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1. Representative Synthetic Procedures:  

(a) General procedure:  

Unless otherwise noted, all the preparations of substrates were performed in oven-dried glassware 

under nitrogen atmosphere with freshly distilled solvents. The catalytic reactions were performed 

under Nitrogen atmosphere. DCE, DCM and Ether were distilled from CaH2 under nitrogen. THF 

were distilled from Na metal under nitrogen. All other commercial reagents were used without 

further purification, unless otherwise indicated. 1H NMR and 13C NMR spectra were recorded on 

a Bruker 400, 600 MHz and Varian 700 MHz spectrometers using chloroform-d (CDCl3) and 

DMSO-d6 as the internal standards. High-resolution mass spectral analysis (HRMS) data were 

measured on JMS-T100LP4G (JEOL) mass spectrometer or a TOF mass analyzer equipped with 

the ESI source and Magnetic Sector Mass Analyzer (MStation) equipped with the EI source. 

Single-crystal X-ray diffraction intensity data were collected on a Bruker X8 APEX diffractometer 

equipped with a CCD area detector and Mo Kα radiation (λ = 0.71073 Å) at 100 K; all data 

calculations were performed by using the PC version of the APEX2 program package. Final R 

indices were obtained using those reflections I > 2(I).  

 

(b) Preparation of (E)-1-Phenyl-N-(2-(phenylethynyl)phenyl)methanimine (1a). 

All N-(o-alkynylphenyl)imines (1a-1p) were prepared from procedure reported in the literature.[s1] 

 

 

   General procedure for synthesis of 2-(phenylethynyl)aniline (s1): To a 150 mL flask charged 

with 2-iodoaniline (2 mmol, 1.0 equiv), Pd(PPh3)2Cl2 (0.04 mmol, 2 mol%), and CuI (0.08 mmol, 

4 mol%) in degassed Et3N (5 mL) was added ethynylbenzene (2.4 mmol, 1.2 equiv), and the 

resulting solution was stirred at room temperature for 2 h. Upon completion, the solvent was 

removed under reduced pressure, and the residue was extracted with EtOAc (3 x 5 mL). The 

combined organic layer was dried over Na2SO4 and concentrated. The residue was purified by a 

silica gel flash chromatography (petroleum ether / ethyl acetate = 10 / 1) to afford 2-

(phenylethynyl)aniline s1 as yellow solid (1.81 mmol, 91%). 
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   To a stirred solution of 2-(phenylethynyl)aniline (s1) (2.6 mmol) in toluene (5.0 mL) were added 

5Å MS (5.0 g) and  benzaldehyde (2.7 mmol) at room temperature. The resulting mixture was 

heated at 70 °C in oil bath with stirring for 20 h, then this reaction mixture was filtered through a 

short celite bed and the filtrate was concentrated under reduced pressure to afford (E)-1-phenyl-

N-(2-(phenylethynyl)phenyl)methanimine (1a). Crude product of 1a was used directly for further 

catalytic reaction. Similarly, similar substrates 1b to 1p were synthesized following similar 

synthetic procedure from their respective starting materials. which were used as such without 

further purification. 

(c) Preparation of α-diazo esters. 

All α-diazo esters (2b-2e) were prepared from the reported procedure in the literatures.[s2]   

 

To a solution of phenol (0.50 g, 5.3 mmol) and NaHCO3 (1.34 g, 15.9 mmol) in acetonitrile (20 

mL) was added bromoacetyl bromide (1.61 g, 7.9 mmol) dropwise at 0 °C; the resulting mixture 

was stirred for 15 min at room temperature, quenched with water, and extracted with DCM. The 

organic layer was washed with brine, dried with MgSO4, and concentrated in vacuo to give a 

bromoacetate product, which was used in the next step without purification. The bromoacetate 

product (0.98 g, 4.9 mmol) and N,N'-ditosylhydrazine (3.35 g, 9.8 mmol) were dissolved in THF 

(20 mL), and cooled to 0 °C, and to this mixture was added DBU (3.75 g, 24.6 mmol) was added 

slowly over 5-10 min. After stirring for 15 min at the same temperature, the reaction solution was 

quenched with saturated NaHCO3 and extracted with Et2O three times. Organic phase was washed 

with brine, dried with MgSO4 and evaporate to dryness, affording diazo crude product which was 

purified on a silica column using ethyl acetate/hexane (20/80) as the eluent to give desired 

diazoacetate 2e (0.78 g, 4.8 mmol, 91%) as a pale-yellow oil.  

2a is commercially available from Sigma-Aldrich and other diazo esters (2b-2d) were prepared 

with the above procedure.  

tert-butyl 2-diazoacetate (2b): crude product which was purified on a silica column using ethyl 

acetate/hexane (20/80) as the eluent to give desired diazoacetate 2b (0.68 g, 4.8 mmol, 71%) as a 

pale-yellow oil. 
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Isbutyl 2-diazoacetate(2c): crude product which was purified on a silica column using ethyl 

acetate/hexane (20/80) as the eluent to give desired diazoacetate 2c (0.52 g, 366 mmol, 54%) as a 

pale-yellow oil. 

Benzyl 2-diazoacetate (2d): crude product which was purified on a silica column using ethyl 

acetate/hexane (20/80) as the eluent to give desired diazoacetate 2d (0.65 g, 3.69 mmol, 80%) as 

a pale-yellow oil. 

S-phenyl 2- diazoethanethioate (2f): 

 

A 100-mL, three-necked, round bottomed flask was charged with 1,1,1,3,3,3-

hexamethyldisilazane (1.15 g, 7.11 mmol) and 18 mL of THF and then cooled at 0°C while n-

BuLi (2.40 M in hexane, 2.90 mL, 6.96 mmol) was added rapidly dropwise. The resulting solution 

was stirred at 0 °C for 15 min, and then cooled at -78 °C while a solution of phenyl thioacetate 

(1.0 g, 6.57 mmol) in 14 mL of THF was added dropwise over 15 min. The reaction mixture was 

stirred at -78 °C for 30 min, and then 2,2,2-trifluoroethyl trifluoroacetate (1.61 g, 8.21 mmol) was 

added rapidly in one portion. The reaction mixture was stirred at -78 °C for 10 min and then 

partitioned between 40 mL of 5% HCl solution and 50 mL of diethyl ether. The aqueous phase 

was separated and extracted with diethyl ether, and the combined organic phases were washed 

with 45 mL of brine and concentrated to afford 2.25 g of a yellow oil which was immediately 

dissolved in 25 mL of acetonitrile and transferred via cannula to a 100-mL, three necked round-

bottomed flask. Water (0.118 g, 6.55 mmol) and triethylamine (1.02 g, 10.0 mmol) were added 

rapidly, and then a solution of methanesulfonyl azide (1.20 g, 9.89 mmol) in 28 mL of acetonitrile 

was added over 20 min. The resulting yellow solution was stirred at 25 °C for 2.5 h and then 

concentrated and residue was diluted with 50 mL of diethyl ether and washed with three 40-mL 

portions of 10% NaOH solution and 40 mL of brine, dried over MgSO4, filtered, and concentrated. 

The crude product was purified on a silica column using ethyl acetate/hexane (10/90) as the eluent 

to give desired diazoethanethioate 2f (0.84 g, 4.7 mmol, 72%) as a yellow oil. 

Spectral data of known compounds diazo esters (2b-2f) were already reported in the literatures.s2, 

s3 
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(d) Preparation of α-diazo methyl ketone. 

 

The compound 6a was prepared according to literature procedure[s4]. In a well-dried 200-mL flask, 

acetylacetone (0.5 g, 4.9 mmol) and Et3N (0.76 mL, 5.5 mmol) was dissolved in 10 mL acetonitrile, 

and a solution of p-ABSA (1.2 g, 4.9 mmol) in 10 mL acetonitrile was added dropwise with 

stirring. The reaction mixture was stirred at room temperature under air atmosphere overnight 

(about 10 h), and the solvent was removed under reduced pressure with a rotary evaporator. The 

product was purified by column chromatography (silica gel) using petro ether (PE)/ ethyl acetate 

(EA) 5:1 as eluent to give (560mg, 4.4 mmol, 89%) of compound 3-diazopentane-2,4- dione (s2) 

as a yellow liquid. After that, a solution of compound s2 (0.560 g, 4.4 mmol) in diethyl ether (10 

mL) was added an aqueous NaOH solution (0.89 g, 22.2 mmol in 10 mL water), and the mixture 

was stirred at room temperature under nitrogen atmosphere for 4 h. The phases were divided using 

a separatory funnel, and the aqueous phase was extracted with dichloromethane 2 times. The 

combined organic phase was dried over Na2SO4 and filtered, and the filtrate was concentrated 

under reduced pressure to give the product 6a as a volatile yellow liquid (0.24 g, 2.8mmol, 64% 

yield). Spectral data of this know compound reported in literature. [s4] 
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2. Standard procedures for catalytic operations. 

(a) Typical procedure for the synthesis of ethyl (2R,3R)-3-phenyl-1-(2-

(phenylethynyl)phenyl)aziridine-2-carboxylate (3a): 

 

A suspension of LAuCl L= P(t-Bu)2(o-biphenyl (53 mg, 0.10 mmol) and AgNTf2 (39 mg, 0.10 

mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for 

5 min. To this mixture was added a dry DCE (2.0 mL) solution of 2-(phenylethynyl)benzaldehyde 

1a (281 mg,  1.0 mmol) and ethyl 2-diazoacetate 2a (137 mg, 1.2 mmol) at 25 °C; the resulting 

mixture was stirred at 25 °C for 4 h. The solution was filtered over a short celite bed and evaporated 

under reduced pressure. The residue was purified on a silica gel column using ethyl acetate/hexane 

(05:95) as the eluent to give compound 3a as yellow oil (327 mg, 0.89 mmol, 89%). 

(b) Typical procedure for the synthesis of ethyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-

a]isoquinoline-6-carboxylate (4a): 

 

A suspension of LAuCl L= P(t-Bu)2(o-biphenyl (53 mg, 0.10 mmol) and AgNTf2 (39 mg, 0.10 

mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for 

5 min. To this mixture was added a dry DCE (2.0 mL) solution of 2-(phenylethynyl)benzaldehyde 

1a (281 mg,  1.0 mmol) and ethyl 2-diazoacetate 2a (137 mg, 1.2 mmol) at 25 °C. The resulting 

mixture was stirred at 25 °C for 4 h, followed by heating at 70 °C (oil bath) for 4 h. The solution 

was filtered over a short celite bed and evaporated under reduced pressure. The residue was 
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purified on a silica gel column using ethyl acetate/hexane (05:95) as the eluent to give compound 

4a as yellow oil (301 mg, 0.81 mmol, 82%). 

 

(3) Typical procedure for the synthesis of 5a- 5f: 

 

(a) Typical procedure for the synthesis of ethyl 1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (5a): 

     An aqueous formaldehyde solution (37%) (63mg, 0.776 mmol) was added to a mixture of dry 

DCE (1 mL) and MgSO4, and to this solution was added compound s1 (100mg, 0.517mmol), and 

reaction mixture was stirred for 3 h at room temperature. To this reaction mixture, α-diazo ester 

(71mg, 0.620mmol ) was added and then combine mixture was treated to a stirred suspension of 

LAuCl L= P(t-Bu)2(o-biphenyl (27 mg, 0.052 mmol) and AgNTf2 (20 mg, 0.052 mmol) in dry 

DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for 4 h. After 

completion of reaction, solution was filtered over a short celite bed and evaporated under reduced 

pressure. The residue was purified on a silica gel column using ethyl acetate/hexane (20:80) as 

eluent to give compound 5a as brown oil (70 mg, 0.24 mmol, 46%). 

 

(b) Typical procedure for the synthesis of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (5b): 

A suspension of LAuCl L= P(t-Bu)2(o-biphenyl (18 mg, 0.034mmol) and AgNTf2 (13 mg, 0.034 

mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for 

5 min. To this mixture was added a dry DCE (2.0 mL) solution of ethyl 1-(2-

(phenylethynyl)phenyl)aziridine-2-carboxylate 5a (100 mg,  0.34 mmol) and heated at 70 °C (oil 

bath) for 6 h. The solution was filtered over a short celite bed and evaporated under reduced 

pressure. The residue was purified on a silica gel column using ethyl acetate/hexane (05:95) as 

eluent to give compound 5b as yellow oil (76 mg, 0.26 mmol, 76%). 



S8 
 

(c) Typical procedure for the synthesis of (5,6-dihydroindolo[2,1-a]isoquinolin-6-

yl)methanol (5c): 

To a stirred solution of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate 5b (100mg, 

0.34mmol) in dry THF (2mL) was added LiAlH4 (30mg, 0.28 mmol ) at 0 °C. The resulting 

mixture was sirred for 4 h at same temperature. The solution was quenched with a saturated 

solution of ammonium chloride at 0 °C; and the solution was then extracted with ethyl acetate 

three times. Organic phase was washed with brine, dried with MgSO4 and concentrated under 

reduced pressure. The residue was purified on a silica column using ethyl acetate/hexane (30:70) 

as the eluent to give compound 5c as Yellow oil (72 mg, 0.29 mmol, 84%). 

