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1. General Information

Commercially available chemical reagents were used without further purification. Anhydrous solvents were 

prepared by solvent purification system. Melting points were uncorrected. 1H NMR (400 and 600 MHz) and 

13C NMR (100 and 150 MHz) were recorded in the indicated solvents using JEOL and Bruker instrument. J 

values are reported in Hz. IR spectra were recorded using an AVATAR 360 FT-IR spectrometer. High 

resolution mass spectral analysis (HRMS) was performed on a LCT Premier XE (ESI) or a micrOTOF-Q II 

(ESI). Column chromatography was performed using 200-300 mesh silica gel eluted with the solvents as 

indicated. 

The N’-(2-alkynylbenzylidene)hydrazides 1[1] and cyclopropanecarbaldehydes 6 [2] were prepared based on 

the literature methods.

([1]. X. Cheng, X. Cao, J. Xuan, W.-J. Xiao, Silver (I)- and Base-Mediated [3 + 3]-Cycloaddition of C, 

N‑Cyclic Azomethine Imines with Aza-oxyallyl Cations, Org. Lett. 2018, 20, 52−55. [2]. A. Hartikka, P. I. 

Arvidsson, Tetrazolic Acid Functionalized Dihydroindol: Rational Design of a Highly Selective 

Cyclopropanation Organocatalyst, J. Org. Chem. 2007, 72, 5874-5877.)

2. Experimental procedure for the reaction of N’-(2-alkynylbenzylidene)hydrazides with 

cyclopropanecarbaldehydes and characterization of products

General procedure for the enantioselective synthesis of 1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one derivatives 8 from Ag (I)/NHC catalyzed reaction of N’-(2-

alkynylbenzylidene)hydrazides 1 and cyclopropanecarbaldehydes 6.

1. AgOCOCF3
(10 mol%)
DCE/70 oC/3h

2. 7b (30 mol%)
DBU (50 mol%)
4 A MS/DCE/30 oC/18h
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Under nitrogen atmosphere and at room temperature, AgOCOCF3 (11 mg, 0.05 mmol, 0.1 equiv.), N’-(2-

alkynylbenzylidene)hydrazides 1 (0.5 mmol), cyclopropanecarbaldehydes 6 (0.75 mmol, 1.5 equiv.) and dry 

dichloroethane (4 mL) were added successively to a dry Schlenk tube. The reaction mixture was stirred for 

3 h at 70 oC. Then, under the protecting of nitrogen, chiral N-mesityl triazolium salt 7b (73 mg, 0.15 mmol, 

0.3 equiv.), activated 4A molecular sieve (300 mg), DBU (38 mg, 0.25 mmol, 0.5 equiv.) and dry 

dichloroethane (1 mL) were added to the test tube. In the sealed Schlenk tube, the reaction mixture was stirred 
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for another 18 h (30 h for the reaction of 1a with 2-formylcyclopropane-1,1-dicarboxylate 6i) at 30 oC. The 

reaction was then quenched by removal of the solvents. The residue was chromatographed on a silica gel 

column eluting with a mixture of petroleum ether and acetone (petroleum ether : acetone from 5 : 1 to 4 : 1) 

to give the major 5,1-(azenometheno)benzo[c]azepin-3-one products 8 in 32-82% yields with ≥ 99% ee and 

minor isoquinoline products 10 in 6-24% yields. In some cases, a trace amount of pyrazolo[5,1-a]isoquinoline 

derivatives 11 was observed, but without isolation.

N
O

Ts

N

8a

O

(1R, 4R, 5S)-4-(3-Oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one 8a: white solid, 74 % (202.7 mg); ee 99.8%; [α]20
D = + 25.4 o (c 0.5, 

CH2Cl2); mp 192-193 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.22 (d, J = 7.2 Hz, 2H), 7.86 (dd, J = 8.4, 

1.2 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.52-7.60 (m, 5H), 7.39-7.43 (m, 3H), 7.33-7.36 (m, 2H), 7.13 (d, J = 

8.4 Hz, 2H), 7.00 (s, 1H), 5.50 (d, J = 3.6  Hz, 1H), 3.13 (t, J = 7.8 Hz, 2H), 3.03 (td, J = 7.2,  3.6 Hz, 1H), 

2.30-2.36 (m, 1H), 2.28 (s, 3H), 2.08-2.14 (m, 1H); 13C NMR (100 MHz, CDCl3) δ (ppm) 199.1, 171.8, 

170.6, 144.7, 141.9, 136.8, 136.4, 135.1, 134.5, 132.9, 131.5, 129.1, 129.0, 128.9, 128.50, 128.47, 128.02, 

127.97, 127.3, 126.6, 125.6, 63.1, 54.0, 50.4, 36.1, 26.8, 21.5; IR v (cm-1) 1699, 1674; HRMS (TOF-ESI): 

[M + H]+ calcd for C33H29N2O4S: 549.1842, found: 549.1840.

