29970 

C          7.19973       -1.06204        0.26345 

C          6.07431       -1.61065       -0.34901 

N          9.60484       -0.59318        0.29319 

C          9.69653        0.76198        0.63071 

C         10.99205        1.02836        1.15327 

C         11.71427       -0.22592        1.13140 

C         10.82722       -1.20232        0.59754 

C          8.74439        1.77025        0.49831 

C          9.07555        3.07324        0.92629 

C         10.36765        3.34421        1.45102 

C         11.31646        2.33350        1.55757 

C         13.00611       -0.60365        1.52801 

C         13.39458       -1.93535        1.39663 

C         12.50023       -2.89327        0.88211 

C         11.21033       -2.54480        0.47963 

C          8.06003        4.06793        0.84505 

C          7.07445        4.79272        0.75718 

C         -3.62365       -3.84999        3.75504 

C         -2.91963       -3.79352        2.55509 

C         -1.60429       -4.26243        2.45631 

C         -1.04978       -4.81158        3.63016 

C         -1.76310       -4.86364        4.83518 

C         -3.07196       -4.37295        4.91843 

C         -4.98394       -3.28250        3.53958 

N         -5.05626       -2.93267        2.16235 

C         -3.82355       -3.21895        1.51396 

O         -5.85637       -3.14832        4.36207 

O         -3.57838       -3.03922        0.34463 

C         -6.20435       -2.36842        1.52632 

C         -6.07432       -1.61062        0.34904 

C         -7.19974       -1.06200       -0.26341 

C         -8.47494       -1.21413        0.29975 

C         -8.60190       -1.96935        1.47406 

C         -7.48772       -2.55722        2.07089 

N         -9.60485       -0.59313       -0.29314 

C        -10.82722       -1.20229       -0.59753 

C        -11.71426       -0.22588       -1.13140 

C        -10.99205        1.02839       -1.15324 

C         -9.69654        0.76202       -0.63066 

C        -11.21031       -2.54477       -0.47964 

C        -12.50020       -2.89324       -0.88216 

C        -13.39455       -1.93533       -1.39669 

C        -13.00609       -0.60362       -1.52805 

C        -11.31645        2.33353       -1.55755 

C        -10.36764        3.34425       -1.45098 

C         -9.07555        3.07328       -0.92622 

C         -8.74440        1.77029       -0.49824 

C         -8.06003        4.06797       -0.84498 

C         -7.07445        4.79275       -0.75712 

H          0.67748       -6.36987       -1.02750 

H         -0.67754       -6.36990        1.02734 

H         -1.50418        0.82954        1.54877 

H         -1.47513        3.28269        1.57019 

H          1.47515        3.28269       -1.57009 

H          1.50420        0.82955       -1.54868 

H         -2.77099        4.30743       -0.34385 
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H         -3.79116        8.51191       -0.42505 

H         -1.39789        9.13405       -0.15970 

H          1.39793        9.13405        0.15956 

H          3.79120        8.51191        0.42494 

H          2.77100        4.30743        0.34397 

H          3.64425       -4.39860       -5.84786 

H          1.28318       -5.28862       -5.71998 

H          0.02428       -5.18772       -3.60026 

H          7.61411       -3.12742       -2.98728 

H          9.58228       -2.08815       -1.93848 

H          7.08175       -0.50320        1.19312 

H          5.09763       -1.47067        0.10598 

H          7.75618        1.57709        0.08372 

H         10.60367        4.35894        1.77575 

H         12.30817        2.55547        1.95912 

H         13.69623        0.13749        1.93891 

H         14.39806       -2.24241        1.70031 

H         12.81937       -3.93521        0.79751 

H         10.52400       -3.29934        0.09315 

H         -0.02430       -5.18786        3.60014 

H         -1.28320       -5.28883        5.71985 

H         -3.64426       -4.39880        5.84778 

H         -5.09764       -1.47063       -0.10594 

H         -7.08176       -0.50313       -1.19306 

H         -9.58229       -2.08815        1.93850 

H         -7.61412       -3.12746        2.98728 

H        -10.52399       -3.29931       -0.09315 

H        -12.81934       -3.93519       -0.79758 

H        -14.39802       -2.24240       -1.70040 

H        -13.69621        0.13752       -1.93895 

H        -12.30816        2.55551       -1.95912 

H        -10.60366        4.35898       -1.77571 

H         -7.75620        1.57713       -0.08363 
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C          2.31582       -1.51879       -1.90214 