(d) Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline-6-

carbaldehyde (5d): 

A THF solution (2 mL) of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate 5b (100mg, 

0.34mmol) was cooled to -78 °C, and to this suspension was added 1.2 M DIBAl-H in hexane 

(0.29mL, 0.34mmol) over a period of 15 min. The mixture was stirred for 30 min at -78 °C. The 

resulting mixture was quenched with a saturated solution of potassium sodium tartrate; the solution 

was extracted with ethyl acetate two times. Organic phase was washed with brine, dried with 

MgSO4 and concentrated under reduced pressure. The residue was purified on a silica gel column 

using ethyl acetate/hexane (20:80) as the eluent to give compound 5d as a yellow oil (58 mg, 0.23 

mmol, 68%) 

(e)  Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline (5e) 

To a solution of 5,6-dihydroindolo[2,1-a]isoquinoline-6-carbaldehyde 5d (100mg, ) in benzene (2 

mL) was added RhCl(PPh3)3 (374 mg, 0.40 mmol). The mixture was stirred for 8 h at 80 °C before 

the solution was filtered over a short celite bed and evaporated under reduced pressure. The residue 

was purified on a silica column using ethyl acetate/hexane (05:95) as the eluent to give compound 

5e as white solid (75 mg, 0.34 mmol, 85%). 

(f) Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline-12-

carbaldehyde (5f): 

POCl3 (84mg, 0.55mmol) was added to dry DMF (1mL) at 0 °C and stirred for 30 min. To this 

mixture was added a dry DMF (3 mL) solution of 5,6-dihydroindolo[2,1-a]isoquinoline 5e (100 

mg, 0.46 mmol) at room temperatures. After stirring for 45 min at 35 °C in an oil bath, the reaction 

mixture was cooled and treated with water was (1.0 mL). The solution was then treated with by 

30%. NaOH aqueous solution and heated to 35 °C for 30 min. The organic phase was extracted 

with diethyl ether twice. Organic phase was washed with brine, dried with MgSO4 and 

concentrated under reduced pressure. The residue was purified on a silica gel column using ethyl 

acetate/hexane (20:80) as the eluent to give compound 5f as white solid (91 mg, 0.37 mmol, 81%) 



S9 
 

 4. Spectral data for key compounds: 

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3a): 

 

Compound 3a was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (327 mg,  0.89 mmol, 89%); 1H NMR 400 MHz, CDCl3): δ 7.56 (dd, J = 8.0, 1.2 Hz, 

2H), 7.49 ~ 7.47 (m, 1H), 7.33 ~ 7.24 (m, 4H), 7.22 ~ 7.15 (m, 3H), 7.09 ~ 7.07 (m, 2H), 7.04 ~ 

7.03 (m, 2H),  3.90 ~ 3.84 (m, 2H), 3.77 (d, J = 6.8 Hz, 1H), 3.34 (d, J = 6.8 Hz, 1H), 0.86 (t, J = 

7.2 Hz, 3H), 13C NMR (100 MHz, CDCl3): δ 167.5, 153.2, 134.6, 133.3, 131.4, 129.2, 128.1, 

128.0, 127.9, 127.8, 127.7, 123.1, 123.0, 119.9, 115.6, 95.6, 86.1, 60.9, 47.9, 46.7, 13.8; HRMS 

(EI-MS) m/z: [M]+ calcd. for C25H21NO2: 367.1572; found: 367.1574.   

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(p-tolylethynyl)phenyl)aziridine-2-carboxylate 

(3b): 

 

Compound 3b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (54 mg, 0.14 mmol, 84%); 1H NMR (700 MHz, CDCl3): 
1H NMR (700 MHz, CDCl3): 

δ 7.55 (d, J = 7.0 Hz, 2H), 7.46 (dd, J = 7.7 , 0.7 Hz, 1H), 7.30 (t, J = 7 Hz, 2H), 7.26 (t, J = 7.0 

Hz, 1H),  7.23 ~ 7.21 (m, 1H), 7.02 ~ 6.95 (m, 6H),  3.89 ~ 3.86 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H), 

3.33 (d, J = 6.3 Hz, 1H), 2.28 (s, 3H), 0.86 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 

167.6, 153.1, 138.2, 134.6, 133.2, 131.3, 129.0, 128.7, 128.0, 127.9, 127.7, 123.1, 120.0, 119.9, 

115.8, 95.9, 85.4, 60.9, 47.9, 46.7, 21.4, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C26H23NO2: 

381.1729; found: 381.1728. 
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Spectral data of ethyl (2R,3R)-1-(2-((4-chlorophenyl)ethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3c): 

 

Compound 3c was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (51 mg, 0.13 mmol, 80%); 1H NMR (700 MHz, CDCl3): δ 7.54 (d, J = 7.7 Hz, 2H), 

7.45 (dd, J = 7.0 , 0.7 Hz, 1H), 7.30 ~ 7.23  (m, 4H), 7.12 (d, J = 8.4 Hz, 2H),  7.02 ~ 7.00 (m, 

2H), 6.91 (d, J = 8.4 Hz, 2H),  3.91 ~ 3.86 (m, 2H), 3.76 (d, J = 6.3 Hz, 1H), 3.31 (d, J = 7.0 Hz, 

1H), 0.88 (t, J = 7.7 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.5, 153.3, 134.6, 134.0, 133.2, 

132.5, 129.4, 128.3, 128.0,127.9 127.8, 123.1, 121.5, 120.0, 115.2, 94.4, 87.1, 60.9, 47.9, 46.7, 

13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 401.1183; found: 401.1186.   

Spectral data of ethyl (2R,3R)-1-(2-((4-bromophenyl)ethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3d): 

 

Compound 3d was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown Solid (53 mg, 0.12 mmol, 85%); 1H NMR (700 MHz, CDCl3): δ 7.54 (d, J = 7.0 Hz, 2H), 

7.45 (d, J = 7.7 Hz, 1H), 7.31 ~ 7.24  (m, 6H), 7.03 ~ 7.00 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H),  3.91 

~ 3.88 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H), 3.32 (d, J = 7.0 Hz, 1H), 0.89 (t, J = 7.0 Hz, 3H); 13C 

NMR (175 MHz, CDCl3): δ 167.5, 153.3, 134.6, 133.3, 132.8, 131.2, 129.4, 128.1, 127.9, 127.8, 

123.2, 122.3, 122.0, 120.0, 115.2, 94.5, 87.3, 61.0, 47.9, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+ 

calcd. for C25H20BrNO2: 445.0677; found: 445.0677.   

Spectral data of ethyl (2R,3R)-1-(2-((4-methoxyphenyl)ethynyl)phenyl)-3-phenylaziridine-

2-carboxylate (3e): 
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Compound 3e was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent; 

Brown oil (46 mg, 0.12 mmol, 72%); 1H NMR (700 MHz, CDCl3): δ 7.55 (d, J = 7.7 Hz, 2H), 

7.46 (dd, J = 7.7 , 0.7 Hz, 1H), 7.30 (t, J = 7.0 Hz, 2H), 7.26 (t, J = 7.0 Hz, 1H),  7.23 ~ 7.20 (m, 

1H), 7.01 ~ 6.99 (m, 4H),  3.91 ~ 3.85 (m, 2H), 3.76 (d, J = 7.7 Hz, 1H), 3.75(s, 3H ) 3.32 (d, J = 

7 Hz, 1H), 0.87 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.6, 159.5, 153.0, 134.7, 

133.1, 132.9, 128.8, 128.0, 127.9, 127.7, 127.1, 119.9, 115.9, 115.2, 113.6, 95.7, 85.8, 60.9, 55.2, 

47.9, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C26H23NO3: 397.1678; found: 397.1677.  

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(o-tolylethynyl)phenyl)aziridine-2-carboxylate 

(3f): 

 

Compound 3f was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (56 mg, 0.15 mmol, 87%); 1H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 7.6 Hz, 2H), 

7.48 (d, J = 8.0 Hz, 1H), 7.30 ~ 7.22 (m, 4H), 7.12 (d, J = 4.4 Hz, 2H),  7.04 ~ 6.95 (m, 3H), 6.83 

(d, J = 7.6 Hz, 1H), 3.85 ~ 3.80 (m, 2H), 3.76 (d, J = 6.4 Hz, 1H), 3.35 (d, J = 6.8 Hz, 1H), 2.41 

(s, 3H ), 0.85 (t, J = 6.8 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.5, 153.0, 140.0, 134.5, 133.3, 

131.6, 129.1, 128.1, 128.0 127.9, 127.7, 125.2, 123.1, 122.8, 120.0, 115.8, 94.6, 89.9, 60.9, 48.0, 

46.7, 20.6, 13.8; one CH carbon merged with other peak; HRMS (EI-MS) m/z: [M]+ calcd. For 

C26H23NO2: 381.1729; found: 381.1725.  

 

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(thiophen-3-ylethynyl)phenyl)aziridine-2-

carboxylate (3g): 
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Compound 3g was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the 

eluent; Yellow oil (56 mg, 0.15 mmol, 86%); 1H NMR (700 MHz, CDCl3): δ 7.55 (d, J = 7.0 Hz, 

2H), 7.45 ~ 7.44 (m, 1H), 7.31 ~ 7.21 (m, 4H), 7.13 ~ 7.11 (m, 1H), 7.01 ~ 6.96 (m, 3H), 6.78 (d, 

J = 4.2 Hz, 1H),  3.90 ~ 3.86 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H), 3.31 (d, J = 6.3 Hz, 1H), 0.87 (t, 

J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.6, 153.2, 134.7, 133.0, 129.7, 129.1, 128.6, 

128.0, 127.9, 127.8, 124.8, 123.1, 122.1, 119.9, 115.6, 90.9, 85.5, 60.9, 47.9, 46.7, 13.8; HRMS 

(EI-MS) m/z: [M]+ calcd. for C23H19NO2S: 373.1136; found: 373.1137. 

  

Spectral data of ethyl (2R,3R)-1-(2-(cyclopropylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate  (3h): 

 

Compound 3h was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (59 mg, 0.18 mmol, 87%); 1H NMR (400 MHz, CDCl3): δ 7.53 (t, J = 6.8 Hz, 2H), 7.34 

~ 7.26 (m, 4H), 7.18 ~ 7.13 (m, 1H), 6.96 ~ 6.92 (m, 2H), 4.07 ~ 3.95 (m, 2H), 3.68 (d, J = 6.8 

Hz, 1H), 3.25 (d, J = 6.8 Hz, 1H), 1.14 ~ 1.10 (m, 1H), 0.96 (t, J = 7.2 Hz, 3H), 0.63 ~ 0.60 (m, 

2H), 0.49 ~ 0.45 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 167.7, 153.3, 134.7, 133.1, 127.8, 122.9, 

119.7, 116.3, 99.9, 72.6, 60.9, 47.9, 46.6, 13.9, 08.1, 0.80, 0.14; two CH carbon merged with other 

peaks;  HRMS (EI-MS) m/z: [M]+ calcd. For C22H21NO2: 331.1572; found: 331.1571. 

 

Spectral data of ethyl (2R,3R)-1-(2-ethynylphenyl)-3-phenylaziridine-2-carboxylate (3i): 
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Compound 3i was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (30 mg, 0.10 mmol, 42%); 1H NMR (700 MHz, CDCl3): δ 7.54 (d, J = 7.0 Hz, 2H), 

7.43 (dd, J = 7.7, 0.7 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.29 ~ 7.25 (m, 2H), 7.00 ~ 6.98 (m, 2H), 

4.08 ~ 4.03 (m, 1H), 3.99 ~ 3.95 (m, 1H), 3.73 (d, J = 7.0 Hz, 1H), 3.30 (d, J = 7.0 Hz, 1H), 3.16 

(s, 1H), 0.99 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.7, 154.3, 134.5, 133.6, 129.7, 

127.9, 127.8, 127.7, 123.0, 119.8, 114.5, 83.9, 80.4, 60.9, 47.8, 46.6, 13.9;  HRMS (EI-MS) m/z: 

[M]+ calcd. For C19H17NO2: 291.1259; found: 291.1255. 

 

Spectral data of ethyl (2R,3R)-1-(2-(phenylethynyl)phenyl)-3-(p-tolyl)aziridine-2-

carboxylate (3j): 

 

Compound 3j was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the  eluent; 

Yellow oil (46 mg, 0.12 mmol, 71%); 1H NMR (400 MHz, CDCl3): δ 7.48 ~ 7.42 (m, 3H), 7.25 ~ 

7.15 (m, 4H), 7.11 ~ 7.07 (m, 4H), 7.03 ~ 6.99 (m, 2H), 3.90 ~ 3.85 (m, 2H), 3.72 (d, J = 6.8 Hz, 

1H), 3.31 (d, J = 6.8 Hz, 1H), 2.32 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (175 MHz, CDCl3): 

δ 167.6, 153.4, 137.5, 133.2, 131.5, 131.4, 129.2, 128.7, 128.0, 127.9, 127.8, 123.1, 123.0, 119.9, 

115.6, 95.6, 86.1, 60.9, 48.0, 46.7, 21.2, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. C26H23NO2: 

381.1729; found: 381.1725. 