 

N
O

Ts

N

8b

O

MeO

(1R, 4R, 5S)-7-Methoxy-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one   8b:  white solid, 79% (228 mg); ee 99.9%; [α]20
D = +30 o (c 0.5, 

CH2Cl2); mp 138-139 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.21 (d, J = 7.2 Hz, 2H), 7.85 (d, J = 7.8 Hz, 

2H), 7.67 (d, J = 8.4 Hz, 2H), 7.51-7.57 (m, 4H), 7.48 (d, J = 8.4 Hz, 1H), 7.40 (t, J = 7.8 Hz, 2H), 7.13 (d, 



S4

J = 8.4 Hz, 2H), 6.96 (d, J =1.8 Hz, 1H), 6.94 (s, 1H), 6.84 (dd, J = 8.4, 3.0 Hz, 1H), 5.42 (d, J = 3.0 Hz, 

1H), 3.82 (s, 3H), 3.10-3.13 (m, 2H), 3.01 (td, J = 6.6, 3.0 Hz, 1H), 2.23-2.36 (m, 1H), 2.28 (s, 3H), 2.06-2.12 

(m, 1H); 13C NMR (100 MHz, CD3COCD3) δ (ppm) 199.3, 172.2, 171.1, 160.2, 144.8, 143.6, 136.8, 136.4, 

135.1, 133.1, 131.6, 129.3, 129.1, 128.6, 128.1, 128.0, 127.4, 126.5, 113.5, 111.4, 63.4, 55.6, 54.0, 50.3, 

36.2, 26.9, 21.6; IR v (cm-1) 1688; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 

579.1946.

N
O

Ts

N

8c

O

Me

(1R, 4R, 5S)-7-Methyl-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one 8c:  white solid, 82% (229.6 mg); ee 99.9%, [α]20
D = +30.8 o (c 0.5, 

CH2Cl2); mp 126-127 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.21 (d, J = 7.6 Hz, 2H), 7.86 (d, J = 8.4 Hz, 

2H), 7.68 (d, J = 8.4 Hz, 2H), 7.51-7.57 (m, 4H), 7.46 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 8.0 Hz, 2H), 7.24 (s, 

1H), 7.13 (d, J = 7.6 Hz, 3H), 6.95 (s, 1H), 5.43 (d, J = 2.8 Hz, 1H), 3.12 (t, J = 7.6 Hz, 2H), 3.01 (td, J = 

6.4, 3.2 Hz, 1H), 2.36 (s, 3H), 2.29-2.35 (m, 1H), 2.29 (s, 3H), 2.04-2.14 (m, 1H); 13C NMR (100 MHz, 

CD3COCD3) δ (ppm) 198.5, 172.1, 170.6, 145.0, 142.3, 139.0, 137.0, 136.8, 135.3, 133.0, 131.9, 131.5, 

129.2, 128.9, 128.70, 128.65, 128.4, 127.9, 127.4, 126.9, 126.3, 62.0 , 54.5, 50.5, 35.9, 26.7, 20.6, 20.5; IR 

v (cm-1) 1684; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 563.1999, found: 563.2001.

