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List of acronyms and abbreviations 

Ac Acetyl 

Bu Butyl 

BINAP 2,2′-Bis(diphenylphosphino)-1,1′-binaphthyl 

Bn Benzyl 

Cy Cyclohexyl 

Bpin Pinacol boronic ester 

dan Naphthalene-1,8-diaminato  

dba Dibenzylideneacetone 

DCE 1,2-Dichloroethane 

DCM Dichloromethane 

DIBAL-H Diisobutylaluminum hydride 

DIPEA N,N-Diisopropylethylamine 

DMEDA N,N′-Dimethylethylenediamine 

DMF N,N-Dimethylformamide 

DMSO Dimethyl sulfoxide 

DPPA Diphenylphosphoryl azide 

dr Diastereomeric ratio 

EA Ethyl acetate 

EDC N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide 

er Enantiomeric ratio 

Et Ethyl 



S4 
 

HOBt 1-Hydroxybenzotriazole 

HOMO Highest occupied molecular orbital 

LUMO Lowest unoccupied molecular orbital 

Me Methyl 

NCS N-Chlorosuccinimide 

Ph Phenyl 

pin Pinacolato 

PMP p-Methoxyphenyl 

Pr Propyl 

RuPhos 2-Dicyclohexylphosphino-2′,6′-diisopropoxybiphenyl 

SPhos 2-Dicyclohexylphosphino-2′,6′-dimethoxybiphenyl 

TBS tert-Butyldimethylsilyl 

TCNB 1,2,4,5-Tetrachloro-3-nitrobenzene 

TFA Trifluoroacetic acid 

THF Tetrahydrofuran 

TMS Trimethylsilyl 

Ts Tosyl 

XPhos 2-Dicyclohexylphosphino-2′,4′,6′-triisopropylbiphenyl 
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General information 

 

Materials: Commercially available reagents and solvents were used as received. Bis[2-

(diphenylphosphino)phenyl]ether oxide (DPEPO) was purchased from Bide pharm. Poly(methyl 

methacrylate (PMMA, m.w. =350,000 Da) were purchased from Shanghai Xiensi Biotechnology 

Co., Ltd. Commercial dry solvents (Aldrich Sure/SealTM) were sparged with nitrogen before being 

used in catalytic reactions. Solvents used for column chromatography were analytical grade. 

 

Methods: Unless otherwise noted, all experiments were set up under an atmosphere of nitrogen 

in a glovebox or using standard Schlenk techniques. Reactions were monitored by thin-layer 

chromatography (TLC), gas chromatography (GC), or nuclear magnetic resonance (NMR) analysis. 

Flash column chromatography was performed using Tsingdao silica gel (60, particle size 300-400 

mesh). Yields refer to isolated yields after flash column chromatography purification.  

 

Instrumentation: Circularly polarized luminescence (CPL), Circular dichroism (CD) were 

measured with an Applied Photophysics ChirascanV100 model. Fluorescence lifetime and quantum 

yield (QY) were measured by Steady State-Transient-Fluorescence Spectrometer (Edinburgh 

FLS920). UV-Visible absorption spectra at room temperature was recorded on a UV-1900 Shimadzu 

spectrophotometer. Fluorescence spectra was made on a RF-6000 Shimadzu fluorophotometer. 

 

Characterization: Products were characterized utilizing nuclear magnetic resonance (NMR), 

mass spectrometry (MS), high-performance liquid chromatography (HPLC), and optical rotation. 

NMR spectra were recorded on a Bruker DPX 400 spectrometer at 300 MHz for 1H NMR, 101 MHz 

for 13C NMR, and 162 MHz for 31P NMR or on a Bruker DPX 500 spectrometer at 500 MHz for 1H 
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NMR, 126 MHz for 13C NMR, 202 MHz for 31P NMR and 471 MHz for 19F NMR in CDCl3 with 

tetramethylsilane as internal standard. Chemical shifts were reported relative to Chloroform-d (7.26 

ppm) for 1H NMR and relative to Chloroform-d (77.0 ppm) for 13C NMR. 19F spectra were calibrated 

from the external standard (CFCl3: 0 ppm). 31P spectra were calibrated from the external standard 

(85 wt% phosphoric acid: 0 ppm). NMR data are reported as chemical shift (parts per million, ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (Hz), 

and integration. HPLC analysis was performed on a Shimadzu i-series HPLC system equipped with 

a photodiode array (PDA) detector and Chiralcel and Chiralpak columns (0.46 cm∅× 25 cm). The 

wavelength that is an apex in the spectrum was selected for analysis of the enantiomeric ratio (er) 

of each compound. Optical rotation ([α]D
T, deg•cm3•g-1•dm-1) was measured on a Jasco DIP-1000 

Digital Polarimeter at λ=589 nm in the given solvent at the indicated concentration (c, g/100 mL) 

and temperature (T, °C). X-ray diffraction was performed on Bruker D8 Venture single crystal X-

ray diffractometer. 
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Preparation of ligands 

1. General Remarks  

L1 to L4 was synthesized from RuPhos by the previously reported kinds of literature.1-4 All 

amino acid residues and coupling reagents were purchased from commercial suppliers. Yields are 

not optimized.  

 

2. The general procedure of representative amino acid-drived ligands2,5 

 

L9-((S)-2-(dicyclohexylphosphaneyl)-2', 6'-diisopropoxy-[1, 1':3', 1''-terphenyl]-5'-carbonyl)-

D-tert-leucine 

Under N2 atmosphere, L4-(S)-2-(dicyclohexylphosphaneyl)-2',6'-

diisopropoxy-[1,1':3',1''-terphenyl]-5'-carboxylic acid (58.6 mg, 0.1 

mmol), DIPEA (51.6 mg, 0.4 mmol), HOBt·H2O (27 mg, 0.2 mmol), and 

D-Tert-Leucine Methyl ester hydrochloride (18 mg, 0.1 mmol) were added DCM (1 mL). The 

mixture was cooled to 0 oC and EDC·HCl (38.4 mg, 0.2 mmol) was then added to the solution. After 

that, the resulting reaction mixture was stirred at room temperature for 24 h. The reaction was 

quenched with H2O, then the mixture was extracted with EA (5 mL X 3) three times. The combined 

organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude 

product SI-L9 was used directly in the next step without further purification.  
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Under the N2 atmosphere, SI-L9 (crude material) was dissolved in 0.5 mL THF and 0.5 mL MeOH, 

followed by the addition of 2 M LiOH (aq.) (0.5 mL, 1 mmol). The resulting reaction mixture was 

stirred at 45 oC for 24 h. After the reaction was completed, removal of the organic phase was 

performed under reduced pressure, and water was added and extracted with DCM (5 mL X 3) three 

times. The combined organic phases were washed with brine, dried over Na2SO4, and concentrated 

in vacuo. The crude materials were purified by flash column chromatography with hexane and 

acetone (5:1 – 2:1) to give the desired product L9, 40 mg in 57% yield over two steps as a white 

solid. 1H NMR (500 MHz, Acetone-d6) δ 8.48 (d, J = 8.8 Hz, 1H), 8.09 (s, 1H), 7.81 – 7.78 (m, 1H), 

7.67 – 7.63 (m, 2H), 7.49 – 7.44 (m, 5H), 7.40 – 7.35 (m, 1H), 4.69 – 4.61 (m, 1H), 4.00 – 3.92 (m, 

1H), 3.67 – 3.62 (m, 1H), 2.34 – 2.24 (m, 2H), 2.21 – 2.15 (m, 1H), 2.05 – 1.96 (m, 2H), 1.87 (d, J 

= 10.3 Hz, 2H), 1.75 (dd, J = 28.4, 11.6 Hz, 2H), 1.66 (t, J = 16.0 Hz, 2H), 1.51 – 1.37 (m, 5H), 

1.32 – 1.20 (m, 6H), 1.11 (s, 9H), 1.04 (d, J = 6.2 Hz, 3H), 0.90 (d, J = 6.2 Hz, 3H), 0.67 (d, J = 6.1 

Hz, 3H), 0.56 (d, J = 6.1 Hz, 3H). 13C NMR (101 MHz, Acetone-d6) δ 165.0, 153.2, 142.3 (d, J = 

32.5 Hz), 139.0, 138.3 (d, J = 18.8 Hz), 132.4 (d, J = 6.0 Hz), 132.3 (d, J = 3.2 Hz), 131.9, 130.9, 

129.1, 128.2, 127.7, 127.1 (d, J = 2.8 Hz), 123.8, 75.8, 75.7, 60.3, 34.7 (d, J = 16.5 Hz), 33.6 (d, J 

= 23.9 Hz), 32.7 (d, J = 14.6 Hz), 30.6 (d, J = 18.8 Hz), 30.3 (d, J = 13.9 Hz), 27.9 (d, J = 15.6 Hz), 

27.6 (d, J = 4.5 Hz), 27.2, 26.9 (d, J = 9.7 Hz), 26.6 (d, J = 10.9 Hz), 26.4, 26.3, 26.2, 21.8, 21.7, 

21.0, 19.8. 31P NMR (202 MHz, Acetone-d6) δ -8.02. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C43H59NO5P+ [M+H]+: 700.4125, Found: 700.4120. 

 

3. Characterization and Spectra of amino acid-drived ligands L5 to ent-L9 

L5-((S)-2-(dicyclohexylphosphaneyl)-2', 6'-diisopropoxy-[1, 1':3', 1''-terphenyl]-5'-carbonyl)-

D-alanine 
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Prepared from D-alanine Methyl Ester Hydrochloride and (S)-L4, two 

steps, 43 mg in 66% yield as a white solid. 1H NMR (500 MHz, Acetone-

d6) δ 8.57 (t, J = 7.1 Hz, 1H), 8.09 (d, J = 7.3 Hz, 1H), 7.78 – 7.74 (m, 

1H), 7.65 – 7.60 (m, 2H), 7.49 – 7.41 (m, 5H), 7.34 (td, J = 7.2, 1.4 Hz, 1H), 4.75 – 4.69 (m, 1H), 

3.99 – 3.93 (m, 1H), 3.69 – 3.62 (m, 1H), 2.27 – 2.17 (m, 2H), 2.12 – 1.98 (m, 2H), 1.94 – 1.86 (m, 

1H), 1.83 – 1.74 (m, 3H), 1.71 – 1.61 (m, 3H), 1.52 (t, J = 7.4 Hz, 3H), 1.42 – 1.17 (m, 11H), 1.01 

(dd, J = 6.1, 1.3 Hz, 3H), 0.94 (dd, J = 16.8, 6.2 Hz, 3H), 0.63 (dd, J = 10.5, 6.1 Hz, 3H), 0.56 (d, J 

= 6.1 Hz, 3H). 13C NMR (126 MHz, Acetone-d6) δ 175.7, 162.1, 154.1, 151.4, 140.3 (d, J = 33.0 

Hz), 137.2, 136.2 (d, J = 19.0 Hz), 130.5, 129.8 (d, J = 25.4 Hz), 128.5, 127.1, 126.1, 125.5, 124.9, 

122.5, 73.7 (d, J = 63.4 Hz), 66.3, 49.0, 32.5 (d, J = 16.5 Hz), 31.5 (d, J = 24.1 Hz), 30.7 (d, J = 

15.2 Hz), 28.3 (d, J = 16.7 Hz), 26.3 (d, J = 19.3 Hz), 26.0 (d, J = 19.0 Hz), 25.7, 25.6, 25.4, 25.1, 

24.8, 24.6 (d, J = 10.6 Hz), 24.3 (d, J = 17.8 Hz), 19.7, 19.6, 19.2, 18.1, 17.0. 31P NMR (202 MHz, 

Acetone-d6) δ -8.40. HRMS (m/z, ESI): Calcd. for Chemical Formula: C40H53NO5P+ [M+H]+: 

658.3656, Found: 658.3659. 

 

L6-((S)-2-(dicyclohexylphosphaneyl)-2', 6'-diisopropoxy-[1, 1':3', 1''-terphenyl]-5'-carbonyl)-

D-leucine 

Prepared from D-Leucine Methyl Ester Hydrochloride and (S)-L4, two 

steps, 40 mg in 56% yield as a white solid. 1H NMR (500 MHz, Acetone-

d6) δ 8.39 (d, J = 7.7 Hz, 1H), 8.06 (s, 1H), 7.79 – 7.74 (m, 1H), 7.65 – 

7.61 (m, 2H), 7.48 – 7.42 (m, 5H), 7.37 – 7.33 (m, 1H), 4.83 – 4.76 (m, 1H), 3.98 – 3.91 (m, 1H), 

3.65 (p, J = 6.1 Hz, 1H), 2.27 – 2.20 (m, 2H), 2.12 – 2.07 (m, 1H), 1.99 – 1.96 (m, 1H), 1.93 – 1.90 
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(m, 1H), 1.86 – 1.74 (m, 5H), 1.74 – 1.69 (m, 1H), 1.68 – 1.62 (m, 2H), 1.49 (d, J = 13.0 Hz, 1H), 

1.43 – 1.17 (m, 11H), 1.05 – 0.99 (m, 9H), 0.92 (d, J = 6.2 Hz, 3H), 0.64 (d, J = 6.2 Hz, 3H), 0.56 

(d, J = 6.2 Hz, 3H). 13C NMR (126 MHz, Acetone-d6) δ 174.1, 165.6, 157.4, 154.2, 143.0 (d, J = 

32.6 Hz), 139.9, 139.0 (d, J = 19.2 Hz), 133.0 (d, J = 5.9 Hz), 132.6, 131.8, 129.9, 128.9, 128.4, 

127.8, 124.4, 76.6, 76.2, 51.6, 42.9, 35.3 (d, J = 16.2 Hz), 33.8 (d, J = 10.7 Hz), 33.7 (d, J = 17.7 

Hz), 31.4 (d, J = 15.1 Hz), 31.0, 28.6 (d, J = 14.1 Hz), 28.5, 28.2 (d, J = 5.7 Hz), 27.8 (d, J = 10.4 

Hz), 27.5, 27.1 (d, J = 17.5 Hz), 25.6, 23.0, 22.5, 22.4 (d, J = 7.0 Hz), 21.9, 21.3. 31P NMR (202 

MHz, Acetone-d6) δ -8.37. HRMS (m/z, ESI): Calcd. for Chemical Formula: C43H59NO5P+ [M+H]+: 

700.4125, Found: 700.4129. 

 

L7-((S)-2-(dicyclohexylphosphaneyl)-2', 6'-diisopropoxy-[1, 1':3', 1''-terphenyl]-5'-carbonyl)-

D-valine 

Prepared from D-valine Methyl Ester Hydrochloride and (S)-L4, two 

steps, 41 mg in 60% yield as a white solid. 1H NMR (500 MHz, Acetone-

d6) δ 8.45 (d, J = 8.0 Hz, 1H), 8.07 (s, 1H), 7.79 – 7.76 (m, 1H), 7.65 – 

7.61 (m, 2H), 7.48 – 7.42 (m, 5H), 7.37 – 7.33 (m, 1H), 4.70 (dd, J = 8.0, 4.8 Hz, 1H), 3.98 – 3.92 

(m, 1H), 3.68 – 3.60 (m, 1H), 2.32 – 2.21 (m, 3H), 2.16 – 2.11 (m, 1H), 1.98 – 1.96 (m, 2H), 1.85 – 

1.75 (m, 3H), 1.72 – 1.60 (m, 3H), 1.47 – 1.34 (m, 5H), 1.32 – 1.18 (m, 6H), 1.05 (t, J = 6.6 Hz, 

9H), 0.90 (d, J = 6.3 Hz, 3H), 0.65 (d, J = 6.2 Hz, 3H), 0.55 (d, J = 6.1 Hz, 3H). 13C NMR (126 

MHz, Acetone-d6) δ 173.1, 165.8, 157.5, 154.1, 143.1 (d, J = 32.6 Hz), 139.8, 139.1 (d, J = 19.2 

Hz), 133.1 (d, J = 6.1 Hz), 133.0 (d, J = 3.1 Hz), 132.6, 131.7, 129.9, 129.0, 128.5, 127.9, 124.5, 

76.5, 76.4, 58.2, 35.4 (d, J = 16.3 Hz), 34.1 (d, J = 23.0 Hz), 33.6 (d, J = 14.6 Hz), 32.1, 31.2 (d, J 
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= 3.5 Hz), 31.1, 30.0, 29.8, 28.6 (d, J = 15.1 Hz), 28.3 (d, J = 5.0 Hz), 28.2, 27.7 (d, J = 10.1 Hz), 

27.4 (d, J = 10.8 Hz), 27.1 (d, J = 21.6 Hz), 22.5, 22.4, 21.8, 20.9, 19.3, 18.6. 31P NMR (202 MHz, 

Acetone-d6) δ -8.17. HRMS (m/z, ESI): Calcd. for Chemical Formula: C42H57NO5P+ [M+H]+: 

686.3969, Found: 686.3979. 

 

L8-(R)-2'-(dicyclohexylphosphaneyl)-2,6-diisopropoxy-5-methyl-[1,1'-biphenyl]-3-carbonyl-

L-iso-leucine 

Prepared from Methyl L-isoleucine hydrochloride and (R)-L4, two steps, 

11 mg in 17% yield as a white solid. 1H NMR (500 MHz, Acetone-d6) δ 

8.09 (s, 1H), 7.73 (d, J = 5.4 Hz, 1H), 7.60 (d, J = 7.7 Hz, 2H), 7.46 – 

7.24 (m, 6H), 4.38 (s, 1H), 3.83 (s, 1H), 3.63 – 3.57 (m, 1H), 2.30 (d, J = 7.9 Hz, 1H), 2.23 – 2.13 

(m, 2H), 1.98 – 1.87 (m, 2H), 1.83 (s, 2H), 1.71 (d, J = 15.8 Hz, 2H), 1.64 – 1.52 (m, 3H), 1.48 – 

1.06 (m, 13H), 0.97 – 0.70 (m, 13H), 0.63 (d, J = 6.2 Hz, 3H), 0.52 (d, J = 6.2 Hz, 3H). 13C NMR 

(126 MHz, Acetone-d6) δ 177.0, 165.2, 156.5, 153.4, 144.8, 142.4 (d, J = 33.1 Hz), 139.2, 138.3 (d, 

J = 19.5 Hz), 132.5, 132.0 (d, J = 24.0 Hz), 130.6, 129.2, 128.1, 127.6, 127.0, 124.2, 116.2, 76.1, 

75.7, 68.4, 53.8 (dt, J = 38.8, 19.4 Hz), 37.7, 34.6 (d, J = 16.8 Hz), 33.7 (d, J = 24.5 Hz), 32.7 (d, J 

= 14.8 Hz), 30.5 (d, J = 18.7 Hz), 30.3, 28.2 (d, J = 19.0 Hz), 27.9 (d, J = 19.4 Hz), 27.6 (d, J = 12.2 

Hz), 27.1, 26.9 (d, J = 9.7 Hz), 26.6 (d, J = 10.8 Hz), 26.4 (d, J = 19.4 Hz), 25.3 (d, J = 12.2 Hz), 

21.8 (d, J = 15.3 Hz), 21.4, 20.2, 15.6, 11.5. 31P NMR (202 MHz, Acetone-d6) δ -8.49. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C43H59NO5P+ [M+H]+: 700.4125, Found: 700.4125. 

 

ent-L9-((R)-2-(dicyclohexylphosphaneyl)-2',6'-diisopropoxy-[1,1':3',1''-terphenyl]-5'-carbon 
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-yl)-L-tert-leucine 

Prepared from L-Tert-Leucine Methyl ester hydrochloride and(R)-L4, 

two steps, 35 mg in 50% yield as a white solid. NMR was same with 

L9. HRMS (m/z, ESI): Calcd. for Chemical Formula: C43H59NO5P+ 

[M+H]+: 700.4125, Found:700.4123. 
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Preparation of substrates 

1. The general procedure A for the synthesis of substrates.6, 7 

 

2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid (1)  

Under N2 atmosphere, 1-Bromo-4-chloro-2-nitrobenzene (2.36 g, 10 mmol), 

4-chlorophenylboronic acid (1.56 g, 10 mmol), K2CO3 (4.14 g, 30 mmol), 

and Pd(PPh3)4 (231 mg, 0.2 mmol) were dissolved in 20 mL 1,4-dioxane and 

5 mL H2O, then the reaction mixture was stirred for 18 h at 100 oC. The reaction was quenched with 

H2O and extracted with EA (40 mL X 3) three times. The combined organic phases were washed 

with brine, dried over Na2SO4, and concentrated in vacuo. The crude product was rapidly filtered 

through column chromatography and directly uesd for next step. 

Under the N2 atmosphere, the above mixture was dissolved in 15 mL P(OEt)3, then the reaction 

mixture was heated to 145 oC and stirred at this temperature for 15 h. Then, the majority of P(OEt)3 

was removed by vacuum distillation. After that, the crude materials were purified by flash column 

chromatography with hexane and acetone (150:1 – 20:1) to give the desired product, 2,7-dichloro-

9H-carbazole, 1.43 g in 61% yield as a white solid over two steps. 1H NMR (500 MHz, Chloroform-

d) δ 8.01 (s, 1H), 7.90 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 1.9 Hz, 2H), 7.21 (dt, J = 8.3, 1.4 Hz, 2H). 

MS (m/z, ESI): Calcd. for Chemical Formula: C12H6Cl2N- [M-H]-: 233.99, Found: 233.94. 
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Under the N2 atmosphere, 2,7-dichloro-9H-carbazole (1.0 g, 4.3 mmol), 2-Fluoro-3-methyl-

benzonitrile (574 mg, 4.3 mmol), and K2CO3 (1.78 g, 12.9 mmol) were added to 15 mL DMF, then 

the mixture was heated to 120 oC, and stirred overnight at this temperature. The reaction was 

quenched with H2O and extracted with EA (40 mL X 3) three times. The combined organic phases 

were washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude product was used 

directly in the next step without further purification. 

Under the N2 atmosphere, the above crude product was dissolved in 10 mL THF, 10 mL MeOH, and 

8 M NaOH (aq.) (5 mL, 40 mmol). The resulting reaction mixture was heated to reflux and stirred at 

this temperature for 4 d. Then, the reaction was cooled to room temperature, the mixture was 

neutralized with 1 M HCl (aq.) to pH 2 – 3 and extracted with EA (20 mL X 3) three times. The 

combined organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. 

The crude materials were purified by flash column chromatography with hexane and acetone (15:1 

– 2:1) to give the desired product, 2.25 g in 92% yield as a white solid. 1H NMR (500 MHz, 

Chloroform-d) δ 8.01 (d, J = 8.3 Hz, 2H), 7.90 (t, J = 4.7 Hz, 1H), 7.61 – 7.58 (m, 2H), 7.28 (dd, J 

= 8.3, 1.8 Hz, 2H), 6.97 (d, J = 1.8 Hz, 2H), 1.86 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 

168.9, 142.0, 139.8, 136.4, 134.6, 132.0, 130.7, 129.5, 121.3, 121.2, 120.6, 109.5, 17.4. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C20H12Cl2NO2
- [M-H]-: 368.0251, Found: 368.0252. 

 

Ethyl 2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoate (SI-1) 

2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid 1 (0.25 mmol) was 

dissolved in DMF (1.0 mL), and treated with EtI (0.5 mmol) and K2CO3 (1.0 

mmol). The reaction mixture was stirred overnight at room temperature. 
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Then the mixture was diluted with ethyl acetate (20.0 mL) and washed with water, brine, and dried 

over Na2SO4. The organic layer was concentrated in vacuo and purified by flash column 

chromatography with hexane and acetone as the eluents to give the desired product. 99 mg in 99% 

yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 7.99 (d, J = 8.3 Hz, 3H), 7.68 – 7.62 

(m, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.23 (dd, J = 8.3, 1.8 Hz, 2H), 6.89 (d, J = 1.8 Hz, 2H), 3.73 (q, J 

= 7.1 Hz, 2H), 1.98 (s, 3H), 0.51 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 165.6, 

142.2, 139.3, 135.2, 133.6, 132.1, 131.6, 129.9, 129.5, 121.1, 120.6, 109.7, 61.1, 17.5, 13.0. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C22H18Cl2NO2
+ [M+H]+: 398.0709, Found: 398.0701. 

 

2-(2,7-dichloro-3,6-dimethoxy-9H-carbazol-9-yl)-3-methylbenzoic acid 

170 mg in 35% yield as a yellow solid. 1H NMR (500 MHz, Chloroform-d) 

δ 7.99 (dd, J = 7.8, 1.6 Hz, 1H), 7.68 – 7.62 (m, 1H), 7.55 (d, J = 8.5 Hz, 

3H), 6.87 (s, 2H), 4.03 (s, 6H), 1.87 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 168.3, 149.5, 139.9, 136.3, 136.1, 134.8, 130.4, 129.9, 129.3, 122.2, 121.5, 111.1, 

103.3, 57.0, 17.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: C22H16Cl2NO4
- [M-H]-: 

428.0462, Found: 428.0464. 

 

2-(2,7-dichloro-9H-carbazol-9-yl)-3'-methoxy-[1,1'-biphenyl]-3-carboxylic acid 

210 mg in 44% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 8.16 (dd, J = 7.8, 1.7 Hz, 1H), 7.85 – 7.78 (m, 3H), 7.72 (t, J = 7.8 

Hz, 1H), 7.11 (dd, J = 8.3, 1.8 Hz, 2H), 6.95 – 6.90 (m, 1H), 6.87 (d, J 

= 1.8 Hz, 2H), 6.61 – 6.59 (m, 1H), 6.56 – 6.53 (m, 1H), 6.37 (dd, J = 2.6, 1.6 Hz, 1H), 3.22 (s, 3H). 
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13C NMR (126 MHz, Chloroform-d) δ 167.9, 158.9, 143.9, 142.6, 138.3, 136.1, 133.3, 131.9, 131.8, 

129.9, 129.6, 129.2, 121.1, 120.9, 120.5, 120.3, 115.0, 111.9, 109.8, 54.7. HRMS (m/z, ESI): Calcd. 

for Chemical Formula: C26H16Cl2NO3
- [M-H]-: 460.0513, Found: 460.0514. 

   

2-(2,7-dichloro-9H-carbazol-9-yl)-3'-nitro-[1,1'-biphenyl]-3-carboxylic acid 

210 mg in 52% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 8.22 (dd, J = 7.8, 1.7 Hz, 1H), 7.90 – 7.82 (m, 3H), 7.78 (dd, J = 8.1, 

1.6 Hz, 3H), 7.14 – 7.09 (m, 1H), 7.14 – 7.09 (m, 3H), 6.83 (d, J = 1.8 

Hz, 2H). 13C NMR (126 MHz, Chloroform-d) δ 168.5, 147.7, 142.3, 141.3, 138.6, 135.9, 133.7, 

133.6, 133.0, 132.1, 130.3, 130.1, 129.1, 123.0, 122.9, 121.2, 121.0, 109.5. HRMS (m/z, ESI): Calcd. 

for Chemical Formula: C25H13Cl2N2O4
- [M-H]-: 475.0258, Found: 475.0259. 

 

2-(2,7-dichloro-9H-carbazol-9-yl)-2',3',4',5'-tetrahydro-[1,1'-biphenyl]-3-carboxylic acid 

210 mg in 33% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 

8.00 (dd, J = 7.5, 2.0 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.63 – 7.55 (m, 2H), 

7.18 (dd, J = 8.3, 1.8 Hz, 2H), 6.88 (d, J = 1.8 Hz, 2H), 5.41 – 5.38 (m, 1H), 

1.69 – 1.65 (m, 2H), 1.56 – 1.52 (m, 2H), 1.15 – 1.07 (m, 4H). 13C NMR (126 MHz, Chloroform-d) 

δ 168.5, 146.3, 142.5, 135.0, 133.0, 131.7, 130.8, 129.6, 129.3, 128.7, 121.2, 120.9, 120.5, 110.3, 

28.6, 25.3, 22.4, 21.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: C25H18Cl2NO2
- [M-H]-: 

434.0720, Found: 434.0721. 

 

2-(2,7-dichloro-9H-carbazol-9-yl)-3-(3,6-dihydro-2H-pyran-4-yl)benzoic acid 
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206 mg in 39% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 

8.06 (dd, J = 6.6, 2.8 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.66 – 7.60 (m, 2H), 

7.20 (dd, J = 8.4, 1.8 Hz, 2H), 6.87 (d, J = 1.8 Hz, 2H), 5.44 – 5.42 (m, 1H), 

3.79 (q, J = 2.7 Hz, 2H), 3.19 (t, J = 5.3 Hz, 2H), 1.68 – 1.65 (m, 2H). 13C NMR (126 MHz, 

Chloroform-d) δ 167.8, 143.9, 142.5, 134.6, 132.8, 131.9, 131.5, 130.0, 129.6, 126.6, 121.2, 121.1, 

120.8, 110.0, 65.1, 63.7, 28.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: C24H16Cl2NO3
- [M-

H]-: 436.0513, Found: 436.0516. 