C          1.45082       -1.44814       -0.81401 

C          0.45910       -2.40932       -0.58693 

C          0.38193       -3.44660       -1.53492 

C          1.23945       -3.50677       -2.63780 

C          2.24511       -2.54632       -2.85026 

C          3.22797       -0.33865       -1.85183 

N          2.88700        0.39450       -0.68201 

C          1.81322       -0.24634       -0.00508 

O          4.08637       -0.05005       -2.65092 

O          1.30261        0.11463        1.02848 

C          3.52868        1.60220       -0.25602 

C          4.76619        1.99075       -0.80419 

C          5.37544        3.17956       -0.40730 

C          4.79544        3.99721        0.57174 

C          3.57455        3.59931        1.13342 

C          2.93736        2.43111        0.71654 

N          5.42981        5.20009        0.98164 

C          6.76089        5.32919        1.38855 

C          7.02776        6.69254        1.70118 

C          5.79958        7.41907        1.46916 

C          4.83917        6.46622        1.02465 

C          7.73675        4.34527        1.52537 

C          9.02399        4.72600        1.95951 

C          9.29863        6.08631        2.26674 

C          8.31087        7.05657        2.14391 

C          5.42671        8.76949        1.57897 

C          4.13197        9.15566        1.25236 

C          3.18138        8.20130        0.79869 

C          3.54453        6.84332        0.67747 

C         10.01147        3.70471        2.05182 

C         10.73950        2.71758        2.05505 

C          1.84264        8.55302        0.46699 

C          0.66068        8.68338        0.16631 

C         -1.45121       -1.44803        0.81446 

C         -2.31594       -1.51836        1.90283 

C         -2.24510       -2.54570        2.85114 

C         -1.23953       -3.50623        2.63872 

C         -0.38216       -3.44630        1.53571 

C         -0.45950       -2.40924        0.58749 

C         -1.81393       -0.24656        0.00516 

N         -2.88741        0.39449        0.68228 

C         -3.22800       -0.33813        1.85251 

O         -1.30387        0.11408       -1.02878 

O         -4.08594       -0.04897        2.65189 

C         -3.52916        1.60200        0.25603 

C         -4.76774        1.98947        0.80247 

C         -5.37697        3.17824        0.40543 

C         -4.79593        3.99677       -0.57228 

C         -3.57399        3.59981       -1.13238 

C         -2.93677        2.43176       -0.71511 

N         -5.43025        5.19958       -0.98237 

C         -6.76118        5.32860       -1.38987 

C         -7.02811        6.69199       -1.70226 

C         -5.80015        7.41866       -1.46947 

C         -4.83980        6.46586       -1.02476 

C         -7.73687        4.34462       -1.52743 

C         -9.02401        4.72532       -1.96190 

C         -9.29869        6.08567       -2.26889 

C         -8.31106        7.05600       -2.14544 

C         -5.42750        8.76918       -1.57876 

C         -4.13299        9.15552       -1.25144 

C         -3.18245        8.20122       -0.79757 

C         -3.54542        6.84315       -0.67680 

C        -10.01139        3.70396       -2.05452 

C        -10.73911        2.71659       -2.05795 

C          5.32580       -2.93043       -5.08117 

C          4.52611       -2.84769       -3.94439 

C          3.14391       -2.64428       -4.03565 

C          2.61308       -2.55154       -5.33798 

C          3.42388       -2.63289       -6.47808 

C          4.80715       -2.81966       -6.36584 

C          6.73706       -3.15260       -4.65907 

N          6.71988       -3.23400       -3.23838 

C          5.39766       -3.05163       -2.74874 

O          7.70498       -3.25056       -5.37249 

O          5.06159       -3.07415       -1.58816 

C          7.86953       -3.46486       -2.42232 

C          9.00658       -4.10212       -2.95165 

C         10.14071       -4.29277       -2.16348 

C         10.15965       -3.89210       -0.82008 

C          9.01134       -3.29063       -0.28520 

C          7.88799       -3.05791       -1.07647 

N         11.32007       -4.06755       -0.02225 

C         12.05292       -5.24926        0.13496 

C         13.16139       -4.99962        0.99180 

C         13.09097       -3.60471        1.37188 

C         11.94307       -3.06458        0.72912 

C         11.80600       -6.52868       -0.37968 

C         12.69486       -7.55041       -0.04317 

C         13.80514       -7.31495        0.78994 

C         14.04026       -6.04514        1.31314 

C         13.88117       -2.77361        2.18243 

C         13.52813       -1.43973        2.35364 