N
O

Ts

N

8d

O

F

(1R, 4R, 5S)-7-Fluoro-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one    8d:  white solid, 70% (197 mg); ee 99.7%, [α]20
D = + 23.27 o (c 

0.5, CH2Cl2); mp 165-166 oC; 1H NMR (600 MHz,CDCl3) δ (ppm) 8.22 (d, J = 7.8 Hz, 2H), 7.86 (d, J = 7.2 

Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.53-7.59 (m, 5H), 7.41 (t, J = 7.8 Hz, 2H), 7.16 (dd, J = 8.4, 3.0 Hz, 1H), 

7.14 (d, J = 7.8 Hz, 2H), 7.04 (td, J = 7.8, 1.8 Hz, 1H), 7.00 (s, 1H), 5.47 (d, J = 3.0 Hz, 1H), 3.11-3.13 (m, 
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2H), 3.03 (td, J = 7.2, 3.6 Hz, 1H), 2.30-2.35 (m, 1H), 2.30 (s, 3H), 2.07-2.13 (m, 1H); 13C NMR (150 MHz, 

CD3COCD3) δ (ppm) 198.4, 171.7, 170.7, 162.6 (d, J = 246.9 Hz), 145.1, 145.0 (d, J = 8.6 Hz), 137.0, 136.7, 

135.0, 133.0, 131.7, 131.0 (d, J = 1.9 Hz), 129.3, 129.2, 129.0, 128.7, 128.6, 127.9, 127.5, 114.6 (d, J = 21.5 

Hz), 113.1 (d, J = 23.0 Hz), 61.8, 54.1, 49.9, 35.8, 26.5, 20.6; IR v (cm-1) 1697, 1676; HRMS (TOF-ESI): 

[M + H]+ calcd for C33H28FN2O4S: 567.1748, found: 567.1745.

N
O

Ts

N

8e

F3C

O

(1R, 4R, 5S)-4-(3-Oxo-3-phenylpropyl)-11-phenyl-2-tosyl-7-(trifluoromethyl)-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one 8e: white solid, 32% (99 mg); ee 99.3%; [α]20
D = +20.47 o (c 0.5, 

CH2Cl2); mp 92-93 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.21 (d, J = 6.6 Hz, 2H), 7.86 (d, J = 7.2, Hz, 

2H), 7.73 (d, J = 7.8 Hz, 1H), 7.71 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.59 (t, J = 7.2 

Hz, 1H), 7.54 (t, J = 7.2 Hz, 3H), 7.41 (t, J = 7.8 Hz, 2H), 714 (d, J = 9.0 Hz, 2H), 7.07 (s, 1H), 5.58 (d, J = 

3.0 Hz, 1H), 3.08-3.18 (m, 2H), 3.05 (td, J =6.0, 2.4 Hz, 1H), 2.27-2.37 (m, 1H), 2.30 (s, 3H), 2.08-2.14 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ (ppm) 199.1, 171.3, 170.3, 145.2, 142.8, 138.4, 136.7, 136.0, 134.7, 

133.2, 132.0, 131.3 (q, J = 32.6 Hz), 129.4, 129.2, 128.7, 128.6, 128.1, 127.4, 127.2, 125.2 (d, J = 3.8 Hz), 

123.7 (q, J = 271.2 Hz), 122.8 (d, J = 3.8 Hz), 62.8, 53.8, 49.8, 36.1, 26.7, 21.6; IR v (cm-1) 1686; HRMS 

(TOF-ESI): [M + H]+ calcd for C34H28F3N2O4S: 617.1716, found: 617.1718.

N
O

Ts

N

8f

O

MeO

(1R, 4R, 5S)-8-Methoxy-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one   8f:  white solid, 35% (101.2 mg); ee 99.9 %; [α]20
D = +50.8 o (c 

0.5, CH2Cl2); mp 202-203 oC; 1H NMR (600 MHz,CDCl3 ) δ (ppm) 8.21 (d, J = 6.6 Hz, 2H), 7.85 (d, J = 7.8 

Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.52-7.57 (m, 4H), 7.40 (t, J = 8.4 Hz 2H), 7.32 (d, J = 7.8 Hz 1H), 7.13 

(d, J = 9.6 Hz, 2H) , 7.12 (d, J = 2.4 Hz, 1H), 6.93 (s, 1H), 6.86 (dd, J = 8.4, 2.4 Hz, 1H), 5.43 (d, J = 2.4Hz, 
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1H), 3.84 (s, 3H), 3.10 (t, J = 7.2 Hz, 2H), 3.01 (td, J = 6.0, 2.4 Hz 1H), 2.27-2.32 (m, 1H), 2.29 (s, 3H), 

2.04-2.10 (m, 1H); 13C NMR (100 MHz, CD3COCD3) δ (ppm) 198.5, 172.2, 170.2, 159.5, 145.1, 137.0, 

136.8, 136.1, 135.3, 134.1, 133.0, 131.5, 129.2, 128.9, 128.8, 128.6, 127.9, 127.4, 126.8, 114.7, 112.3, 61.3, 

55.2, 54.8, 50.9, 35.9, 26.2, 20.6; IR v (cm-1) 1686; HRMS (TOF-ESI): [M + H]+ calcd for C34H30N2O5S: 

579.1948, found: 579.1950.