 

2-(2,7-dichloro-9H-carbazol-9-yl)-3-(naphthalen-1-yl)benzoic acid 

350 mg in 42% yield as a white solid. 1H NMR (500 MHz, MeOD) δ 8.26 

(dd, J = 6.8, 2.7 Hz, 1H), 7.90 – 7.84 (m, 2H), 7.78 (d, J = 8.7 Hz, 1H), 

7.75 – 7.72 (m, 1H), 7.65 – 7.61 (m, 2H), 7.51 – 7.48 (m, 1H), 7.40 – 7.33 

(m, 2H), 7.13 – 7.11 (m, 2H), 7.00 – 6.94 (m, 2H), 6.84 – 6.79 (m, 2H).13C NMR (126 MHz, MeOD) 

δ 167.3, 143.1, 142.0, 141.8, 136.2, 134.4, 133.9, 133.4, 133.0, 131.3, 131.1, 130.9, 130.8, 129.0, 

127.9, 127.9, 125.8, 125.7, 125.4, 124.9, 123.9, 121.1, 120.9, 120.6, 120.1, 119.8, 119.5, 110.3, 

109.8. HRMS (m/z, ESI): Calcd. for Chemical Formula: C29H16Cl2NO2
- [M-H]-: 480.0564, Found: 

480.0561. 

 

3-chloro-2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid (63) 

300 mg in 44% yield as a white solid. 1H NMR (500 MHz, Acetone-d6) δ 

8.20 (dd, J = 8.1, 2.6 Hz, 3H), 8.04 (dd, J = 8.2, 1.5 Hz, 1H), 7.83 (t, J = 8.0 

Hz, 1H), 7.29 (dd, J = 8.3, 1.8 Hz, 2H), 7.07 (d, J = 1.9 Hz, 2H). 13C NMR 
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(126 MHz, Acetone-d6) δ 164.7, 142.2, 135.4, 134.5, 133.7, 132.5, 131.7, 131.3, 130.7, 121.7, 121.6, 

120.8, 109.8. HRMS (m/z, ESI): Calcd. for Chemical Formula: C19H9Cl3NO2
- [M-H]-: 387.9704, 

Found: 387.9705. 

 

2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid (SI-2) 

350 mg in 55% yield as a white solid. 1H NMR (500 MHz, Acetone-d6) δ 

8.31 – 8.09 (m, 3H), 7.92 (t, J = 7.7 Hz, 1H), 7.78 (t, J = 7.7 Hz, 1H), 7.67 

(d, J = 7.8 Hz, 1H), 7.36 – 7.05 (m, 4H).13C NMR (126 MHz, Acetone-d6) 

δ 165.5, 142.8, 135.4, 134.1, 132.3, 131.6, 130.5, 130.4, 129.6, 121.6, 121.5, 120.5, 109.6. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C19H12Cl2NO2
+ [M+H]+: 356.0240, Found: 356.0243. 

 

2-(2,7-dibromo-9H-carbazol-9-yl)-3-methylbenzoic acid (80) 

350 mg in 60% yield as a white solid.1H NMR (500 MHz, Chloroform-d) δ 

8.02 (dd, J = 7.8, 1.6 Hz, 1H), 7.92 (d, J = 8.3 Hz, 2H), 7.70 – 7.66 (m, 1H), 

7.57 (t, J = 7.8 Hz, 1H), 7.36 (dd, J = 8.3, 1.7 Hz, 2H), 6.97 (d, J = 1.6 Hz, 2H), 1.91 (s, 3H). 13C 

NMR (126 MHz, Chloroform-d) δ 168.0, 142.1, 139.8, 136.3, 134.5, 130.7, 129.5, 129.4, 123.4, 

121.6, 121.6, 120.0, 112.4, 17.4. HRMS (m/z, ESI): Calcd. for Chemical Formula: C20H14Br2NO2
+ 

[M+H]+: 457.9386, Found: 457.9381. 

 

2-(3,6-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid (SI-3) 
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380 mg in 65% yield as a white solid.1H NMR (500 MHz, Chloroform-d) δ 8.04 

(d, J = 2.0 Hz, 2H), 7.96 (dd, J = 7.8, 1.6 Hz, 1H), 7.66 (dt, J = 7.6, 1.3 Hz, 1H), 

7.54 (t, J = 7.8 Hz, 1H), 7.30 (dd, J = 8.6, 2.1 Hz, 2H), 6.76 (d, J = 8.7 Hz, 2H), 

1.89 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 168.7, 139.9, 139.7, 136.1, 134.8, 130.4, 129.6, 

129.3, 126.8, 125.4, 123.4, 120.4, 110.5, 17.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C20H14Cl2NO2
+ [M+H]+: 370.0396, Found: 370.0393. 

 

2. The procedure for the synthesis of 3-chloro-2-(3,6-dichloro-9,9-dimethylacridin-10(9H)-

yl)benzoic acid.7, 8 

 

Under N2 atmosphere, methyl 2-amino-4-chlorobenzoate (1.85 g, 10 mmol), 1-chloro-3-

iodobenzene (2.38 g, 10 mmol), Pd2dba3 (183 mg, 0.2 mmol), [(t-Bu)3P]HBF4 (116 mg, 0.4 mmol), 

and t-BuONa (2.88 g, 30 mmol) were added in 50 mL toluene. The resulting reaction mixture was 

stirred at 110 oC. After stirring overnight, the reaction was quenched with saturated NH4Cl (aq.) at 0 

oC and stirred for another 0.5 h. The mixture was extracted with EA (35 mL X 3) three times. The 

combined organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. 
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The crude materials were purified by flash column chromatography with hexane and acetone (45:1 

– 10:1) to give the desired product, 2.33 g in 79% yield as a white solid. 

The above product (1.77 g, 6 mmol) was dissolved in 25 mL THF, followed by the addition of 

MeMgBr (3.0 M in diethyl ether, 8 mL, 24 mmol) at 0 oC. The resulting reaction mixture was 

warmed to room temperature and stirred at this temperature for 24 h. After the reaction was 

completed, the mixture was quenched with NH4Cl (aq.) and extracted with EA (50 mL X 3) three 

times. The combined organic phases were washed with water and brine, dried over Na2SO4, and 

concentrated in vacuo. The crude product was directly used for next without further purification.  

The above crude product was dissolved in 100 mL DCM, followed by the addition of BF3·Et2O 

(2.13 g, 15 mmol) at 0 oC over 2 h. The resulting reaction mixture was warmed to room temperature 

and stirred at this temperature for 1 h. After the reaction was completed, the mixture was quenched 

with NH4Cl (aq.) and extracted with DCM (50 mL X 3) three times. The combined organic phases 

were washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product 

was purified by flash column chromatography with hexane to give product, 3,6-dichloro-9,9-

dimethyl-9,10-dihydroacridine, 492 mg in 30% yield as a white solid. 1H NMR (400 MHz, 

Chloroform-d) δ 7.27 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 2.1 Hz, 1H), 6.89 (d, J = 2.1 Hz, 1H), 6.68 

(d, J = 2.2 Hz, 2H), 6.14 (s, 1H), 1.53 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 138.9, 132.3, 

127.6, 126.9, 121.0, 113.4, 35.9, 30.8.  

3,6-dichloro-9,9-dimethyl-9,10-dihydroacridine (492 mg, 1.78 mmol) was added into the mixture 

of NaH (60% dispersion in mineral oil, 107 mg, 2.67 mmol) and 6 mL DMF at 0 oC, and stirred for 

1 h at room temperature. After that, 3-chloro-2-fluorobenzonitrile (414 mg, 2.67 mmol) was added 

to the above reaction mixture. Then the resulting reaction mixture was heated to 120 oC and stirred 
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overnight at this temperature. After the reaction was completed, the mixture was quenched with 

NH4Cl (aq.) and extracted with EA (15 mL X 3) three times. The combined organic phases were 

washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude material was 

directly used for next without further purification. 

Under the N2 atmosphere, the above crude product was dissolved in 3 mL THF, 3 mL MeOH, and 

8 M NaOH (aq.) (3 mL, 24 mmol). The resulting reaction mixture was heated to reflux and stirred at 

this temperature for 2 d. Then, the reaction was cooled to room temperature, the mixture was 

neutralized with 1 M HCl (aq.) to pH 2 – 3 and extracted with EA (20 mL X 3) three times. The 

combined organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. 

The crude materials were purified by flash column chromatography with hexane and acetone (15:1 

– 2:1) to give the desired product, 450 mg in 59% yield as a yellowish solid. 1H NMR (500 MHz, 

Chloroform-d) δ 8.16 (dd, J = 7.9, 1.5 Hz, 1H), 7.92 (dd, J = 8.1, 1.6 Hz, 1H), 7.62 (t, J = 8.0 Hz, 

1H), 7.32 (d, J = 8.4 Hz, 2H), 6.87 (dd, J = 8.3, 2.1 Hz, 2H), 5.82 (d, J = 2.0 Hz, 2H), 1.70 (s, 3H), 

1.45 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 168.3, 139.2, 137.9, 137.0, 136.5, 132.4, 132.3, 

132.2, 130.3, 128.3, 127.7, 121.2, 112.5, 35.4, 34.5, 32.7. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C22H15Cl3NO2
- [M-H]-: 430.0174, Found: 430.0175. 

 

3. The general procedure for the synthesis of 3-chloro-2-(2,8-dichloro-10H-phenoxazin-10-

yl)benzoic acid.7, 9 
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Under the N2 atmosphere, 4-chloro-2-iodophenol (4.82 g, 18.94 mmol), 2.5-Dichloronitrobenzene 

(3.64 g, 18.94 mmol), and K2CO3 (5.12 g, 37.08 mmol) were added in 30 mL DMSO, then the 

resulting reaction mixture was heated to 100 oC, and stirred for 1.5 h at this temperature. After that, 

it was cooled to room temperature and quenched with saturated NH4Cl (aq.) at 0 oC. The mixture 

was extracted with EA (35 mL X 3) three times. The combined organic phase was washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The crude product was used directly without further 

purification.  

Under the N2 atmosphere, the above crude product and SnCl2·2H2O (20.92 g, 92.7 mmol) were 

added in 100 mL EA. The resulting reaction mixture was stirred overnight at room temperature. 

After that, the reaction was added to 500 mL H2O and the mixture was extracted with EA (45 mL X 

3) three times. The combined organic phase was washed with H2O, and brine, dried over Na2SO4, 

and concentrated in vacuo. The crude product was used directly without further purification. 

Under the N2 atmosphere, the above crude product was added in 20 mL Ac2O, and stirred overnight 

at room temperature. After that, the reaction was added to 100 mL H2O and the mixture was 

extracted with EA (45 mL X 3) three times. The combined organic phase was washed with H2O, 
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and brine, dried over Na2SO4, and concentrated in vacuo. The crude materials were purified by flash 

column chromatography with hexane and acetone (60:1 – 10:1) to give the desired product, N-(5-

chloro-2-(4-chloro-2-iodophenoxy)phenyl)acetamide, 4.22 g in 52% yield as a white solid.  

Under the N2 atmosphere, N-(5-chloro-2-(4-chloro-2-iodophenoxy)phenyl)acetamide (2.1 g, 5 

mmol), K2CO3 (2.07 g, 15 mmol), CuI (47.5 mg, 0.25 mmol), and DMEDA (69 mg, 0.5 mmol) were 

added in 15 mL toluene. After that, the reaction mixture was heated to 120 oC and stirred overnight 

at this temperature. After that, the reaction was quenched with H2O. The mixture was extracted with 

EA (30 mL X 3) three times. The combined organic phase was washed with H2O, and brine, dried 

over Na2SO4, and concentrated in vacuo. The crude materials were purified by flash column 

chromatography with hexane and acetone (30:1 – 10:1) to give the desired product, 1-(2,8-dichloro-

10H-phenoxazin-10-yl)ethan-1-one, 952 mg in 65% yield as a white solid. 

Under the N2 atmosphere, 1-(2,8-dichloro-10H-phenoxazin-10-yl)ethan-1-one (640 mg, 2.18 mmol) 

was discovered in EtOH (20 mL) and Conc.HCl (aq.) (5 mL), then the mixture was heated to 75 oC, 

and stirred overnight at this temperature. After that the mixture was cooled to room temperature, 

quenched with H2O. The mixture was extracted with EA (30 mL X 3) three times. The combined 

organic phase was washed with H2O, and brine, dried over Na2SO4, and concentrated in vacuo. The 

crude materials were purified by flash column chromatography with hexane and acetone (30:1 – 

10:1) to give the desired product, 2,8-dichloro-10H-phenoxazine, 530 mg in 97% yield as a white 

solid. 1H NMR (400 MHz, Acetonitrile-d3) δ 6.69 (s, 1H), 6.63 (dd, J = 8.5, 2.3 Hz, 2H), 6.58 (d, J 

= 8.5 Hz, 2H), 6.47 (d, J = 2.3 Hz, 2H). 13C NMR (101 MHz, Acetonitrile-d3) δ 142.5, 133.2, 128.7, 

121.2, 117.0, 113.7. 

Under the N2 atmosphere, 2,8-dichloro-10H-phenoxazine (503 mg, 2 mmol) was added into the 
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mixture of NaH (60% dispersion in mineral oil, 120 mg, 3 mmol) and 5 mL DMF at 0 oC, and stirred 

for 1 h at room temperature. After that, 3-chloro-2-fluorobenzonitrile (465 mg, 3 mmol) was added 

to the above reaction mixture. Then the resulting reaction mixture was heated to 120 oC and stirred 

overnight at this temperature. After the reaction was completed, the mixture was quenched with 

NH4Cl (aq.) and extracted with EA (15 mL X 3) three times. The combined organic phases were 

washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude material was 

directly used for next without further purification. 

Under the N2 atmosphere, the above crude product was dissolved in 3 mL THF, 3 mL MeOH, and 

8M NaOH (aq.) (3 mL, 24 mmol). The resulting reaction mixture was heated to reflux and stirred at 

this temperature for 2 d. Then, the reaction was cooled to room temperature, the mixture was 

neutralized with 1 M HCl (aq.) to pH 2 – 3 and extracted with EA (20 mL X 3) three times. The 

combined organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. 

The crude materials were purified by flash column chromatography with hexane and acetone (30:1 

– 2:1) to give the desired product, 527 mg in 65% yield as a white solid. 1H NMR (500 MHz, 

Methanol-d) δ 8.13 (dd, J = 7.9, 1.5 Hz, 1H), 7.98 (dd, J = 8.2, 1.5 Hz, 1H), 7.71 (t, J = 8.0 Hz, 1H), 

6.65 (d, J = 1.3 Hz, 4H), 5.63 (d, J = 1.5 Hz, 2H). 13C NMR (126 MHz, Tetrahydrofuran-d8) δ 164.2, 

142.6, 137.0, 135.1, 134.3, 133.7, 133.1, 131.8, 130.8, 128.1, 121.2, 116.3, 112.4. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C19H9Cl3NO3
- [M-H]-: 403.9653, Found: 403.9653. 

 

4. The procedure for the synthesis of 1-(2,7-dichloro-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-

2-carboxylic acid (34).10, 11 



S25 
 

 

Under the N2 atmosphere, 2,7-dichloro-9H-carbazole (470 mg, 2 mmol) was added in 10 mL DMF, 

then t-BuOK (272 mg, in 4 mL DMF, 2.4 mmol) was added dropwise at 0 oC. The reaction mixture 

was stirred for 1 h at room temperature. After that, O-(4-nitrobenzoyl)hydroxylamine (400 mg, in 4 

mL DMF, 2.4 mmol) was added dropwise into the reaction mixture at 0 oC, and then warmed to 

room temperature. After stirring for 24 h, the reaction was quenched with saturated NH4Cl (aq.) at 0 

oC. The mixture was extracted with EA (20 mL X 3) three times. The combined organic phase was 

washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude materials were purified 

by flash column chromatography with hexane and EA (50:1 – 10:1) to give the desired product, 2,7-

dichloro-9H-carbazol-9-amine, 410 mg in 82% yield as a white solid.  

Under the N2 atmosphere, 2,7-dichloro-9H-carbazol-9-amine (250 mg, 1 mmol), ethyl 2,5-

dioxoheptanoate11 (186 mg, 1 mmol), and p-methoxybenzenesulfonic acid (50 mg, 0.2 mmol) were 

added in 10 mL toluene, then the reaction mixture stirred overnight at 80 oC. After that, quenched 

the reaction with H2O, and extracted with EA (15 mL X 3) three times. The combined organic phases 

were washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude 

materials were purified by flash column chromatography with hexane and acetone (350:1 – 50:1) to 

give the desired product, 280 mg in 70% yield as a white solid. 

The above product (280 mg, 0.7 mmol) was dissolved in 2 mL THF, 2 mL EtOH and 2 mL H2O, 
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followed by the addition of NaOH (126 mg, 3.15 mmol). The resulting reaction mixture was stirred 

at room temperature for 24 h. After that, the reaction mixture was neutralized with 1 M HCl (aq.) to 

pH 2 – 3 and extracted with EA (8 mL X 3) three times. The combined organic phases were washed 

with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude materials were 

purified by flash column chromatography with hexane and acetone (25:1 – 5:1) to give the desired 

product, 214 mg in 82% yield as a pink solid. 1H NMR (500 MHz, Chloroform-d) δ 7.93 (d, J = 8.3 

Hz, 2H), 7.27 (d, J = 1.8 Hz, 1H), 7.25 (d, J = 1.8 Hz, 1H), 7.18 (d, J = 4.4 Hz, 1H), 6.84 (d, J = 1.8 

Hz, 2H), 6.23 (d, J = 4.4 Hz, 1H), 2.25 (q, J = 7.5 Hz, 2H), 1.11 (t, J = 7.6 Hz, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 161.9, 144.8, 141.4, 132.8, 122.0, 121.4, 120.3, 119.8, 119.7, 108.6, 106.1, 

18.5, 12.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C19H13Cl2N2O2
- [M-H]-: 371.0360, 

Found: 371.0362. 

 

5. The general procedure B for the synthesis substrates.10 

 

Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (SI-4) 

Under the N2 atmosphere, ethyl acetoacetate (572 mg, 4 mmol) was added 

dropwise in the mixture of NaH (60% dispersion in mineral oil, 176 mg, 4.4 

mmol) and THF (8 mL) at room temperature, then the reaction mixture was 

stirred for 1 h at this temperature. After that, 2-bromoacetophenone (in 2 mL THF, 871 mg, 4.4 

mmol) was added dropwise into the above mixture. The resulting reaction mixture was stirred at 

room temperature for 14 h. After that, quenched the reaction with H2O, and extracted with EA (15 
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mL X 3) three times.The combined organic phases were washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The crude materials were purified by flash column chromatography with 

hexane and acetone (50:1 – 10:1) to give the desired product, ethyl 2-acetyl-4-oxo-4-

phenylbutanoate, 493 mg in 50 % yield as a colorless oil.  

Under the N2 atmosphere, ethyl 2-acetyl-4-oxo-4-phenylbutanoate (333 mg, 1.34 mmol), 2,7-

dichloro-9H-carbazol-9-amine (336 mg, 1.34 mmol), and TsOH (23 mg, 0.134 mmol) were  

dissolved in 8 mL toluene. The resulting reaction mixture was stirred at 85 oC for 1 d. After that, the 

reaction mixture was quenched with H2O and extracted with EA (10 mL X 3) three times. The 

combined organic phase was washed with water and brine, dried over Na2SO4, and concentrated in 

vacuo. The crude materials were purified slowly and carefully by flash column chromatography 

with hexane and acetone (250:1 – 30:1) to give the desired product, 402 mg in 65% yield as a white 

solid. 1H NMR (500 MHz, Chloroform-d) δ 7.94 (d, J = 8.4 Hz, 2H), 7.29 (dd, J = 8.3, 1.8 Hz, 2H), 

7.11 – 7.05 (m, 5H), 7.03 (d, J = 1.8 Hz, 2H), 6.97 (s, 1H), 4.37 (q, J = 7.1 Hz, 2H), 2.08 (s, 3H), 

1.41 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.7, 140.9, 138.1, 133.7, 133.3, 

129.8, 128.6, 127.7, 126.6, 122.6, 121.7, 119.5, 112.8, 109.0, 108.6, 60.1, 14.5, 10.2. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C26H21Cl2N2O2
+ [M+H]+: 463.0975, Found: 463.0973. 

 

Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-ethyl-5-phenyl-1H-pyrrole-3-carboxylate 

228 mg in 55% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 

7.93 (d, J = 8.4 Hz, 2H), 7.28 (dd, J = 8.4, 1.8 Hz, 2H), 7.09 – 6.99 (m, 7H), 

6.98 (s, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.52 (q, J = 7.5 Hz, 2H), 1.42 (t, J = 7.1 

Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.4, 144.1, 141.2, 133.6, 
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133.2, 128.5, 127.7, 126.7, 122.5, 121.6, 119.3, 112.2, 109.1, 109.1, 60.1, 18.3, 14.5, 14.2. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C27H23Cl2N2O2
+ [M+H]+: 477.1131, Found: 477.1133. 

 

Methyl 2-butyl-1-(2,7-dichloro-9H-carbazol-9-yl)-5-phenyl-1H-pyrrole-3-carboxylate 

262 mg in 52% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 7.92 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.08 – 6.99 (m, 

7H), 6.96 (s, 1H), 3.90 (s, 3H), 2.52 – 2.45 (m, 2H), 1.29 – 1.20 (m, 2H), 

1.02 (h, J = 7.4 Hz, 2H), 0.53 (t, J = 7.3 Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 164.8, 143.2, 

141.2, 133.8, 133.2, 129.7, 128.6, 127.8, 126.7, 122.5, 121.6, 119.3, 112.2, 109.2, 108.9, 51.3, 31.5, 

24.4, 22.2, 13.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C28H25Cl2N2O2
+ [M+H]+: 

491.1288, Found: 491.1280. 

 

Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(3-nitrophenyl)-1H-pyrrole-3-

carboxylate 

236 mg in 48% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 7.98 (d, J = 8.4 Hz, 2H), 7.93 – 7.87 (m, 2H), 7.34 – 7.32 (m, 3H), 

7.23 (t, J = 8.0 Hz, 1H), 7.15 (s, 1H), 7.02 (d, J = 1.8 Hz, 2H), 4.39 (q, J 

= 7.1 Hz, 2H), 2.16 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.2, 

148.4, 140.6, 139.4, 133.6, 131.5, 131.2, 130.9, 129.8, 123.1, 122.2, 122.0, 121.1, 119.6, 113.3, 

110.4, 108.7, 60.4, 14.5, 10.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C26H20Cl2N3O4
+ 

[M+H]+: 508.0825, Found: 508.0819. 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-5-(3-methoxyphenyl)-2-methyl-1H-pyrrole-3-

carboxylate 

231 mg in 47% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 7.94 (d, J = 8.3 Hz, 2H), 7.29 (dd, J = 8.3, 1.8 Hz, 2H), 7.04 (d, J = 

1.8 Hz, 2H), 7.01 – 6.95 (m, 2H), 6.74 – 6.72 (m, 1H), 6.64 – 6.60 (m, 

1H), 6.53 (t, J = 2.1 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 3.33 (s, 3H), 2.13 (s, 3H), 1.42 (t, J = 7.1 Hz, 

3H). 13C NMR (126 MHz, Chloroform-d) δ 164.7, 159.4, 140.9, 138.2, 133.6, 133.4, 130.9, 129.7, 

122.6, 121.7, 119.4, 119.1, 114.5, 112.8, 110.8, 109.0, 108.8, 60.1, 54.7, 14.5, 10.2. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C27H23Cl2N2O3
+ [M+H]+: 493.1080, Found: 493.1071. 

 

Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(naphthalen-2-yl)-1H-pyrrole-3-

carboxylate 

276 mg in 54% yield as a white solid. 1H NMR (500 MHz, Chloroform-

d) δ 7.94 (d, J = 8.3 Hz, 2H), 7.66 – 7.62 (m, 1H), 7.56 (d, J = 8.6 Hz, 

1H), 7.46 (d, J = 1.8 Hz, 1H), 7.42 – 7.38 (m, 1H), 7.36 – 7.31 (m, 2H), 

7.31 – 7.26 (m, 3H), 7.12 – 7.07 (m, 3H), 4.40 (q, J = 7.1 Hz, 2H), 2.15 (s, 3H), 1.44 (t, J = 7.1 Hz, 

3H). 13C NMR (126 MHz, Chloroform-d) δ 164.7, 140.9, 138.5, 133.7, 133.4, 133.1, 132.5, 128.3, 

128.1, 127.4, 127.1, 126.3, 126.2, 125.3, 124.5, 122.6, 121.7, 119.5, 113.0, 109.2, 109.0, 60.2, 14.6, 

10.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C30H23Cl2N2O2
+ [M+H]+: 513.1131, Found: 

513.1123. 

 

Ethyl 5-(benzofuran-2-yl)-1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-1H-pyrrole-3-
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carboxylate 

226 mg in 45% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) 

δ 8.05 (d, J = 8.3 Hz, 2H), 7.37 – 7.34 (m, 3H), 7.31 (d, J = 8.5 Hz, 1H), 

7.18 – 7.13 (m, 2H), 7.07 – 7.02 (m, 3H), 5.38 (s, 1H), 4.40 (q, J = 7.1 Hz, 

2H), 2.19 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.3, 153.8, 

145.7, 140.2, 139.3, 133.6, 128.4, 124.5, 124.3, 123.0, 122.9, 121.8, 120.8, 119.6, 113.3, 110.8, 

109.5, 109.0, 100.4, 60.3, 14.5, 10.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C28H21Cl2N2O3
+ [M+H]+: 503.0924, Found: 503.0921. 

 

Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(thiophen-2-yl)-1H-pyrrole-3-

carboxylate 

229 mg in 49% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 

7.99 (d, J = 8.3 Hz, 2H), 7.32 (dd, J = 8.3, 1.8 Hz, 2H), 7.04 – 7.00 (m, 3H), 

6.96 (dd, J = 5.0, 1.2 Hz, 1H), 6.73 (dd, J = 5.1, 3.7 Hz, 1H), 6.59 (dd, J = 

3.8, 1.2 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.11 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 164.5, 140.6, 137.8, 133.4, 130.7, 127.5, 127.3, 124.8, 123.8, 122.8, 121.7, 

119.7, 112.9, 109.1, 108.0, 60.2, 14.5, 10.1. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C24H19Cl2N2O2S+ [M+H]+: 469.0539, Found: 469.0533. 

 

Ethyl 5-cyclopropyl-1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-1H-pyrrole-3-carboxylate 
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158 mg in 37% yield as a white solid. 1H NMR (500 MHz, Chloroform-d) δ 

7.99 (d, J = 8.3 Hz, 2H), 7.32 (dd, J = 8.3, 1.8 Hz, 2H), 7.01 (d, J = 1.8 Hz, 

2H), 6.34 (d, J = 1.0 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.17 (s, 3H), 1.38 (t, 

J = 7.1 Hz, 3H), 1.11 – 1.04 (m, 1H), 0.53 – 0.41 (m, 4H). 13C NMR (126 MHz, Chloroform-d) δ 

164.9, 140.9, 136.3, 135.8, 133.2, 122.4, 121.6, 119.6, 111.1, 108.9, 104.4, 59.9, 14.5, 10.2, 6.2, 5.5. 

HRMS (m/z, ESI): Calcd. for Chemical Formula: C23H21Cl2N2O2
+ [M+H]+: 427.0975, Found: 

427.0971. 

 

6. The procedure for the synthesis of 1-(3,6-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-

1H-pyrrole-3-carboxylic acid (60).10 

 

Under the N2 atmosphere, 3,6-dichlorocarbazole (470 mg, 2 mmol) was added in 10 mL DMF, then 

t-BuOK (272 mg, in 4 mL DMF, 2.4 mmol) was added dropwise at 0 oC. The reaction mixture was 

stirred for 1 h at room temperature. After that, O-(4-nitrobenzoyl)hydroxylamine (400 mg, in 4 mL 

DMF, 2.4 mmol) was added dropwise into the reaction mixture at 0 oC, and then warmed to room 

temperature. After stirring for 24 h, the reaction was quenched with saturated NH4Cl (aq.) at 0 oC. 

The mixture was extracted with EA (20 mL X 3) three times. The combined organic phase was 
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washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude materials were purified 

by flash column chromatography with hexane and EA (50:1 – 10:1) to give the desired product, 2,7-

dichloro-9H-carbazol-9-amine, 410 mg in 82% yield as a white solid. 