 

Spectral data of ethyl (2R,3R)-3-(4-chlorophenyl)-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3k): 
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Compound 3k was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (52 mg, 0.13 mmol, 82%); 1H NMR (700 MHz, CDCl3): δ 7.46 (d, J = 8.4 Hz, 2H), 

7.44 (dd, J = 7.7 , 0.7 Hz, 1H), 7.22 ~ 7.18 (m, 4H), 7.16 (t, J = 7.7 Hz, 2H),  7.00 ~ 6.98 (m, 3H), 

6.95 (d, J = 7.7 Hz, 1H),  3.86 (q, J = 7.0 Hz, 2H ), 3.67 (d, J = 7.0 Hz, 1H), 3.29 (d, J = 7.0 Hz, 

1H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.3, 153.0, 133.7, 133.3, 133.2, 

131.3, 129.3, 129.2, 128.2, 128.1, 128.0, 123.3, 122.9, 119.8, 115.6, 95.7, 86.0, 61.1, 47.4, 46.7, 

13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 401.1183; found: 401.1181. 

 

Spectral data of ethyl (2R,3R)-3-(4-bromophenyl)-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3l): 

 

Compound 3l was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow solid (49 mg, 0.11 mmol, 79%); 1H NMR (700 MHz, CDCl3): δ 7.54 (d, J = 7.0 Hz, 2H), 

7.46 (dd, J = 7.0, 0.7 Hz, 1H), 7.30 ~ 7.24 (m, 6H), 7.02 ~ 7.00 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H),  

3.92 ~ 3.87 (m, 2H ), 3.76 (d, J = 7.0 Hz, 1H), 3.31 (d, J = 7.0 Hz, 1H), 0.89 (t, J = 7.0 Hz, 3H); 

13C NMR (175 MHz, CDCl3): δ 167.5, 153.3, 134.6, 133.3, 132.8, 131.2, 129.4, 128.1, 127.9, 

127.8, 123.1, 122.3, 122.0, 120.0, 115.2, 94.4, 87.3, 61.0, 47.9, 46.7, 13.8; HRMS (EI-MS) m/z: 

[M]+ calcd. for C25H20BrNO2: 445.0677; found: 445.0677. 

   

Spectral data of ethyl (2R,3R)-1-(4-methyl-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3m): 
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Compound 3m was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (51mg, 0.13 mmol, 79%); 1H NMR (700 MHz, CDCl3): δ 7.55 (d, J = 7.7 Hz, 2H), 7.29 

(t, J = 7.0 Hz, 3H), 7.26 (d, J = 7.0 Hz, 1H), 7.20 (t, J = 7.0 Hz, 1H), 7.16 (t, J = 7.7 Hz, 2H), 7.07 

~ 7.03 (m, 3H), 6.90 (d, J = 8.4 Hz, 1H), 3.89 ~ 3.84 (m, 2H), 3.72 (d, J = 7.0 Hz, 1H), 3.29 (d, J 

= 7.0 Hz, 1H), 2.28 (s, 3H ), 0.86 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.7, 151.0, 

134.7, 133.6, 132.6, 131.4, 130.0, 128.0, 127.9, 127.9, 127.7, 123.1, 119.8, 115.3, 95.3, 86.2, 60.9, 

48.1, 46.8, 20.6, 13.8; one CH carbon merged with other peaks;  HRMS (EI-MS) m/z: [M]+ calcd. 

for C26H23NO2: 381.1729; found: 381.1726.   

 

Spectral data of ethyl (2R,3R)-1-(4-chloro-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3n): 

 

Compound 3n was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (47 mg, 0.12 mmol, 74%); 1H NMR (700 MHz, CDCl3): δ 7.53 (d, J = 7.0 Hz, 2H), 

7.45 (d, J = 2.8 Hz, 1H), 7.31 ~ 7.26  (m, 3H), 7.23 (t, J = 7.7 Hz, 1H), 7.20 ~ 7.17 (m, 3H), 7.05 

(d, J = 7.0 Hz, 2H), 6.94 (d, J = 8.4 Hz, 1H), 3.88 ~ 3.85 (m, 2H), 3.74 (d, J = 7.0 Hz, 1H), 3.31 

(d, J = 7.0 Hz, 1H), 0.87 (t, J = 7.7 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.2, 151.9, 134.2, 

132.6, 131.4, 129.1, 128.4, 128.1, 128.1,128.0, 127.9, 127.8, 122.5, 121.2, 117.1, 96.7, 84.7, 61.0, 

48.1, 46.8, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 401.1183; found: 401.1177. 

Spectral data of ethyl (2R,3R)-1-(4,5-dimethyl-2-(phenylethynyl)phenyl)-3-phenylaziridine-

2-carboxylate (3o): 
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Compound 30 was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (45mg, 0.11 mmol, 70%); 1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 7.2 Hz, 2H), 7.33 

~ 7.26 (m, 3H), 7.21 ~ 7.15 (m, 4H), 7.07 ~ 7.05 (m, 2H), 6.90 (d, J = 0.4 Hz, 1H), 3.88 ~ 3.82 

(m, 2H), 3.81 (d, J = 6.8 Hz, 1H), 3.40 (d, J = 6.8 Hz, 1H), 2.24 (s, 3H), 2.22 (s, 3H), 0.86 (t, J = 

6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 167.8, 148.9, 134.7, 132.4, 132.1, 131.8, 131.3, 

129.8, 128.0, 127.9, 127.7, 123.3, 114.5, 95.1, 86.9, 60.8, 49.1, 48.4, 20.4, 18.7, 13.8; two CH 

carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C27H25NO2: 395.1885; 

found: 395.1889. 

 

Spectral data of ethyl (2R,3R)-1-(5-chloro-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3p): 

 

Compound 3p was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (48 mg, 0.12 mmol, 75%); 1H NMR (700 MHz, CDCl3): δ 7.53 (d, J = 7.0 Hz, 2H), 

7.39 (d, J = 8.4 Hz, 1H), 7.31 ~ 7.26  (m, 3H), 7.22 (t, J = 7.7 Hz, 1H), 7.17 (t, J = 7.7 Hz, 2H), 

7.06 (d, J = 7.0 Hz, 2H), 7.00 ~ 6.99 (m, 2H), 3.86 (q, J = 7.0 Hz, 2H), 3.78 (d, J = 7.0 Hz, 1H), 

3.34 (d, J = 7.0 Hz, 1H), 0.86 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 167.1, 154.2, 

134.7, 134.2, 134.1, 131.4, 128.3, 128.1, 128.0, 127.9, 127.8, 123.4, 122.7, 120.3, 114.2, 96.4, 

85.1, 61.0, 48.0, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 401.1183; found: 

401.1186. 

 

Spectral data of tert-butyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3q): 
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Compound 3q was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (57 mg, 0.14 mmol, 81%); 1H NMR (700 MHz, CDCl3): δ 7.57 (d, J = 7.7 Hz, 2H), 

7.48 (dd, J = 6.3, 1.4 Hz, 1H), 7.30 (t, J = 7.0 Hz, 2H), 7.27 ~ 7.23 (m, 2H), 7.19 (t, J = 7.0 Hz, 

1H), 7.15 (t, J = 7.7 Hz, 2H), 7.03 ~ 7.00 (m, 4H ), 3.74 (d, J = 7.0 Hz, 1H), 3.28 (d, J = 7.0 Hz, 

1H), 1.09 (s, 9H); 13C NMR (175 MHz, CDCl3): δ 166.6, 153.4, 134.9, 133.4, 131.4, 129.1, 128.0, 

127.9, 127.9, 127.8, 127.5, 123.1, 122.8, 120.2, 115.4, 95.4, 86.1, 81.6, 47.6, 47.4, 27.6; HRMS 

(EI-MS) m/z: [M]+ calcd. For C27H25NO2: 395.1885; found: 395.1888.  

 

Spectral data of isobutyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3r): 

 

Compound 3r was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (58 mg, 0.15 mmol, 83%); 1H NMR (700 MHz, CDCl3): δ 7.54 (d, J = 7.7 Hz, 2H), 

7.47 (dd, J = 7.7, 0.7 Hz, 1H), 7.28 (t, J = 7.0 Hz, 2H), 7.25 ~ 7.19 (m, 3H), 7.15 (t, J = 5.6 Hz, 

2H), 7.05 ~ 7.04 (m, 2H ), 7.02 ~ 6.99 (m, 2H), 3.76 (d, J = 7.0 Hz, 1H), 3.64 (q, J = 7.0 Hz, 1H), 

3.51 (q, J = 7.0 Hz, 1H), 3.34 (d, J = 7.0 Hz, 1H), 1.56 (m, 1H) 0.63 (d, J = 7.0 Hz, 3H), 0.60 (d, 

J = 7.0 Hz, 3H) ; 13C NMR (175 MHz, CDCl3): δ 167.5, 153.4, 134.7, 133.3, 131.4, 129.2, 128.1, 

128.0, 127.9, 127.8, 127.7, 123.1, 123.0, 119.9, 115.6, 95.6, 86.1, 71.0, 48.0, 46.9, 27.4, 18.8, 18.7; 

HRMS (EI-MS) m/z: [M]+ calcd. For C27H25NO2: 395.1885; found: 395.1883. 
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Spectral data of benzyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3s): 

 

Compound 3s was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (64 mg, 0.15 mmol, 84%); 1H NMR (700 MHz, CDCl3): δ 7.53 (m, 2H), 7.48 (dd, J = 

7.7, 1.4 Hz, 1H), 7.28 ~ 7.25 (m, 3H), 7.23 ~ 7.21 (m, 3H), 7.20 ~ 7.17 (m, 4H), 7.10 (d, J = 7.7 

Hz, 2H), 7.04 ~ 7.00 (m, 2H ), 6.91 (d, J = 7.0 Hz, 2H), 4.89 (d, J = 12.6 Hz, 1H), 4.75 (d, J = 12.6 

Hz, 1H), 3.78 (d, J = 7.0 Hz, 1H), 3.39 (d, J = 7.0 Hz, 1H); 13C NMR (175 MHz, CDCl3): δ 167.4, 

153.2, 135.2, 134.4, 133.3, 131.4, 129.2, 128.3, 128.1, 128.1,128.1 128.0, 127.9, 127.8, 127.8, 

123.1, 123.0, 119.9, 115.6, 95.7, 86.1, 66.6, 48.1, 46.7; HRMS (EI-MS) m/z: [M]+ calcd. For 

C30H23NO2: 429.1729; found: 429.1733. 

 

Spectral data of phenyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3t): 

 

Compound 3t was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (48 mg, 0.12 mmol, 65%); 1H NMR (700 MHz, CDCl3): δ 7.63 (d, J = 7.0 Hz, 2H), 

7.51 (dd, J = 7.7, 1.4 Hz, 1H), 7.35 ~ 7.31 (m, 3H), 7.28 ~ 7.26 (m, 1H), 7.24 ~ 7.21 (m, 1H), 7.17 

~ 7.12 (m, 4H), 7.11 ~ 7.06 (m, 5H ), 6.32 (d, J = 7.7 Hz, 2H), 3.92 (d, J = 7.0 Hz, 1H), 3.58 (d, J 

= 7.0 Hz, 1H); 13C NMR (175 MHz, CDCl3): δ 166.3, 152.8, 150.1, 134.3, 133.4, 131.6, 129.3, 

129.1, 128.3, 128.2, 128.1, 128.0, 127.9, 125.7, 123.3, 122.9, 121.3, 120.0, 115.6, 95.8, 86.0, 48.2, 

46.6; HRMS (EI-MS) m/z: [M]+ calcd. For C29H21NO2: 415.1572; found: 415.1562. 
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Spectral data of S-phenyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carbothioate (3u): 

 

Compound 3u was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Brown oil (44 mg, 0.10 mmol, 58%); 1H NMR (700 MHz, CDCl3): δ 7.60 (d, J = 7.0 Hz, 2H), 

7.52 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.0 Hz, 2H), 7.32 ~ 7.24 (m, 4H), 7.20 ~ 7.16 (m, 4H), 7.14 

~ 7.10 (m, 3H), 7.07 (t, J = 7.0 Hz, 1H), 6.79 (d, J = 7.7 Hz, 2H), 3.94 (d, J = 6.3 Hz, 1H), 3.61 

(d, J = 6.3 Hz, 1H); 13C NMR (175 MHz, CDCl3): δ 194.4, 152.5, 134.4, 133.8, 133.6, 131.5, 

129.3, 129.1, 128.9, 128.4, 128.2, 128.1, 128.0, 127.9, 127.5, 123.4, 123.1, 120.2, 115.6, 96.1, 

86.1, 52.7, 49.3; HRMS (EI-MS) m/z: [M]+ calcd. For C29H21NOS: 431.1344; found: 431.1343. 