C         12.38159       -0.90457        1.70766 

C         11.59134       -1.72442        0.87455 

C         11.95771        0.44163        1.89620 

C         11.43997        1.54912        1.99528 

C         -1.84385        8.55299       -0.46537 

C         -0.66197        8.68337       -0.16435 

C         -4.52611       -2.84675        3.94523 

C         -5.32589       -2.92932        5.08196 

C         -4.80731       -2.81844        6.36665 

C         -3.42404       -2.63173        6.47896 

C         -2.61315       -2.55055        5.33891 

C         -3.14390       -2.64342        4.03655 

C         -5.39759       -3.05077        2.74955 

N         -6.71985       -3.23309        3.23912 

C         -6.73713       -3.15149        4.65980 

O         -5.06148       -3.07332        1.58898 

O         -7.70509       -3.24938        5.37317 

C         -7.86942       -3.46411        2.42298 

C         -9.00655       -4.10124        2.95233 

C        -10.14054       -4.29215        2.16403 

C        -10.15928       -3.89190        0.82051 

C         -9.01092       -3.29053        0.28564 

C         -7.88770       -3.05754        1.07702 

N        -11.31953       -4.06774        0.02251 

C        -12.05213       -5.24962       -0.13454 

C        -13.16029       -5.00049       -0.99193 

C        -13.08991       -3.60572       -1.37254 

C        -11.94236       -3.06516       -0.72952 

C        -11.80525       -6.52880        0.38071 

C        -12.69383       -7.55079        0.04426 

C        -13.80380       -7.31582       -0.78940 

C        -14.03888       -6.04626       -1.31321 

C        -13.87989       -2.77507       -2.18376 

C        -13.52697       -1.44121       -2.35536 

C        -12.38079       -0.90561       -1.70909 

C        -11.59078       -1.72500       -0.87532 

C        -11.95704        0.44057       -1.89801 

C        -11.43966        1.54824       -1.99702 

H         -0.37889       -4.22091       -1.41099 

H          1.13791       -4.33328       -3.34516 

H          5.24000        1.38294       -1.56841 

H          6.31511        3.47677       -0.87582 

H          3.11334        4.20693        1.91387 

H          1.99311        2.14966        1.17265 

H          7.53075        3.29886        1.30431 

H         10.30095        6.35972        2.60047 

H          8.53462        8.09752        2.38944 

H          6.14977        9.51507        1.91837 

H          3.82985       10.20054        1.34016 

H          2.81439        6.12010        0.31649 

H         -1.13792       -4.33262        3.34622 

H          0.37868       -4.22060        1.41188 

H         -5.24243        1.38096        1.56560 

H         -6.31744        3.47473        0.87281 

H         -3.11195        4.20804       -1.91186 

H         -1.99165        2.15106       -1.16994 

H         -7.53088        3.29815       -1.30665 

H        -10.30092        6.35907       -2.60291 

H         -8.53481        8.09699       -2.39080 

H         -6.15054        9.51470       -1.91831 

H         -3.83102       10.20046       -1.33889 

H         -2.81531        6.12004       -0.31556 

H          1.53884       -2.39079       -5.45729 

H          2.96443       -2.54338       -7.46531 

H          5.45791       -2.88182       -7.24021 

H          9.02421       -4.41282       -3.99290 

H         11.02856       -4.74806       -2.60557 

H          8.99374       -2.99616        0.76528 

H          7.01454       -2.58463       -0.63653 

H         10.94360       -6.72723       -1.01727 

H         12.52076       -8.55589       -0.43474 

H         14.48268       -8.13729        1.03113 

H         14.89560       -5.86533        1.96920 

H         14.76765       -3.17210        2.68182 

H         14.12631       -0.78846        2.99308 

H         10.72362       -1.30004        0.37174 
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H         -5.45813       -2.88046        7.24099 

H         -2.96465       -2.54212        7.46621 

H         -1.53891       -2.38987        5.45826 

H         -9.02433       -4.41163        3.99366 

H        -11.02845       -4.74734        2.60611 

H         -8.99316       -2.99634       -0.76492 

H         -7.01420       -2.58436        0.63707 

H        -10.94308       -6.72698        1.01874 

H        -12.51975       -8.55609        0.43630 

H        -14.48113       -8.13836       -1.03053 

H        -14.89398       -5.86683       -1.96969 

H        -14.76609       -3.17389       -2.68339 

H        -14.12496       -0.79028       -2.99532 

H        -10.72333       -1.30030       -0.37231 
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