Under the N2 atmosphere, 2,7-dichloro-9H-carbazol-9-amine (250 mg, 1 mmol), ethyl 2,5-

dioxoheptanoate (186 mg, 1 mmol), and p-Methoxybenzenesulfonic acid (50 mg, 0.2 mmol) were 

added in 10 mL toluene, then the reaction mixture stirred overnight at 85 oC. After that, quenched 

the reaction with H2O, and extracted with EA (15 mL X 3) three times. The combined organic phases 

were washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude 

materials were purified by flash column chromatography with hexane and acetone (250:1 – 50:1) to 

give the desired product, 280 mg in 70% yield as a white solid. 

The above product (280 mg, 0.7 mmol) was dissolved in 2 mL THF, 2 mL EtOH and 2 mL H2O, 

followed by the addition of NaOH (126 mg, 3.15 mmol). The resulting reaction mixture was stirred 

at room temperature for 24 h. After that, the reaction mixture was neutralized with 1 M HCl (aq.) to 

pH 2 – 3 and extracted with EA (8 mL X 3) three times. The combined organic phases were washed 

with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude materials were 

purified by flash column chromatography with hexane and acetone (35:1 – 5:1) to give the desired 

product, 214 mg in 82% yield as a pink solid. 1H NMR (500 MHz, Chloroform-d) δ 8.01 (d, J = 2.0 

Hz, 2H), 7.41 (dd, J = 8.6, 2.0 Hz, 2H), 7.11 – 7.04 (m, 5H), 7.01 (s, 1H), 7.00 (d, J = 3.6 Hz, 2H), 

2.11 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 169.8, 139.7, 138.7, 134.3, 129.6, 128.6, 128.0, 

128.0, 127.5, 126.6, 121.6, 120.9, 111.6, 109.9, 108.8, 10.3. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C24H15Cl2N2O2
- [M-H]-: 433.0516, Found: 433.0515. 
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Side chain parameters for amino acids12 

Table S1  

Amino 

acid 

 [-]
b vc vreg

d Le B1
f B5

g 

Ala 0.31 1.28 0.52 0.53 2.87 1.52 2.04 

Leu 1.70 2.59 0.98 0.92 4.92 1.52 4.45 

Val 1.22 3.67 0.76 0.89 4.11 1.90 3.17 

Ile 1.80 4.19 1.02 0.96 4.92 1.90 3.49 

Bug 1.51 5.91 1.24 1.24 4.11 2.60 3.17 

aHydrophobicity, bGraph shape index, cUpsilon steric parameter, dSmoothed upsilon steric 

parameter, e,f,gSTERIMOL length, maximum, and minimum width, respectively.  

 

Table S1-continued  

Amino 

acid 

αh vv
i δHc

j σ1
k pka(RCO2H) 13C# 

(ppm) 

ln er 

Ala 0.046 1.0 7.3 -0.01 4.76 49.0 1.48 

Leu 0.186 4.0 10.1 -0.01 4.79 51.6 1.86 

Val 0.140 3.0 17.2 0.01 4.86 58.2 2.44 

Ile 0.186 4.0 16.1 -0.01 4.81 53.8 2.04 

Bug 0.186 4.0 21.0 -0.01  60.3 2.67 

hPolarizability, iNormalized, j 1H NMR chemical shift, kLocalized electrical effect 

#13C NMR chemical shift of -carbon (13C) of ligands: 
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General procedure for Suzuki cross-coupling desymmetrization reactions of N–C 

and N–N carbazole acid substrates.  

 

Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 mg, 0.0025 mmol) and L9 (3.5 mg, 0.005 mmol) 

was added to 0.5 mL THF, the mixture was then stirred at room temperature for 20 min. The 

resulting metal-ligand complex solution was added to a reaction flask containing 4.5 mL THF 

solution of 2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid 1 (92.5 mg, 0.25 mmol) and p-

methoxyphenylboronic acid (53.2 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 mmol), followed by 

addition of 0.10 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 18 h. The 

reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted 

with ethyl acetate (4.0 mL X 3) three times. The combined organic phase was washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The organic layer was concentrated in vacuo and 

purified by flash column chromatography with hexane and acetone as the eluents to give the desired 

acid product.  

Ester Product : After the obtained crude product was dissolved in DMF (1.0 mL), and treated with 

EtI or MeI (0.5 mmol) and K2CO3 (1.0 mmol). The reaction mixture was stirred overnight at room 

temperature. Then the mixture was diluted with ethyl acetate (20.0 mL) and washed with water, 

brine, and dried over Na2SO4. The organic layer was concentrated in vacuo and purified by flash 

column chromatography with hexane and acetone as the eluents to give the desired product.  
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Characterization data of desymmetrizating products from N–C and N–N 

carbazole acid substrates 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (et-ester of 2)  

White solid, 83 mg, 69% (isolated yield), [α]D
20 = +27.20 (c 1.000 

CHCl3) for 96:4 er. 1H NMR (500 MHz, Chloroform-d) δ 8.13 (dd, 

J = 8.1, 0.6 Hz, 1H), 8.05 (d, J = 8.3 Hz, 1H), 8.02 – 7.97 (m, 1H), 

7.68 – 7.66 (m, 1H), 7.61 – 7.53 (m, 3H), 7.50 (dd, J = 8.1, 1.6 Hz, 1H), 7.25 (dd, J = 8.3, 1.8 Hz, 

1H), 7.07 (dd, J = 1.6, 0.6 Hz, 1H), 6.99 – 6.93 (m, 3H), 3.84 (s, 3H), 3.72 (q, J = 7.1 Hz, 2H), 2.04 

(s, 3H), 0.48 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.0, 159.2, 142.3, 142.3, 

139.5, 139.4, 135.1, 134.3, 134.2, 132.0, 131.6, 129.7, 129.2, 128.5, 121.7, 121.4, 121.1, 120.5, 

120.2, 119.5, 114.2, 109.6, 107.5, 61.1, 55.4, 17.7, 13.0. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C29H25ClNO3
+ [M+H]+: 470.1517, Found: 470.1513. A sample of the ester was hydrolyzed 

to provide the parent carboxylic acid HPLC analysis of the reaction product: Daicel Chiralpak ADH, 

hexane/iso-propanol = 95:5, 1 mL/min, λ= 315 nm, retention time: 17.76 min (major) and 33.42 

min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (3) 

Yellow solid, 100 mg, 66%, [α]D
20 = +50.10 (c 1.000 CHCl3) 

for 97.5:2.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.11 (d, J 

= 8.1 Hz, 1H), 8.03 (d, J = 8.3 Hz, 1H), 7.96 (dd, J = 7.8, 1.6 

Hz, 1H), 7.67 – 7.64 (m, 1H), 7.56 (t, J = 7.7 Hz, 1H), 7.51 – 7.43 (m, 3H), 7.23 (dd, J = 9.1, 7.1 

Hz, 6H), 7.11 (d, J = 7.8 Hz, 5H), 7.02 (dd, J = 15.3, 7.9 Hz, 3H), 6.90 (d, J = 1.9 Hz, 1H), 3.68 (q, 
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J = 7.1 Hz, 2H), 2.03 (s, 3H), 0.44 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 166.0, 

147.7, 142.3, 142.2, 139.4, 135.1, 134.1, 132.0, 131.6, 129.7, 129.3, 129.2, 128.1, 124.3, 124.0, 

122.9, 121.6, 121.5, 121.1, 120.5, 120.2, 119.4, 109.6, 107.4, 61.1, 17.7, 13.0. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C40H32ClN2O2
+ [M+H]+: 607.2147, Found: 607.2150. HPLC analysis 

of the reaction product: Daicel Chiralpak ID and ID, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 

348 nm, retention time: 17.20 min (major) and 18.77 min (minor). 

 

Ethyl (S)-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (ent-

3) 

Yellow solid, 103 mg, 68%, [α]D
20 = −45.30 (c 0.920 CHCl3) 

for 3:97 er. NMR was same with Ethyl (R)-2-(2-chloro-7-(4-

(diphenylamino)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate. 

HRMS (m/z, ESI): Calcd. for Chemical Formula: C40H32ClN2O2
+ [M+H]+: 607.2147, Found: 

607.2144. HPLC analysis of the reaction product: Daicel Chiralpak ID and ID, hexane/iso-propanol 

= 99:1, 0.8 mL/min, λ= 348 nm, retention time: 19.73 min (major) and 18.13 min (minor). 

 

Ethyl (S)-2-(2-chloro-7-(4-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (4) 

Yellowish oil, 86 mg, 67%, [α]D
20 = −54.55 (c 1.000 CHCl3) for 

5:95 er. 1H NMR (500 MHz, Chloroform-d) δ 8.16 (dd, J = 8.1, 

0.6 Hz, 1H), 8.10 – 8.04 (m, 3H), 7.99 (dd, J = 7.8, 1.7 Hz, 1H), 

7.69 – 7.63 (m, 3H), 7.59 (t, J = 7.7 Hz, 1H), 7.55 (dd, J = 8.1, 1.5 Hz, 1H), 7.27 – 7.23 (m, 1H), 

7.13 (dd, J = 1.6, 0.6 Hz, 1H), 6.94 (d, J = 1.8 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 3.71 (q, J = 7.1 
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Hz, 2H), 2.03 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H), 0.48 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 166.6, 165.9, 146.0, 142.4, 142.2, 139.3, 138.5, 135.2, 134.0, 132.1, 132.0, 130.0, 

129.8, 129.3, 129.1, 127.3, 122.5, 121.4, 121.3, 120.7, 120.5, 119.8, 109.7, 108.1, 61.1, 61.0, 17.6, 

14.4, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: C31H27ClNO4
+ [M+H]+: 512.1623, 

Found: 512.1621. HPLC analysis of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 1.0 mL/min, λ= 318 nm, retention time: 19.49 min (major) and 18.08 min (minor). 

 

Ethyl (S)-2-(2-chloro-7-(4-cyanophenyl)-9H-carbazol-9-yl)-3-methylbenzoate (5) 

White solid, 64 mg, 55%, [α]D
20 = −46.20 (c 1.000 CHCl3) for 4:96 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.18 (dd, J = 8.1, 0.6 Hz, 

1H), 8.07 (d, J = 8.2 Hz, 1H), 7.99 (dd, J = 7.8, 1.7 Hz, 1H), 7.70 – 

7.66 (m, 5H), 7.60 (t, J = 7.7 Hz, 1H), 7.51 (dd, J = 8.1, 1.6 Hz, 1H), 7.26 (dd, J = 8.3, 1.8 Hz, 1H), 

7.09 (dd, J = 1.7, 0.6 Hz, 1H), 6.94 (d, J = 1.9 Hz, 1H), 3.75 – 3.66 (m, 2H), 2.03 (s, 3H), 0.48 (t, J 

= 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 165.9, 146.2, 142.5, 142.1, 139.3, 137.5, 135.2, 

133.8, 132.5, 132.4, 131.9, 129.8, 129.4, 128.1, 122.9, 121.5, 121.2, 120.9, 120.6, 119.6, 119.0, 

110.6, 109.8, 108.1, 61.2, 17.6, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C29H22ClN2O2
+ [M+H]+: 465.1364, Found: 465.1374. A sample of the Me-ester was provided for 

the HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 

mL/min, λ= 315 nm, retention time: 36.14 min (major) and 39.19 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(3-nitrophenyl)-9H-carbazol-9-yl)-3-methylbenzoate (6) 
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Yellowish solid, 70 mg, 58%, [α]D
20 = +30.70 (c 1.000 CHCl3) for 

99:1 er. 1H NMR (500 MHz, Chloroform-d) δ 8.44 (t, J = 2.0 Hz, 

1H), 8.20 (dd, J = 8.1, 0.6 Hz, 1H), 8.17 – 8.15 (m, 1H), 8.07 (d, J 

= 8.3 Hz, 1H), 8.00 (dd, J = 7.7, 1.6 Hz, 1H), 7.91 – 7.89 (m, 1H), 7.71 – 7.68 (m, 1H), 7.63 – 7.52 

(m, 3H), 7.26 (dd, J = 8.2, 1.9 Hz, 1H), 7.11 (dd, J = 1.7, 0.6 Hz, 1H), 6.94 (d, J = 1.8 Hz, 1H), 3.71 

(qd, J = 7.1, 2.1 Hz, 2H), 2.04 (s, 3H), 0.50 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-

d) δ 165.8, 148.7, 143.4, 142.5, 142.2, 139.3, 137.1, 135.3, 133.8, 133.5, 132.4, 131.9, 129.9, 129.6, 

129.5, 122.8, 122.2, 121.9, 121.4, 121.2, 121.0, 120.6, 119.6, 109.8, 108.1, 61.1, 17.6, 13.0. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C28H22ClN2O4
+ [M+H]+: 485.1263, Found: 485.1257. 

HPLC analysis of the reaction product: Daicel Chiralpak IB, hexane/iso-propanol = 99:1, 1.0 

mL/min, λ= 311 nm, retention time: 19.66 min (major) and 16.90 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(3-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (7) 

Yellowish oil, 88 mg, 69%, [α]D
20 = −81.00 (c 1.000 CHCl3) for 

97:3 er. 1H NMR (500 MHz, Chloroform-d) δ 8.28 (t, J = 1.8 Hz, 

1H), 8.17 (d, J = 8.1 Hz, 1H), 8.06 (d, J = 8.3 Hz, 1H), 8.00 – 7.98 

(m, 2H), 7.78 – 7.75 (m, 1H), 7.67 (dd, J = 8.2, 1.6 Hz, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.55 (dd, J = 

8.1, 1.6 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.25 (dd, J = 8.3, 1.8 Hz, 1H), 7.12 (d, J = 1.6 Hz, 1H), 

6.92 (d, J = 1.8 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 3.71 (q, J = 7.1 Hz, 2H), 2.03 (s, 3H), 1.41 (t, J = 

7.2 Hz, 3H), 0.48 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.7, 165.9, 142.4, 

142.2, 142.0, 139.3, 138.8, 135.2, 134.0, 131.9, 131.0, 129.8, 129.3, 128.7, 128.6, 128.1, 122.2, 

121.4, 121.2, 120.7, 120.4, 119.8, 109.7, 108.1, 61.1, 17.6, 14.4, 13.0. HRMS (m/z, ESI): Calcd. for 
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Chemical Formula: C31H27ClNO4
+ [M+H]+: 512.1623, Found: 512.1625. HPLC analysis of the 

reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 311 nm, 

retention time: 21.43 min (major) and 19.97 min (minor). 

 

Ethyl (S)-2-(2-(3-(benzyloxy)phenyl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (8) 

Yellowish oil, 82 mg, 60%, [α]D
20 = −63.08 (c 1.000 CHCl3) for 

3.5:96.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.14 (dd, J = 8.1, 

0.6 Hz, 1H), 8.06 (d, J = 8.3 Hz, 1H), 8.00 (dd, J = 7.8, 1.7 Hz, 1H), 

7.68 – 7.66 (m, 1H), 7.59 (t, J = 7.7 Hz, 1H), 7.52 (dd, J = 8.1, 1.5 Hz, 1H), 7.48 – 7.44 (m, 2H), 

7.42 – 7.37 (m, 2H), 7.35 – 7.32(m, 2H), 7.25 (dd, J = 8.3, 1.9 Hz, 1H), 7.24 – 7.20 (m, 2H), 7.09 

(dd, J = 1.6, 0.6 Hz, 1H), 6.97 – 6.92 (m, 2H), 5.12 (s, 2H), 3.71 (q, J = 7.1 Hz, 2H), 2.03 (s, 3H), 

0.47 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 165.9, 159.1, 143.3, 142.3, 139.5, 

139.4, 136.9, 135.1, 134.1, 131.9, 131.8, 129.8, 129.7, 129.2, 128.6, 128.4, 128.0, 127.6, 121.9, 

121.5, 121.2, 120.5, 120.31, 120.27, 119.7, 114.6, 113.0, 109.6, 108.1, 70.1, 61.1, 17.6, 13.0. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C35H29ClNO3
+ [M+H]+: 546.1830, Found: 546.1829. 

HPLC analysis of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 99:1, 1.0 

mL/min, λ= 312 nm, retention time: 12.31 min (major) and 11.07 min (minor). 

 

Ethyl (R)2-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (9) 

1 mmol scale, White solid, 338 mg, 72%, [α]D
20 = +29.10 (c 1.000 

CHCl3) for 99:1 er. 1H NMR (500 MHz, Chloroform-d) δ 8.13 (d, J 

= 8.1 Hz, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.98 (dd, J = 7.8, 1.7 Hz, 
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1H), 7.68 – 7.64 (m, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.51 (dd, J = 8.1, 1.5 Hz, 1H), 7.33 (t, J = 7.9 Hz, 

1H), 7.23 (dd, J = 8.2, 1.8 Hz, 1H), 7.19 – 7.17 (m, 1H), 7.12 (t, J = 2.2 Hz, 1H), 7.08 (d, J = 1.6 

Hz, 1H), 6.92 (d, J = 1.8 Hz, 1H), 6.88 – 6.85 (m, 1H), 3.85 (s, 3H), 3.70 (q, J = 7.1 Hz, 2H), 2.02 

(s, 3H), 0.46 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 165.9, 159.9, 143.3, 142.3, 

142.2, 139.6, 139.4, 135.1, 134.1, 132.0, 131.8, 129.8, 129.7, 129.2, 121.9, 121.5, 121.2, 120.5, 

120.3, 120.1, 119.8, 113.6, 112.1, 109.6, 108.1, 61.1, 55.4, 17.6, 13.0. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C29H25ClNO3
+ [M+H]+: 470.1517, Found: 470.1515. HPLC analysis of the 

reaction product: Daicel Chiralpak ID and ID, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 330 nm, 

retention time: 19.39 min (major) and 21.97 min (minor). 

 

Ethyl (R)-2-(2-([1,1'-biphenyl]-2-yl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (10) 

White solid, 94 mg, 73%, [α]D
20 = −43.30 (c 1.000 CHCl3) for 98.5:1.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 7.99 – 7.90 (m, 3H), 7.56 (dd, 

J = 7.8, 1.8 Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.48 – 7.44 (m, 1H), 7.42 

– 7.37 (m, 3H), 7.21 – 7.19 (m, 1H), 7.16 – 7.06 (m, 6H), 6.87 (t, J = 

1.7 Hz, 1H), 6.62 (t, 1.5 Hz, 1H), 3.72 – 3.62 (m, 2H), 1.78 (s, 3H), 0.45 – 0.42 (m, 3H). 13C NMR 

(126 MHz, Chloroform-d) δ 165.8, 142.2, 141.8, 141.4, 141.0, 140.8, 139.9, 139.4, 134.9, 134.1, 

131.6, 130.9, 130.6, 129.8, 129.7, 129.0, 127.8, 127.41, 127.36, 126.4, 122.2, 121.6, 121.1, 121.0, 

120.0, 119.7, 111.3, 109.5, 61.0, 17.5, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C34H27ClNO2
+ [M+H]+: 516.1725, Found: 516.1727. A sample of the ester was hydrolyzed to 

provide the parent carboxylic acid for the HPLC analysis of the reaction product: Daicel Chiralpak 

ID, hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 309 nm, retention time: 7.07 min (major) and 11.44 
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min (minor). 

 

Ethyl (S)-2-(2-chloro-7-(6-methoxypyridin-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (11) 

White solid, 73 mg, 62%, [α]D
20 = −73.00 (c 1.000 CHCl3) for 

1.5:98.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.39 (d, J = 2.4 Hz, 

1H), 8.14 (d, J = 8.1 Hz, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.97 (dd, J = 

7.8, 1.6 Hz, 1H), 7.79 (dd, J = 8.6, 2.5 Hz, 1H), 7.67 – 7.65 (m, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.44 (dd, 

J = 8.1, 1.5 Hz, 1H), 7.24 (dd, J = 8.3, 1.8 Hz, 1H), 7.02 (d, J = 1.5 Hz, 1H), 6.93 (d, J = 1.8 Hz, 1H), 

6.79 (d, J = 8.6 Hz, 1H), 3.96 (s, 3H), 3.70 (q, J = 7.1 Hz, 2H), 2.02 (s, 3H), 0.48 (t, J = 7.1 Hz, 3H).13C 

NMR (126 MHz, Chloroform-d) δ 165.9, 163.5, 145.2, 142.3, 139.3, 137.8, 136.3, 135.1, 134.0, 

131.94, 131.90, 130.6, 129.7, 129.3, 121.8, 121.5, 121.2, 120.8, 120.4, 119.2, 110.7, 109.7, 107.5, 

61.1, 53.6, 17.6, 13.0. A sample of the Me-ester was provided for the HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C28H24ClN2O3
+ [M+H]+: 471.1470, Found: 471.1476. HPLC analysis of the 

reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 307 nm, 

retention time: 14.93 min (major) and 13.56 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(furan-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (12) 

White solid, 70 mg, 65%, [α]D
20 = +12.60 (c 1.000 CHCl3) for 97.5:2.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.07 (dd, J = 8.1, 0.6 Hz, 1H), 

8.03 – 7.97 (m, 2H), 7.72 (dd, J = 1.5, 0.9 Hz, 1H), 7.68 – 7.66 (m, 1H), 

7.58 (t, J = 7.7 Hz, 1H), 7.44 (t, J = 1.7 Hz, 1H), 7.42 (dd, J = 8.1, 1.5 Hz, 1H), 7.22 (dd, J = 8.3, 

1.8 Hz, 1H), 6.97 (dd, J = 1.6, 0.7 Hz, 1H), 6.89 (d, J = 1.8 Hz, 1H), 6.68 (dd, J = 1.9, 0.9 Hz, 1H), 
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3.70 (qd, J = 7.2, 1.9 Hz, 2H), 2.01 (s, 3H), 0.46 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 165.9, 143.6, 142.2, 139.4, 138.7, 135.1, 134.1, 131.9, 131.6, 130.8, 129.8, 129.2, 

127.0, 121.6, 121.0, 120.6, 120.3, 118.6, 109.6, 109.2, 106.5, 61.1, 17.6, 13.0. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C26H21ClNO3
+ [M+H]+: 430.1204, Found: 430.1200. HPLC analysis 

of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 313 nm, 

retention time: 7.89 min (major) and 7.36 min (minor). 

 

Ethyl (S)-2-(2-(5-acetylthiophen-2-yl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (13) 

White solid, 40 mg, 33%, [α]D
20 = −11.50 (c 1.000 CHCl3) for 7:93 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.11 (dd, J = 8.1, 0.6 Hz, 

1H), 8.03 (d, J = 8.3 Hz, 1H), 8.00 (dd, J = 7.7, 1.6 Hz, 1H), 7.71 – 

7.67 (m, 1H), 7.64 – 7.60 (m, 2H), 7.58 (dd, J = 8.2, 1.5 Hz, 1H), 7.30 (d, J = 4.0 Hz, 1H), 7.24 (dd, 

J = 8.3, 1.8 Hz, 1H), 7.15 (dd, J = 1.6, 0.6 Hz, 1H), 6.91 (d, J = 1.8 Hz, 1H), 3.72 (qd, J = 7.1, 0.8 

Hz, 2H), 2.55 (s, 3H), 2.01 (s, 3H), 0.50 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 

190.6, 165.7, 153.6, 142.8, 142.6, 141.9, 139.3, 135.3, 133.7, 133.5, 132.5, 131.7, 131.5, 129.9, 

129.5, 124.0, 123.3, 121.4, 121.3, 120.9, 120.7, 118.8, 109.7, 107.2, 61.1, 26.5, 17.6, 13.1. HRMS 

(m/z, ESI): Calcd. for Chemical Formula: C28H23ClNO3S+ [M+H]+: 488.1082, Found: 488.1081. 

HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 

mL/min, λ= 355 nm, retention time: 27.21 min (major) and 29.73 min (minor). 

 

Ethyl (S)-2-(2-chloro-7-(thiophen-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (14) 
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White solid, 78 mg, 70%, [α]D
20 = −71.50 (c 1.000 CHCl3) for 3.5:96.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (dd, J = 8.1, 0.7 Hz, 1H), 

8.03 (d, J = 8.3 Hz, 1H), 7.99 (dd, J = 7.8, 1.6 Hz, 1H), 7.68 – 7.66 (m, 

1H), 7.58 (t, J = 7.7 Hz, 1H), 7.54 (dd, J = 8.1, 1.5 Hz, 1H), 7.43 (dd, J = 2.9, 1.5 Hz, 1H), 7.38 (dd, 

J = 5.0, 1.4 Hz, 1H), 7.35 (dd, J = 5.0, 2.9 Hz, 1H), 7.24 (dd, J = 8.3, 1.8 Hz, 1H), 7.10 (dd, J = 1.6, 

0.6 Hz, 1H), 6.92 (d, J = 1.8 Hz, 1H), 3.70 (qd, J = 7.1, 1.1 Hz, 2H), 2.02 (s, 3H), 0.47 (t, J = 7.1 

Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 166.0, 142.9, 142.3, 142.2, 139.4, 135.1, 134.4, 

134.1, 132.0, 131.7, 129.8, 129.2, 126.7, 126.1, 121.7, 121.6, 121.1, 120.6, 120.4, 120.3, 119.2, 

109.6, 107.2, 61.1, 17.6, 13.0. A sample of the Me-ester was provided for the HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C26H21ClNO2S+ [M+H]+: 446.0976, Found: 446.0971. HPLC 

analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99: 1, 1.0 mL/min, λ

= 314 nm, retention time: 9.85 min (major) and 11.06 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4,6-dihydropyren-1-yl)-9H-carbazol-9-yl)-3-methylbenzoate (15) 

White solid, 100 mg, 71%, [α]D
20 = +24.65 (c 1.000 CHCl3) for 

94:6 er. 1H NMR (500 MHz, Chloroform-d) δ 8.27 (d, J = 7.9 Hz, 

1H), 8.23 – 8.18 (m, 3H), 8.17 – 8.13 (m, 2H), 8.08 (s, 2H), 8.01 

(dd, J = 8.2, 7.2 Hz, 3H), 7.95 (dd, J = 7.8, 1.6 Hz, 1H), 7.62 – 7.59 (m, 1H), 7.58 (dd, J = 7.9, 1.5 

Hz, 1H), 7.49 (t, J = 7.7 Hz, 1H), 7.31 (dd, J = 8.3, 1.9 Hz, 1H), 7.19 (d, J = 1.4 Hz, 1H), 7.00 (d, J 

= 1.8 Hz, 1H), 3.87 – 3.75 (m, 2H), 2.11 (s, 3H), 0.60 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 166.0, 142.3, 142.0, 139.6, 139.3, 138.2, 135.1, 134.1, 131.94, 131.91, 131.5, 131.0, 

130.6, 129.8, 129.2, 128.6, 127.9, 127.5, 127.4, 127.4, 126.0, 125.4, 125.1, 125.0, 124.9, 124.8, 
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124.5, 123.1, 121.73, 121.69, 121.3, 120.4, 120.0, 111.6, 109.7, 61.2, 17.7, 13.2.HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C38H27ClNO2
+ [M+H]+: 564.1725, Found: 564.1728. HPLC analysis 

of the reaction product: Daicel Chiralpak ODH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 345 

nm, retention time: 12.30 min (major) and 14.02 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(9,9-dimethyl-9H-fluoren-1-yl)-9H-carbazol-9-yl)-3-methylbenzoate 

(16) 

White solid, 95 mg, 68%, [α]D
20 = +78.10 (c 1.000 CHCl3) for 

96.5:3.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.18 (d, J = 

8.0 Hz, 1H), 8.08 (d, J = 8.2 Hz, 1H), 8.02 (dd, J = 7.8, 1.7 Hz, 

1H), 7.78 – 7.73 (m, 2H), 7.70 – 7.65 (m, 2H), 7.63 – 7.55 (m, 3H), 7.48 – 7.44 (m, 1H), 7.38 – 7.32 

(m, 2H), 7.27 (dd, J = 8.1, 2.0 Hz, 1H), 7.16 (d, J = 1.5 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 3.74 (q, 

J = 7.1 Hz, 2H), 2.06 (s, 3H), 1.55 (d, J = 4.8 Hz, 6H), 0.51 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 166.0, 154.2, 153.9, 142.34, 142.29, 141.0, 140.4, 139.5, 138.9, 138.4, 135.1, 134.2, 

132.0, 131.8, 129.8, 129.2, 127.3, 127.0, 126.7, 122.6, 121.7, 121.6, 121.2, 120.5, 120.3, 120.2, 

120.1, 120.0, 109.7, 108.0, 61.2, 47.0, 27.3, 17.7, 13.0. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C37H31ClNO2
+ [M+H]+: 556.2038, Found: 556.2039. HPLC analysis of the reaction 

product: Daicel Chiralpak ADH and ADH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 326 nm, 

retention time: 19.13 min (major) and 16.70 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(naphthalen-2-yl)-9H-carbazol-9-yl)-3-methylbenzoate (17) 
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White solid, 90 mg, 74%, [α]D
20 = +26.20 (c 1.000 CHCl3) for 

95.5:4.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.19 (d, J = 8.1 

Hz, 1H), 8.08 (d, J = 8.3 Hz, 1H), 8.05 (d, J = 1.9 Hz, 1H), 8.01 

(dd, J = 7.7, 1.7 Hz, 1H), 7.89 (dd, J = 9.2, 2.1 Hz, 2H), 7.85 (dd, J = 7.3, 1.8 Hz, 1H), 7.75 (dd, J 

= 8.5, 1.9 Hz, 1H), 7.69 – 7.66 (m, 2H), 7.60 (t, J = 7.7 Hz, 1H), 7.52 – 7.45 (m, 2H), 7.26 (dd, J = 

8.2, 1.9 Hz, 1H), 7.23 (d, J = 1.5 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 3.73 (q, J = 7.1 Hz, 2H), 2.06 

(s, 3H), 0.50 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 166.0, 142.4, 142.3, 139.7, 

139.4, 139.0, 135.1, 134.1, 133.7, 132.6, 132.0, 131.8, 129.8, 129.3, 128.4, 128.2, 127.7, 126.3, 

126.03, 126.00, 125.9, 121.9, 121.6, 121.2, 120.6, 120.3, 120.1, 109.7, 108.3, 61.2, 17.7, 13.0. 