 

Spectral data of ethyl 1-(2-(phenylethynyl)phenyl)aziridine-2-carboxylate (5a ): 

 

Compound 5a was purified on silica gel column using ethyl acetate/hexane: (15 : 85) as the eluent; 

Brown oil (26 mg, 0.12 mmol, 46%); 1H NMR (700 MHz, CDCl3): δ 7.55 (dd, J = 7.7, 2.1 Hz, 

2H), 7.47 (dd, J = 7.7, 0.7 Hz, 1H), 7.37 ~ 7.34 (m, 3H), 7.27 ~ 7.24 (m, 1H), 7.03 ~ 7.00 (m, 1H), 

6.94 (d, J = 8.4 Hz, 1H), 4.13 ~ 4.09 (m, 1H), 3.98 ~ 3.96 (m, 1H), 2.94 (q, J = 7.0 Hz, 1H), 2.74 

(q, J = 2.8 Hz, 1H), 2.50 (dd, J = 6.3, 1.4 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H) ; 13C NMR (175 MHz, 

CDCl3): δ 170.0, 153.2, 132.8, 131.6, 129.1, 128.3, 128.2, 123.3, 122.9, 119.9, 116.4, 95.6, 86.0, 

61.3, 38.5, 34.2, 13.9; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C19H17NO2Na: 314.1157, 

found: 314.1157. 
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Spectral data of ethyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate 

(4a): 

 

Compound 4a was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (54 mg, 0.15 mmol, 83%); 1H NMR (700 MHz, CDCl3): δ 7.88 (d, J = 7.7 Hz, 1H), 

7.64 (d, J = 7.7 Hz, 1H), 7.44 ~ 7.37 (m, 5H), 7.33 (t, J = 7.7 Hz, 1H), 7.27 (d, J = 7.7 Hz, 1H), 

7.19 ~ 7.11 (m, 3H), 7.04 (d, J = 7.0 Hz, 1H), 7.00 (s, 1H), 5.29 (d, J = 7.0 Hz, 1H), 4.88 (d, J = 

7.0 Hz, 1H), 3.89 ~ 3.84 (m, 1H), 3.77 ~ 3.72 (m, 1H), 0.88 (t, J = 7.0 Hz, 3H); 13C NMR (175 

MHz, CDCl3): δ 168.9, 137.0, 136.5, 135.2, 131.7, 130.2, 129.2, 128.9, 128.8, 128.1, 127.6, 127.3, 

127.3, 124.0, 122.2, 121.0, 120.7, 108.8, 98.1, 61.0, 59.4, 48.2, 13.6; HRMS (EI-MS) m/z: [M]+ 

calcd. for C25H21NO2: 367.1572; found: 367.1577. 

 

Spectral data of ethyl (5S,6R)-3-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4b): 

 

Compound 4b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (52 mg, 0.14 mmol, 81%); 1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 8.0 Hz, 1H), 

7.61 (d, J = 7.6 Hz, 1H), 7.43 ~ 7.36 (m, 5H), 7.25 (d, J = 7.2 Hz, 1H), 7.17 ~ 7.10 (m, 3H), 6.94 

(s, 1H), 6.84 (s, 1H), 5.25 (d, J = 6.8 Hz, 1H), 4.85 (d, J = 6.8 Hz, 1H), 3.88 ~ 3.84 (m, 1H), 3.79 

~ 3.72 (m, 1H), 2.25 (s, 3H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 168.9, 137.3, 

137.2, 136.4, 135.5, 131.6, 129.3, 128.8, 128.2, 128.1, 128.0, 126.2, 124.0, 121.9, 120.8, 120.6, 

108.8, 97.3, 60.9, 59.4, 48.3, 21.5, 13.7; one CH carbon merged with other peaks HRMS (EI-MS) 

m/z: [M]+ calcd. for  C26H23NO2: 381.1729; found: 381.1727. 

 



S21 
 

Spectral data of ethyl (5S,6R)-3-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4c): 

 

Compound 4c was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (49 mg, 0.12 mmol, 77%); 1H NMR (400 MHz, CDCl3): δ 7.78 (d, J = 8.4 Hz, 1H), 

7.63 (d, J = 7.0 Hz, 1H), 7.45 ~ 7.41 (m, 3H), 7.36 ~ 7.34 (m, 2H), 7.30 ~ 7.25 (m, 2H), 7.21 ~ 

7.17 (m, 1H), 7.13 ~ 7.11 (m, 1H),  7.02 (d, J = 0.8 Hz, 1H), 6.97 (s, 1H), 5.26 (d, J = 6.8 Hz, 1H), 

4.82 (d, J = 6.4 Hz, 1H), 3.91 ~ 3.80 (m, 1H), 3.78 ~ 3.74 (m, 1H), 0.89 (t, J = 7.2 Hz, 3H); 13C 

NMR (175 MHz, CDCl3): δ 168.7, 136.5, 136.2, 134.2, 133.6, 133.0, 130.0, 129.1, 128.4, 127.7, 

127.6, 127.5, 125.2, 122.6, 121.1, 120.9, 108.9, 98.5, 61.1, 59.2, 48.2, 13.7; one quaternary carbon 

merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 401.1183; found: 

401.1182. 

 

Spectral data of ethyl (5S,6R)-3-bromo-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4d): 

 

Compound 4d was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

off white solid (51 mg, 0.11 mmol, 82%); 1H NMR (700 MHz, CDCl3): δ 7.72 (d, J = 8.4 Hz, 1H), 

7.63 (d, J = 7.0 Hz, 1H), 7.46 ~ 7.41 (m, 4H), 7.35 (d, J = 7.0 Hz, 2H), 7.26 (d, J = 8.4 Hz, 1H), 

7.21 ~ 7.18 (m, 2H), 7.13 (d, J = 7.7 Hz, 1H), 6.98 (s, 1H), 5.26 (d, J = 7.0 Hz, 1H), 4.82 (d, J = 

7.0 Hz, 1H), 3.90 ~ 3.85 (m, 1H), 3.79 ~ 3.74 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (175 

MHz, CDCl3): δ 168.7, 136.5, 136.2, 134.2, 133.9, 130.5, 130.5, 129.1, 128.4, 127.9, 125.4, 122.6, 

121.1, 121.0, 120.9, 108.9, 98.6, 61.1, 59.2, 48.1, 13.7; one quaternary carbon and one CH carbon 

merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20BrNO2: 445.0677; found: 

445.0678. 
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Spectral data of ethyl (5S,6R)-3-methoxy-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4e): 

 

Compound 4e was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent; 

Yellow oil (44 mg, 0.11 mmol, 69%); 1H NMR (700 MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 1H), 

7.59 (d, J = 7.7 Hz, 1H), 7.43 ~ 7.37 (m, 5H), 7.25 ~ 7.23 (m, 1H), 7.15 ~ 7.09 (m, 2H), 6.88 ~ 

6.86 (m, 2H), 6.58 (d, J = 1.4 Hz, 1H), 5.25 (d, J = 7.0 Hz, 1H), 4.84 (d, J = 7.0 Hz, 1H), 3.88 ~ 

3.85 (m, 1H), 3.77 ~ 3.74 (m, 1H), 3.70 (s, 3H), 0.88 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, 

CDCl3): δ 168.9, 159.1, 136.9, 136.3, 135.4, 133.6, 130.2, 129.4, 128.8, 128.2, 125.4, 122.0, 121.7, 

120.6, 120.5, 113.8, 112.6, 108.7, 96.5, 61.0, 59.4, 55.2, 48.4, 13.7; HRMS (EI-MS) m/z: [M]+ 

calcd. for C26H23NO3: 397.1678; found: 397.1677. 

 

Spectral data of ethyl (5S,6R)-1-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4f): 

 

Compound 4f was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (52 mg, 0.14 mmol, 80%); 1H NMR (700 MHz, CDCl3): δ 7.75 (d, J = 7.7 Hz, 1H), 

7.62 ~ 7.60 (m, 1H), 7.23 ~ 7.21 (m, 1H), 7.11 (t, J = 2.8 Hz, 3H), 7.08 ~ 7.04 (m, 5H), 7.01 (d, J 

= 7.0 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 5.26 (d, J = 5.6 Hz, 1H), 4.74 (d, J = 5.6 Hz, 1H), 3.97 ~ 

3.93 (m, 1H), 3.76 ~ 3.72 (m, 1H), 2.18 (s, 3H), 0.85 (t, J = 7.7 Hz, 3H); 13C NMR (175 MHz, 

CDCl3): δ 169.0, 138.1, 137.5, 136.2, 136.1, 131.4, 130.0, 129.9, 129.4, 128.2, 127.6, 127.3, 122.4, 

121.6, 120.6, 120.4, 111.3, 98.5, 61.4, 60.9, 45.4, 19.5, 13.5; one quaternary carbon merged with 

other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C26H23NO2: 381.1729; found: 381.1734. 
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Spectral data of ethyl (4R,5R)-4-phenyl-4,5-dihydrothieno[3',2':3,4]pyrido[1,2-a]indole-5-

carboxylate (4g): 

 

Compound 4g was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent; 

Yellow oil (29 mg, 0.08 mmol, 44%); 1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 7.6 Hz, 1H), 

7.41 ~ 7.37 (m, 5H), 7.07 ~ 7.15 (m, 4H), 6.71 (d, J = 4.8 Hz, 2H), 5.28 (d, J = 8.0 Hz, 1H), 4.87 

(d, J = 7.6 Hz, 1H), 3.81 ~ 3.73 (m, 1H), 3.63 ~ 3.55 (m, 1H), 0.79 (t, J = 6.8 Hz, 3H); 13C NMR 

(175 MHz, CDCl3): δ 168.4, 137.5, 136.6, 133.1, 132.2, 129.8, 129.5, 128.7, 128.1, 127.3, 123.2, 

122.4, 120.9, 128.8, 128.7, 108.7, 97.7, 60.8, 60.2, 45.9, 13.5; one quaternary carbon merged with 

other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C23H19NO2S: 373.1136; found: 373.1140. 

 

Spectral data of ethyl (5S,6R)-5-(p-tolyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4j): 

 

Compound 4j was purified on silica gel column using ethyl acetate/hexane: 5 : 95) as the eluent; 

Yellow oil (44 mg, 0.12 mmol, 68%); 1H NMR (700 MHz, CDCl3): δ 7.88 (d, J = 7.7 Hz, 1H), 

7.65 (d, J = 7.7 Hz, 1H), 7.33 (s, J = 7.7 Hz, 1H), 7.29 ~ 7.24 (m, 5H), 7.20 ~ 7.13 (m, 3H), 7.06 

(d, J = 7.7 Hz, 1H), 7.00 (s, 1H), 5.28 (d, J = 7.0 Hz, 1H), 4.86 (d, J = 7.0 Hz, 1H), 3.91 ~ 3.89 

(m, 1H), 3.79 ~ 3.77 (m, 1H), 2.42 (s, 3H), 0.90 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): 

δ 168.9, 137.8, 136.4, 135.3, 133.9, 132.0, 130.1, 129.5, 129.2, 128.9, 127.6, 127.3, 127.2, 123.9, 

122.2, 120.9, 120.7, 108.9, 98.0, 61.0, 59.5, 47.9, 21.2, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for 

C26H23NO2: 381.1729; found: 381.1728. 
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Spectral data of ethyl (5S,6R)-5-(4-chlorophenyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4k): 

 

Compound 4k was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (50 mg, 0.12 mmol, 79%); 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 7.6 Hz, 1H), 

7.63 (d, J = 8.0 Hz, 1H), 7.42 ~ 7.39 (m, 2H), 7.35 ~ 7.24 (m, 4H), 7.20 ~ 7.11 (m, 3H), 6.99 ~ 

6.97 (m, 2H), 5.25 (d, J = 6.8 Hz, 1H), 4.86 (d, J = 6.8 Hz, 1H), 3.91 ~ 3.84 (m, 1H), 3.78 ~ 3.73 

(m, 1H), 0.91 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 168.7, 136.5, 135.7, 135.1, 

134.1, 131.6, 131.2, 129.2, 129.0, 128.8, 127.5, 127.4, 124.1, 122.3, 121.0, 120.8, 108.8, 98.3, 

61.1, 59.3, 47.6, 13.7; one CH carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. 

for C25H20ClNO2: 401.1183; found: 401.1181. 

 

Spectral data of ethyl (5S,6R)-5-(4-bromophenyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4l): 

 

Compound 4l was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (47 mg, 0.11 mmol, 76%); 1H NMR (700 MHz, CDCl3): δ 7.72 (d, J = 8.4 Hz, 1H), 

7.63 (d, J = 7.7 Hz, 1H), 7.44 ~ 7.43 (m, 4H), 7.34 (d, J = 5.6 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H),  

7.19 ~ 7.11 (m, 3H), 6.98 (s, 1H), 5.24 (d, J = 6.3 Hz, 1H), 4.83 (d, J = 6.3 Hz, 1H), 3.88 ~ 3.85 

(m, 1H), 3.78 ~ 3.75 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 168.7, 

136.5, 136.2, 134.3, 133.9, 130.5, 130.1, 129.1, 128.5, 127.9, 125.5, 122.6, 121.1, 120.9, 108.9, 

98.6, 61.2, 59.2, 48.1, 13.7; one quaternary and two CH carbon merged with other peaks; HRMS 

(EI-MS) m/z: [M]+ calcd. for C25H20BrNO2: 445.0677; found: 445.0674. 
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Spectral data of ethyl (5S,6R)-10-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4m): 

 

Compound 4m was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (49 mg, 0.13 mmol, 76%); 1H NMR (700 MHz, CDCl3): δ 7.85 (d, J = 7.7 Hz, 1H), 

7.42 ~ 7.36 (m, 6H), 7.30 (t, J = 7.7 Hz, 1H), 7.16 ~ 7.12 (m, 2H), 7.03 ~ 6.99 (m, 2H), 6.91 (s, 

1H), 5.24 (d, J = 7.0 Hz, 1H), 4.87 (d, J = 7.0 Hz, 1H), 3.87 ~ 3.83 (m, 1H), 3.75 ~ 3.70 (m, 1H), 

2.43 (s, 3H), 0.87 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 168.9, 137.2, 135.3, 134.9, 

131.7, 130.2, 130.0, 129.5, 129.0, 128.8, 128.1, 127.6, 127.3, 127.1, 123.9, 123.8, 120.6, 108.5, 

97.6, 60.9, 59.5, 48.2, 21.4, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for C26H23NO2: 381.1729; 

found: 381.1726. 