N
O

Ts

N

8g

O

Me

(1R, 4R, 5S)-8-Methyl-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one    8g:  white solid, 65% (182.6 mg); ee 99.9%; [α]20
D = +48 o (c 

0.5, CH2Cl2); mp 222-223 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.22 (d, J = 7.2 Hz, 2H), 7.85 (d, J = 8.4 

Hz, 2H), 7.67 (d, J = 7.8 Hz, 2H), 7.52-7.57 (m, 4H), 7.40 (t, J = 7.8 Hz, 2H), 7.40 (s, 1H), 7.30 (d, J = 7.8 

Hz, 1H), 7.14 (d, J = 7.2 Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 6.94 (s, 1H), 5.45 (d, J = 3.0 Hz, 1H), 3.10 (t, J 

= 7.2 Hz, 2H), 3.01 (td, J = 6.6, 3.0 Hz 1H), 2.38 (s, 3H), 2.28-2.33 (m, 1H), 2.28 (s, 3H), 2.05-2.17 (m, 1H); 

13C NMR (150 MHz, CDCl3) δ (ppm) 199.2, 172.1, 170.6, 144.8, 138.9, 138.0, 136.8, 136.3, 135.2, 134.5, 

133.1, 131.6, 129.5, 129.2, 129.1, 128.61, 128.58, 128.1, 127.4, 125.5, 62.8, 54.3, 50.6, 36.2, 26.8, 21.6, 

21.3; IR v (cm-1) 1699, 1670; HRMS (TOF-ESI): [M + H]+ calcd for C34H30N2O4S: 563.1999, found: 

563.2001.

N
O

Ts

N

8h

O

F

(1R, 4R, 5S)-8-Fluoro-4-(3-oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-3H-5,1-

(azenometheno)benzo[c]azepin-3-one   8h:  white solid, 61% (173.5 mg); ee 99.8%; [α]20
D = +19.2 o (c 

0.5, CH2Cl2); mp 155-156 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.20 (dd, J = 8.0, 1.2 Hz, 2H), 7.86 (dd, 

J = 8.4, 0.8 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.52-7.58 (m, 4H), 7.38-7.43 (m, 3H), 7.31 (dd, J = 8.0, 2.4 

Hz ,1H), 7.15 (d, J = 7.6Hz, 2H), 7.04 (td, J = 8.8, 2.8 Hz 1H) , 6.96 (s, 1H), 5.50 (d, J = 3.2 Hz, 1H), 3.12 
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(td, J = 7.2, 2.8 Hz, 2H), 3.02 (td, J = 6.8, 3.2 Hz, 1H), 2.27-2.36 (m, 1H), 2.29 (s, 1H), 2.05-2.14 (m, 1H); 

13C{1H} NMR (150 MHz, CD3COCD3) δ (ppm) 198.5, 171.8, 170.2, 162.0 (d, J = 224.2 Hz), 145.2, 138.4, 

137.0, 136.9, 136.6, 135.0, 133.0, 131.6, 129.3, 129.0, 128.7, 128.6, 127.9, 127.8 (d, J = 8.6 Hz), 127.5, 

115.5 (d, J = 21.6 Hz), 114.2 (d, J = 23.0 Hz), 61.3, 54.5, 50.2, 35.8, 26.6, 20.6; IR v (cm-1) 1701, 1670; 

HRMS (TOF-ESI): [M + H]+ calcd for C33H27FN2O4S: 567.1748, found: 567.1738.