HRMS (m/z, ESI): Calcd. for Chemical Formula: C32H25ClNO2
+ [M+H]+: 490.1568, Found: 

490.1575. A sample of the Me-ester was provided for the HPLC analysis of the reaction product: 

Daicel Chiralpak ADH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 318 nm, retention time: 24.83 

min (major) and 18.73 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(dibenzo[b,d]thiophen-4-yl)-9H-carbazol-9-yl)-3-methylbenzoate (18) 

White solid, 95 mg, 70%, [α]D
20 = +26.90 (c 1.000 CHCl3) for 

97.5:2.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.26 (dd, J = 8.1, 

0.7 Hz, 1H), 8.21 – 8.18 (m, 1H), 8.15 (dd, J = 7.5, 1.5 Hz, 1H), 

8.13 (d, J = 8.3 Hz, 1H), 8.01 (dd, J = 7.8, 1.6 Hz, 1H), 7.86 – 7.83 (m, 1H), 7.71 – 7.66 (m, 2H), 

7.59 – 7.51 (m, 3H), 7.50 – 7.46 (m, 2H), 7.32 – 7.29 (m, 2H), 6.98 (d, J = 1.7 Hz, 1H), 3.85 – 3.73 

(m, 2H), 2.11 (s, 3H), 0.56 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 165.9, 142.4, 

142.1, 139.6, 139.5, 139.0, 137.6, 136.2, 135.8, 135.1, 134.1, 132.0, 131.8, 129.9, 129.3, 127.2, 
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126.8, 125.1, 124.4, 122.6, 122.3, 121.7, 121.6, 121.3, 120.59, 120.57, 120.4, 120.3, 109.7, 109.4, 

61.2, 17.7, 13.1. HRMS (m/z, ESI): Calcd. for Chemical Formula: C34H25ClNO2S+ [M+H]+: 

546.1289, Found: 546.1291. HPLC analysis of the reaction product: Daicel Chiralpak IB, 

hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 310 nm, retention time: 23.44 min (major) and 17.47 

min (minor). 

 

Methyl (S)-2-(2-chloro-7-(dibenzo[b,d]thiophen-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate 

(19) 

White soild, 84 mg, 62%, [α]D
20 = −71.60 (c 1.000 CHCl3) for 

4.5:95.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.37 – 8.34 (m, 

1H), 8.24 – 8.20 (m, 2H), 8.09 (d, J = 8.2 Hz, 1H), 8.01 (dd, J = 7.8, 

1.6 Hz, 1H), 7.90 – 7.85 (m, 2H), 7.71 – 7.68 (m, 2H), 7.65 (dd, J = 8.1, 1.5 Hz, 1H), 7.59 (t, J = 

7.7 Hz, 1H), 7.49 – 7.45 (m, 2H), 7.28 (dd, J = 8.3, 1.8 Hz, 1H), 7.20 (dd, J = 1.5, 0.6 Hz, 1H), 6.95 

(d, J = 1.8 Hz, 1H), 3.32 (s, 3H), 2.06 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.0, 142.3, 

142.3, 139.9, 139.8, 139.5, 138.5, 138.4, 136.1, 135.5, 135.4, 134.5, 131.9, 131.3, 129.7, 129.2, 

126.9, 126.6, 124.4, 123.0, 122.9, 121.9, 121.7, 121.6, 121.3, 120.8, 120.41, 120.38, 120.1, 109.6, 

108.1, 52.2, 17.7. HRMS (m/z, ESI): Calcd. for Chemical Formula: C33H23ClNO2S+ [M+H]+: 

532.1133, Found: 532.1129. HPLC analysis of the reaction product: Daicel Chiralpak IA, 

hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 330nm, retention time: 20.09 min (major) and 25.61 

min (minor). 

 

Ethyl (R)-2-(7-chloro-9'-phenyl-9H,9'H-[2,2'-bicarbazol]-9-yl)-3-methylbenzoate (20) 
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Yellowish solid, 106 mg, 70%, [α]D
20 = +45.4 (c 1.000 CHCl3) for 

94.5:5.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.35 (d, J = 1.7 

Hz, 1H), 8.23 – 8.16 (m, 2H), 8.07 (d, J = 8.3 Hz, 1H), 8.01 (dd, 

J = 7.9, 1.6 Hz, 1H), 7.70 – 7.64 (m, 3H), 7.64 – 7.57 (m, 5H), 7.51 – 7.46 (m, 1H), 7.46 – 7.42 (m, 

3H), 7.32 – 7.28 (m, 1H), 7.28 – 7.23 (m, 1H), 7.21 (d, J = 1.6 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 

3.74 (q, J = 7.1 Hz, 2H), 2.07 (s, 3H), 0.51 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, Chloroform-d) 

δ 166.1, 142.4, 142.3, 141.4, 140.7, 140.3, 139.5, 137.7, 135.1, 134.3, 134.0, 132.0, 131.5, 129.9, 

129.8, 129.2, 127.5, 127.1, 126.1, 125.9, 123.9, 123.5, 121.7, 121.3, 121.1, 120.5, 120.5, 120.2, 

120.14, 120.05, 119.1, 110.0, 109.9, 109.6, 108.1, 61.2, 17.7, 13.0. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C40H30ClN2O2
+ [M+H]+: 605.1990, Found: 605.1989. HPLC analysis of the 

reaction product: Daicel Chiralpak ODH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 364 nm, 

retention time: 15.85 min (major) and 20.96 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3'-methoxy-[1,1'-biphenyl]-3-

carboxylate (22) 

White solid, 95 mg, 68%, [α]D
20 = −12.50 (c 1.000 CHCl3) for 

89.5:10.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (dd, J = 

7.7, 1.7 Hz, 1H), 7.97 (dd, J = 8.1, 0.6 Hz, 1H), 7.88 (d, J = 8.3 

Hz, 1H), 7.82 (dd, J = 7.7, 1.7 Hz, 1H), 7.72 (t, J = 7.7 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.38 (dd, J = 

8.2, 1.6 Hz, 1H), 7.13 – 7.10 (m, 2H), 6.99 – 6.92 (m, 4H), 6.73 – 6.70 (m, 1H), 6.57 – 6.54 (m, 

1H), 6.52 (dd, J = 2.5, 1.6 Hz, 1H), 3.84 (s, 3H), 3.71 (q, J = 7.1 Hz, 2H), 3.21 (s, 3H), 0.47 (t, J = 

7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.1, 159.1, 159.0, 143.3, 142.8, 142.5, 139.3, 
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139.0, 134.9, 134.3, 132.9, 132.6, 131.3, 131.0, 129.3, 129.2, 128.4, 121.5, 121.2, 120.8, 120.4, 

120.2, 120.1, 119.4, 114.7, 114.2, 112.2, 109.8, 107.8, 61.3, 55.4, 54.7, 13.0. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C35H29ClNO4
+ [M+H]+: 562.1780, Found: 562.1783. HPLC analysis 

of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 316 nm, 

retention time: 14.42 min (major) and 13.34 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3'-nitro-[1,1'-biphenyl]-3-car-

boxylate (23) 

White solid, 100 mg, 69%, [α]D
20 = −25.10 (c 1.000 CHCl3) for 

90.5:9.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.18 (dd, J = 7.7, 

1.7 Hz, 1H), 8.09 (t, J = 2.0 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.88 

(dd, J = 9.0, 2.2 Hz, 2H), 7.84 (dd, J = 7.8, 1.8 Hz, 1H), 7.78 (t, J = 7.7 Hz, 1H), 7.48 – 7.44 (m, 

2H), 7.38 (dd, J = 8.2, 1.5 Hz, 1H), 7.25 – 7.23 (m, 1H), 7.14 (dd, J = 8.2, 1.8 Hz, 1H), 7.11 – 7.05 

(m, 2H), 6.98 – 6.92 (m, 3H), 3.84 (s, 3H), 3.72 (q, J = 7.1 Hz, 2H), 0.49 (t, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, Chloroform-d) δ 165.7, 159.2, 147.9, 142.4, 142.3, 140.8, 139.7, 139.4, 134.6, 

134.1, 133.7, 133.2, 132.8, 132.2, 131.6, 129.7, 129.1, 128.4, 123.2, 122.7, 121.7, 121.2, 121.0, 

120.6, 120.5, 119.9, 114.3, 109.5, 107.5, 61.5, 55.4, 13.0. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C34H26ClN2O5
+ [M+H]+: 577.1525, Found: 577.1523. HPLC analysis of the reaction 

product: Daicel Chiralpak ODH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 314 nm, retention 

time: 25.07 min (major) and 29.95 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-(naphthalen-1-yl)benzoate 
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(24) 

White solid, 82 mg, 56%, [α]D
20 = −61.20 (c 1.000 CHCl3) for 

93:7 er, 1.4:1 dr confirmed by 1H NMR. 1H NMR (500 MHz, 

Chloroform-d) δ 8.19 – 8.16 (m, 1H), 7.98 – 7.82 (m, 3H), 7.80 – 

7.56 (m, 4H), 7.54 – 7.27 (m, 4H), 7.19 – 7.14 (m, 1H), 7.12 – 6.97 (m, 3H), 6.95 – 6.76 (m, 4H), 

3.86 – 3.82 (m, 3H, 1.77:1.23 = 1.4:1), 3.72 – 3.64 (m, 2H), 7.49 – 7.41 (m, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 166.3, 166.0, 159.1, 158.8, 143.51, 143.45, 141.8, 141.8, 141.4, 139.1, 138.9, 

136.6, 136.5, 134.5, 134.4, 134.3, 133.6, 133.4, 133.1, 133.0, 131.4, 131.27, 131.25, 131.2, 130.8, 

128.7, 128.6, 128.54, 128.50, 128.40, 128.38, 128.3, 126.3, 126.2, 126.1, 125.8, 125.5, 125.2, 125.0, 

124.7, 124.4, 121.8, 121.33, 121.26, 121.0, 120.8, 120.3, 120.2, 120.1, 119.7, 119.3, 119.2, 114.3, 

113.7, 110.4, 109.7, 108.5, 107.8, 61.4, 61.3, 55.42, 55.36, 12.99, 12.95. HRMS (m/z, ESI): Calcd. 

for Chemical Formula: C38H29ClNO3
+ [M+H]+: 582.1830, Found: 582.1833. HPLC analysis of the 

reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 314 nm, 

retention time: 15.48 min (major) and 13.95 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2',3',4',5'-tetrahydro-[1,1'-

biphenyl]-3-carboxylate (25) 

White solid, 95 mg, 71%, [α]D
20 = −2.20 (c 1.000 CHCl3) for 

90.5:9.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.06 (d, J = 8.1 

Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.94 (dd, J = 7.3, 2.0 Hz, 1H), 

7.63 – 7.56 (m, 2H), 7.55 – 7.51 (m, 2H), 7.47 – 7.44 (m, 1H), 7.20 (dd, J = 8.2, 1.8 Hz, 1H), 7.13 

(d, J = 1.5 Hz, 1H), 7.00 – 6.94 (m, 3H), 5.59 – 5.57 (m, 1H), 3.84 (s, 3H), 3.69 (d, J = 7.1 Hz, 2H), 
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1.80 – 1.72 (m, 2H), 1.61 – 1.58 (m, 2H), 1.19 – 1.11 (m, 4H), 0.47 (t, J = 7.1 Hz, 3H). 13C NMR 

(126 MHz, Chloroform-d) δ 166.5, 159.0, 145.8, 142.6, 142.4, 139.0, 135.9, 134.4, 133.7, 132.5, 

132.1, 131.2, 129.9, 128.9, 128.5, 128.4, 121.6, 121.3, 120.7, 120.2, 120.1, 119.3, 114.2, 110.4, 

108.2, 61.2, 55.4, 28.4, 25.5, 22.5, 21.5, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C34H31ClNO3
+ [M+H]+: 536.1987, Found: 536.1985. HPLC analysis of the reaction product: Daicel 

Chiralpak IA, hexane/iso-propanol = 99: 1, 1.0 mL/min, λ= 316 nm, retention time: 8.21 min (major) 

and 7.33 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-(3,6-dihydro-2H-pyran-4-

yl)benzoate (26) 

White solid, 90 mg, 67%, [α]D
20 = +8.10 (c 1.000 CHCl3) for 

90.5:9.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.07 (d, J = 8.0 

Hz, 1H), 8.02 – 7.97 (m, 2H), 7.66 – 7.61 (m, 2H), 7.54 – 7.49 (m, 

2H), 7.46 (dd, J = 8.1, 1.5 Hz, 1H), 7.21 (dd, J = 8.2, 1.8 Hz, 1H), 7.10 (d, J = 1.5 Hz, 1H), 6.95 

(dd, J = 8.7, 2.0 Hz, 3H), 5.60 – 5.58 (m, 1H), 3.90 – 3.81 (m, 5H), 3.69 (q, J = 7.1 Hz, 2H), 3.28 – 

3.18 (m, 2H), 1.77 – 1.69 (m, 2H), 0.46 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, Chloroform-d) δ 

166.2, 159.1, 143.5, 142.6, 142.3, 139.3, 134.2, 133.6, 133.5, 132.6, 132.4, 131.4, 130.6, 129.2, 

128.4, 126.5, 121.6, 121.3, 121.0, 120.4, 119.6, 114.2, 110.2, 107.9, 65.3, 63.8, 61.3, 55.4, 28.3, 

13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: C33H29ClNO4
+ [M+H]+: 538.1780, Found: 

538.1775. HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 97:3, 

1.0 mL/min, λ= 316 nm, retention time: 12.72 min (major) and 10.75 min (minor). 

 



S51 
 

Ethyl (S)-3-chloro-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)benzoate (27) 

White solid, 79 mg, 65%, [α]D
20 = +21.70 (c 1.000 CHCl3) for 

97:3 er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (dd, J = 8.1, 

0.6 Hz, 1H), 8.07 – 7.99 (m, 2H), 7.87 (dd, J = 8.1, 1.5 Hz, 1H), 

7.62 (t, J = 8.0 Hz, 1H), 7.56 – 7.47 (m, 3H), 7.25 (dd, J = 8.1, 2.0 Hz, 1H), 7.07 (d, J = 1.4 Hz, 

1H), 6.99 – 6.92 (m, 3H), 3.84 (s, 3H), 3.71 (q, J = 7.1 Hz, 2H), 0.47 (t, J = 7.1 Hz, 3H). 13C NMR 

(126 MHz, Chloroform-d) δ 164.9, 159.1, 142.1, 142.0, 139.6, 136.0, 134.3, 134.2, 133.9, 133.4, 

131.6, 130.4, 130.1, 128.5, 121.9, 121.6, 121.0, 120.7, 120.5, 119.9, 114.2, 109.9, 107.6, 61.6, 55.4, 

12.9. HRMS (m/z, ESI): Calcd. for Chemical Formula: C28H22Cl2NO3
+ [M+H]+: 490.0971, Found: 

490.0979. HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 

1.0 mL/min, λ= 314 nm, retention time: 13.21 min (major) and 16.65 min (minor). 

 

(S)-2-(2-(3-(((tert-Butyldimethylsilyl)oxy)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

chlorobenzoate (28) 

White solid, 70 mg, 47%, one step. 1H NMR (500 MHz, Chloroform-d) 

δ 8.07 – 8.04 (m, 2H), 7.98 (dd, J = 8.3, 0.5 Hz, 1H), 7.87 (dd, J = 8.1, 

1.5 Hz, 1H), 7.60 (t, J = 8.0 Hz, 1H), 7.52 – 7.47 (m, 3H), 7.34 – 7.30 

(m, 2H), 7.24 – 7.21 (m, 1H), 7.02 (dd, J = 1.5, 0.6 Hz, 1H), 6.89 (d, J = 1.8 Hz, 1H), 4.75 (s, 2H), 

0.94 (s, 9H), 0.10 (s, 6H). 13C NMR (126 MHz, Chloroform-d) δ 167.2, 142.0, 141.9, 140.3, 140.2, 

139.8, 136.5, 135.2, 134.1, 132.1, 131.7, 130.9, 130.2, 127.3, 126.4, 122.1, 122.0, 121.2, 120.7, 

120.5, 120.2, 109.7, 107.8, 64.8, 26.0, 18.4, -5.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C32H32Cl2NO3Si+ [M+H]+: 576.1523, Found: 576.1525.  
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(S)-3-Chloro-2-(2-chloro-7-(3-(hydroxymethyl)phenyl)-9H-carbazol-9-yl)benzoate (SI-28) 

Under the N2 atmosphere, 28 (70 mg, 0.12 mmol) was dissolved in 1.0 

mL THF, then TBAF (1.0 M in THF, 0.18 mL, 0.18 mmol) was added 

dropwise into the reaction mixture at 0 oC. After that, the mixture was 

stirred overnight at room temperature. The reaction was then quenched with water, and extracted 

with ethyl acetate (4 mL X 3) three times. The combined organic phases were washed with brine, 

dried over Na2SO4, and concentrated in vacuo and purified by flash column chromatography with 

hexane and acetone as the eluents to give the desired product. White solid, 54 mg, 98%. [α]D
20 = 

+16.35 (c 1.000 CHCl3) for 93:7 er. 1H NMR (500 MHz, Acetone-d6) δ 8.26 (d, J = 8.1 Hz, 1H), 

8.20 (d, J = 8.3 Hz, 1H), 8.14 (d, J = 7.9 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.80 (s, 1H), 7.59 (dd, J 

= 8.0, 2.1 Hz, 3H), 7.41 (d, J = 7.9 Hz, 2H), 7.30 – 7.22 (m, 2H), 7.04 (s, 1H), 4.65 (s, 2H). 13C 

NMR (126 MHz, Acetone-d6) δ 142.3, 141.7, 139.9, 139.7, 134.1, 132.8, 131.2, 130.9, 130.5, 127.1, 

127.0, 122.1, 122.0, 121.5, 120.8, 120.3, 119.8, 109.7, 107.8, 63.5. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C26H18Cl2NO3
+ [M+H]+: 462.0658, Found: 462.0658. HPLC analysis of the 

reaction product: Daicel Chiralpak ADH, hexane/iso-propanol = 80:20, 1.0 mL/min, λ= 312 nm, 

retention time: 8.18 min (major) and 19.90 min (minor). 

 

Ethyl (S)-2-(2-(3-(((tert-butoxycarbonyl)amino)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

chlorobenzoate (29) 
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White solid, 89 mg, 64%, [α]D
20 = +25.85 (c 1.000 CHCl3) for 99.5:0.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.13 (d, J = 8.1 Hz, 1H), 8.07 

– 8.02 (m, 2H), 7.88 (dd, J = 8.2, 1.5 Hz, 1H), 7.63 (t, J = 8.0 Hz, 1H), 

7.53 – 7.47 (m, 3H), 7.37 (t, J = 7.9 Hz, 1H), 7.28 – 7.23 (m, 2H), 7.09 (d, J = 1.5 Hz, 1H), 6.95 (d, 

J = 1.8 Hz, 1H), 4.88 (s, 1H), 4.37 (d, J = 6.0 Hz, 2H), 3.71 (q, J = 7.1 Hz, 2H), 1.46 (s, 9H), 0.47 

(t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.8, 142.1, 142.1, 139.7, 139.4, 136.1, 

134.3, 133.9, 133.3, 131.9, 130.5, 130.2, 129.0, 126.7, 126.3, 122.1, 121.8, 121.2, 120.8, 120.5, 

120.3, 109.9, 108.2, 79.5, 61.6, 44.8, 28.4, 12.9. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C33H30Cl2N2NaO4
+ [M+Na]+: 611.1475, Found: 611.1474. HPLC analysis of the reaction product: 

Daicel Chiralpak ID, hexane/iso-propanol = 95:5, 1.0 mL/min, λ= 310 nm, retention time: 17.05 

min (major) and 19.34 min (minor). 

 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)benzoate (30) 

White solid, 83 mg, 73%, racemic. At 40 oC for 20 h, 57 mg, 50%, 

66.5:33.5 er 1H NMR (500 MHz, Chloroform-d) δ 8.18 (dd, J = 

7.9, 1.6 Hz, 1H), 8.10 (dd, J = 8.1, 0.7 Hz, 1H), 8.03 (d, J = 8.2 

Hz, 1H), 7.78 (td, J = 7.6, 1.7 Hz, 1H), 7.67 – 7.63 (m, 1H), 7.58 (dd, J = 7.9, 1.2 Hz, 1H), 7.56 – 

7.52 (m, 2H), 7.49 (dd, J = 8.1, 1.5 Hz, 1H), 7.24 (dd, J = 8.3, 1.8 Hz, 1H), 7.22 (dd, J = 1.5, 0.6 

Hz, 1H), 7.12 (d, J = 1.8 Hz, 1H), 6.99 – 6.94 (m, 2H), 3.84 (s, 3H), 3.75 (q, J = 7.1 Hz, 2H), 0.49 

(t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.0, 159.2, 142.8, 142.7, 139.6, 136.1, 

134.3, 133.7, 132.5, 131.6, 130.7, 130.3, 129.0, 128.6, 121.8, 121.5, 121.1, 120.53, 120.50, 119.7, 

114.3, 109.7, 107.6, 61.4, 55.5, 13.1. HRMS (m/z, ESI): Calcd. for Chemical Formula: 
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C28H23ClNO3
+ [M+H]+: 456.1361, Found: 456.1359. 

The reaction was performed with the substrate 2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid (0.1 

mmol), p-methoxyphenylboronic acid (0.14 mmol), Pd2(dba)3 (2.0 mol%), (Sa, R)-L9 (4.0 mol%), 

K3PO4 (0.5 mmol) in 0.25 mL THF and 0.04 mL H2O at 40 oC for 1 h. White solid, 8 mg, 17%, 

[α]D
20 = +17.10 (c 0.600 CHCl3) for 91:9 er. HPLC analysis of the reaction product: Daicel 

Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 316 nm, retention time: 13.36 min (major) 

and 15.89 min (minor). 

 

Ethyl (R)-2-(2-chloro-3,6-dimethoxy-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzo- 

ate (31) 

Yellow solid, 66 mg, 50%, [α]D
20 = +25.90 (c 0.500 CHCl3) for 

93:7 er. 1H NMR (500 MHz, Chloroform-d) δ 7.90 (dd, J = 7.8, 1.7 

Hz, 1H), 7.61 (d, J = 14.1 Hz, 3H), 7.51 (t, J = 7.7 Hz, 1H), 7.48 

– 7.43 (m, 2H), 6.96 (s, 1H), 6.94 – 6.90 (m, 2H), 6.81 (s, 1H), 4.06 (s, 3H), 3.94 (s, 3H), 3.82 (s, 

3H), 3.74 (qd, J = 7.2, 3.7 Hz, 2H), 2.00 (s, 3H), 0.57 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 166.1, 158.7, 151.3, 149.2, 139.4, 136.9, 136.5, 134.9, 134.5, 132.2, 131.5, 130.8, 

130.4, 129.4, 128.9, 121.8, 121.6, 121.6, 113.5, 111.5, 111.2, 103.2, 102.1, 61.1, 57.0, 56.4, 55.3, 

17.6, 13.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C31H29ClNO5
+ [M+H]+: 530.1729, 

Found: 530.1731. HPLC analysis of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol 

= 95:5, 1.0 mL/min, λ= 272 nm, retention time: 7.76 min (major) and 8.57 min (minor). 

 

Ethyl (S)-3-chloro-2-(2-chloro-8-(4-methoxyphenyl)-10H-phenoxazin-10-yl)benzoate (32) 
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White solid, 79 mg, 63%, [α]D
20 = +6.30 (c 0.500 CHCl3) for 

63.5:36.5 er. After two days, it was racemic. 1H NMR (500 MHz, 

Chloroform-d) δ 8.06 (dd, J = 7.9, 1.5 Hz, 1H), 7.85 (dd, J = 8.1, 

1.6 Hz, 1H), 7.56 (t, J = 8.0 Hz, 1H), 7.23 – 7.18 (m, 2H), 6.88 – 6.82 (m, 3H), 6.74 (d, J = 8.2 Hz, 

1H), 6.66 – 6.61 (m, 2H), 5.86 (d, J = 2.1 Hz, 1H), 5.71 (d, J = 2.1 Hz, 1H), 4.22 (qd, J = 7.1, 1.9 

Hz, 2H), 3.78 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 164.7, 158.9, 

142.8, 142.5, 137.8, 136.5, 135.1, 134.6, 134.1, 133.4, 133.1, 131.8, 131.5, 130.3, 128.2, 127.6, 

121.1, 120.4, 116.4, 115.8, 114.0, 112.6, 111.1, 62.1, 55.3, 13.7. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C28H22Cl2NO4
+ [M+H]+: 506.0920, Found: 506.0915. HPLC analysis of the 

reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 328 nm, 

retention time: 8.88 min (major) and 9.58 min (minor). 

The reaction was performed with the substrate 3-chloro-2-(2,8-dichloro-10H-phenoxazin-10-

yl)benzoic acid (0.1 mmol), p-methoxyphenylboronic acid (0.14 mmol), Pd2(dba)3 (2.0 mol%), (Sa, 

R)-L9 (4.0 mol%), K3PO4 (0.5 mmol) in 0.25 mL THF and 0.04 mL H2O at 50 oC for 1 h. White 

solid, 3 mg, 6%, 85.5:14.5 er. HPLC analysis of the reaction product: Daicel Chiralpak IC and IC, 

hexane/iso-propanol = 99.5:0.5, 1.0 mL/min, λ= 328 nm, retention time: 19.59 min (major) and 

21.44 min (minor). 