 

Spectral data of ethyl (5S,6R)-10-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4n): 

 

Compound 4n was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (44 mg, 0.11 mmol, 69%); 1H NMR (700 MHz, CDCl3): δ 7.85 (d, J = 7.7 Hz, 1H), 

7.59 (s, 1H), 7.43 ~ 7.35 (m, 5H), 7.33 (t, J = 7.7 Hz, 1H), 7.18 ~ 7.16 (m, 2H), 7.12 (d, J = 8.4 

Hz, 1H), 7.04 (d, J = 7.7 Hz, 1H), 6.92 (s, 1H), 5.23 (d, J = 7.0 Hz, 1H), 4.88 (d, J = 7.0 Hz, 1H), 

3.89 ~ 3.84 (m, 1H), 3.76 ~ 3.72 (m, 1H), 0.87 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCl3): 

δ 168.6, 136.8, 136.6, 134.9, 131.8, 130.3, 130.2, 128.9, 128.4, 128.2, 127.8, 127.7, 127.4, 126.3, 

124.1, 122.4, 120.3, 109.8, 97.6, 61.1, 59.5, 48.1, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for 

C25H20ClNO2: 401.1183; found: 401.1184. 
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Spectral data of ethyl (5S,6R)-9,10-dimethyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-

6-carboxylate (4o): 

 

 

Compound 4o was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (40 mg, 0.10 mmol, 62%); 1H NMR (700 MHz, CDCl3): δ 7.85 (d, J = 7.7 Hz, 1H), 

7.41 ~ 7.28 (m, 6H), 7.24 (d, J = 9.1 Hz, 1H), 7.11 (t, J = 7.7 Hz, 1H), 6.97 (t, J = 7.7 Hz, 1H), 

6.93 (s, 1H), 6.71 (s, 1H), 5.64 (d, J = 6.3 Hz, 1H), 4.92 (d, J = 6.3 Hz, 1H), 3.89 ~ 3.84 (m, 1H), 

3.71 ~ 3.67 (m, 1H), 2.63 (s, 3H), 2.36 (s, 3H), 0.85 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, 

CDCl3): δ 169.4, 137.4, 136.2, 134.0, 131.2, 130.3, 130.0, 129.4, 128.1, 127.4, 127.3, 127.2, 126.9, 

123.7, 120.4, 118.6, 98.9, 61.5, 60.8, 49.1, 21.1, 19.9, 13.7; two CH carbon merged with other 

peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C27H25NO2: 395.1885; found: 395.1889. 

 

Spectral data of ethyl (5S,6R)-10-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4p): 

 

Compound 4p was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (46 mg, 0.11 mmol, 72%); 1H NMR (500 MHz, CDCl3): δ 7.84 (d, J = 8.0 Hz, 1H), 

7.52 (d, J = 8.5 Hz, 1H), 7.44 ~ 7.30 (m, 6H), 7.25 (d, J = 6.0 Hz, 1H), 7.18 ~ 7.15 (m, 1H), 7.08 

~ 7.04 (m, 2H), 6.94 (s, 1H), 5.20 (d, J = 7.0 Hz, 1H), 4.87 (d, J = 7.0 Hz, 1H), 3.91 ~ 3.85 (m, 

1H), 3.79 ~ 3.72 (m, 1H), 0.88 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 168.6, 136.9, 

136.8, 136.1, 131.7, 130.2, 128.8, 128.5, 128.2, 128.1, 127.8, 127.7, 127.6, 127.4, 124.0, 121.7, 

121.4, 109.0, 98.0, 61.2, 59.5, 48.2, 13.6; HRMS (EI-MS) m/z: [M]+ calcd. for C25H20ClNO2: 

401.1183; found: 401.1185. 
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Spectral data of tert-butyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4q): 

 

Compound 4q was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (55 mg, 0.14 mmol, 78%); 1H NMR (700 MHz, CDCl3): δ 7.85 (d, J = 7.7 Hz, 1H), 

7.62 (d, J = 7.7 Hz, 1H), 7.44 ~ 7.39 (m, 5H), 7.31 ~ 7.28 (m, 2H), 7.18 ~ 7.09 (m, 3H), 7.04 (d, J 

= 8.4 Hz, 1H), 6.98 (s, 1H), 5.16 (d, J = 7.0 Hz, 1H), 4.83 (d, J = 6.3 Hz, 1H), 1.07 (s, 9H); 13C 

NMR (175 MHz, CDCl3): δ 167.8, 137.0, 136.5, 135.3, 132.1, 130.6, 129.2, 128.9, 128.8, 128.0, 

127.4, 127.2, 127.1, 123.9, 122.1, 120.9, 120.6, 109.0, 98.0, 82.2, 60.5, 48.1, 27.7; HRMS (EI-

MS) m/z: [M]+ calcd. for C27H25NO2: 395.1885; found: 395.1880. 

 

Spectral data of isobutyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4r): 

 

Compound 4r was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (53 mg, 0.13 mmol, 75%); 1H NMR (700 MHz, CDCl3): δ 7.87 (d, J = 7.7 Hz, 1H), 

7.63 (d, J = 7.7 Hz, 1H), 7.43 ~ 7.35 (m, 5H), 7.32 ~ 7.28 (m, 2H), 7.19 ~ 7.11 (m, 3H), 7.03 (d, J 

= 7.7 Hz, 1H), 6.99 (s, 1H), 5.30 (d, J = 7.0 Hz, 1H), 4.88 (d, J = 7.0 Hz, 1H), 3.61 (q, J = 6.3 Hz, 

1H), 3.45 (q, J = 6.3 Hz, 1H), 1.54 ~ 1.49 (m, 1H), 0.53 (d, J = 7.0 Hz, 6H); 13C NMR (175 MHz, 

CDCl3): δ 168.8, 136.9, 136.5, 135.2, 132.0, 130.1, 129.2, 128.9, 128.9, 128.2, 127.6, 127.3, 127.2, 

123.9, 122.3, 120.9, 120.7, 108.9, 98.1, 71.2, 59.8, 48.2, 27.1, 18.6; HRMS (EI-MS) m/z: [M]+ 

calcd. for C27H25NO2: 395.1885; found: 395.1882. 

 

 



S28 
 

Spectral data of benzyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4s): 

 

Compound 4s was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (62 mg, 0.14 mmol, 81%); 1H NMR (700 MHz, CDCl3): δ 7.87 (d, J = 7.7 Hz, 1H), 

7.62 (d, J = 7.7 Hz, 1H), 7.34 ~ 7.32 (m, 4H), 7.26 ~ 7.19 (m, 4H), 7.16 ~ 7.09 (m, 5H), 7.00 ~ 

6.99 (m, 2H), 6.19 (d, J = 7.0 Hz, 2H), 5.33 (d, J = 7.0 Hz, 1H), 4.88 (t, J = 6.3 Hz, 2H), 5.66 (d, 

J = 12.6 Hz, 1H) ; 13C NMR (175 MHz, CDCl3): δ 168.6, 136.8, 136.5, 135.2, 134.8, 131.8, 130.1, 

130.0, 129.2, 128.9, 128.3, 128.2, 128.0, 127.8, 127.7, 127.4, 124.1, 122.3, 121.0, 120.8, 109.0, 

98.2, 66.6, 59.7, 48.3; one CH carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. 

for C30H23NO2: 429.1729; found: 429.1726 

 

Spectral data of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate ( 5b): 

 

Compound 5b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent; 

Yellow oil (52 mg, 0.18 mmol, 76%); 1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 7.6 Hz, 1H), 

7.61 (d, J = 8.0 Hz, 1H), 7.38 ~ 7.35 (m, 3H), 7.29 ~ 7.25 (m, 1H), 7.22 ~ 7.19 (m, 1H), 7.09 (t, J 

= 7.2 Hz, 1H), 6.86 (s, 1H), 4.82 (dd, J = 12.4, 4.0 Hz, 1H), 4.22 (dd, J = 12.4, 4.8 Hz, 1H), 4.10 

~ 4.02 (m, 3H), 1.10 (t, J = 7.2 Hz, 3H); 13C NMR (175 MHz, CDCl3): δ 171.2, 136.9, 134.7, 

129.4, 129.2, 128.8, 128.7, 128.4, 127.5, 124.6, 122.0, 120.8, 120.0, 109.0, 97.1, 61.5, 45.1, 42.0, 

14.0; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C19H17NO2Na: 314.1157, found: 314.1163. 

 

Spectral data of (5,6-dihydroindolo[2,1-a]isoquinolin-6-yl)methanol (5c ): 
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Compound 5c was purified on silica gel column using ethyl acetate/hexane: (30 : 70) as the eluent; 

Yellow oil (36 mg, 0.14 mmol, 84%); 1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 8.0 Hz, 1H), 

7.63 ~ 7.61 (m, 1H), 7.38 ~ 7.24 (m, 4H), 7.23 ~ 7.18 (m, 1H), 7.11 ~ 7.07 (m, 1H), 6.86 (s, 1H), 

4.66 (dd, J = 12.4, 2.0 Hz, 1H), 4.07 (dd, J = 12.4, 4.4 Hz, 1H), 3.65 (q, J = 6.4 Hz, 1H), 3.55 (q, 

J = 9.2 Hz, 1H), 3.35 ~ 3.32 (m, 1H), 1.24 (broad s, 1H), ; 13C NMR (175 MHz, CDCl3): δ 137.1, 

134.8, 132.3, 128.9, 128.8, 128.7, 127.9, 127.6, 124.6, 121.8, 120.7, 119.9, 109.0, 96.7, 63.7, 41.8, 

40.6 ; HRMS (ESI-TOF) m/z: [M+H]+ calcd. for C17H15NO: 250.1232, found: 250.1229. 

 

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline-6-carbaldehyde ( 5d ): 

  

Compound 5d was purified on silica gel column using ethyl acetate/hexane: (20 : 80) as the eluent; 

Yellow oil (29 mg, 0.12 mmol, 68%); 1H NMR (700 MHz, CDCl3): δ 9.62 (s, 1H), 7.83 (d, J = 8.4 

Hz, 1H), 7.61 (d, J = 7.7 Hz, 1H), 7.43 ~ 7.39 (m, 3H), 7.34 (t, J = 7.0 Hz, 1H), 7.24 (t, J = 6.3 

Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.89 (s, 1H), 4.98 (dd, J = 11.9, 2.1 Hz, 1H), 4.17 (dd, J = 12.6, 

4.9 Hz, 1H), 3.86 (d, J = 4.2 Hz, 1H); 13C NMR (175 MHz, CDCl3): δ 198.5, 137.1, 134.1, 129.3, 

129.3, 128.9, 128.8, 128.0, 126.8, 124.8, 122.3, 120.9, 120.3, 109.1, 97.6, 51.8, 39.3 ; HRMS (ESI-

TOF) m/z: [M+H]+ calcd. for C17H14NO: 248.1075, found: 248.1077. 

 

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline ( 5e ): 

 

Compound 5e was purified on silica gel column using ethyl acetate/hexane: (05 : 95) as the eluent; 

white solid (38 mg, 0.17 mmol, 85%); 1H NMR (700 MHz, CDCl3): δ 7.78 (d, J = 7.7 Hz, 1H), 
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7.66 (d, J = 7.7 Hz, 1H), 7.36 ~ 7.32 (m, 2H), 7.29 ~ 7.22 (m, 3H), 7.13 (t, J = 7.7 Hz, 1H), 6.90 

(s, 1H), 4.28 (t, J = 7.0 Hz, 2H), 3.22 (t, J = 7.0 Hz, 1H); 13C NMR (175 MHz, CDCl3): δ 136.6, 

135.6, 132.1, 129.0, 128.8, 128.3, 127.4, 127.2, 124.4, 121.6, 120.7, 119.9, 108.9, 96.4, 40.1, 29.1 

; ; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C16H13N: 242.0946 found: 242.0945. 

 

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline-12-carbaldehyde ( 5f ): 

 

 

Compound 5f was purified on silica gel column using ethyl acetate/hexane: (20 : 80) as the eluent; 

Yellow oil (46 mg, 0.18 mmol, 81%); 1H NMR (700 MHz, CDCl3): δ 10.50 (s, 1H), 8.44 (d, J = 

7.7 Hz, 1H), 7.96 ~ 7.94 (m, 1H), 7.42 ~ 7.36 (m, 4H), 7.34 ~ 7.29 (m, 2H), 4.24 (t, J = 6.3 Hz, 

2H), 3.17 (t, J = 6.3 Hz, 2H) ; 13C NMR (175 MHz, CDCl3): δ 185.5, 142.9, 135.7, 134.9, 129.9, 

129.0, 128.5, 127.8, 127.1, 126.7, 124.0, 123.2, 122.3, 113.4, 109.1, 40.1, 29.2 ; HRMS (ESI-

TOF) m/z: [M+Na]+ calcd. for C17H13NONa: 270.0895, found: 270.0895. 
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4. X-ray crystallographic structure and data for compound 3d and 4d:   

(a) X-ray crystallographic data of compound (3d). 

Ellipsoid contour % probability level = 50%  

Experimental: The sample was dissolved in appropriate amount of methanol followed by the 

addition of pentane to furnish a saturated solution. Afterwards, the mixture was allowed to stand 

at room temperature to form the crystals. 

 

 

   

 

 

 

 

Table 1.  Crystal data and structure refinement for 201138lt_0m_a. 

Identification code  201138LT_0m_a 

Empirical formula  C25 H20 Br N O2 

Formula weight  446.33 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 10.0729(4) Å = 94.217(2)°. 

 b = 11.4073(5) Å = 90.628(2)°. 

 c = 18.7007(7) Å  = 100.546(2)°. 

Volume 2106.13(15) Å3 

Z 4 
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Density (calculated) 1.408 Mg/m3 

Absorption coefficient 1.972 mm-1 

F(000) 912 

Crystal size 0.10 x 0.06 x 0.01 mm3 

Theta range for data collection 1.092 to 26.439°. 

Index ranges -12<=h<=12, -14<=k<=14, -23<=l<=23 

Reflections collected 36201 

Independent reflections 8663 [R(int) = 0.0270] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7454 and 0.6763 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8663 / 0 / 525 

Goodness-of-fit on F2 1.029 

Final R indices [I>2sigma(I)] R1 = 0.0358, wR2 = 0.0885 

R indices (all data) R1 = 0.0591, wR2 = 0.0986 

Extinction coefficient n/a 

Largest diff. peak and hole 0.386 and -0.301 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 201138lt_0m_a.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Br(1) 5910(1) 8312(1) -1121(1) 65(1) 

Br(2) 10863(1) 8456(1) 6483(1) 80(1) 

C(1) 5963(2) 8337(2) -104(1) 49(1) 

C(2) 4830(2) 8485(2) 269(1) 63(1) 

C(3) 4860(3) 8474(2) 1007(1) 64(1) 

C(4) 6014(2) 8316(2) 1374(1) 49(1) 

C(5) 7147(2) 8185(2) 982(1) 54(1) 

C(6) 7118(2) 8197(2) 245(1) 54(1) 

C(7) 6007(2) 8258(2) 2140(1) 55(1) 

C(8) 5939(2) 8154(2) 2771(1) 54(1) 

C(9) 5786(2) 7961(2) 3515(1) 48(1) 

C(10) 5318(2) 6813(2) 3729(1) 43(1) 

C(11) 5174(2) 6645(2) 4455(1) 51(1) 

C(12) 5500(2) 7595(2) 4965(1) 57(1) 

C(13) 5961(3) 8726(2) 4760(1) 61(1) 

C(14) 6093(3) 8903(2) 4048(1) 58(1) 

C(15) 3908(2) 4894(2) 3228(1) 45(1) 

C(16) 4050(2) 3620(2) 3150(1) 46(1) 

C(17) 5278(2) 3260(2) 3038(1) 54(1) 

C(18) 5337(3) 2051(3) 2979(1) 65(1) 

C(19) 4175(3) 1205(2) 3023(1) 67(1) 

C(20) 2970(3) 1560(2) 3133(1) 66(1) 

C(21) 2900(2) 2755(2) 3199(1) 56(1) 

C(22) 4124(2) 5741(2) 2636(1) 44(1) 

C(23) 4581(2) 5370(2) 1913(1) 46(1) 

C(24) 3985(3) 5114(3) 688(1) 70(1) 

C(25) 2804(3) 5121(4) 225(2) 104(1) 

C(26) 10913(2) 8377(2) 5469(1) 57(1) 

C(27) 12080(3) 8232(2) 5136(1) 61(1) 

C(28) 12132(3) 8196(2) 4396(1) 60(1) 

C(29) 11011(2) 8305(2) 3987(1) 53(1) 
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C(30) 9833(3) 8434(3) 4338(2) 72(1) 

C(31) 9782(3) 8472(3) 5075(2) 74(1) 

C(32) 11052(3) 8259(2) 3218(1) 56(1) 

C(33) 11026(2) 8186(2) 2580(1) 53(1) 

C(34) 10909(2) 8041(2) 1809(1) 46(1) 

C(35) 11267(2) 9008(2) 1391(1) 57(1) 

C(36) 11143(3) 8870(2) 658(2) 63(1) 

C(37) 10640(2) 7753(2) 318(1) 58(1) 

C(38) 10275(2) 6790(2) 720(1) 48(1) 

C(39) 10406(2) 6912(2) 1461(1) 40(1) 

C(40) 8935(2) 5011(2) 1740(1) 43(1) 

C(41) 9039(2) 3728(2) 1691(1) 42(1) 

C(42) 7865(2) 2881(2) 1571(1) 51(1) 

C(43) 7910(3) 1678(2) 1529(1) 59(1) 

C(44) 9124(3) 1308(2) 1599(1) 58(1) 

C(45) 10296(3) 2142(2) 1712(1) 58(1) 

C(46) 10257(2) 3346(2) 1758(1) 51(1) 

C(47) 9167(2) 5818(2) 2425(1) 43(1) 

C(48) 9598(2) 5388(2) 3109(1) 47(1) 

C(49) 8970(3) 5060(3) 4290(1) 85(1) 

C(50) 7835(4) 5085(4) 4738(2) 114(1) 

N(1) 5108(2) 5823(2) 3219(1) 43(1) 

N(2) 10150(2) 5904(2) 1864(1) 40(1) 

O(1) 3632(2) 5411(2) 1424(1) 60(1) 

O(2) 5633(2) 5080(2) 1777(1) 64(1) 

O(3) 8641(2) 5411(2) 3584(1) 67(1) 

O(4) 10633(2) 5074(2) 3226(1) 68(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  201138lt_0m_a. 

_____________________________________________________  

Br(1)-C(1)  1.900(2) 

Br(2)-C(26)  1.892(2) 

C(1)-C(6)  1.368(3) 

C(1)-C(2)  1.374(3) 

C(2)-C(3)  1.381(3) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.390(3) 

C(3)-H(3)  0.9500 

C(4)-C(5)  1.387(3) 

C(4)-C(7)  1.440(3) 

C(5)-C(6)  1.379(3) 

C(5)-H(5)  0.9500 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.196(3) 

C(8)-C(9)  1.430(3) 

C(9)-C(10)  1.398(3) 

C(9)-C(14)  1.400(3) 

C(10)-C(11)  1.391(3) 

C(10)-N(1)  1.408(3) 

C(11)-C(12)  1.378(3) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.374(4) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.365(3) 

C(13)-H(13)  0.9500 

C(14)-H(14)  0.9500 

C(15)-N(1)  1.455(3) 

C(15)-C(16)  1.484(3) 

C(15)-C(22)  1.514(3) 

C(15)-H(15)  1.0000 

C(16)-C(21)  1.386(3) 

C(16)-C(17)  1.386(3) 

C(17)-C(18)  1.387(3) 

C(17)-H(17)  0.9500 
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C(18)-C(19)  1.381(4) 

C(18)-H(18)  0.9500 

C(19)-C(20)  1.361(4) 

C(19)-H(19)  0.9500 

C(20)-C(21)  1.374(4) 

C(20)-H(20)  0.9500 

C(21)-H(21)  0.9500 

C(22)-N(1)  1.451(3) 

C(22)-C(23)  1.491(3) 

C(22)-H(22)  1.0000 

C(23)-O(2)  1.191(3) 

C(23)-O(1)  1.324(3) 

C(24)-O(1)  1.456(3) 

C(24)-C(25)  1.465(4) 

C(24)-H(24A)  0.9900 

C(24)-H(24B)  0.9900 

C(25)-H(25A)  0.9800 

C(25)-H(25B)  0.9800 

C(25)-H(25C)  0.9800 

C(26)-C(27)  1.367(3) 

C(26)-C(31)  1.375(4) 

C(27)-C(28)  1.383(3) 

C(27)-H(27)  0.9500 

C(28)-C(29)  1.387(3) 

C(28)-H(28)  0.9500 

C(29)-C(30)  1.389(4) 

C(29)-C(32)  1.436(3) 

C(30)-C(31)  1.379(4) 

C(30)-H(30)  0.9500 

C(31)-H(31)  0.9500 

C(32)-C(33)  1.190(3) 

C(33)-C(34)  1.439(3) 

C(34)-C(35)  1.395(3) 

C(34)-C(39)  1.404(3) 

C(35)-C(36)  1.371(4) 

C(35)-H(35)  0.9500 
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C(36)-C(37)  1.386(4) 

C(36)-H(36)  0.9500 

C(37)-C(38)  1.374(3) 

C(37)-H(37)  0.9500 

C(38)-C(39)  1.384(3) 

C(38)-H(38)  0.9500 

C(39)-N(2)  1.407(3) 

C(40)-N(2)  1.446(3) 

C(40)-C(41)  1.482(3) 

C(40)-C(47)  1.512(3) 

C(40)-H(40)  1.0000 

C(41)-C(46)  1.383(3) 

C(41)-C(42)  1.388(3) 

C(42)-C(43)  1.377(3) 

C(42)-H(42)  0.9500 

C(43)-C(44)  1.373(4) 

C(43)-H(43)  0.9500 

C(44)-C(45)  1.377(3) 

C(44)-H(44)  0.9500 

C(45)-C(46)  1.378(3) 

C(45)-H(45)  0.9500 

C(46)-H(46)  0.9500 

C(47)-N(2)  1.447(3) 

C(47)-C(48)  1.491(3) 

C(47)-H(47)  1.0000 

C(48)-O(4)  1.185(3) 

C(48)-O(3)  1.320(3) 

C(49)-C(50)  1.429(4) 

C(49)-O(3)  1.460(3) 

C(49)-H(49A)  0.9900 

C(49)-H(49B)  0.9900 

C(50)-H(50A)  0.9800 

C(50)-H(50B)  0.9800 

C(50)-H(50C)  0.9800 

 

C(6)-C(1)-C(2) 121.1(2) 
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C(6)-C(1)-Br(1) 119.76(17) 

C(2)-C(1)-Br(1) 119.17(18) 

C(1)-C(2)-C(3) 119.1(2) 

C(1)-C(2)-H(2) 120.5 

C(3)-C(2)-H(2) 120.5 

C(2)-C(3)-C(4) 121.0(2) 

C(2)-C(3)-H(3) 119.5 

C(4)-C(3)-H(3) 119.5 

C(5)-C(4)-C(3) 118.5(2) 

C(5)-C(4)-C(7) 121.4(2) 

C(3)-C(4)-C(7) 120.1(2) 

C(6)-C(5)-C(4) 120.6(2) 

C(6)-C(5)-H(5) 119.7 

C(4)-C(5)-H(5) 119.7 

C(1)-C(6)-C(5) 119.8(2) 

C(1)-C(6)-H(6) 120.1 

C(5)-C(6)-H(6) 120.1 

C(8)-C(7)-C(4) 176.1(3) 

C(7)-C(8)-C(9) 176.1(3) 

C(10)-C(9)-C(14) 118.0(2) 

C(10)-C(9)-C(8) 120.4(2) 

C(14)-C(9)-C(8) 121.6(2) 

C(11)-C(10)-C(9) 119.5(2) 

C(11)-C(10)-N(1) 120.2(2) 

C(9)-C(10)-N(1) 120.05(18) 

C(12)-C(11)-C(10) 120.8(2) 

C(12)-C(11)-H(11) 119.6 

C(10)-C(11)-H(11) 119.6 

C(13)-C(12)-C(11) 120.2(2) 

C(13)-C(12)-H(12) 119.9 

C(11)-C(12)-H(12) 119.9 

C(14)-C(13)-C(12) 119.5(2) 

C(14)-C(13)-H(13) 120.2 

C(12)-C(13)-H(13) 120.2 

C(13)-C(14)-C(9) 122.0(2) 

C(13)-C(14)-H(14) 119.0 
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C(9)-C(14)-H(14) 119.0 

N(1)-C(15)-C(16) 119.40(18) 

N(1)-C(15)-C(22) 58.46(13) 

C(16)-C(15)-C(22) 124.86(17) 

N(1)-C(15)-H(15) 114.2 

C(16)-C(15)-H(15) 114.2 

C(22)-C(15)-H(15) 114.2 

C(21)-C(16)-C(17) 118.9(2) 

C(21)-C(16)-C(15) 118.2(2) 

C(17)-C(16)-C(15) 123.0(2) 

C(16)-C(17)-C(18) 119.8(2) 

C(16)-C(17)-H(17) 120.1 

C(18)-C(17)-H(17) 120.1 

C(19)-C(18)-C(17) 120.3(2) 

C(19)-C(18)-H(18) 119.8 

C(17)-C(18)-H(18) 119.8 

C(20)-C(19)-C(18) 119.8(2) 

C(20)-C(19)-H(19) 120.1 

C(18)-C(19)-H(19) 120.1 

C(19)-C(20)-C(21) 120.5(3) 

C(19)-C(20)-H(20) 119.7 

C(21)-C(20)-H(20) 119.7 

C(20)-C(21)-C(16) 120.7(2) 

C(20)-C(21)-H(21) 119.6 

C(16)-C(21)-H(21) 119.6 

N(1)-C(22)-C(23) 115.63(18) 

N(1)-C(22)-C(15) 58.74(13) 

C(23)-C(22)-C(15) 121.97(19) 

N(1)-C(22)-H(22) 116.0 

C(23)-C(22)-H(22) 116.0 

C(15)-C(22)-H(22) 116.0 

O(2)-C(23)-O(1) 123.7(2) 

O(2)-C(23)-C(22) 126.5(2) 