 

Ethyl (S)-3-chloro-2-(3-chloro-6-(4-methoxyphenyl)-9,9-dimethylacridin-10(9H)-yl)benzoate 

(33) 
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Colorless oil, 68 mg, 51%. [α]D
20 = −32.50 (c 1.000 CHCl3) for 

91.5:8.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.07 (dd, J = 7.9, 

1.6 Hz, 1H), 7.87 (dd, J = 8.1, 1.5 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 

7.49 (d, J = 8.1 Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.30 – 7.27 (m, 2H), 7.12 (dd, J = 8.0, 1.8 Hz, 

1H), 6.92 – 6.85 (m, 3H), 6.15 (d, J = 1.8 Hz, 1H), 5.99 (d, J = 2.1 Hz, 1H), 3.98 (qd, J = 7.1, 1.5 

Hz, 2H), 3.80 (s, 3H), 1.79 (s, 3H), 1.67 (s, 3H), 0.79 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 164.8, 159.0, 140.3, 139.4, 138.7, 137.4, 136.3, 135.3, 135.2, 133.7, 132.2, 130.9, 

129.9, 128.3, 128.1, 128.0, 127.2, 126.3, 120.7, 119.9, 114.1, 112.9, 111.3, 61.6, 55.3, 35.6, 34.5, 

31.4, 13.4. HRMS (m/z, ESI): Calcd. for Chemical Formula: C31H28Cl2NO3
+ [M+H]+: 532.1441, 

Found: 532.1442. HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol 

= 99:1, 1.0 mL/min, λ= 281 nm, retention time: 12.10 min (major) and 9.85 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(4-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (35) 

White solid, 85 mg, 66%, [α]D
20 = +4.00 (c 1.000 CHCl3) for 99:1 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.15 – 8.08 (m, 3H), 

8.03 (d, J = 8.2 Hz, 1H), 7.68 – 7.64 (m, 2H), 7.59 (dd, J = 8.1, 

1.6 Hz, 1H), 7.29 (dd, J = 8.3, 1.8 Hz, 1H), 7.23 (d, J = 4.3 Hz, 1H), 7.12 (d, J = 1.5 Hz, 1H), 6.94 

(d, J = 1.8 Hz, 1H), 6.27 (d, J = 4.2 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 3.83 (q, J = 7.1 Hz, 2H), 2.36 

(q, J = 7.5 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H), 1.16 (t, J = 7.6 Hz, 3H), 0.74 (t, J = 7.1 Hz, 3H).13C 

NMR (126 MHz, Chloroform-d) δ 166.5, 158.8, 145.5, 143.6, 141.9, 141.6, 139.2, 132.9, 130.1, 

129.3, 127.4, 122.0, 121.8, 121.6, 121.0, 121.0, 120.9, 119.8, 118.3, 108.7, 106.9, 105.7, 61.0, 59.9, 
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18.6, 14.4, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: C30H28ClN2O4
+ [M+H]+: 

515.1732, Found: 515.1729. HPLC analysis of the reaction product: Daicel Chiralpak IC, 

hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 333 nm, retention time: 35.86 min (major) and 32.25 

min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(4-cyanophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(36) 

White solid, 75 mg, 64%, [α]D
20 = +5.40 (c 1.000 CHCl3) for 

99.5:0.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.15 (d, J = 8.1 

Hz, 1H), 8.03 (d, J = 8.4 Hz, 1H), 7.73 – 7.68 (m, 4H), 7.55 (dd, J 

= 8.2, 1.6 Hz, 1H), 7.30 (dd, J = 8.3, 1.9 Hz, 1H), 7.23 (d, J = 4.3 Hz, 1H), 7.08 (d, J = 1.5 Hz, 1H), 

6.94 (d, J = 1.8 Hz, 1H), 6.28 (d, J = 4.3 Hz, 1H), 3.84 (q, J = 7.2 Hz, 2H), 2.35 (q, J = 7.6 Hz, 2H), 

1.16 (t, J = 7.5 Hz, 3H), 0.76 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.7, 145.7, 

143.5, 142.0, 141.6, 138.2, 133.2, 132.6, 128.1, 122.0, 121.7, 121.2, 120.9, 119.7, 118.9, 118.3, 

110.9, 108.7, 106.9, 105.7, 59.9, 18.6, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C28H23ClN3O2
+ [M+H]+: 468.1473, Found: 468.1473. HPLC analysis of the reaction product: Daicel 

Chiralpak IC, hexane/iso-propanol = 95:5, 1.0 mL/min, λ= 315 nm, retention time: 42.07 min (major) 

and 36.22 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(4-nitrophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(37) 
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Yellow solid, 75 mg, 62%, [α]D
20 = +11.40 (c 1.000 CHCl3) for 

98.5:1.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.31 – 8.26 (m, 

2H), 8.17 (d, J = 8.1 Hz, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.78 – 7.71 

(m, 2H), 7.58 (dd, J = 8.1, 1.6 Hz, 1H), 7.31 (dd, J = 8.3, 1.8 Hz, 1H), 7.23 (d, J = 4.4 Hz, 1H), 7.12 

(d, J = 1.6 Hz, 1H), 6.94 (d, J = 1.8 Hz, 1H), 6.28 (d, J = 4.4 Hz, 1H), 3.85 (q, J = 7.1 Hz, 2H), 2.36 

(q, J = 7.6 Hz, 2H), 1.16 (t, J = 7.6 Hz, 3H), 0.77 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 158.7, 147.6, 147.1, 143.5, 142.0, 141.6, 137.7, 133.3, 128.1, 124.1, 122.0, 121.8, 

121.6, 121.3, 121.0, 119.6, 118.3, 108.8, 107.1, 105.8, 59.9, 18.6, 13.6, 12.5. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C27H23ClN3O4
+ [M+H]+:488.1372, Found: 488.1370. HPLC analysis 

of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 95:5, 1.0 mL/min, λ= 334 nm, 

retention time: 50.51 min (major) and 27.52 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (38) 

White solid, 80 mg, 68%, [α]D
20 = +9.10 (c 1.000 CHCl3) for 

99.5:0.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.08 (d, J = 8.1 

Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.56 – 7.50 (m, 3H), 7.28 (dd, 

J = 8.3, 1.8 Hz, 1H), 7.23 (d, J = 4.4 Hz, 1H), 7.04 (d, J = 1.6 Hz, 1H), 6.99 – 6.95 (m, 2H), 6.94 

(d, J = 1.8 Hz, 1H), 6.26 (dd, J = 4.3, 0.9 Hz, 1H), 3.86 – 3.80 (m, 5H), 2.37 (q, J = 7.5 Hz, 2H), 

1.16 (t, J = 7.5 Hz, 3H), 0.72 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 159.3, 158.8, 

143.6, 141.8, 141.7, 140.2, 133.8, 132.3, 128.5, 122.1, 121.6, 121.3, 120.7, 120.6, 120.1, 119.7, 

118.2, 114.3, 108.6, 106.2, 105.5, 59.8, 55.4, 18.6, 13.5, 12.5. HRMS (m/z, ESI): Calcd. for 
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Chemical Formula: C28H26ClN2O3
+ [M+H]+: 473.1626, Found: 473.1623. HPLC analysis of the 

reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 327 nm, 

retention time: 11.89 min (major) and 13.00 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(3-nitrophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(39) 

White solid, 75 mg, 62%, [α]D
20 = +3.90 (c 1.000 CHCl3) for 96.5:3.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.46 (t, J = 2.0 Hz, 1H), 8.22 

– 8.15 (m, 2H), 8.04 (d, J = 8.3 Hz, 1H), 7.93 – 7.91 (m, 1H), 7.62 – 

7.57 (m, 2H), 7.31 (dd, J = 8.3, 1.8 Hz, 1H), 7.24 (d, J = 4.3 Hz, 1H), 7.12 (d, J = 1.6 Hz, 1H), 6.93 

(d, J = 1.8 Hz, 1H), 6.29 (d, J = 4.3 Hz, 1H), 3.85 (q, J = 7.1 Hz, 2H), 2.37 (q, J = 7.6 Hz, 2H), 1.17 

(t, J = 7.5 Hz, 3H), 0.78 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.8, 148.7, 

143.5, 143.0, 142.0, 141.7, 137.7, 133.5, 133.1, 129.7, 122.3, 122.1, 122.0, 121.7, 121.3, 121.2, 

120.9, 119.7, 118.3, 108.7, 106.8, 105.8, 59.9, 18.6, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C27H23ClN3O4
+ [M+H]+: 488.1372, Found: 488.1381. HPLC analysis of the 

reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 333 nm, 

retention time: 14.99 min (major) and 16.06 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (40) 
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White solid, 83 mg, 70%. [α]D
20 = +7.20 (c 1.000 CHCl3) for 98:2 er. 

1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 8.1 Hz, 1H), 8.01 

(d, J = 8.3 Hz, 1H), 7.56 (dd, J = 8.1, 1.6 Hz, 1H), 7.35 (t, J = 7.9 Hz, 

1H), 7.28 (dd, J = 8.3, 1.8 Hz, 1H), 7.23 – 7.17 (m, 2H), 7.13 (t, J = 2.1 Hz, 1H), 7.08 (d, J = 1.5 

Hz, 1H), 6.96 – 6.86 (m, 2H), 6.25 (dd, J = 4.3, 0.9 Hz, 1H), 3.90 – 3.79 (m, 5H), 2.36 (q, J = 7.6 

Hz, 2H), 1.15 (t, J = 7.5 Hz, 3H), 0.73 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 

159.9, 158.8, 143.5, 142.8, 141.8, 141.6, 140.3, 132.5, 129.8, 122.0, 121.6, 121.4, 121.0, 120.8, 

120.3, 120.1, 118.2, 113.7, 112.3, 108.6, 106.8, 105.6, 59.8, 55.4, 18.6, 13.5, 12.5. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C28H26ClN2O3
+ [M+H]+: 473.1626, Found: 473.1629. HPLC 

analysis of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 

323 nm, retention time: 9.78 min (major) and 11.04 min (minor). 

 

Ethyl (R)-1-(2-(3-(benzyloxy)phenyl)-7-chloro-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (41) 

White solid, 80 mg, 58%, [α]D
20 = +5.35 (c 1.000 CHCl3) for 99.5:0.5 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 8.1 Hz, 1H), 

8.01 (d, J = 8.3 Hz, 1H), 7.55 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (d, J = 

7.1 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.37 – 7.32 (m, 2H), 7.28 (dd, J = 8.3, 1.8 Hz, 1H), 7.24 – 

7.18 (m, 3H), 7.07 (d, J = 1.6 Hz, 1H), 6.99 – 6.90 (m, 2H), 6.26 (d, J = 4.3 Hz, 1H), 5.12 (s, 2H), 

3.82 (qd, J = 7.1, 1.5 Hz, 2H), 2.35 (q, J = 7.5 Hz, 2H), 1.15 (t, J = 7.5 Hz, 3H), 0.72 (t, J = 7.1 Hz, 

3H).13C NMR (126 MHz, Chloroform-d) δ 159.2, 158.8, 143.5, 142.8, 141.8, 141.6, 140.2, 136.9, 

132.5, 129.8, 128.7, 128.1, 127.6, 122.0, 121.6, 121.4, 121.0, 120.8, 120.3, 120.0, 118.2, 114.6, 
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113.3, 108.6, 106.8, 105.6, 70.2, 59.8, 18.6, 13.5, 12.5. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C34H30ClN2O3
+ [M+H]+: 549.1939, Found: 549.1930. HPLC analysis of the reaction 

product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 336 nm, retention time: 

10.53 min (major) and 11.34 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(6-methoxypyridin-3-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (42) 

White solid, 70 mg, 59%, [α]D
20 = +2.10 (c 1.000 CHCl3) for 

98.5:1.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.39 (d, J = 2.5 

Hz, 1H), 8.11 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.80 

(dd, J = 8.6, 2.6 Hz, 1H), 7.48 (dd, J = 8.1, 1.6 Hz, 1H), 7.28 (dd, J = 8.3, 1.8 Hz, 1H), 7.21 (d, J = 

4.3 Hz, 1H), 7.00 (d, J = 1.6 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 6.81 (d, J = 8.6 Hz, 1H), 6.26 (d, J 

= 4.3 Hz, 1H), 3.97 (s, 3H), 3.83 (q, J = 7.1 Hz, 2H), 2.36 (qd, J = 7.6, 2.7 Hz, 2H), 1.15 (t, J = 7.6 

Hz, 3H), 0.75 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 163.7, 158.8, 145.3, 143.5, 

141.8, 137.7, 137.1, 132.6, 130.2, 122.0, 121.7, 121.4, 121.0, 120.3, 120.2, 119.9, 118.2, 110.8, 

108.7, 106.2, 105.6, 59.8, 53.6, 18.6, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C27H25ClN3O3
+ [M+H]+: 474.1579, Found: 474.1577. HPLC analysis of the reaction product: Daicel 

Chiralpak IF, hexane/iso-propanol = 97: 3, 1.0 mL/min, λ= 334 nm, retention time: 7.38 min (major) 

and 10.24 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(furan-3-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate (43) 
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White solid, 81 mg, 75%, [α]D
20 = +3.25 (c 1.000 CHCl3) for 99:1 er. 1H 

NMR (500 MHz, Chloroform-d) δ 8.04 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 

8.3 Hz, 1H), 7.75 (t, J = 1.2 Hz, 1H), 7.50 – 7.43 (m, 2H), 7.29 – 7.25 

(m, 1H), 7.23 (d, J = 4.3 Hz, 1H), 6.96 (d, J = 1.5 Hz, 1H), 6.91 (d, J = 1.9 Hz, 1H), 6.71 (d, J = 1.9 

Hz, 1H), 6.27 (d, J = 4.3 Hz, 1H), 3.82 (q, J = 7.1 Hz, 2H), 2.35 (q, J = 7.5 Hz, 2H), 1.15 (t, J = 7.5 

Hz, 3H), 0.71 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.8, 143.7, 143.6, 141.7, 

138.9, 132.4, 131.6, 126.7, 122.1, 121.6, 121.2, 120.9, 120.1, 120.0, 119.7, 118.2, 109.1, 108.6, 

105.6, 105.3, 59.8, 18.6, 13.5, 12.4. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C25H22ClN2O3
+ [M+H]+: 433.1313, Found: 433.1314. HPLC analysis of the reaction product: Daicel 

Chiralpak IC, hexane/iso-propanol = 99:1, 0.6 mL/min, λ= 315 nm, retention time: 14.72 min (major) 

and 13.69 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(2-methoxypyrimidin-5-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (44) 

White solid, 71 mg, 60%, [α]D
20 = +13.70 (c 1.000 CHCl3) for 

96.5:3.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.73 (s, 2H), 

8.15 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 8.3 Hz, 1H), 7.48 – 7.43 (m, 

1H), 7.30 (d, J = 8.3 Hz, 1H), 7.22 (d, J = 4.3 Hz, 1H), 6.99 (d, J = 1.6 Hz, 1H), 6.95 (d, J = 1.8 Hz, 

1H), 6.27 (d, J = 4.3 Hz, 1H), 4.06 (s, 3H), 3.85 (q, J = 7.1 Hz, 2H), 2.35 (qd, J = 7.8, 3.0 Hz, 2H), 

1.16 (t, J = 7.4 Hz, 3H), 0.79 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 165.1, 158.7, 

157.6, 143.5, 141.8, 141.7, 133.4, 133.0, 128.4, 121.9, 121.6, 121.4, 120.9, 120.1, 119.7, 118.3, 

108.7, 106.1, 105.8, 59.9, 55.1, 18.6, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 
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C26H24ClN4O3
+ [M+H]+: 475.1531, Found: 475.1730. HPLC analysis of the reaction product: Daicel 

Chiralpak IC, hexane/iso-propanol = 95:5, 1.0 mL/min, λ= 307 nm, retention time: 56.41 min (major) 

and 47.89 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(9,9-dimethyl-9H-fluoren-2-yl)-9H-carbazol-9-yl)-5-ethyl-1H-

pyrrole-2-carboxylate (45) 

White solid, 75 mg, 57%, [α]D
20 = +14.40 (c 1.000 CHCl3) for 

99:1 er. 1H NMR (500 MHz, Chloroform-d) δ 8.13 (d, J = 8.1 

Hz, 1H), 8.03 (d, J = 8.3 Hz, 1H), 7.79 – 7.72 (m, 2H), 7.66 – 

7.60 (m, 2H), 7.56 (dd, J = 7.9, 1.7 Hz, 1H), 7.47 – 7.44 (m, 1H), 7.37 – 7.31 (m, 2H), 7.29 (dd, J 

= 8.2, 1.8 Hz, 1H), 7.24 (d, J = 4.4 Hz, 1H), 7.14 (d, J = 1.5 Hz, 1H), 6.93 (d, J = 1.8 Hz, 1H), 6.27 

(d, J = 4.3 Hz, 1H), 3.84 (q, J = 7.1 Hz, 2H), 2.38 (qd, J = 7.8, 2.7 Hz, 2H), 1.54 (s, 6H), 1.17 (t, J 

= 7.5 Hz, 3H), 0.73 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.9, 154.3, 153.9, 

143.6, 141.8, 141.7, 141.0, 140.4, 138.7, 138.7, 132.5, 127.4, 127.1, 126.7, 122.6, 122.1, 121.7, 

121.6, 121.4, 121.2, 120.8, 120.3, 120.1, 120.1, 118.2, 108.6, 106.7, 105.6, 59.9, 47.0, 27.3, 18.7, 

13.5, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: C36H32ClN2O2
+ [M+H]+: 559.2147, 

Found: 559.2151. HPLC analysis of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 1.0 mL/min, λ= 346 nm, retention time: 7.57 min (major) and 8.17 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(naphthalen-2-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (46) 
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White solid, 80 mg, 65%. [α]D
20 = +11.90 (c 1.000 CHCl3) for 

99.5:0.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.16 (d, J = 8.1 

Hz, 1H), 8.07 – 8.01 (m, 2H), 7.91 (d, J = 8.1 Hz, 2H), 7.88 – 7.84 

(m, 1H), 7.75 (dd, J = 8.5, 1.9 Hz, 1H), 7.70 (dd, J = 8.1, 1.6 Hz, 1H), 7.53 – 7.47 (m, 2H), 7.30 

(dd, J = 8.3, 1.8 Hz, 1H), 7.25 (s, 1H), 7.22 (d, J = 1.6 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 6.29 (d, J 

= 4.3 Hz, 1H), 3.88 – 3.80 (m, 2H), 2.39 (q, J = 7.5 Hz, 2H), 1.17 (t, J = 7.5 Hz, 3H), 0.74 (t, J = 

7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.8, 143.6, 141.9, 141.8, 140.4, 138.5, 133.7, 

132.7, 132.6, 128.5, 128.2, 127.7, 126.4, 126.14, 126.07, 125.8, 122.1, 121.7, 121.5, 121.3, 120.9, 

120.3, 120.0, 118.2, 108.6, 107.0, 105.6, 59.9, 18.7, 13.5, 12.5. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C31H26ClN2O2
+ [M+H]+: 493.1677, Found: 493.1674. HPLC analysis of the 

reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 0.6 mL/min, λ= 323 nm, 

retention time: 16.49 min (major) and 17.38 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(dibenzo[b,d]thiophen-4-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (47) 

White solid, 80 mg, 62%. [α]D
20 = +26.80 (c 1.000 CHCl3) for 99:1 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.21 – 8.13 (m, 3H), 8.06 

(d, J = 8.3 Hz, 1H), 7.83 – 7.78 (m, 1H), 7.69 (dd, J = 8.1, 1.5 Hz, 

1H), 7.55 (t, J = 7.5 Hz, 1H), 7.51 (dd, J = 7.3, 1.3 Hz, 1H), 7.49 – 7.44 (m, 2H), 7.33 – 7.28 (m, 

2H), 7.20 (d, J = 4.3 Hz, 1H), 6.98 (d, J = 1.8 Hz, 1H), 6.23 (d, J = 4.3 Hz, 1H), 3.90 – 3.83 (m, 

2H), 2.43 (q, J = 7.6 Hz, 2H), 1.19 (t, J = 7.5 Hz, 3H), 0.75 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 158.8, 143.6, 141.9, 141.5, 139.6, 139.5, 138.9, 137.1, 136.3, 135.8, 132.7, 127.1, 
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126.9, 125.1, 124.4, 122.6, 122.1, 121.9, 121.8, 121.7, 121.6, 120.9, 120.7, 120.6, 120.0, 118.3, 

108.7, 108.2, 105.6, 59.9, 18.7, 13.6, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C33H26ClN2O2S+ [M+H]+: 549.1398, Found: 549.1394. HPLC analysis of the reaction product: 

Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 308 nm, retention time: 10.28 

min (major) and 10.86 min (minor). 

 

Ethyl (R)-1-(7-chloro-9'-phenyl-9H,9'H-[2,3'-bicarbazol]-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (48) 

White solid, 86 mg, 57%. [α]D
20 = +11.70 (c 1.000 CHCl3) for 

92:8 er. 1H NMR (500 MHz, Chloroform-d) δ 8.35 (d, J = 1.9 Hz, 

1H), 8.21 (d, J = 7.8 Hz, 1H), 8.14 (d, J = 8.1 Hz, 1H), 8.03 (d, J 

= 8.3 Hz, 1H), 7.69 (dd, J = 8.2, 1.6 Hz, 1H), 7.67 – 7.60 (m, 3H), 7.60 – 7.56 (m, 2H), 7.51 – 7.44 

(m, 2H), 7.44 – 7.41 (m, 2H), 7.33 – 7.27 (m, 2H), 7.25 (d, J = 4.5 Hz, 1H), 7.19 (d, J = 1.5 Hz, 

1H), 6.94 (d, J = 1.8 Hz, 1H), 6.28 (d, J = 4.4 Hz, 1H), 3.85 (q, J = 7.1 Hz, 2H), 2.40 (q, J = 7.5 Hz, 

2H), 1.17 (t, J = 7.6 Hz, 3H), 0.73 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 158.9, 

143.6, 141.8, 141.8, 141.4, 140.5, 137.6, 133.5, 132.3, 130.0, 127.6, 127.1, 126.2, 125.9, 123.9, 

123.4, 122.1, 121.6, 121.3, 121.3, 120.8, 120.5, 120.1, 119.6, 119.2, 118.2, 110.1, 110.0, 108.6, 

106.8, 105.6, 59.9, 18.7, 13.5, 12.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C39H31ClN3O2
+ [M+H]+: 608.2099, Found: 608.2101. HPLC analysis of the reaction product: Daicel 

Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 327 nm, retention time: 12.55 min (major) 

and 14.56 min (minor). 
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General procedure for Suzuki cross-coupling desymmetrization reactions of N–N 

carbazole ester substrates.  

 

Under the N2 atmosphere, ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-

3-carboxylate (115.5 mg, 0.25 mmol) was dissolved in 1.0 mL THF, and 2.0 M KOH (aq.) (0.65 mL). 

The resulting reaction mixture was heated to 75 oC and stirred overnight. After cooling to room 

temperature, the reaction mixture was concentrated and dried in a vacuum. The crude materials were 

gone to the next step without further purification. Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 

mg, 0.0025 mmol) and L9 (3.5 mg, 0.005 mmol) was added to 0.5 mL THF, and the mixture was 

stirred at room temperature for 20 min. The resulting metal-ligand complex solution was added to 

a reaction flask containing 4.5 mL THF solution of the above crude product mixture and p-

methoxyphenylboronic acid (53.2 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 mmol), followed by 

addition of 0.10 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 18 h. The 

reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted 

with ethyl acetate (4 mL X 3) three times. The combined organic phases were washed with brine, 

dried over Na2SO4, and concentrated in vacuo. After that, the obtained crude product and K2CO3 

(1.0 mmol) were added to DMF (1.0 mL), then treated with EtI or MeI (0.5 mmol). The reaction 

mixture was stirred overnight at room temperature. Then the mixture was diluted with ethyl acetate 

(20 mL) and washed with water. The organic layer was concentrated in vacuo and purified by flash 

column chromatography with hexane and acetone as the eluents to give the desired product. 
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Characterization data of desymmetrizating products from N–N carbazole ester 

substrates 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-

3-carboxylate (49) 

White solid, 80 mg, 60%. [α]D
20 = +5.10 (c 1.000 CHCl3) for 96:4 

er. 1H NMR (500 MHz, Chloroform-d) δ 8.05 (d, J = 8.1 Hz, 1H), 

7.97 (d, J = 8.3 Hz, 1H), 7.55 – 7.50 (m, 3H), 7.27 (dd, J = 8.5, 2.0 

Hz, 1H), 7.19 – 7.13 (m, 3H), 7.09 – 7.05 (m, 3H), 7.03 (d, J = 1.8 Hz, 1H), 7.01 – 6.96 (m, 3H), 

4.38 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 2.12 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, 

Chloroform-d) δ 164.8, 159.5, 141.1, 141.0, 140.7, 138.3, 133.9, 133.3, 132.7, 130.0, 128.6, 128.5, 

127.6, 126.6, 122.2, 121.5, 121.1, 121.0, 120.0, 119.5, 114.3, 112.6, 108.8, 108.5, 106.5, 60.1, 55.4, 

14.5, 10.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: C33H28ClN2O3
+ [M+H]+: 535.1783, 

Found: 535.1783. HPLC analysis of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 1.0 mL/min, λ= 315 nm, retention time: 10.93 min (major) and 13.36 min (minor). 

 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(naphthalen-2-yl)-

1H-pyrrole-3-carboxylate (50) 

White solid, 76 mg, 52% yield, [α] 
D

20 = +66.80 (c 1.000 

CHCl3) for 94.5:5.5 er. 1H NMR (500 MHz, Chloroform-d) δ 

8.06 (d, J = 8.1 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.64 – 7.61 

(m, 1H), 7.57 – 7.50 (m, 5H), 7.41 – 7.37 (m, 1H), 7.35 – 7.29 (m, 3H), 7.29 – 7.26 (m, 1H), 7.23 

(d, J = 1.5 Hz, 1H), 7.13 (s, 1H), 7.07 (d, J = 1.8 Hz, 1H), 6.99 – 6.95 (m, 2H), 4.40 (q, J = 7.1 Hz, 
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2H), 3.84 (s, 3H), 2.18 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.8, 

159.5, 141.1, 141.0, 140.7, 138.7, 133.8, 133.4, 133.1, 132.8, 132.4, 128.5, 128.3, 128.1, 127.4, 

127.3, 126.2, 126.1, 125.3, 124.6, 122.2, 121.6, 121.2, 121.0, 120.0, 119.6, 114.3, 112.7, 109.0, 

108.8, 106.5, 60.1, 55.4, 14.6, 10.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C37H30ClN2O3
+ [M+H]+: 585.1939, Found: 585.1932. HPLC analysis of the reaction product: Daicel 

Chiralpak IC, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 325 nm, retention time: 18.48 min (major) 

and 26.22 min (minor). 

 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-(3-methoxyphenyl)-2-methyl-

1H-pyrrole-3-carboxylate (51) 

White solid, 63 mg, 45% yield, [α] 
D

20 = +1.25 (c 1.000 CHCl3) 

for 97:3 er. 1H NMR (500 MHz, Chloroform-d) δ 8.05 (d, J = 

8.1 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.55 – 7.50 (m, 3H), 

7.29 – 7.26 (m, 1H), 7.19 (d, J = 1.5 Hz, 1H), 7.04 – 6.95 (m, 5H), 6.82 – 6.80 (m, 1H), 6.62 – 6.56 

(m, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 3.26 (s, 3H), 2.17 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). 

13C NMR (126 MHz, Chloroform-d) δ 164.8, 159.5, 159.4, 141.1, 140.9, 140.7, 138.5, 133.7, 133.3, 

132.8, 131.1, 129.6, 128.5, 122.2, 121.5, 121.1, 121.0, 119.9, 119.5, 119.1, 114.5, 114.4, 112.5, 

110.6, 108.8, 108.7, 106.4, 60.1, 55.4, 54.6, 14.5, 10.3. HRMS (m/z, ESI): Calcd. for Chemical 

Formula: C34H30ClN2O4
+ [M+H]+: 565.1889, Found: 565.1894. HPLC analysis of the reaction 

product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 312nm, retention time: 

16.03 min (major) and 24.65 min (minor). 
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Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(3-nitrophenyl)-

1H-pyrrole-3-carboxylate (52) 

White solid, 81 mg, 56%, [α]D
20 = +20.00 (c 1.000 CHCl3) for 

89.5:10.5 er.  1H NMR (500 MHz, Chloroform-d) δ 8.08 (d, J 

= 8.2 Hz, 1H), 8.02 – 7.98 (m, 2H), 7.90 – 7.88 (m, 1H), 7.56 

(dd, J = 8.2, 1.5 Hz, 1H), 7.53 – 7.48 (m, 2H), 7.36 – 7.34 (m, 1H), 7.31 (dd, J = 8.3, 1.8 Hz, 1H), 

7.20 (t, J = 8.1 Hz, 1H), 7.14 (d, J = 1.5 Hz, 2H), 7.01 (d, J = 1.8 Hz, 1H), 6.99 – 6.94 (m, 2H), 4.40 

(q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 2.18 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 164.4, 159.6, 148.4, 141.1, 140.8, 140.7, 139.7, 133.2, 133.0, 131.5, 131.4, 131.1, 

129.7, 128.5, 122.6, 122.1, 121.8, 121.6, 121.29, 121.27, 120.2, 119.7, 114.4, 113.1, 110.2, 108.6, 

106.2, 60.3, 55.4, 14.5, 10.3. HRMS (m/z, ESI): Calcd. for Chemical Formula: C33H27ClN3O5
+ 

[M+H]+: 580.1634, Found: 580.1626. HPLC analysis of the reaction product: Daicel Chiralpak IF, 

hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 325 nm, retention time: 27.53 min (major) and 24.57 

min (minor).  