O(1)-C(23)-C(22) 109.71(18) 

O(1)-C(24)-C(25) 107.9(2) 

O(1)-C(24)-H(24A) 110.1 
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C(25)-C(24)-H(24A) 110.1 

O(1)-C(24)-H(24B) 110.1 

C(25)-C(24)-H(24B) 110.1 

H(24A)-C(24)-H(24B) 108.4 

C(24)-C(25)-H(25A) 109.5 

C(24)-C(25)-H(25B) 109.5 

H(25A)-C(25)-H(25B) 109.5 

C(24)-C(25)-H(25C) 109.5 

H(25A)-C(25)-H(25C) 109.5 

H(25B)-C(25)-H(25C) 109.5 

C(27)-C(26)-C(31) 120.6(2) 

C(27)-C(26)-Br(2) 119.47(19) 

C(31)-C(26)-Br(2) 119.90(19) 

C(26)-C(27)-C(28) 119.8(2) 

C(26)-C(27)-H(27) 120.1 

C(28)-C(27)-H(27) 120.1 

C(27)-C(28)-C(29) 120.8(2) 

C(27)-C(28)-H(28) 119.6 

C(29)-C(28)-H(28) 119.6 

C(28)-C(29)-C(30) 118.3(2) 

C(28)-C(29)-C(32) 121.1(2) 

C(30)-C(29)-C(32) 120.5(2) 

C(31)-C(30)-C(29) 120.9(2) 

C(31)-C(30)-H(30) 119.5 

C(29)-C(30)-H(30) 119.5 

C(26)-C(31)-C(30) 119.6(2) 

C(26)-C(31)-H(31) 120.2 

C(30)-C(31)-H(31) 120.2 

C(33)-C(32)-C(29) 176.8(3) 

C(32)-C(33)-C(34) 176.1(3) 

C(35)-C(34)-C(39) 118.4(2) 

C(35)-C(34)-C(33) 121.5(2) 

C(39)-C(34)-C(33) 120.2(2) 

C(36)-C(35)-C(34) 121.4(2) 

C(36)-C(35)-H(35) 119.3 

C(34)-C(35)-H(35) 119.3 
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C(35)-C(36)-C(37) 119.9(2) 

C(35)-C(36)-H(36) 120.0 

C(37)-C(36)-H(36) 120.0 

C(38)-C(37)-C(36) 119.6(2) 

C(38)-C(37)-H(37) 120.2 

C(36)-C(37)-H(37) 120.2 

C(37)-C(38)-C(39) 121.2(2) 

C(37)-C(38)-H(38) 119.4 

C(39)-C(38)-H(38) 119.4 

C(38)-C(39)-C(34) 119.6(2) 

C(38)-C(39)-N(2) 120.76(19) 

C(34)-C(39)-N(2) 119.47(18) 

N(2)-C(40)-C(41) 119.08(17) 

N(2)-C(40)-C(47) 58.51(12) 

C(41)-C(40)-C(47) 123.94(18) 

N(2)-C(40)-H(40) 114.6 

C(41)-C(40)-H(40) 114.6 

C(47)-C(40)-H(40) 114.6 

C(46)-C(41)-C(42) 119.0(2) 

C(46)-C(41)-C(40) 122.56(19) 

C(42)-C(41)-C(40) 118.49(19) 

C(43)-C(42)-C(41) 120.6(2) 

C(43)-C(42)-H(42) 119.7 

C(41)-C(42)-H(42) 119.7 

C(44)-C(43)-C(42) 120.0(2) 

C(44)-C(43)-H(43) 120.0 

C(42)-C(43)-H(43) 120.0 

C(43)-C(44)-C(45) 119.8(2) 

C(43)-C(44)-H(44) 120.1 

C(45)-C(44)-H(44) 120.1 

C(44)-C(45)-C(46) 120.4(2) 

C(44)-C(45)-H(45) 119.8 

C(46)-C(45)-H(45) 119.8 

C(45)-C(46)-C(41) 120.2(2) 

C(45)-C(46)-H(46) 119.9 

C(41)-C(46)-H(46) 119.9 
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N(2)-C(47)-C(48) 115.72(17) 

N(2)-C(47)-C(40) 58.48(12) 

C(48)-C(47)-C(40) 121.80(18) 

N(2)-C(47)-H(47) 116.1 

C(48)-C(47)-H(47) 116.1 

C(40)-C(47)-H(47) 116.1 

O(4)-C(48)-O(3) 123.9(2) 

O(4)-C(48)-C(47) 126.6(2) 

O(3)-C(48)-C(47) 109.44(19) 

C(50)-C(49)-O(3) 108.6(2) 

C(50)-C(49)-H(49A) 110.0 

O(3)-C(49)-H(49A) 110.0 

C(50)-C(49)-H(49B) 110.0 

O(3)-C(49)-H(49B) 110.0 

H(49A)-C(49)-H(49B) 108.3 

C(49)-C(50)-H(50A) 109.5 

C(49)-C(50)-H(50B) 109.5 

H(50A)-C(50)-H(50B) 109.5 

C(49)-C(50)-H(50C) 109.5 

H(50A)-C(50)-H(50C) 109.5 

H(50B)-C(50)-H(50C) 109.5 

C(10)-N(1)-C(22) 120.50(17) 

C(10)-N(1)-C(15) 121.10(16) 

C(22)-N(1)-C(15) 62.80(13) 

C(39)-N(2)-C(40) 121.14(16) 

C(39)-N(2)-C(47) 121.10(16) 

C(40)-N(2)-C(47) 63.02(13) 

C(23)-O(1)-C(24) 114.90(18) 

C(48)-O(3)-C(49) 114.67(19) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for 201138lt_0m_a.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 63(1)  81(1) 47(1)  11(1) 3(1)  4(1) 

Br(2) 71(1)  113(1) 53(1)  7(1) 7(1)  8(1) 

C(1) 52(1)  48(1) 44(1)  9(1) 4(1)  3(1) 

C(2) 49(1)  84(2) 59(2)  19(1) 6(1)  19(1) 

C(3) 57(2)  85(2) 56(1)  17(1) 17(1)  24(1) 

C(4) 60(1)  39(1) 48(1)  7(1) 5(1)  6(1) 

C(5) 49(1)  58(2) 54(1)  10(1) -2(1)  10(1) 

C(6) 45(1)  64(2) 55(1)  7(1) 7(1)  12(1) 

C(7) 64(2)  46(1) 54(1)  7(1) 4(1)  4(1) 

C(8) 60(1)  47(1) 53(1)  6(1) 4(1)  4(1) 

C(9) 48(1)  51(1) 44(1)  2(1) 0(1)  9(1) 

C(10) 39(1)  50(1) 41(1)  2(1) 0(1)  10(1) 

C(11) 54(1)  57(1) 43(1)  8(1) 1(1)  13(1) 

C(12) 60(2)  74(2) 38(1)  0(1) -3(1)  17(1) 

C(13) 63(2)  64(2) 53(1)  -13(1) -6(1)  9(1) 

C(14) 63(2)  49(1) 58(1)  -2(1) -1(1)  6(1) 

C(15) 43(1)  53(1) 40(1)  3(1) 6(1)  9(1) 

C(16) 51(1)  51(1) 34(1)  4(1) 1(1)  8(1) 

C(17) 52(1)  63(2) 49(1)  10(1) 5(1)  12(1) 

C(18) 77(2)  72(2) 54(1)  10(1) 7(1)  32(2) 

C(19) 95(2)  52(2) 53(1)  1(1) -4(1)  17(2) 

C(20) 73(2)  54(2) 66(2)  3(1) -7(1)  -3(1) 

C(21) 51(1)  57(2) 57(1)  2(1) -3(1)  4(1) 

C(22) 44(1)  49(1) 41(1)  3(1) 1(1)  11(1) 

C(23) 47(1)  48(1) 42(1)  4(1) 0(1)  6(1) 

C(24) 77(2)  92(2) 43(1)  -6(1) -2(1)  30(2) 

C(25) 86(2)  169(4) 62(2)  -17(2) -18(2)  49(2) 

C(26) 55(1)  61(2) 50(1)  0(1) 4(1)  3(1) 

C(27) 52(1)  74(2) 56(1)  -3(1) -5(1)  8(1) 

C(28) 52(1)  67(2) 59(2)  -7(1) 4(1)  6(1) 

C(29) 58(2)  42(1) 55(1)  -6(1) -3(1)  3(1) 
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C(30) 61(2)  93(2) 62(2)  -3(2) -9(1)  20(2) 

C(31) 56(2)  102(2) 64(2)  -2(2) 4(1)  21(2) 

C(32) 65(2)  43(1) 55(2)  -5(1) -4(1)  1(1) 

C(33) 55(1)  40(1) 60(2)  -2(1) -1(1)  2(1) 

C(34) 42(1)  44(1) 53(1)  4(1) 3(1)  8(1) 

C(35) 58(1)  43(1) 70(2)  10(1) 9(1)  8(1) 

C(36) 60(2)  58(2) 76(2)  29(1) 13(1)  12(1) 

C(37) 56(1)  75(2) 47(1)  16(1) 10(1)  17(1) 

C(38) 47(1)  52(1) 46(1)  3(1) 4(1)  11(1) 

C(39) 35(1)  44(1) 45(1)  6(1) 3(1)  11(1) 

C(40) 41(1)  45(1) 43(1)  4(1) -2(1)  6(1) 

C(41) 45(1)  41(1) 38(1)  2(1) 0(1)  5(1) 

C(42) 44(1)  49(1) 60(1)  2(1) 2(1)  7(1) 

C(43) 54(1)  46(1) 71(2)  2(1) 4(1)  -4(1) 

C(44) 73(2)  41(1) 62(2)  4(1) 3(1)  12(1) 

C(45) 58(2)  54(2) 65(2)  0(1) -1(1)  20(1) 

C(46) 45(1)  51(1) 55(1)  0(1) -3(1)  6(1) 

C(47) 42(1)  43(1) 43(1)  2(1) 0(1)  9(1) 

C(48) 50(1)  46(1) 45(1)  3(1) 2(1)  7(1) 

C(49) 91(2)  120(3) 54(2)  33(2) 15(2)  34(2) 

C(50) 97(3)  184(4) 79(2)  53(2) 32(2)  57(3) 

N(1) 45(1)  46(1) 38(1)  2(1) 2(1)  6(1) 

N(2) 41(1)  38(1) 41(1)  3(1) 0(1)  4(1) 

O(1) 55(1)  86(1) 41(1)  -3(1) -2(1)  21(1) 

O(2) 56(1)  88(1) 52(1)  -1(1) 7(1)  26(1) 

O(3) 60(1)  97(1) 50(1)  21(1) 10(1)  24(1) 

O(4) 61(1)  91(1) 59(1)  17(1) -2(1)  28(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 201138lt_0m_a. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2) 4037 8594 22 75 

H(3) 4080 8576 1268 77 

H(5) 7949 8087 1224 64 

H(6) 7898 8108 -19 65 

H(11) 4848 5867 4602 61 

H(12) 5405 7466 5459 68 

H(13) 6186 9381 5110 73 

H(14) 6404 9690 3910 69 

H(15) 3228 5073 3586 55 

H(17) 6077 3839 3001 65 

H(18) 6180 1804 2909 78 

H(19) 4217 377 2976 80 

H(20) 2172 977 3165 79 

H(21) 2053 2990 3280 67 

H(22) 3559 6377 2653 53 

H(24A) 4240 4314 645 84 

H(24B) 4761 5708 545 84 

H(25A) 2045 4523 368 156 

H(25B) 3019 4929 -275 156 

H(25C) 2558 5915 273 156 

H(27) 12853 8155 5412 73 

H(28) 12944 8097 4166 72 

H(30) 9051 8498 4065 86 

H(31) 8971 8562 5310 89 

H(35) 11604 9778 1620 69 

H(36) 11400 9539 383 76 

H(37) 10549 7654 -190 70 

H(38) 9927 6026 486 58 

H(40) 8268 5222 1394 51 

H(42) 7023 3132 1519 62 
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H(43) 7101 1104 1450 71 

H(44) 9156 479 1571 70 

H(45) 11136 1886 1757 69 

H(46) 11070 3916 1837 61 

H(47) 8627 6471 2473 51 

H(49A) 9184 4245 4246 102 

H(49B) 9770 5618 4502 102 

H(50A) 7643 5898 4788 171 

H(50B) 8037 4837 5212 171 

H(50C) 7046 4536 4522 171 

________________________________________________________________________________  
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(b) X-ray crystallographic data of compound (4d). 

Ellipsoid contour % probability level = 50%  

Experimental: The sample was dissolved in appropriate amount of methanol followed by the 

addition of pentane to furnish a saturated solution. Afterwards, the mixture was allowed to stand 

at room temperature to form the crystals. 

 

 

 

  

 

.Table 1.  Crystal data and structure refinement for 201206lt_0m. 

Identification code  201206LT_0m 

Empirical formula  C25 H20 Br N O2 

Formula weight  446.33 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/c 

Unit cell dimensions a = 8.1912(2) Å = 90°. 

 b = 9.0033(2) Å = 90.4360(10)°. 
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 c = 26.7875(6) Å  = 90°. 

Volume 1975.46(8) Å3 

Z 4 

Density (calculated) 1.501 Mg/m3 

Absorption coefficient 2.103 mm-1 

F(000) 912 

Crystal size 0.20 x 0.18 x 0.15 mm3 

Theta range for data collection 1.520 to 26.360°. 

Index ranges -10<=h<=10, -11<=k<=9, -32<=l<=33 

Reflections collected 17645 

Independent reflections 4041 [R(int) = 0.0235] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7454 and 0.6495 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4041 / 0 / 263 

Goodness-of-fit on F2 1.072 

Final R indices [I>2sigma(I)] R1 = 0.0232, wR2 = 0.0628 

R indices (all data) R1 = 0.0263, wR2 = 0.0642 

Extinction coefficient n/a 

Largest diff. peak and hole 0.345 and -0.407 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 201206lt_0m.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Br(1) 13177(1) 180(1) 332(1) 19(1) 

O(1) 5923(1) 1332(1) 2275(1) 15(1) 

O(2) 7905(1) 2692(1) 1912(1) 16(1) 

N(1) 5585(2) 2562(1) 1083(1) 12(1) 

C(1) 1740(2) 5500(2) 1062(1) 18(1) 

C(2) 1585(2) 4270(2) 1382(1) 17(1) 

C(3) 2819(2) 3226(2) 1424(1) 15(1) 

C(4) 4199(2) 3428(2) 1128(1) 13(1) 

C(5) 6002(2) 1306(2) 1397(1) 12(1) 

C(6) 7168(2) 257(2) 1111(1) 12(1) 

C(7) 7717(2) -1044(2) 1433(1) 13(1) 

C(8) 8775(2) -865(2) 1839(1) 16(1) 

C(9) 9157(2) -2056(2) 2148(1) 18(1) 

C(10) 8523(2) -3453(2) 2046(1) 19(1) 

C(11) 6622(2) 3204(2) 739(1) 13(1) 

C(12) 5905(2) 4468(2) 556(1) 15(1) 

C(13) 4368(2) 4642(2) 798(1) 14(1) 

C(14) 3100(2) 5700(2) 773(1) 17(1) 

C(15) 8189(2) 2493(2) 640(1) 12(1) 

C(16) 8522(2) 1086(2) 846(1) 12(1) 

C(17) 7518(2) -3658(2) 1633(1) 19(1) 

C(18) 7111(2) -2457(2) 1332(1) 16(1) 

C(19) 6739(2) 1872(2) 1888(1) 12(1) 

C(20) 6579(2) 1665(2) 2772(1) 18(1) 

C(21) 6234(2) 3246(2) 2923(1) 24(1) 

C(22) 10013(2) 412(2) 753(1) 14(1) 

C(23) 11138(2) 1126(2) 451(1) 16(1) 

C(24) 10825(2) 2488(2) 237(1) 17(1) 

C(25) 9343(2) 3174(2) 337(1) 16(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  201206lt_0m. 

_____________________________________________________  

Br(1)-C(23)  1.9038(15) 

O(1)-C(19)  1.3310(19) 

O(1)-C(20)  1.4626(19) 

O(2)-C(19)  1.2086(19) 

N(1)-C(4)  1.383(2) 

N(1)-C(11)  1.385(2) 

N(1)-C(5)  1.4475(19) 

C(1)-C(14)  1.373(2) 

C(1)-C(2)  1.406(2) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.384(2) 

C(2)-H(20)  0.9500 

C(3)-C(4)  1.398(2) 

C(3)-H(3)  0.9500 

C(4)-C(13)  1.414(2) 

C(5)-C(19)  1.530(2) 

C(5)-C(6)  1.550(2) 

C(5)-H(16)  1.0000 

C(6)-C(16)  1.517(2) 

C(6)-C(7)  1.521(2) 

C(6)-H(6)  1.0000 

C(7)-C(18)  1.391(2) 

C(7)-C(8)  1.395(2) 

C(8)-C(9)  1.388(2) 

C(8)-H(10)  0.9500 

C(9)-C(10)  1.387(2) 

C(9)-H(9)  0.9500 

C(10)-C(17)  1.386(2) 

C(10)-H(2)  0.9500 

C(11)-C(12)  1.370(2) 

C(11)-C(15)  1.461(2) 

C(12)-C(13)  1.430(2) 

C(12)-H(5)  0.9500 

C(13)-C(14)  1.410(2) 
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C(14)-H(4)  0.9500 

C(15)-C(25)  1.393(2) 

C(15)-C(16)  1.408(2) 

C(16)-C(22)  1.388(2) 

C(17)-C(18)  1.388(2) 

C(17)-H(8)  0.9500 

C(18)-H(7)  0.9500 

C(20)-C(21)  1.507(2) 

C(20)-H(12)  0.9900 

C(20)-H(11)  0.9900 

C(21)-H(15)  0.9800 

C(21)-H(13)  0.9800 

C(21)-H(14)  0.9800 

C(22)-C(23)  1.388(2) 

C(22)-H(19)  0.9500 

C(23)-C(24)  1.377(2) 

C(24)-C(25)  1.390(2) 

C(24)-H(18)  0.9500 

C(25)-H(17)  0.9500 

 

C(19)-O(1)-C(20) 116.85(12) 

C(4)-N(1)-C(11) 109.30(13) 

C(4)-N(1)-C(5) 125.45(13) 

C(11)-N(1)-C(5) 124.68(13) 

C(14)-C(1)-C(2) 121.61(15) 

C(14)-C(1)-H(1) 119.2 

C(2)-C(1)-H(1) 119.2 

C(3)-C(2)-C(1) 121.03(15) 

C(3)-C(2)-H(20) 119.5 

C(1)-C(2)-H(20) 119.5 

C(2)-C(3)-C(4) 117.29(15) 

C(2)-C(3)-H(3) 121.4 

C(4)-C(3)-H(3) 121.4 

N(1)-C(4)-C(3) 130.09(14) 

N(1)-C(4)-C(13) 107.30(13) 

C(3)-C(4)-C(13) 122.60(14) 
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N(1)-C(5)-C(19) 109.14(12) 

N(1)-C(5)-C(6) 109.45(12) 

C(19)-C(5)-C(6) 112.73(12) 

N(1)-C(5)-H(16) 108.5 

C(19)-C(5)-H(16) 108.5 

C(6)-C(5)-H(16) 108.5 

C(16)-C(6)-C(7) 115.48(13) 

C(16)-C(6)-C(5) 112.76(12) 

C(7)-C(6)-C(5) 111.69(13) 

C(16)-C(6)-H(6) 105.3 

C(7)-C(6)-H(6) 105.3 

C(5)-C(6)-H(6) 105.3 

C(18)-C(7)-C(8) 118.41(15) 

C(18)-C(7)-C(6) 119.39(14) 

C(8)-C(7)-C(6) 122.17(14) 

C(9)-C(8)-C(7) 120.71(15) 

C(9)-C(8)-H(10) 119.6 

C(7)-C(8)-H(10) 119.6 

C(10)-C(9)-C(8) 120.10(16) 

C(10)-C(9)-H(9) 120.0 

C(8)-C(9)-H(9) 120.0 

C(17)-C(10)-C(9) 119.77(15) 

C(17)-C(10)-H(2) 120.1 

C(9)-C(10)-H(2) 120.1 

C(12)-C(11)-N(1) 108.81(14) 

C(12)-C(11)-C(15) 132.32(15) 

N(1)-C(11)-C(15) 118.87(14) 

C(11)-C(12)-C(13) 107.73(14) 

C(11)-C(12)-H(5) 126.1 

C(13)-C(12)-H(5) 126.1 

C(14)-C(13)-C(4) 118.46(15) 

C(14)-C(13)-C(12) 134.69(16) 

C(4)-C(13)-C(12) 106.85(14) 

C(1)-C(14)-C(13) 118.98(16) 

C(1)-C(14)-H(4) 120.5 

C(13)-C(14)-H(4) 120.5 
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C(25)-C(15)-C(16) 119.63(14) 

C(25)-C(15)-C(11) 120.97(14) 

C(16)-C(15)-C(11) 119.39(14) 

C(22)-C(16)-C(15) 119.37(14) 

C(22)-C(16)-C(6) 121.11(14) 

C(15)-C(16)-C(6) 119.07(13) 

C(10)-C(17)-C(18) 119.89(15) 

C(10)-C(17)-H(8) 120.1 

C(18)-C(17)-H(8) 120.1 

C(17)-C(18)-C(7) 121.06(15) 

C(17)-C(18)-H(7) 119.5 

C(7)-C(18)-H(7) 119.5 

O(2)-C(19)-O(1) 125.56(15) 

O(2)-C(19)-C(5) 123.90(14) 

O(1)-C(19)-C(5) 110.54(13) 

O(1)-C(20)-C(21) 111.69(13) 

O(1)-C(20)-H(12) 109.3 

C(21)-C(20)-H(12) 109.3 

O(1)-C(20)-H(11) 109.3 

C(21)-C(20)-H(11) 109.3 

H(12)-C(20)-H(11) 107.9 

C(20)-C(21)-H(15) 109.5 

C(20)-C(21)-H(13) 109.5 

H(15)-C(21)-H(13) 109.5 

C(20)-C(21)-H(14) 109.5 

H(15)-C(21)-H(14) 109.5 

H(13)-C(21)-H(14) 109.5 

C(23)-C(22)-C(16) 119.45(15) 

C(23)-C(22)-H(19) 120.3 

C(16)-C(22)-H(19) 120.3 

C(24)-C(23)-C(22) 122.19(15) 

C(24)-C(23)-Br(1) 119.31(12) 

C(22)-C(23)-Br(1) 118.51(12) 

C(23)-C(24)-C(25) 118.37(15) 

C(23)-C(24)-H(18) 120.8 

C(25)-C(24)-H(18) 120.8 



S54 
 

C(24)-C(25)-C(15) 120.97(15) 

C(24)-C(25)-H(17) 119.5 

C(15)-C(25)-H(17) 119.5 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for 201206lt_0m.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 12(1)  25(1) 19(1)  -5(1) 1(1)  2(1) 

O(1) 16(1)  16(1) 13(1)  2(1) 1(1)  -1(1) 

O(2) 16(1)  16(1) 16(1)  0(1) 0(1)  -4(1) 

N(1) 11(1)  12(1) 13(1)  2(1) 1(1)  0(1) 

C(1) 17(1)  17(1) 20(1)  -5(1) -4(1)  5(1) 

C(2) 14(1)  21(1) 17(1)  -5(1) 0(1)  1(1) 

C(3) 16(1)  16(1) 15(1)  -1(1) -1(1)  -2(1) 

C(4) 12(1)  13(1) 13(1)  -2(1) -4(1)  1(1) 

C(5) 11(1)  11(1) 14(1)  3(1) -1(1)  0(1) 

C(6) 12(1)  12(1) 13(1)  -1(1) -1(1)  0(1) 

C(7) 11(1)  14(1) 13(1)  1(1) 3(1)  1(1) 

C(8) 16(1)  13(1) 19(1)  -2(1) -1(1)  1(1) 

C(9) 18(1)  21(1) 17(1)  0(1) -2(1)  5(1) 

C(10) 19(1)  17(1) 21(1)  7(1) 4(1)  7(1) 

C(11) 12(1)  14(1) 12(1)  0(1) -1(1)  -4(1) 

C(12) 17(1)  13(1) 14(1)  2(1) -1(1)  -1(1) 

C(13) 15(1)  13(1) 14(1)  -2(1) -4(1)  -2(1) 

C(14) 19(1)  12(1) 18(1)  -1(1) -5(1)  2(1) 

C(15) 12(1)  14(1) 11(1)  -1(1) -2(1)  -2(1) 

C(16) 12(1)  14(1) 10(1)  -2(1) -1(1)  -2(1) 

C(17) 19(1)  13(1) 26(1)  1(1) 3(1)  1(1) 

C(18) 14(1)  16(1) 17(1)  -1(1) 1(1)  0(1) 

C(19) 12(1)  10(1) 13(1)  2(1) 1(1)  4(1) 

C(20) 21(1)  21(1) 11(1)  2(1) 1(1)  1(1) 

C(21) 32(1)  22(1) 18(1)  -4(1) 7(1)  1(1) 

C(22) 14(1)  14(1) 14(1)  -2(1) -2(1)  1(1) 

C(23) 10(1)  21(1) 16(1)  -6(1) -2(1)  2(1) 

C(24) 13(1)  21(1) 16(1)  -1(1) 3(1)  -5(1) 

C(25) 17(1)  15(1) 17(1)  1(1) 0(1)  -3(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 201206lt_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 884 6210 1046 22 

H(20) 619 4154 1572 21 

H(3) 2730 2406 1645 19 

H(16) 4978 749 1473 14 

H(6) 6487 -191 839 15 

H(10) 9240 83 1905 19 

H(9) 9854 -1914 2429 22 

H(2) 8777 -4267 2259 23 

H(5) 6349 5112 311 18 

H(4) 3184 6538 559 20 

H(8) 7107 -4619 1557 23 

H(7) 6407 -2602 1053 19 

H(12) 7773 1496 2774 21 

H(11) 6086 981 3018 21 

H(15) 6850 3924 2709 36 

H(13) 6565 3394 3272 36 

H(14) 5064 3448 2886 36 

H(19) 10261 -530 894 17 

H(18) 11603 2947 26 20 

H(17) 9114 4121 197 19 

________________________________________________________________________________  
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6. 1H and 13C spectra of key compounds: 
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