 

Ethyl (S)-5-(benzofuran-2-yl)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-

1H-pyrrole-3-carboxylate (53) 

White solid, 73 mg, 51%, [α]D
20 = +89.00 (c 1.000 CHCl3) for 

92:8 er. 1H NMR (400 MHz, Chloroform-d) δ 8.17 (d, J = 8.2 

Hz, 1H), 8.09 (d, J = 8.3 Hz, 1H), 7.61 (dd, J = 8.1, 1.6 Hz, 

1H), 7.54 – 7.50 (m, 2H), 7.39 (s, 1H), 7.37 – 7.32 (m, 2H), 7.19 – 7.12 (m, 3H), 7.07 – 7.00 (m, 

2H), 6.97 – 6.91 (m, 2H), 5.43 (s, 1H), 4.41 (q, J = 7.1 Hz, 2H), 3.83 (s, 3H), 2.21 (s, 3H), 1.44 (t, 

J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 164.4, 159.5, 153.8, 145.9, 140.9, 140.4, 
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140.2, 139.6, 133.2, 133.0, 128.6, 124.5, 124.4, 122.9, 122.6, 121.7, 121.5, 121.1, 120.9, 120.1, 

119.6, 114.3, 113.1, 110.8, 109.3, 108.9, 106.4, 100.4, 60.2, 55.4, 14.5, 10.1. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C35H28ClN2O4
+ [M+H]+: 575.1732, Found: 575.1730. HPLC analysis 

of the reaction product: Daicel Chiralpak ID, hexane/iso-propanol = 99:1, 0.6 mL/min, λ= 305 nm, 

retention time: 17.83 min (major) and 16.48 min (minor). 

 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(thiophen-2-yl)-1H-

pyrrole-3-carboxylate (54) 

White solid, 58 mg, 44% yield, [α] 
D

20 = −14.5 (c 1.000 CHCl3) for 

96.5:3.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 8.1 

Hz, 1H), 8.02 (d, J = 8.3 Hz, 1H), 7.57 (dd, J = 8.2, 1.5 Hz, 1H), 

7.54 – 7.50 (m, 2H), 7.31 (dd, J = 8.3, 1.8 Hz, 1H), 7.15 (d, J = 1.5 Hz, 1H), 7.05 (s, 1H), 7.02 (d, 

J = 1.8 Hz, 1H), 6.98 – 6.94 (m, 3H), 6.71 (dd, J = 5.1, 3.7 Hz, 1H), 6.62 (dd, J = 3.7, 1.2 Hz, 1H), 

4.38 (q, J = 7.2 Hz, 2H), 3.84 (s, 3H), 2.14 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 164.6, 159.5, 140.8, 140.7, 138.1, 133.3, 132.8, 131.0, 128.5, 127.7, 127.3, 124.7, 

123.8, 122.4, 121.6, 121.3, 121.0, 120.2, 119.7, 114.3, 112.6, 108.9, 107.8, 106.5, 60.1, 55.4, 14.5, 

10.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C31H26ClN2O3S+ [M+H]+: 541.1347, Found: 

541.1346. HPLC analysis of the reaction product: Daicel Chiralpak IB, hexane/iso-propanol = 99:1, 

1.0 mL/min, λ= 312 nm, retention time: 7.68 min (major) and 10.33 min (minor). 

 

Ethyl (R)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-cyclopropyl-2-methyl-1H-

pyrrole-3-carboxylate (55) 
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White solid, 75 mg, 56%, [α]D
20 = −12.25 (c 1.000 CHCl3) for 

82:18 er. 1H NMR (500 MHz, Chloroform-d) δ 8.10 (d, J = 8.1 Hz, 

1H), 8.02 (d, J = 8.3 Hz, 1H), 7.59 – 7.51 (m, 3H), 7.32 (dd, J = 

8.3, 1.9 Hz, 1H), 7.14 (d, J = 1.6 Hz, 1H), 7.04 – 6.95 (m, 3H), 6.36 (s, 1H), 4.34 (q, J = 7.1 Hz, 

2H), 3.86 (s, 3H), 2.20 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 1.17 – 1.11 (m, 1H), 0.55 – 0.41 (m, 4H). 

13C NMR (126 MHz, Chloroform-d) δ 165.1, 159.5, 141.1, 141.0, 140.5, 136.6, 136.0, 133.4, 132.6, 

128.5, 122.0, 121.5, 121.0, 120.9, 120.1, 119.6, 114.3, 110.9, 108.8, 106.4, 104.1, 59.8, 55.4, 14.6, 

10.3, 6.2, 6.2, 5.6. HRMS (m/z, ESI): Calcd. for Chemical Formula: C30H28ClN2O3
+ [M+H]+: 

499.1783, Found: 499.1785. The ester product was provided for the HPLC analysis of the reaction 

product: Daicel Chiralpak IC and IC, hexane/iso-propanol = 99: 1, 1.0 mL/min, λ= 314 nm, retention 

time: 25.57 min (major) and 28.61 min (minor). 

 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-ethyl-5-phenyl-1H-pyrrole-3-

carboxylate (56) 

White solid, 65 mg, 47%, [α]D
20 = +9.80 (c 1.000 CHCl3) for 

96.5:3.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.04 (d, J = 8.2 

Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.54 – 7.49 (m, 3H), 7.28 – 7.26 

(m, 1H), 7.18 (d, J = 1.6 Hz, 1H), 7.10 – 6.95 (m, 9H), 4.39 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 2.62 

– 2.49 (m, 2H), 1.42 (t, J = 7.1 Hz, 3H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, Chloroform-

d) δ 164.5, 159.5, 144.4, 141.4, 141.3, 140.5, 133.8, 133.4, 132.6, 130.0, 128.5, 127.6, 126.7, 122.1, 

121.5, 121.0, 120.9, 119.8, 119.4, 114.3, 112.0, 108.92, 108.87, 106.6, 60.0, 55.4, 18.4, 14.5, 14.2. 

HRMS (m/z, ESI): Calcd. for Chemical Formula: C34H30ClN2O3
+ [M+H]+: 549.1939, Found: 
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549.1938. HPLC analysis of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99: 

1, 1.0 mL/min, λ= 332 nm, retention time: 8.90 min (major) and 11.37 min (minor). 

 

Methyl (S)-2-butyl-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-phenyl-1H-pyrrole-

3-carboxylate (57) 

White solid, 62 mg, 43%, [α]D
20 = +17.50 (c 1.000 CHCl3) for 

96:4 er. 1H NMR (500 MHz, Chloroform-d) δ 8.04 (d, J = 8.2 Hz, 

1H), 7.96 (d, J = 8.3 Hz, 1H), 7.54 – 7.48 (m, 3H), 7.27 (d, J = 7.5 

Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.08 (dd, J = 7.5, 2.2 Hz, 2H), 7.05 – 7.01 (m, 4H), 6.98 (d, J = 

9.0 Hz, 3H), 3.91 (s, 3H), 3.85 (s, 3H), 2.60 – 2.52 (m, 1H), 2.51 – 2.42 (m, 1H), 1.31 – 1.26 (m, 

2H), 1.06 – 0.97 (m, 2H), 0.51 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 165.0, 

159.4, 143.5, 141.4, 141.3, 140.4, 133.9, 133.4, 132.6, 130.0, 128.5, 128.5, 127.6, 126.7, 122.1, 

121.5, 121.1, 120.9, 119.9, 119.4, 114.3, 112.0, 109.0, 108.7, 106.7, 55.4, 51.2, 31.5, 24.5, 22.3, 

13.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C35H32ClN2O3
+ [M+H]+: 563.2096, Found: 

563.2089. HPLC analysis of the reaction product: Daicel Chiralpak IB, hexane/iso-propanol = 99:1, 

0.8 mL/min, λ= 333 nm, retention time: 9.10 min (major) and 10.08 min (minor). 

 

Buchwald-hartwig amination and Sonogashira cross-coupling desymmetrization 

reaction 

Ethyl (R)-2-(2-chloro-7-((4-methoxyphenyl)amino)-9H-carbazol-9-yl)-3-methylbenzoate (21) 
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Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 mg, 0.0025 mmol) and L9 (3.5 mg, 0.005 mmol) 

was added to 0.5 mL dioxane, and the mixture was stirred at room temperature for 20 min. The 

resulting metal-ligand complex solution was added to a reaction flask containing 4.5 mL dioxane 

solution of 2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid 1 (92.5 mg, 0.25 mmol) and p-

Anisidine (40 mg, 0.33 mmol), and K3PO4 (265 mg, 1.25 mmol). Then the resulting reaction mixture 

was stirred at 100 oC for 18 h. The reaction was then quenched with water, neutralized to pH 5 – 6 

with 1.0 M HCl (aq.), and extracted with ethyl acetate (4 mL X 3) three times. The combined organic 

phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. After that, the 

obtained crude product and K2CO3 (138 mg, 1.0 mmol) were added to DMF (1.0 mL), then treated 

with EtI (78 mg, 0.5 mmol). The reaction mixture was stirred overnight at room temperature. Then 

the mixture was diluted with ethyl acetate (20 mL) and washed with water. The organic layer was 

concentrated in vacuo and purified by flash column chromatography with hexane and acetone (50:1 

– 10:1) to give the desired product, reddish solid, 50 mg, 41%, [α]D
20 = +46.00 (c 1.000 CHCl3) for 

99.5:0.5 er 1H NMR (500 MHz, Chloroform-d) δ 7.99 – 7.81 (m, 3H), 7.60 – 7.60 (m, 1H), 7.52 (t, 

J = 7.7 Hz, 1H), 7.21 – 6.76 (m, 7H), 6.44 (s, 1H), 3.84 – 3.69 (m, 5H), 2.02 (s, 3H), 0.51 (t, J = 7.1 

Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.1, 139.3, 135.0, 134.2, 131.9, 129.6, 129.0, 

121.2, 119.9, 114.7, 109.2, 61.1, 55.6, 17.6, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C29H26ClN2O3
+ [M+H]+: 485.1626, Found: 485.1625. HPLC analysis of the reaction product: Daicel 

Chiralpak ID, hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 344 nm, retention time: 15.33 min (major) 
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and 13.20 min (minor). 

 

Ethyl (S)1-(2-chloro-7-((4-methoxyphenyl)ethynyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-

pyrrole-3-carboxylate (58) 

 

Under the N2 atmosphere, ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-

3-carboxylate (115.5 mg, 0.25 mmol) was dissolved in 1.0 mL THF, and 2.0 M KOH (aq.) (0.65 mL). 

The resulting reaction mixture was heated to 75 oC and stirred overnight. After cooling to room 

temperature, the reaction mixture was concentrated and dried in a vacuum. The crude acid 68 was 

gone to the next step without further purification. Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 

mg, 0.0025 mmol) and L9 (3.5 mg, 0.005 mmol) was added to 0.5 mL THF, and the mixture was 

stirred at room temperature for 20 min. The resulting metal-ligand complex solution was added to 

a reaction flask containing 4.5 mL THF solution of the above crude product mixture and 4-

Ethynylanisole (46.2 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 mmol), followed by addition of 

0.10 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 24 h. The reaction was 

then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl 

acetate (4 mL X 3) three times. The combined organic phases were washed with brine, dried over 

Na2SO4, and concentrated in vacuo. After that, the obtained crude product and K2CO3 (138 mg, 1.0 

mmol) were added to DMF (1.0 mL), then treated with EtI (78 mg, 0.5 mmol). The reaction mixture 

was stirred overnight at room temperature. Then the mixture was diluted with ethyl acetate (20 mL) 

and washed with water. The organic layer was concentrated in vacuo and purified by flash column 
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chromatography with hexane and acetone (50:1 – 10:1) to give the desired product, white solid, 85 

mg, 61%, [α]D
20 = +63.10 (c 1.000 CHCl3) for 95:5 er 1H NMR (500 MHz, Chloroform-d) δ 7.99 

(d, J = 8.1 Hz, 1H), 7.95 (d, J = 8.3 Hz, 1H), 7.50 – 7.45 (m, 3H), 7.29 – 7.26 (m, 1H), 7.21 (d, J = 

1.3 Hz, 1H), 7.13 (dd, J = 7.4, 2.4 Hz, 2H), 7.07 (dd, J = 5.3, 2.1 Hz, 3H), 7.02 – 6.96 (m, 2H), 6.90 

– 6.85 (m, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.83 (s, 3H), 2.09 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, Chloroform-d) δ 164.8, 159.8, 141.1, 140.2, 138.3, 133.8, 133.3, 133.1, 129.8, 

128.6, 127.7, 126.6, 125.5, 122.5, 122.4, 121.8, 120.7, 120.5, 119.8, 115.0, 114.1, 112.7, 111.5, 

108.9, 108.5, 90.5, 88.4, 60.1, 55.3, 14.5, 10.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C35H28ClN2O3
+ [M+H]+: 559.1783, Found: 559.1783. HPLC analysis of the reaction product: Daicel 

Chiralpak IB, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 346 nm, retention time: 11.02 min (major) 

and 12.13 min (minor). 

 

Ethyl (R)-5-cyclopropyl-1-(2-(4-methoxyphenyl)-7-((4-methoxyphenyl)ethynyl)-9H-carbazol-

9-yl)-2-methyl-1H-pyrrole-3-carboxylate (59) 

 

Under N2 atmosphere, a mixture of Pd2(dba)3 (0.92 mg, 0.001 mmol) and ent-L9 (1.4 mg, 0.002 

mmol) was added to 0.3 mL THF, and the mixture was stirred at room temperature for 20 min. The 

resulting metal-ligand complex solution was added to a reaction flask containing 1.7 mL THF 

solution of (R)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-cyclopropyl-2-methyl-1H-

pyrrole-3-carbo-xylic acid (47 mg, 0.1 mmol) and 4-Ethynylanisole (10.6 mg, 0.08 mmol), and 
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K3PO4 (106 mg, 0.5 mmol), followed by addition of 0.04 mL H2O. Then the resulting reaction 

mixture was stirred at 60 oC for 24 h. The reaction was then quenched with water, neutralized to pH 

3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl acetate (4 mL X 3) three times. The combined 

organic phases were washed with brine, dried over Na2SO4, and concentrated in vacuo. After that, 

the obtained crude product and K2CO3 (138 mg, 1.0 mmol) were added to DMF (1.0 mL), then 

treated with EtI (78 mg, 0.5 mmol). The reaction mixture was stirred overnight at room temperature. 

Then the mixture was diluted with ethyl acetate (20 mL) and washed with water. The organic layer 

was concentrated in vacuo and purified by flash column chromatography with hexane and acetone 

(50:1 – 10:1) to give the desired product, Colorless oil, 40.5 mg, 68%, [α]D
20 = +9.90 (c 0.500 CHCl3) 

for 88.5:11.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.12 (d, J = 8.1 Hz, 1H), 8.07 (d, J = 8.1 Hz, 

1H), 7.58 – 7.54 (m, 3H), 7.52 – 7.46 (m, 3H), 7.16 (dd, J = 7.8, 1.4 Hz, 2H), 7.01 – 6.96 (m, 2H), 

6.92 – 6.86 (m, 2H), 6.36 (d, J = 1.0 Hz, 1H), 4.33 (d, J = 7.1 Hz, 2H), 3.86 (s, 3H), 3.83 (s, 3H), 

2.22 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 1.19 – 1.14 (m, 1H), 0.59 – 0.39 (m, 4H). 13C NMR (126 MHz, 

Chloroform-d) δ 165.1, 159.7, 159.4, 141.3, 140.5, 140.2, 136.8, 136.2, 133.5, 133.1, 128.5, 125.0, 

121.7, 121.1, 121.1, 120.8, 120.5, 120.0, 115.2, 114.3, 114.1, 111.3, 110.7, 106.3, 104.0, 90.0, 88.7, 

59.8, 55.4, 55.3, 14.6, 10.3, 6.3, 6.1, 5.6. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C39H35N2O4
+ [M+H]+: 595.2591, Found: 595.2595. HPLC analysis of the reaction product: Daicel 

Chiralpak ADH, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 342 nm, retention time: 33.48 min 

(major) and 26.75 min (minor). 
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Suzuki cross-coupling desymmetrization reactions of ethyl ester substrates. 

 

The procedure was the same as the procedure of the Suzuki cross-coupling desymmetrization 

reaction. The conversion was determined by the crude 1H NMR. 

Racemization of N–C and N–N carbazole products.  

 

Each enantioenriched sample was dissolved in toluene and then heated up at the specified 

temperature (80, 100, and 120 oC) for 24 hours. No racemization was observed in all cases. 

Therefore, the erosion of enantipurity is unlikely under the typical reaction conditions (60 oC).  
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Suzuki cross-coupling desymmetrization reactions of 2-(3,6-dichloro-9H-

carbazol-9-yl)-3-methylbenzoic acid  

 

The procedure was the same as the procedure of the Suzuki cross-coupling desymmetrization 

reaction. (SI-3) was 0.1 mmol, p-methoxyphenylboronic acid was 0.14 mmol. Isolated yield as ethyl 

ester reported. 

Ethyl (S)-2-(3-chloro-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (SI-10) 

White solid, 24 mg, 51%. [α]D
20 = -5.60 (c 1.000 CHCl3) for 69.5:30.5 er. 

1H NMR (500 MHz, Chloroform-d) δ 8.25 (d, J = 1.8 Hz, 1H), 8.14 (d, J 

= 2.0 Hz, 1H), 7.95 (dd, J = 7.8, 1.6 Hz, 1H), 7.66 – 7.62 (m, 3H), 7.60 – 

7.54 (m, 2H), 7.32 (dd, J = 8.6, 2.1 Hz, 1H), 7.04 – 7.01 (m, 2H), 6.96 (d, J = 8.5 Hz, 1H), 6.87 (d, 

J = 8.6 Hz, 1H), 3.88 (s, 3H), 3.68 (q, J = 7.1 Hz, 2H), 2.01 (s, 3H), 0.47 (t, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, Chloroform-d) δ 166.1, 158.7, 141.0, 140.0, 139.4, 135.0, 134.5, 134.4, 133.2, 

132.1, 129.6, 129.1, 128.3, 126.1, 126.0, 125.1, 124.4, 122.7, 120.1, 118.5, 114.3, 114.2, 110.6, 

109.9, 61.1, 55.4, 17.6, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: C29H25ClNO3
+ 

[M+H]+: 470.1517, Found: 470.1517. HPLC analysis of the reaction product: Daicel Chiralpak IA, 

hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 281 nm, retention time: 8.87 min (major) and 8.26 min 

(minor). 
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Synthetic utilities 

A) (3,6-Dichlorocarbazole) 

 

(S)-1-(3-Chloro-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-

carboxylic acid (61) 

Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 mg, 0.0025 mmol) 

and (S)-L4 (2.9 mg, 0.005 mmol) was added to 0.5 mL THF, the 

mixture was then stirred at room temperature for 20 min. The resulting 

metal-ligand complex solution was added to a reaction flask containing 

4.5 mL THF solution of 1-(3,6-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-

carboxylic acid 60 (108.5 mg, 0.25 mmol) and p-methoxyphenylboronic acid (45.6 mg, 0.30 mmol), 

and K3PO4 (265 mg, 1.25 mmol), followed by addition of 0.10 mL H2O. Then the resulting reaction 

mixture was stirred at 60 oC for 18 h. The reaction was then quenched with water, neutralized to pH 

3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl acetate (4.0 mL X 3) three times. The combined 
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organic phase was washed with brine, dried over Na2SO4, and concentrated in vacuo. The organic 

layer was concentrated in vacuo and purified by flash column chromatography with hexane and 

acetone (50:1 – 5:1) to give the desired acid product. According to ester procedure gave Et-ester 

product by EtI, K2CO3, and DMF. White solid, 71 mg, 53%. [α]D
20 = +12.70 (c 1.000 CHCl3) for 

83.5:16.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.18 (dd, J = 1.7, 0.7 Hz, 1H), 8.09 (dd, J = 2.1, 

0.5 Hz, 1H), 7.63 (dd, J = 8.5, 1.7 Hz, 1H), 7.61 – 7.57 (m, 2H), 7.37 (dd, J = 8.6, 2.0 Hz, 1H), 7.14 

– 7.04 (m, 6H), 7.03 – 7.00 (m, 2H), 6.99 – 6.96 (m, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.87 (s, 3H), 

2.09 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.8, 159.0, 139.6, 

138.8, 138.5, 135.1, 133.9, 133.7, 130.0, 128.6, 128.3, 127.6, 127.2, 127.1, 127.0, 126.5, 122.8, 

121.0, 120.7, 118.9, 114.4, 112.5, 109.8, 109.1, 108.4, 60.0, 55.4, 14.5, 10.2. HRMS (m/z, ESI): 

Calcd. for Chemical Formula: C33H28ClN2O3
+ [M+H]+: 535.1783, Found: 535.1782. HPLC analysis 

of the reaction product: Daicel Chiralpak IC, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 294 nm, 

retention time: 20.90 min (major) and 17.02 min (minor). 

 

Ethyl (R)-1-(3-(4-cyanophenyl)-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-

1H-pyrrole-3-carboxylate (62) 

Under N2 atmosphere, a mixture of Pd2(dba)3 (1.6 mg, 0.0018 

mmol) and (R)-L4 (2.1 mg, 0.0036 mmol) was added to 0.42 mL 

THF, and the mixture was stirred at room temperature for 20 min. 

The resulting metal-ligand complex solution was added to a 

reaction flask containing 1.0 mL THF solution of (S)-1-(3-chloro-6-(4-methoxyphenyl)-9H-

carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylic acid 61 (36 mg, 0.071 mmol) and p-
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cyanophenylboronic acid (8.3 mg, 0.57 mmol), and K3PO4 (75 mg, 0.355 mmol), followed by 

addition of 0.05 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 18 h. The 

reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted 

with ethyl acetate (2 mL X 3) three times. The combined organic phases were washed with brine, 

dried over Na2SO4, and concentrated in vacuo. After that, the obtained crude product and K2CO3 

(29 mg, 0.213 mmol) were added to DMF (0.5 mL), then treated with EtI (55 mg, 0.355 mmol). The 

reaction mixture was stirred overnight at room temperature. Then the mixture was diluted with ethyl 

acetate (20 mL) and washed with water. The organic layer was concentrated in vacuo and purified 

by flash column chromatography with hexane and acetone (150:1 – 50:1) to give the desired product. 

White solid, 27 mg, 64%, [α]D
20 = −1.30 (c 1.000 CHCl3) for 93.5:6.5 er. 1H NMR (500 MHz, 

Chloroform-d) δ 8.34 (d, J = 1.7 Hz, 1H), 8.29 (d, J = 1.6 Hz, 1H), 7.80 – 7.73 (m, 4H), 7.66 – 7.60 

(m, 4H), 7.19 – 7.12 (m, 4H), 7.09 – 6.98 (m, 6H), 4.39 (q, J = 7.1 Hz, 2H), 3.87 (s, 3H), 2.12 (s, 

3H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 164.9, 159.0, 145.9, 140.5, 

139.6, 138.6, 135.2, 133.9, 133.8, 132.8, 132.7, 130.1, 128.6, 128.3, 127.8, 127.6, 126.9, 126.6, 

126.5, 122.3, 121.8, 119.7, 119.1, 118.9, 114.4, 112.5, 110.4, 109.4, 109.2, 108.4, 60.1, 55.4, 14.6, 

10.2. HRMS (m/z, ESI): Calcd. for Chemical Formula: C40H32N3O3
+ [M+H]+: 602.2438, Found: 

602.2441. HPLC analysis of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 97:3, 

1.0 mL/min, λ= 333 nm, retention time: 43.59 min (major) and 39.60 min (minor).  

 

B) (Sequential coupling of trichloro N-aryl-carbazole) 



S82 
 

 

S-3-Chloro-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)benzoic acid (64) 

Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 mg, 0.0025 

mmol) and (S, R)-L9 (3.5 mg, 0.005 mmol) was added to 0.5 mL 

THF, the mixture was then stirred at room temperature for 20 min. 

The resulting metal-ligand complex solution was added to a reaction flask containing 4.5 mL THF 

solution of 3-chloro-2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid 63 (97.3 mg, 0.25 mmol) and 

(4-(diphenylamino)phenyl)boronic acid (101.2 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 mmol), 

followed by addition of 0.10 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 

18 h. The reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and 

extracted with ethyl acetate (4.0 mL X 3) three times. The combined organic phase was washed with 

brine, dried over Na2SO4, and concentrated in vacuo. The organic layer was concentrated in vacuo 

and purified by flash column chromatography with hexane and acetone (50:1 – 7:1) to give the 

desired acid product. According to ester procedure gave Et-ester product by EtI, K2CO3, and DMF. 

Yellow solid, 103 mg, 66%. [α]D
20 = +52.10 (c 1.000 CHCl3) for 97.5:2.5 er. 1H NMR (500 MHz, 
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Chloroform-d) δ 8.11 (d, J = 8.1 Hz, 1H), 8.06 – 8.00 (m, 2H), 7.87 (dd, J = 8.2, 1.5 Hz, 1H), 7.62 

(t, J = 8.0 Hz, 1H), 7.53 – 7.46 (m, 3H), 7.27 – 7.24 (m, 5H), 7.14 – 7.07 (m, 7H), 7.04 – 7.01 (m, 

2H), 6.96 (d, J = 1.8 Hz, 1H), 3.70 (q, J = 7.0 Hz, 2H), 0.46 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, 

Chloroform-d) δ 147.7, 147.2, 142.2, 142.1, 139.4, 136.0, 135.6, 134.3, 133.9, 133.4, 131.7, 130.4, 

130.2, 129.3, 128.2, 124.4, 124.0, 122.9, 121.9, 121.7, 121.1, 120.7, 120.5, 119.8, 109.9, 107.6, 61.6, 

12.9.HRMS (m/z, ESI): Calcd. for Chemical Formula: C39H29Cl2N2O2
+ [M+H]+: 627.1601, Found: 

627.1605. HPLC analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 99:1, 

0.8 mL/min, λ= 347 nm, retention time: 11.26 min (major) and 14.35min (minor). 

 

Ethyl (R)-2-(2-(4-(diphenylamino)phenyl)-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-4'-metho-

xy-[1,1'-biphenyl]-3-carboxylate (65) 

Under N2 atmosphere, a mixture of Pd(OAc)2 (0.87 mg, 

0.0039 mmol) and SPhos (3.16 mg, 0.0077 mmol) was 

added to 0.3 mL THF, the mixture was then stirred at 

room temperature for 20 min. The resulting metal-ligand complex solution was added to a reaction 

flask containing 1.2 mL THF solution of R-3-chloro-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-

carbazol-9-yl)benzoic acid (64) (46 mg, 0.077 mmol) and p-methoxyphenylboronic acid (35 mg, 

0.23 mmol), and K3PO4 (82 mg, 0.39 mmol), followed by addition of 0.50 mL H2O. Then the 

resulting reaction mixture was stirred at 85 oC for 12 h. The reaction was then quenched with water, 

neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl acetate (3.0 mL X 3) three 

times. The combined organic phase was washed with brine, dried over Na2SO4, and concentrated in 

vacuo. After that, the obtained crude product and K2CO3 (69 mg, 0.5 mmol) were added to DMF 
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(0.8 mL), then treated with EtI (55 mg, 0.355 mmol). The reaction mixture was stirred overnight at 

room temperature. Then the mixture was diluted with ethyl acetate (20 mL) and washed with water. 

The organic layer was concentrated in vacuo and purified by flash column chromatography with 

hexane and acetone (50:1 – 5:1) to to give the desired product, yellow soild, 31 mg, 52%, [α]D
20 = 

+7.58 (c 1.200 CHCl3) for 97.5:2.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.07 – 7.99 (m, 3H), 

7.81 (dd, J = 7.8, 1.7 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.54 – 7.50 (m, 2H), 7.49 – 7.45 (m, 2H), 

7.41 (td, J = 7.8, 1.6 Hz, 2H), 7.28 (d, J = 7.9 Hz, 4H), 7.17 – 7.12 (m, 8H), 7.09 – 7.03 (m, 4H), 

7.00 – 6.96 (m, 2H), 6.60 – 6.55 (m, 2H), 3.87 (s, 3H), 3.65 – 3.58 (m, 5H), 0.41 (t, J = 7.1 Hz, 3H). 

13C NMR (126 MHz, Chloroform-d) δ 166.8, 159.0, 147.8, 146.9, 142.6, 142.5, 138.7, 138.5, 136.2, 

134.8, 132.8, 130.5, 130.3, 129.3, 129.1, 128.8, 128.4, 128.1, 124.3, 124.2, 122.8, 122.0, 121.9, 

120.1, 119.1, 119.0, 114.1, 113.7, 107.7, 61.3, 55.4, 55.0, 12.9. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C53H43N2O4
+ [M+H]+: 771.3217, Found: 771.3211. HPLC analysis of the 

reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 351 nm, 

retention time: 9.19 min (major) and 12.23 min (minor). 

 

Ethyl (R)-3-chloro-2-(2-(4-cyanophenyl)-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)ben-

zoate (66) 

Under N2 atmosphere, a mixture of Pd2(dba)3 (0.91 mg, 

0.001 mmol) and (R, S)-L9 (1.4 mg, 0.002 mmol) was 

added to 0.5 mL THF, and the mixture was stirred at room 

temperature for 20 min. The resulting metal-ligand complex solution was added to a reaction flask 

containing 1.5 mL THF solution of R-3-chloro-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-
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carbazol-9-yl)benzoic acid (64) (59.8 mg, 0.1 mmol) and p-cyanophenylboronic acid (17.6 mg, 0.12 

mmol), and K3PO4 (106 mg, 0.5 mmol), followed by addition of 0.04 mL H2O. Then the resulting 

reaction mixture was stirred at 60 oC for 18 h. The reaction was then quenched with water, 

neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl acetate (2 mL X 3) three times. 

The combined organic phases were washed with brine, dried over Na2SO4, and concentrated in 

vacuo. After that, the obtained crude product and K2CO3 (69 mg, 0.5 mmol) were added to DMF 

(0.8 mL), then treated with EtI (55 mg, 0.355 mmol). The reaction mixture was stirred overnight at 

room temperature. Then the mixture was diluted with ethyl acetate (20 mL) and washed with water. 

The organic layer was concentrated in vacuo and purified by flash column chromatography with 

hexane and acetone (150:1 – 30:1) to give the desired product. Yellow solid, 53 mg, 77%, [α]D
20 = 

+7.58 (c 0.910 CHCl3) for 97.5:2.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.21 (d, J = 8.1 Hz, 

1H), 8.18 (d, J = 8.1 Hz, 1H), 8.03 (dd, J = 7.8, 1.5 Hz, 1H), 7.89 (dd, J = 8.2, 1.5 Hz, 1H), 7.78 (d, 

J = 8.4 Hz, 1H), 7.70 (dd, J = 8.6, 4.2 Hz, 4H), 7.64 (t, J = 8.0 Hz, 1H), 7.56 – 7.49 (m, 4H), 7.28 – 

7.24 (m, 4H), 7.16 – 7.12 (m, 7H), 7.05 – 7.01 (m, 2H), 3.71 – 3.64 (m, 2H), 0.43 (t, J = 7.1 Hz, 

3H). 13C NMR (126 MHz, Chloroform-d) δ 147.7, 147.2, 146.3, 142.5, 142.0, 139.7, 137.1, 135.9, 

135.6, 134.3, 134.1, 133.6, 132.9, 132.5, 130.3, 130.1, 129.3, 128.2, 128.1, 128.0, 124.4, 124.0, 

123.7, 123.0, 121.8, 120.9, 120.8, 119.8, 119.7, 119.1, 110.5, 108.3, 107.7, 61.6, 12.9. HRMS (m/z, 

ESI): Calcd. for Chemical Formula: C46H33ClN3O2
+ [M+H]+: 694.2256, Found: 694.2251. HPLC 

analysis of the reaction product: Daicel Chiralpak IA, hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 

375 nm, retention time: 12.89 min (major) and 15.37 min (minor). 

 

Ethyl (S)-2-(2-(4-cyanophenyl)-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-4'-methoxy-
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[1,1'-biphenyl]-3-carboxylate (67) 

Under N2 atmosphere, a mixture of Pd(OAc)2 (0.73 mg, 

0.0033 mmol) and SPhos (2.67 mg, 0.0065 mmol) was 

added to 0.3 mL THF, the mixture was then stirred at room 

temperature for 20 min. The resulting metal-ligand complex solution was added to a reaction flask 

containing 1.2 mL THF solution of ethyl (R)-3-chloro-2-(2-(4-cyanophenyl)-7-(4-

(diphenylamino)phenyl)-9H-carbazol-9-yl)benzoate (66) (45 mg, 0.065 mmol) and p-

methoxyphenylboronic acid (19.8 mg, 0.13 mmol), and K3PO4 (41 mg, 0.19 mmol), followed by 

addition of 0.50 mL H2O. Then the resulting reaction mixture was stirred at 85 oC for 12 h. The 

reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted 

with ethyl acetate (3.0 mL X 3) three times. The combined organic phase was washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The organic layer was concentrated in vacuo and 

purified by flash column chromatography with hexane and acetone (50:1 – 7:1) to give the desired 

product, yellow soild, 35 mg, 70%, [α]D
20 = −18.20 (c1.500 CHCl3) for 97.5:2.5 er. 1H NMR (500 

MHz, Chloroform-d) δ 8.07 (t, J = 8.4 Hz, 2H), 8.00 (dd, J = 7.7, 1.6 Hz, 1H), 7.81 (dd, J = 7.8, 1.7 

Hz, 1H), 7.72 – 7.67 (m, 3H), 7.65 (d, J = 8.4 Hz, 2H), 7.48 – 7.39 (m, 4H), 7.29 – 7.25 (m, 4H), 

7.17 (d, J = 1.4 Hz, 1H), 7.15 – 7.11 (m, 7H), 7.03 (dd, J = 8.1, 6.1 Hz, 4H), 6.57 – 6.53 (m, 2H), 

3.64 – 3.56 (m, 5H), 0.40 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 166.7, 159.1, 

147.7, 147.1, 146.5, 142.9, 142.5, 142.2, 139.4, 136.7, 135.8, 134.9, 132.9, 132.8, 132.5, 130.4, 

129.3, 129.1, 129.0, 128.1, 128.0, 124.4, 124.0, 123.5, 122.9, 121.6, 120.6, 119.4, 119.22, 119.18, 

113.8, 110.3, 108.4, 107.8, 61.3, 55.1, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C53H40N3O3
+ [M+H]+: 766.3064, Found: 766.3061. HPLC analysis of the reaction product: Daicel 
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Chiralpak IA, hexane/iso-propanol = 97:3, 1.0 mL/min, λ= 363 nm, retention time: 12.84 min (major) 

and 15.95 min (minor). 

 

C) (Tactic conjugated oligomer) 

 

Dodecyl (S)-1-(2-(4-(1H-naphtho[1, 8-de][1, 3, 2]diazaborinin-2(3H)-yl)phenyl)-7-chloro-9H-

carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (70) 

Under the N2 atmosphere, ethyl 1-(2,7-dichloro-9H-carbazol-9-

yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (115.5 mg, 0.25 

mmol) was dissolved in 1.0 mL THF, and 2.0 M KOH (aq.) (0.65 

mL). The resulting reaction mixture was heated to 75 oC and stirred overnight. After cooling to room 

temperature, the reaction mixture was concentrated and dried in a vacuum. The crude acid 68 was 

gone to the next step without further purification.  

Under N2 atmosphere, a mixture of Pd2(dba)3 (2.29 mg, 0.0025 mmol) and L9 (3.5 mg, 0.005 mmol) 

was added to 0.5 mL THF, and the mixture was stirred at room temperature for 20 min. The resulting 

metal-ligand complex solution was added to a reaction flask containing 4.5 mL THF solution of the 

above crude acid (68) and 2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,3-dihydro-
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1H naphtho[1,8de][1,3,2]diazaborinine (69) (129.5 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 

mmol), followed by addition of 0.1 mL H2O. Then the resulting reaction mixture was stirred at 60 

oC for 18 h. The reaction was then quenched with water, neutralized to pH 4 – 6 with saturated 

KH2PO4 (aq.), and extracted with ethyl acetate (4 mL X 3) three times. The combined organic phase 

was washed with brine, dried over Na2SO4, and concentrated in vacuo. After that, the obtained crude 

product was dissolved in DMF (1.0 mL) and treated with 1-Iodododecane (296 mg, 1.0 mmol) and 

K2CO3 (276 mg, 2.0 mmol). The reaction mixture was stirred for 1h at room temperature. Then the 

mixture was diluted with ethyl acetate (10 mL) and washed with water. The organic layer was 

concentrated in vacuo and purified by flash column chromatography with hexane and acetone (100:1 

– 20:1) to give the desired product, brownish red oil, 92 mg, 45%, [α]D
20 = +39.00 (c 1.000 CHCl3) 

for 94.5:5.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.22 (dd, J = 8.1, 2.2 Hz, 1H), 8.11 (dd, J = 

8.4, 1.4 Hz, 1H), 7.84 – 7.79 (m, 2H), 7.78 – 7.75 (m, 2H), 7.72 (dd, J = 8.1, 1.2 Hz, 1H), 7.42 (dd, 

J = 8.3, 1.8 Hz, 1H), 7.39 (dd, J = 4.2, 2.1 Hz, 1H), 7.29 (dd, J = 7.5, 4.0 Hz, 3H), 7.20 (dd, J = 6.7, 

2.6 Hz, 5H), 7.15 (d, J = 3.0 Hz, 1H), 6.56 (d, J = 7.2 Hz, 2H), 6.19 (s, 2H), 4.45 (td, J = 6.8, 2.4 

Hz, 2H), 2.26 (d, J = 2.2 Hz, 3H), 1.94 – 1.88 (m, 2H), 1.62 – 1.56 (m, 2H), 1.53 – 1.47 (m, 2H), 

1.38 (dd, J = 8.1, 3.3 Hz, 14H), 1.02 – 0.99 (m, 3H). 13C NMR (126 MHz, Chloroform-d) δ 165.0, 

142.6, 141.1, 141.0, 140.5, 138.3, 136.4, 133.9, 133.1, 132.1, 130.0, 128.6, 127.71, 127.66, 127.3, 

126.6, 122.3, 121.8, 121.4, 121.2, 120.4, 119.91, 119.85, 117.9, 112.7, 108.9, 108.6, 107.0, 106.1, 

64.4, 31.9, 29.71, 29.67, 29.6, 29.4, 28.9, 26.2, 24.9, 22.7, 14.2, 10.3. HRMS (m/z, ESI): Calcd. for 

Chemical Formula: C52H53[11B]ClN4O2
+ [M+H]+: 811.3954, Found: 811.3945. HPLC analysis of 

the reaction product: Daicel Chiralpak IB, hexane/iso-propanol = 90:10, 1.0 mL/min, λ= 319 nm, 

retention time: 32.98 min (major) and 35.92 min (minor). 

https://www.chembk.com/en/chem/1-Iodododecane


S89 
 

 

Dodecyl (S)-1-(2-chloro-7-(4-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolan-2-yl)phenyl)-9H-

carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (71) 

Under air atmosphere, dodecyl (S)-1-(2-(4-(1H-naphtho[1,8-

de][1,3,2]diazaborinin-2(3H)-yl)phenyl)-7-chloro-9H-carbazol-

9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (70) (92 mg, 

0.12 mmol) was dissolved into 1.0 mL THF, and 6.0 M HCl (aq.) (1.0 mL) was added into the solution. 

After that, the reaction mixture was stirred overnight at room temperature. The reaction was then 

quenched with water and extracted with ethyl acetate (4 mL X 3) three times. The combined organic 

phase was washed with brine, dried over Na2SO4, and concentrated in vacuo. The crude product was 

dissolved into 1.0 mL THF, and pinacol (118 mg, 1 mmol) was added to the solution. After that, the 

reaction mixture was stirred overnight at room temperature. Then the mixture was diluted with ethyl 

acetate (10 mL) and washed with water. The organic layer was concentrated in vacuo and purified 

by flash column chromatography with hexane and acetone (100:1 – 20:1) to give the desired product, 

brownish red oil, 71 mg, 82%. [α]D
20 = +17.45 (c 1.000 CHCl3) for 95:5 er. 1H NMR (500 MHz, 

Chloroform-d) δ 8.11 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.92 – 7.87 (m, 2H), 7.64 – 7.59 

(m, 3H), 7.30 (dd, J = 8.4, 1.8 Hz, 1H), 7.26 (d, J = 1.5 Hz, 1H), 7.17 – 7.13 (m, 2H), 7.08 (dd, J = 

5.2, 2.0 Hz, 3H), 7.04 (d, J = 1.8 Hz, 1H), 7.00 (s, 1H), 4.33 (t, J = 6.7 Hz, 2H), 2.13 (s, 3H), 1.79 

(q, J = 7.1 Hz, 2H), 1.51 – 1.46 (m, 2H), 1.39 (s, 14H), 1.32 – 1.27 (m, 14H), 0.89 (s, 3H). 13C NMR 

(126 MHz, Chloroform-d) δ 164.9, 143.5, 141.1, 141.0, 140.8, 138.3, 135.3, 133.9, 133.0, 130.0, 

128.6, 127.6, 126.8, 126.6, 122.2, 121.7, 121.6, 121.0, 120.3, 119.8, 112.7, 108.9, 108.5, 107.1, 83.9, 

64.3, 31.9, 29.7, 29.7, 29.6, 29.6, 29.4, 28.9, 26.2, 24.9, 22.7, 14.1, 10.3. HRMS (m/z, ESI): Calcd. 
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for Chemical Formula: C48H57[11B]ClN2O4
+ [M+H]+: 711.4103, Found: 711.4106. HPLC analysis 

of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 327 nm, 

retention time: 7.48 min (major) and 6.57 min (minor). 

 

Under N2 atmosphere, a mixture of Pd2(dba)3 (1.14 mg, 0.00125 mmol) and XPhos (2.38 mg, 0.005 

mmol) was added to 0.05 mL 1,4-dioxane, the mixture was then stirred at room temperature for 20 

min. The resulting metal-ligand complex solution was added to a reaction flask containing dodecyl 

(S)-1-(2-chloro-7-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-9H-carbazol-9-yl)-2-

methyl-5-phenyl-1H-pyrrole-3-carboxylate (71) (38.5 mg, 0.05 mmol) and K3PO4 (53 mg, 0.25 

mmol), followed by addition of 1,4-dioxane (0.05 mL) and H2O (0.10 mL). Then the resulting 

reaction mixture was stirred at 70 oC for 20 h. The reaction was then quenched with water, 

neutralized to pH 4 – 6 with saturated KH2PO4 (aq.), and extracted with ethyl acetate (1.5 mL X 3) 

three times. The combined organic phase was washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The organic layer was concentrated in vacuo and purified by PLC with 

hexane and acetone (3:1) to give the desired product, (72) 10 mg, 31%, yellowish solid. 1H NMR 

(500 MHz, Chloroform-d) δ 8.13 (dd, J = 29.4, 7.7 Hz, 2H), 7.74 – 7.58 (m, 5H), 7.30 (d, J = 7.7 

Hz, 1H), 7.25 – 7.13 (m, 3H), 7.11 – 6.96 (m, 5H), 4.30 (s, 2H), 2.18 – 2.09 (m, 3H), 2.01 (d, J = 

6.4 Hz, 2H), 1.78 (t, J = 7.5 Hz, 3H), 1.64 (s, 3H), 1.31 (s, 14H), 0.89 (d, J = 6.5 Hz, 3H).  
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Gel permeation chromatography (GPC) for 72 

 

D) (24-Membered chiral macrocycle) 

 

Ethyl (R)-2-(2-(3-(((tert-butoxycarbonyl)amino)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

methylbenzoic acid (74) 

Under N2 atmosphere, a mixture of Pd2(dba)3 (2.3 mg, 0.0025 mmol) 

and L9 (3.5 mg, 0.005 mmol) was added to 0.5 mL THF, the mixture 

was then stirred at room temperature for 20 min. The resulting metal-

ligand complex solution was added to a reaction flask containing 4.5 mL THF solution of 2-(2,7-

dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid 1 (92.5 mg, 0.25 mmol) and 3-((N-Boc-

amino)methyl)phenylboronic acid (88 mg, 0.35 mmol), and K3PO4 (265 mg, 1.25 mmol), followed 

by addition of 0.10 mL H2O. Then the resulting reaction mixture was stirred at 60 oC for 18 h. The 

reaction was then quenched with water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted 
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with ethyl acetate (4.0 mL X 3) three times. The combined organic phase was washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The organic layer was concentrated in vacuo and 

purified by flash column chromatography with hexane and acetone as the eluents to give the desired 

acid product, white solid, 88 mg, 65%. 1H NMR (500 MHz, Chloroform-d) δ 8.11 – 7.95 (m, 3H), 

7.68 (d, J = 7.7 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.48 – 7.28 (m, 4H), 7.21 (dd, J = 8.2, 1.8 Hz, 

2H), 7.01 (d, J = 1.5 Hz, 1H), 6.86 (d, J = 1.8 Hz, 1H), 4.85 (s, 1H), 4.29 (d, J = 5.0 Hz, 2H), 1.94 

(s, 3H), 1.43 – 1.36 (m, 9H). 13C NMR (126 MHz, Chloroform-d) δ 142.2, 142.0, 139.7, 139.5, 

139.2, 136.0, 134.8, 131.8, 130.4, 129.3, 129.0, 126.7, 126.3, 122.0, 121.6, 121.2, 120.6, 120.3, 

119.8, 109.5, 107.8, 44.7, 28.4, 17.5, 14.2. According to ester procedure gave Et-ester product (SI-

74) by EtI, K2CO3, and DMF. [α]D
20 = +30.30 (c 1.000 CHCl3) for 99:1 er. 1H NMR (500 MHz, 

Chloroform-d) δ 8.14 (d, J = 8.1 Hz, 1H), 8.05 (d, J = 8.3 Hz, 1H), 7.99 (dd, J = 7.9, 1.6 Hz, 1H), 

7.68 – 7.66 (m, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.53 – 7.47 (m, 3H), 7.37 (t, J = 7.9 Hz, 1H), 7.24 (dd, 

J = 8.3, 1.9 Hz, 2H), 7.09 – 7.07 (m, 1H), 6.92 (d, J = 1.8 Hz, 1H), 4.91 (s, 1H), 4.37 (d, J = 5.8 Hz, 

2H), 3.70 (q, J = 7.1 Hz, 2H), 2.03 (s, 3H), 1.46 (s, 9H), 0.47 (t, J = 7.1 Hz, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 165.9, 155.9, 142.3, 142.2, 142.1, 139.6, 139.4, 139.4, 135.2, 134.1, 132.0, 

131.8, 129.8, 129.3, 129.0, 126.6, 126.3, 121.9, 121.5, 121.2, 120.5, 120.3, 119.8, 109.6, 108.0, 79.5, 

61.1, 44.8, 28.4, 17.6, 13.0. HRMS (m/z, ESI): Calcd. for Chemical Formula: C34H33ClN2NaO4
+ 

[M+Na]+: 591.2021, Found: 591.2025. HPLC analysis of the reaction product: Daicel Chiralpak ID, 

hexane/iso-propanol = 95:5, 1.0 mL/min, λ= 311 nm, retention time: 14.76 min (major) and 18.15 

min (minor). 
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(R, R) 27, 87-Dichloro-36, 96-dimethyl-29H, 89H-5, 11-diaza-2, 8 (9, 2)-dicarbazola-1, 7 (1, 2), 3, 

9 (1, 3) -tetrabenzenacyclododecaphane-4, 10-dione (75) 

Under N2 atmosphere, the above acid product (74) (50 mg, 

0.093 mmol) was dissolved in 1.0 mL DCM, then TFA (0.2 

mL) was added. The resulting reaction mixture was stirred 

overnight at room temperature. After that, the reaction solvents were removded in vacuo, the crude 

product was used directly without further purification. Under N2 atmosphere, the above crude 

product, Et3N (37.6 mg, 0.37 mmol), and HOBt·H2O (36.5 mg, 0.19 mmol) were added DCM (1 

mL). The mixture was cooled to 0 oC and EDC·HCl (24.3 mg, 0.19 mmol) was then added to the 

solution. After that, the resulting reaction mixture was stirred at room temperature for 24 h, then the 

reaction mixture was heated to reflux and was stirred for 24 h at this temperature. After that, the 

reaction was cooled to room temperature and was quenched with H2O, then the mixture was 

extracted with EA (3 mL X 3) three times. The combined organic phases were washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The crude materials were purified by flash column 

chromatography with hexane and acetone (30:1 – 6:1) to give the desired product, white solid, 15.5 

mg, 20% yield over two steps. [α]D
20 = +30.30 (c 1.000 CHCl3) for >99.5:0.5 er. 1H NMR (500 MHz, 

Chloroform-d) δ 7.98 – 7.91 (m, 4H), 7.84 (d, J = 8.0 Hz, 2H), 7.57 (t, J = 7.7 Hz, 2H), 7.54 – 7.49 

(m, 2H), 7.37 – 7.33 (m, 2H), 7.29 (dd, J = 8.3, 1.7 Hz, 4H), 7.12 (t, J = 7.6 Hz, 2H), 6.96 (d, J = 

1.8 Hz, 2H), 6.79 (d, J = 1.4 Hz, 2H), 6.55 – 6.45 (m, 4H), 5.39 (s, 2H), 4.21 (dd, J = 13.9, 5.7 Hz, 

2H), 3.65 (dd, J = 13.9, 4.7 Hz, 2H), 1.84 (s, 6H). 13C NMR (126 MHz, Chloroform-d) δ 165.1, 

141.6, 141.4, 140.8, 139.7, 138.7, 137.2, 135.7, 133.9, 132.5, 131.4, 130.0, 129.4, 128.8, 127.3, 

126.6, 126.1, 121.7, 121.3, 121.2, 121.0, 120.7, 109.8, 106.8, 44.0, 17.4. HRMS (m/z, ESI): Calcd. 
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for Chemical Formula: C54H39Cl2N4O2
+ [M+H]+: 845.2445, Found: 845.2441. HPLC analysis of 

the reaction product: Daicel Chiralpak IH, hexane/iso-propanol = 80:20, 1.0 mL/min, λ= 330 nm, 

retention time: 8.05 min (major) and 14.95 min (minor). 

 

E) (Curtius rearrangement)  

 

Under N2 atmosphere, a mixture of DPPA (33 mg, 0.12 mmol) and (R)-2-(2-chloro-7-(3-

methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoic acid (44 mg, 0.1 mmol) was added to toluene 

(2 mL) and tert-butanol (1 mL), then the mixture was heated to 110 oC and stirred at this temperature 

for 18 h. After that the reaction was cooled to room temperature, quenched with water, and extracted 

with ethyl acetate (3.5 mL X 3) three times. The combined organic phase was washed with brine, 

dried over Na2SO4, and concentrated in vacuo. The organic layer was concentrated in vacuo and 

purified by flash column chromatography with hexane and acetone (150:1 – 10:1) to give product, 

(R)-tert-butyl (2-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-methylphenyl)carbamate 

(76), white solid, 16 mg, 30%. [α]D
20 =+43.00 (c 1.000 CHCl3) for 99:1 er. 1H NMR (500 MHz, 

Chloroform-d) δ 8.20 (dd, J = 23.2, 8.2 Hz, 2H), 8.08 (d, J = 8.3 Hz, 1H), 7.59 (dd, J = 8.1, 1.5 Hz, 

1H), 7.45 (t, J = 8.0 Hz, 1H), 7.37 – 7.28 (m, 2H), 7.21 – 7.13 (m, 3H), 7.08 (d, J = 7.6 Hz, 1H), 

6.99 (d, J = 1.8 Hz, 1H), 6.91 – 6.86 (m, 1H), 6.18 (s, 1H), 3.86 (s, 3H), 1.70 (s, 3H), 1.35 (s, 9H). 

13C NMR (126 MHz, Chloroform-d) δ 159.9, 152.6, 142.8, 141.5, 141.4, 140.2, 138.2, 137.3, 132.4, 

130.0, 129.8, 125.3, 123.2, 122.3, 122.0, 121.5, 121.2, 120.8, 120.5, 120.1, 117.8, 113.6, 112.4, 

110.0, 108.4, 81.1, 55.4, 28.1, 17.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: 
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C31H30ClN2O3
+ [M+H]+: 513.1939, Found: 513.1928. HPLC analysis of the reaction product: Daicel 

Chiralpak IA, hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 311 nm, retention time: 12.48 min (major) 

and 21.59 min (minor). 

 

1,3-Bis(2-((R)-2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-methylphenyl)urea (77), 28 

mg, 66%, [α]D
20 =+21.07 (c 1.000 CHCl3) for >99.5:0.5 er. 1H NMR (400 MHz, Benzene-d6) δ 8.00 

(dd, J = 8.1, 0.7 Hz, 2H), 7.78 (dd, J = 8.2, 0.6 Hz, 2H), 7.58 (dd, J = 8.1, 1.6 Hz, 2H), 7.45 (dd, J 

= 1.6, 0.7 Hz, 2H), 7.26 – 7.22 (m, 6H), 7.13 – 7.10 (m, 2H), 7.07 (t, J = 7.8 Hz, 2H), 7.01 (t, J = 

7.8 Hz, 2H), 6.77 – 6.74 (m, 2H), 6.55 – 6.52 (m, 2H), 6.31 – 6.25 (m, 2H), 3.26 (s, 6H), 2.70 (s, 

2H), 1.60 (s, 6H).13C NMR (126 MHz, Chloroform-d) δ 159.9, 144.3, 143.1, 141.2, 140.9, 139.9, 

138.7, 137.1, 132.1, 130.0, 129.7, 122.1, 121.6, 121.3, 120.8, 120.7, 120.2, 120.1, 114.2, 113.7, 

112.2, 109.9, 108.4, 55.4, 17.5. HRMS (m/z, ESI): Calcd. for Chemical Formula: C53H41Cl2N4O3
+ 

[M+H]+: 851.2550, Found: 851.2556. HPLC analysis of the reaction product: Daicel Chiralpak IA, 

hexane/iso-propanol = 99:1, 1.0 mL/min, λ= 311 nm, retention time: 29.92 min (major) and 22.00 

min (minor). 

 

F. (CP-TADF materials) 

R-4-(7-Chloro-9-(2-(4, 6-diphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-9H-carbazol-2-yl)-N, 

N-diphenylaniline (78) 
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Under the N2 atmosphere, ethyl (R)-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-3-

methylbenzoate (3) (46 mg, 0.076 mmol) was dissolved in DCM (1 mL), then the mixture was 

cooded to 0 oC. After that, DIBAL-H (1 mmol in THF, 0.3 mL, 0.3 mmol) was added dropwise the 

above reaction mixture. The mixture was stirred 0.5 h at 0 oC then it was warmed to room 

temperature, and stirred 1 h. The reaction was then quenched with water at 0 oC and extracted with 

ethyl acetate (10 mL X 3) three times. The combined organic phase was washed with brine, dried 

over Na2SO4, and concentrated in vacuo. The crude product was directly used for next step without 

further purification. 

Under the air atmosphere, the above crude product, benzimidamide hydrochloride (28 mg, 0.18 

mmol), Cu(OAc)2 H2O (4 mg, 0.02 mmol), and Na2CO3 (23 mg, 0.22 mmol) were added to the 

toluene (1 mL), then the mixture was heated to 110 oC, and stirred for 24 h at this temperature. After 

that, the reaction was cooled to room temperature, then the mixture was diluted with ethyl acetate 

(10 mL) and washed with water. The organic layer was concentrated in vacuo and purified by flash 

column chromatography with hexane and acetone (200:1 – 30:1) to give the desired product (78), 

yellow solid, 31 mg, 57% over two steps. [α]D
20 = +172.93 (c 1.500 CHCl3) for 98:2 er. 1H NMR 

(500 MHz, Chloroform-d) δ 8.31 – 8.25 (m, 1H), 8.04 (d, J = 7.6 Hz, 4H), 7.93 (dd, J = 27.0, 8.1 

Hz, 2H), 7.70 (q, J = 2.9 Hz, 2H), 7.48 – 7.36 (m, 5H), 7.31 (t, J = 7.7 Hz, 4H), 7.26 – 7.20 (m, 6H), 

7.15 – 7.06 (m, 5H), 7.05 – 6.98 (m, 4H), 2.12 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 172.6, 

171.3, 147.7, 146.9, 142.5, 142.3, 139.4, 139.1, 137.6, 135.8, 135.5, 134.2, 134.1, 132.3, 131.7, 

130.3, 129.4, 129.3, 129.3, 128.8, 128.4, 128.2, 124.4, 124.3, 123.9, 122.9, 121.8, 121.5, 121.2, 

120.5, 120.0, 119.3, 110.0, 107.9, 17.8. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C52H37ClN5
+ [M+H]+: 766.2732, Found: 766.2736. HPLC analysis of the reaction product: Daicel 
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Chiralpak ADH and ADH, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 346 nm, retention time: 

13.16 min (major) and 14.63 min (minor). 

 

S-4-(7-Chloro-9-(2-(4, 6-diphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-9H-carbazol-2-yl)-N, 

N-diphenylaniline (ent-78) 

Prepared form ent-3. Yellow solid, 70 mg, 59% over two steps. 

[α]D
20 = −189.5 (c 0.970 CHCl3) for 3:97 er. NMR was same with 

R-4-(7-chloro-9-(2-(4, 6-diphenyl-1, 3, 5-triazin-2-yl)-6-methyl-

phenyl)-9H-carbazol-2-yl)-N, N-diphenyl- aniline. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C52H37ClN5
+ [M+H]+: 766.2732, Found: 766.2729. HPLC analysis of the reaction product: Daicel 

Chiralpak ADH and ADH, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 346 nm, retention time: 

15.19 min (major) and 13.50 min (minor). 

 

S-4-(9-(2-(4, 6-Diphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-9H-carbazol-2-yl)-N,N-diphenyl 

-aniline (79) 

 

Under the N2 atmosphere, R-4-(7-chloro-9-(2-(4, 6-diphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-

9H-carbazol-2-yl)-N, N-diphenylaniline (78) (15 mg, 0.02 mmol), Pd(OAc)2 (0.22 mg, 0.001 mmol), 

SPhos (0.82 mg, 0.002 mmol) and HCO2Na (13.6 mg, 0.2 mmol) were added in THF (0.8 mL). The 

reaction mixture was heated to reflux and stirred for 48 h at this temperature. Then, the reaction was 
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cooled to room temperature and quenched with H2O. The mixture was extracted with EA (3 mL X 

3) three times. The combined organic phase was washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The crude materials were purified by flash column chromatography with 

hexane and acetone (150:1 – 30:1) to give the desired product (79), 12 mg in 82% yield as a yellow 

solid. [α]D
20 = +198.50 (c 1.000 CHCl3) for 98.5:1.5 er. 1H NMR (500 MHz, Chloroform-d) δ 8.25 

(dd, J = 7.2, 2.0 Hz, 1H), 8.03 – 7.96 (m, 6H), 7.72 – 7.65 (m, 2H), 7.44 – 7.35 (m, 6H), 7.31 – 7.27 

(m, 4H), 7.26 – 7.22 (m, 6H), 7.14 – 7.05 (m, 5H), 7.03 – 6.98 (m, 4H), 2.13 (s, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 172.8, 171.2, 147.7, 146.8, 141.9, 139.2, 139.0, 137.6, 136.1, 135.5, 134.7, 

134.1, 132.2, 130.2, 129.2, 129.0, 128.8, 128.3, 128.2, 125.9, 124.2, 123.9, 123.2, 122.8, 122.2, 

120.5, 120.4, 119.5, 118.7, 109.9, 107.7, 17.9. HRMS (m/z, ESI): Calcd. for Chemical Formula: 

C52H38N5
+ [M+H]+: 732.3122, Found: 732.3126. HPLC analysis of the reaction product: Daicel 

Chiralpak ADH, hexane/iso-propanol = 99:1, 0.8 mL/min, λ= 342 nm, retention time: 7.41 min 

(major) and 8.49 min (minor). 

 

G) (2,7- Dibromocarbazole) 
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Ethyl (S)-2-(2-bromo-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (81)  

Under N2 atmosphere, a mixture of Pd2(dba)3 (0.92 mg, 0.001 mmol) 

and ent-L9 (1.4 mg, 0.002 mmol) was added to 0.2 mL THF, the 

mixture was then stirred at room temperature for 20 min. The resulting metal-ligand complex 

solution was added to a reaction flask containing 1.8 mL THF solution of 2-(2,7-dibromo-9H-

carbazol-9-yl)-3-methylbenzoic acid (80) ( 46 mg, 0.1 mmol) and p-methoxyphenylboronic acid 

(7.6 mg, 0.05 mmol), and K3PO4 (106 mg, 0.5 mmol), followed by addition of 0.04 mL H2O. Then 

the resulting reaction mixture was stirred at 60 oC for 18 h. The reaction was then quenched with 

water, neutralized to pH 3 – 5 with 1.0 M HCl (aq.), and extracted with ethyl acetate (4.0 mL X 3) 

three times. The combined organic phase was washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The organic layer was concentrated in vacuo and purified by flash column 

chromatography with hexane and acetone (50:1 – 5:1) to give the desired acid product. According 

to ester procedure gave Et-ester product by EtI, K2CO3, and DMF. White solid, 13 mg, 50% (based 

on p-methoxyphenylboronic acid), [α]D
20 = -23.75 (c 0.320 CHCl3) for 92.5:7.5 er.1H NMR (600 

MHz, Chloroform-d) δ 8.12 (dd, J = 8.1, 0.7 Hz, 1H), 8.00 – 7.96 (m, 2H), 7.67 – 7.65 (m, 1H), 

7.57 (t, J = 7.7 Hz, 1H), 7.54 – 7.50 (m, 2H), 7.48 (dt, J = 8.1, 1.1 Hz, 1H), 7.39 – 7.35 (m, 1H), 

7.07 (dd, J = 1.7, 0.6 Hz, 1H), 7.03 (dd, J = 1.5, 0.7 Hz, 1H), 6.97 – 6.92 (m, 2H), 3.83 (d, J = 0.7 

Hz, 3H), 3.70 (q, J = 7.0 Hz, 2H), 2.02 (s, 3H), 0.46 (t, J = 7.1, 3H). 13C NMR (151 MHz, 

Chloroform-d) δ 166.0, 159.1, 142.5, 142.1, 139.7, 139.4, 135.1, 134.3, 134.1, 132.0, 129.7, 129.2, 

128.5, 122.9, 122.0, 121.4, 121.3, 120.5, 119.5, 119.4, 114.2, 112.5, 107.5, 61.1, 55.4, 17.7, 13.0. 

HRMS (m/z, ESI): Calcd. for Chemical Formula: C29H25BrNO3
+ [M+H]+: 514.1012, Found: 

514.1011. HPLC analysis of the reaction product: Daicel Chiralpak ADH, hexane/iso-propanol = 
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99:1, 1.0 mL/min, λ= 316 nm, retention time: 14.68 min (major) and 13.67 min (minor). 

Ethyl (S)-2-(2-(dibenzo[b,d]thiophen-4-yl)-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-

methylbenzoate (83) 

Under N2 atmosphere, a mixture of [PdAllyCl]2 (0.35 mg, 

0.00095 mmol) and SPhos (0.39 mg, 0.0019 mmol) was added 

to 0.2 mL THF, and the mixture was stirred at room 

temperature for 20 min. The resulting metal-ligand complex solution was added to a reaction flask 

containing 0.3 mL THF solution of ethyl (S)-2-(2-bromo-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-

3-methylbenzoate (81) (10 mg, 0.019 mmol) and 4-dibenzothiopheneboronic acid 82 (8.7 mg, 0.038 

mmol), and K3PO4 (20 mg, 0.095 mmol), followed by addition of 0.1 mL H2O. Then the resulting 

reaction mixture was stirred at 70 oC for 10 h. The reaction was then quenched with water, and 

extracted with ethyl acetate (2 mL X 3) three times. The combined organic phases were washed with 

brine, dried over Na2SO4. Then the organic layer was concentrated in vacuo and purified by flash 

column chromatography with hexane and acetone (150:1 – 30:1) to give the desired product. White 

solid, 11 mg, 91%, [α]D
20 = -1.40 (c 1.000 CHCl3) for 92:8 er. 1H NMR (600 MHz, Chloroform-d) 

δ 8.27 (dd, J = 8.0, 0.7 Hz, 1H), 8.22 (dd, J = 8.1, 0.7 Hz, 1H), 8.19 – 8.16 (m, 1H), 8.13 (dd, J = 

6.5, 2.5 Hz, 1H), 7.98 – 7.96 (m, 1H), 7.85 – 7.82 (m, 1H), 7.69 – 7.63 (m, 2H), 7.60 – 7.50 (m, 

6H), 7.48 – 7.43 (m, 2H), 7.30 (dd, J = 1.5, 0.7 Hz, 1H), 7.11 (dd, J = 1.6, 0.6 Hz, 1H), 7.00 – 6.95 

(m, 2H), 3.85 (s, 3H), 3.77 – 3.67 (m, 2H), 2.14 (s, 3H), 0.48 (t, J = 7.1 Hz, 3H). 13C NMR (126 

MHz, Chloroform-d) δ 166.3, 159.1, 142.6, 142.1, 139.7, 139.5, 139.4, 139.0, 138.5, 137.9, 136.2, 

135.9, 135.0, 134.6, 134.5, 132.2, 129.7, 129.0, 128.5, 127.2, 126.7, 125.0, 124.3, 122.8, 122.6, 

121.8, 121.7, 120.6, 120.5, 120.2, 120.2, 119.2, 114.2, 109.3, 107.4, 61.2, 55.4, 17.8, 13.0. HRMS 
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(m/z, ESI): Calcd. for Chemical Formula: C41H32NO3S+ [M+H]+: 618.2097, Found: 618.2100. 

HPLC analysis of the reaction product: Daicel Chiralpak IF, hexane/iso-propanol = 97:3, 1.0 

mL/min, λ= 325 nm, retention time: 12.73 min (major) and 14.22 min (minor). 
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Chiroptical properties 

Absolute configuration of building units was extracted directly from X-ray crystal structures. The 

optimized initial structure was modified on the crystal structure. Then, the B3LYP-D3/def2SVP 

basis set was utilized to calculate absorption/ECD spectra based on time-dependent density 

functional theory (TDDFT). Excited singlet and triplet state geometries were generated with 

TDDFT methods starting from ground-state 171 optimized geometries at B3LYP-D3 level of theory 

(6-31+G(d) basis set). Charge transfer complex structures were optimized by the B3LYP-

D3/def2SVP basis set of the Gaussian 16 program to obtain a low-energy conformation. All 

computed spectra are unshifted and multiplied by a 0.3 factor.  
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Fig. S1. Normalized absorption and emission spectra of carbazole-based axial chiral compounds 

(0.2 mM) in solution (DCE). 
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Fig. S1-continued. Normalized absorption and emission spectra of carbazole-based axial chiral 

compounds (0.2 mM) in solution (DCE). 
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Fig. S2. Life time (τ) of carbazole-based axial chiral compounds. 
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Fig. S3. Quantum yields (Φ) of carbazole-based axial chiral compounds 
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Table S2 Configure and Cotton effects of carbazole-based axial chiral compounds. 

 

aCD spectra of carbazole-based axial chiral compounds (0.2 mM) in solution (DCE). The +/- sign at 

maximum absorbance wavelength of each compound is shown.  
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Fig. S4. CD spectra of carbazole-based axial chiral compounds (0.2 mM) in solution (DCE). 
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Fig. S4-continued. CD spectra of carbazole-based axial chiral compounds (0.2 mM) in solution 

(DCE). 
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Fig. S5. CD spectrum of (S)-4 in DCE with a concentration of 0.2 mM. and Calculated electronic 

CD spectrum of (S)-4 based on the DFT-optimized geometry. 
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Fig.S6. CPL spectra (λex = 300 nm) of carbazole-based axial chiral compounds in PMMA. 
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Fig. S7. Glum spectra (λex = 300 nm) of carbazole-based axial chiral compounds in PMMA. 

 

Fig. S8. CPL spectra (λex = 300 nm) of carbazole-based axial chiral compounds with TCNB (1 

molar equiv.) in PMMA. 
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Fig. S9. Glum spectra (λex = 300 nm) of carbazole-based axial chiral compounds with TCNB (1 

molar equiv.) in PMMA. 

 

Fig. S10. HOMO-LUMO energy levels and distributions of TCNB, (S)-4, (R)-38, (S)-4/TCNB and  

(R)-38/TCNB. 

 

Fig. S11. Delayed emission spectrum of (S)-79 in the DPEPO matrix. (λex = 400 nm) 
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Fig. S12. CD, CPL spectra (CPL was measured in DPEPO matrix, CD was measured in DCE, c = 

0.2 mM). (λex = 400 nm)  
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NMR Spectra 

L5-((S)-2-(dicyclohexylphosphaneyl)-2',6'-diisopropoxy-[1,1':3',1''-terphenyl]-5'-carbonyl)-

D-alanine  1H NMR (500MHz, Acetone-d6) 

 

 
 

31P NMR (202 MHz, Acetone-d6) 
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13C NMR (126 MHz, Acetone-d6) 
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L6-((S)-2-(dicyclohexylphosphaneyl)-2',6'-diisopropoxy-[1,1':3',1''-terphenyl]-5'-carbonyl)-

D-leucine  1H NMR (500 MHz, Acetone-d6) 

  

13C NMR (126 MHz, Acetone-d6) 
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31P NMR (202 MHz, Acetone-d6) 
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L7-((S)-2-(dicyclohexylphosphaneyl)-2',6'-diisopropoxy-[1,1':3',1''-terphenyl]-5'-carbonyl)-

D-valine  1H NMR (500 NHz, Acetone-d6) 

 

13C NMR (126 NHz, Acetone-d6) 
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31P NMR (202 NHz, Acetone-d6) 
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L8-(R)-2'-(dicyclohexylphosphaneyl)-2,6-diisopropoxy-5-methyl-[1,1'-biphenyl]-3-carbonyl-

L-isoleucine  1H NMR (500 MHz, Acetone-d6) 

 

13C NMR (126 MHz, Acetone-d6) 
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31P NMR (202 MHz, Acetone-d6) 
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L9-((S)-2-(dicyclohexylphosphaneyl)-2',6'-diisopropoxy-[1,1':3',1''-terphenyl]-5'-carbonyl)-

D-tert-leucine  1H NMR (500 MHz, Acetone-d6) 

 

13C NMR (101 MHz, Acetone-d6) 
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31P NMR (202 MHz, Acetone-d6) 
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2,7-dichloro-9H-carbazole 

1H NMR (500 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid (1) 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (126 MHz, Chloroform-d) 
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Ethyl 2-(2,7-dichloro-9H-carbazol-9-yl)-3-methylbenzoate (SI-1) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 
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2-(2,7-dichloro-3,6-dimethoxy-9H-carbazol-9-yl)-3-methylbenzoic acid 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (101 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-3'-methoxy-[1,1'-biphenyl]-3-carboxylic acid 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (126 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-3'-nitro-[1,1'-biphenyl]-3-carboxylic acid 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (126 MHz, Chloroform-d) 

 

 

1H NMR (500 MHz, Chloroform-d) 

13C NMR (126 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-2',3',4',5'-tetrahydro-[1,1'-biphenyl]-3-carboxylic acid 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (126 MHz, Chloroform-d) 

 

 

1H NMR (500 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-3-(3,6-dihydro-2H-pyran-4-yl)benzoic acid 

1H NMR (500 MHz, Chloroform-d) 

 
13C NMR (126 MHz, Chloroform-d) 
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2-(2,7-dichloro-9H-carbazol-9-yl)-3-(naphthalen-1-yl)benzoic acid 

1H NMR (500 MHz, MeOD) 

 
13C NMR (126 MHz, MeOD) 
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3-chloro-2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid (63) 

1H NMR (500 MHz, Acetone-d6) 

 
13C NMR (126 MHz, Acetone-d6) 
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2-(2,7-dichloro-9H-carbazol-9-yl)benzoic acid (SI-2) 

1H NMR (500 MHz, Acetone-d6) 

 
13C NMR (126 MHz, Acetone-d6) 
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2-(2,7-dibromo-9H-carbazol-9-yl)-3-methylbenzoic acid (80) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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2-(3,6-dichloro-9H-carbazol-9-yl)-3-methylbenzoic acid 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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3,6-dichloro-9,9-dimethyl-9,10-dihydroacridine 

1H NMR (400 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 

 



S136 
 

3-chloro-2-(3,6-dichloro-9,9-dimethylacridin-10(9H)-yl)benzoic acid 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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2,8-dichloro-10H-phenoxazine 

1H NMR (400 MHz, Acetonitrile-d3) 

 

13C NMR (101 MHz, Acetonitrile-d3) 
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3-chloro-2-(2,8-dichloro-10H-phenoxazin-10-yl)benzoic acid  

1H NMR (500 MHz, Methanol-d) 

 

13C NMR (126 MHz, Tetrahydrofuran-d8) 
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2,7-dichloro-9H-carbazol-9-amine 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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1-(2,7-dichloro-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylic acid (34) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (SI-4) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-ethyl-5-phenyl-1H-pyrrole-3-carboxylate 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 2-butyl-1-(2,7-dichloro-9H-carbazol-9-yl)-5-phenyl-1H-pyrrole-3-carboxylate 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(3-nitrophenyl)-1H-pyrrole-3-

carboxylate  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-5-(3-methoxyphenyl)-2-methyl-1H-pyrrole-3-

carboxylate  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(naphthalen-2-yl)-1H-pyrrole-3-

carboxylate  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 5-(benzofuran-2-yl)-1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-1H-pyrrole-3-

carboxylate  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-5-(thiophen-2-yl)-1H-pyrrole-3-

carboxylate   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl 5-cyclopropyl-1-(2,7-dichloro-9H-carbazol-9-yl)-2-methyl-1H-pyrrole-3-carboxylate 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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1-(3,6-Dichloro-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylic acid (60) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (2) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (3) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-chloro-7-(4-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (4) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-chloro-7-(4-cyanophenyl)-9H-carbazol-9-yl)-3-methylbenzoate (5) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(3-nitrophenyl)-9H-carbazol-9-yl)-3-methylbenzoate (6) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(3-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-3-methylbenzoate (7) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-(3-(benzyloxy)phenyl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (8) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)2-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (9) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-([1,1'-biphenyl]-2-yl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (10) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-chloro-7-(6-methoxypyridin-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (11) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(furan-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (12) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-(5-acetylthiophen-2-yl)-7-chloro-9H-carbazol-9-yl)-3-methylbenzoate (13) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S163 
 

Ethyl (S)-2-(2-chloro-7-(thiophen-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate (14) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4,6-dihydropyren-1-yl)-9H-carbazol-9-yl)-3-methylbenzoate (15) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(9,9-dimethyl-9H-fluoren-1-yl)-9H-carbazol-9-yl)-3-methylbenzoate 

(16)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(naphthalen-2-yl)-9H-carbazol-9-yl)-3-methylbenzoate (17) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(dibenzo[b,d]thiophen-4-yl)-9H-carbazol-9-yl)-3-methylbenzoate (18) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Methyl (S)-2-(2-chloro-7-(dibenzo[b,d]thiophen-3-yl)-9H-carbazol-9-yl)-3-methylbenzoate 

(19)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S169 
 

Ethyl (R)-2-(7-chloro-9'-phenyl-9H,9'H-[2,2'-bicarbazol]-9-yl)-3-methylbenzoate (20) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-((4-methoxyphenyl)amino)-9H-carbazol-9-yl)-3-methylbenzoate (21) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S171 
 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3'-methoxy-[1,1'-biphenyl]-3-

carboxylate (22)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3'-nitro-[1,1'-biphenyl]-3-car-

boxylate (23)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S173 
 

Ethyl (R)2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-(naphthalen-1-yl)benzoate 

(24)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2',3',4',5'-tetrahydro-[1,1'-

biphenyl]-3-carboxylate (25)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-(3,6-dihydro-2H-pyran-4-

yl)benzoate (26)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S176 
 

Ethyl (S)-3-chloro-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)benzoate (27) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S177 
 

(S)-2-(2-(3-(((tert-Butyldimethylsilyl)oxy)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

chlorobenzoate (28)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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(S)-3-Chloro-2-(2-chloro-7-(3-(hydroxymethyl)phenyl)-9H-carbazol-9-yl)benzoate (SI-28) 

1H NMR (500 MHz, Acetone-d6) 

 

13C NMR (126 MHz, Acetone-d6) 

 



S179 
 

Ethyl (S)-2-(2-(3-(((tert-butoxycarbonyl)amino)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

chlorobenzoate (29)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S180 
 

Ethyl (R)-2-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)benzoate (30) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S181 
 

Ethyl (R)-2-(2-chloro-3,6-dimethoxy-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzo- 

ate (31)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S182 
 

Ethyl (S)-3-chloro-2-(2-chloro-8-(4-methoxyphenyl)-10H-phenoxazin-10-yl)benzoate (32) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 
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Ethyl (S)-3-chloro-2-(3-chloro-6-(4-methoxyphenyl)-9,9-dimethylacridin-10(9H)-yl)benzoate 

(33)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-chloro-7-(4-(ethoxycarbonyl)phenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (35)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-chloro-7-(4-cyanophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(36)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S186 
 

Ethyl (R)-1-(2-chloro-7-(4-nitrophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(37)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (38)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S188 
 

Ethyl (R)-1-(2-chloro-7-(3-nitrophenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate 

(39)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (40)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-(3-(benzyloxy)phenyl)-7-chloro-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (41)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S191 
 

Ethyl (R)-1-(2-chloro-7-(6-methoxypyridin-3-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (42)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S192 
 

Ethyl (R)-1-(2-chloro-7-(furan-3-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-carboxylate (43) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S193 
 

Ethyl (R)-1-(2-chloro-7-(2-methoxypyrimidin-5-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (44)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 

 



S194 
 

Ethyl (R)-1-(2-chloro-7-(9,9-dimethyl-9H-fluoren-2-yl)-9H-carbazol-9-yl)-5-ethyl-1H-

pyrrole-2-carboxylate (45)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S195 
 

Ethyl (R)-1-(2-chloro-7-(naphthalen-2-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (46)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S196 
 

Ethyl (R)-1-(2-chloro-7-(dibenzo[b,d]thiophen-4-yl)-9H-carbazol-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (47)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S197 
 

Ethyl (R)-1-(7-chloro-9'-phenyl-9H,9'H-[2,3'-bicarbazol]-9-yl)-5-ethyl-1H-pyrrole-2-

carboxylate (48)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S198 
 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-

3-carboxylate (49)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S199 
 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(naphthalen-2-yl)-

1H-pyrrole-3-carboxylate (50)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S200 
 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-(3-methoxyphenyl)-2-methyl-

1H-pyrrole-3-carboxylate (51)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S201 
 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(3-nitrophenyl)-

1H-pyrrole-3-carboxylate (52)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S202 
 

Ethyl (S)-5-(benzofuran-2-yl)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-

1H-pyrrole-3-carboxylate (53)   1H NMR (400 MHz, Chloroform-d) 

 

13C NMR (101 MHz, Chloroform-d) 

 



S203 
 

Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-(thiophen-2-yl)-1H-

pyrrole-3-carboxylate (54)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-cyclopropyl-2-methyl-1H-

pyrrole-3-carboxylate (55)   1H NMR (500 MHz, Chloroform-d) 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-ethyl-5-phenyl-1H-pyrrole-3-

carboxylate (56)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Methyl (S)-2-butyl-1-(2-chloro-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-5-phenyl-1H-pyrrole-

3-carboxylate (57)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)1-(2-chloro-7-((4-methoxyphenyl)ethynyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-

pyrrole-3-carboxylate (58)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-5-cyclopropyl-1-(2-(4-methoxyphenyl)-7-((4-methoxyphenyl)ethynyl)-9H-carbazol-

9-yl)-2-methyl-1H-pyrrole-3-carboxylate (59)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-1-(3-chloro-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-

3-carboxylate (61)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 

 



S210 
 

Ethyl (R)-1-(3-(4-cyanophenyl)-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-2-methyl-5-phenyl-

1H-pyrrole-3-carboxylate (62)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-3-chloro-2-(2-chloro-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)benzoate (64) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-(4-(diphenylamino)phenyl)-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-4'-metho-

xy-[1,1'-biphenyl]-3-carboxylate (65)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (R)-3-chloro-2-(2-(4-cyanophenyl)-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)ben-

zoate (66)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-(4-cyanophenyl)-7-(4-(diphenylamino)phenyl)-9H-carbazol-9-yl)-4'-methoxy-

[1,1'-biphenyl]-3-carboxylate (67)    1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Dodecyl (S)-1-(2-(4-(1H-naphtho[1, 8-de][1, 3, 2]diazaborinin-2(3H)-yl)phenyl)-7-chloro-9H-

carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (70) 

 

13C NMR (126 MHz, Chloroform-d) 

 

1H NMR (500 MHz, Chloroform-d) 
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Dodecyl (S)-1-(2-chloro-7-(4-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolan-2-yl)phenyl)-9H-

carbazol-9-yl)-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (71) 

 

13C NMR (126 MHz, Chloroform-d) 

 

1H NMR (500 MHz, Chloroform-d) 
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72  1H NMR (500 MHz, Chloroform-d) 
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R-2-(2-(3-(((tert-Butoxycarbonyl)amino)-methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-meth-

ylbenzoic acid (74)   1H NMR (500 MHz, Chloroform-d) 

 

1H NMR (500 MHz, Chloroform-d) 
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Ethyl (R)-2-(2-(3-(((tert-butoxycarbonyl)amino)methyl)phenyl)-7-chloro-9H-carbazol-9-yl)-3-

methylbenzoate (SI-74)  1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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(R, R) 27, 87-Dichloro-36, 96-dimethyl-29H, 89H-5, 11-diaza-2, 8 (9, 2)-dicarbazola-1, 7 (1, 

2), 3, 9 (1, 3) -tetrabenzenacyclododecaphane-4, 10-dione (75) 

 

13C NMR (126 MHz, Chloroform-d) 

 

1H NMR (500 MHz, Chloroform-d) 
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(R)-tert-Butyl (2-(2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-

methylphenyl)carbama-te (76) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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1,3-Bis(2-((R)-2-chloro-7-(3-methoxyphenyl)-9H-carbazol-9-yl)-3-methylphenyl)urea (77) 

1H NMR (400 MHz, Benzene-d6) 

 

13C NMR (126 MHz, Chloroform-d) 
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R-4-(7-Chloro-9-(2-(4, 6-diphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-9H-carbazol-2-

yl)-N,N-diphenylaniline (78)   1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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S-4-(9-(2-(4, 6-Ciphenyl-1, 3, 5-triazin-2-yl)-6-methylphenyl)-9H-carbazol-2-yl)-N, N-

diphenyl -aniline (79)  1H NMR (500 MHz, Chloroform-d) 

 

13H NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-bromo-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (81) 

1H NMR (600 MHz, Chloroform-d) 

 

13C NMR (151 MHz, Chloroform-d) 
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Ethyl 2-(2,7-bis(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (Bis-81) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(2-(dibenzo[b,d]thiophen-4-yl)-7-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-

methylbenzoate (83)   1H NMR (600 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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Ethyl (S)-2-(3-chloro-6-(4-methoxyphenyl)-9H-carbazol-9-yl)-3-methylbenzoate (SI-10) 

1H NMR (500 MHz, Chloroform-d) 

 

13C NMR (126 MHz, Chloroform-d) 
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HPLC Traces 
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Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 0.8 mL/min, 
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Sonogashira cross-coupling desymmetrization 

reaction with 0.8 eq. 4-Methoxyphenylacetylene 
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Desymmetrization of et-ester 
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Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 0.8 mL/min, 
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Daicel Chiralpak IC, hexane/iso-propanol 

= 99:1, 1.0 mL/min, 
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The unconsumed compound 

after (R)-L4 conditions.  
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X-Ray Crystallography Data  

(Sa, R)-L6  

The .cif data file is attached as a separate document. CCDC Deposition Number 2390748 

 

Crystals were obtained by slow evaporation of a solution of the compound in chloroform. 

 

Identification code: o544; Chemical formula: C43H58NO5P; Formula weight: 699.87 g/mol; 

Temperature: 100 K; Wavelength: 0.71073 Å; Cell: a=9.0732(3) alpha=90, b=13.1703(5) beta=90, 

c=33.5174(10) gamma=90; Space group P 21 21 21; Volume 4005.2(2); Hall group P 2ac 2ab; Dx, 

g cm-3: 1.161; Z: 4; Mu (mm-1): 0.112; F000: 1512.0; h,k,lmax:12,18,46; Nref: 11281; Tmin, Tmax: 

0.713, 0.743. 
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2 

The .cif data file is attached as a separate document. CCDC Deposition Number 2390746 

 

Crystals were obtained by slow evaporation of a solution of the compound in a hexanes–ethyl 

acetate mixture. 

Identification code: N450; Chemical formula: C27H20ClNO3; Formula weight: 441.89 g/mol; 

Temperature: 100 K; Wavelength: 1.54178 Å; Cell: a=10.5874(5) alpha=90, b=9.3002(4) 

beta=91.349(1), c=22.1829(10) gamma=90; Volume: 2183.63(17); Space group: P 21; Hall group: 

P 2yb; Z: 4; Mu (mm-1): 1.789; F000: 920.0; h,k,lmax:13,11,27; Nref: 8519; Tmin, Tmax: 0.632, 

0.754.  
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Et-ester of 44 

The .cif data file is attached as a separate document. CCDC Deposition Number 2390747 

  

Crystals were obtained by slow evaporation of a solution of the compound in a hexanes–isopropanol 

mixture. 

Identification code: o545; Chemical formula: C26H23ClN4O3; Formula weight: 474.93 g/mol; 

Temperature: 100 K; Wavelength: 0.71073 Å; Cell: a=7.3428(6) alpha=102.906(4), b=11.5175(11) 

beta=97.315(4), c=14.9410(14) gamma=107.868(4); Volume: 1145.82(18); Space group: P 1;Hall 

group: P 1; Dx, g cm-3: 1.377; Z: 2; Mu (mm-1): 0.204; F000: 496.0; h,k,lmax: 10,16,20; Nref: 

12790; Tmin, Tmax: 0.696, 0.746. 
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