N
O

Ts

N

8i

O

MeO

(1R, 4R, 5S)-11-(4-Methoxyphenyl)-4-(3-oxo-3-phenylpropyl)-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one  8i:  white solid, 76% (219.6 mg); ee 99.8%; [α]20
D = +11.53 o (c 

0.5, CH2Cl2); mp169-170 oC; 1H NMR (400 MHz, CDCl3 ) δ (ppm) 8.21 (d, J = 5.6 Hz, 2H), 7.86 (d, J =7.6 

Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.58-7.60 (m, 1H), 7.53(t, J = 7.2 Hz ,1H), 7.39-7.43 (m, 3H), 7.33-7.35 

(m, 2H) , 7.13 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 8.8 Hz, 2H), 6.98 (s, 1H) , 5.44 (d, J = 2.4 Hz, 1H), 3.91 (s, 

3H), 3.10-3.14 (m, 2H), 3.00-3.04 (m, 1H), 2.30-2.37 (m, 1H), 2.28 (s, 3H), 2.06-2.15 (m, 1H); 13C NMR 

(150 MHz, CD3COCD3) δ (ppm) 198.6, 172.0, 170.0, 162.7, 145.0, 142.6, 137.0, 136.8, 134.9, 133.0, 129.19, 

129.17, 128.9, 128.7, 128.6, 127.93, 127.86, 127.7, 127.0, 125.7, 114.3, 61.8, 55.1, 54.4, 50.4, 35.9, 26.7, 

20.6; IR v (cm-1) 1686, 1672; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 

579.1945.

N
O

Ts

N

8j

O

Me

(1S, 4R, 5S)-4-(3-Oxo-3-phenylpropyl)-11-(p-tolyl)-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one   8j:  white solid, 71% (199.7 mg); ee 99.6%; [α]20
D = +15.13 o (c 

0.5, CH2Cl2); mp 203-204 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.11 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 7.6 

Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.57-7.60 (m, 1H), 7.53 (t, J = 7.6 Hz, 1H), 7.36-7.42 (m, 3H), 7.33-7.35 
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(m, 4H), 7.12 (d, J = 8.0 Hz, 2H), 6.98 (s, 1H) , 5.46 (d, J = 3.2 Hz, 1H), 3.11 (t, J = 6.8 Hz, 2H), 3.01 (td, J 

= 6.8, 3.2 Hz, 1H), 2.45 (s, 3H) , 2.30-2.36 (m, 1H), 2.28 (s, 3H), 2.05-2.14 (m, 1H); 13C NMR (150 MHz, 

CD3COCD3) δ (ppm) 198.5, 171.9, 170.2, 145.0, 142.4, 142.0, 137.0, 136.8, 134.9, 133.0, 132.6, 129.6, 

129.2, 128.9, 128.7, 128.6, 127.9, 127.4, 127.0, 125.7, 61.9, 54.4, 50.5, 35.9, 26.7, 20.6, 20.5; IR v (cm-1) 

1692,1674; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 563.1999, found: 563.2001.

N
O

Ts

N

8k

O

F

(1S, 4R, 5S)-11-(4-Fluorophenyl)-4-(3-oxo-3-phenylpropyl)-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one     8k:  white solid, 75% (212.2 mg); ee 99%; [α]20
D = +37.13 o 

(c 0.5, CH2Cl2); mp197-198 oC; 1H NMR (400 MHz, CDCl3,) δ (ppm) 8.23-8.27 (m, 2H), 7.87 (d, J = 8.0 

Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.57-7.59 (m, 1H), 7.54 (t, J = 7.2 Hz , 1H), 7.39-7.43 (m, 3H), 7.33-7.36 

(m, 2H), 7.21 (t, J = 8.8 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H) , 6.95 (s, 1H), 5.48 (d, J = 2.4 Hz, 1H), 3.07-3.21 

(m, 2H), 3.02 (td, J = 6.4, 2.8 Hz, 1H), 2.28-2.37 (m, 1H), 2.30 (s, 3H), 2.06-2.15 (m, 1H); 13C NMR (100 

MHz, CD3COCD3) δ (ppm) 198.5, 171.9, 169.5, 165.0 (d, J = 249.2 Hz), 145.1, 142.2, 137.0, 136.7, 134.6, 

133.0, 131.6 (d, J = 2.8 Hz), 129.9 (d, J = 8.6 Hz), 129.2, 129.0, 128.7, 128.65, 128.0, 127.9, 127.1, 125.7, 

115.8 (d, J = 22 Hz), 61.9, 54.5, 50.6, 35.8, 26.6, 20.6; IR v (cm-1) 1713, 1674; HRMS (TOF-ESI): [M + H]+ 

calcd for C33H28FN2O4S: 567.1748, found: 567.1745.

N
O

Ts

N

8l

O

OMe

(1R, 4R, 5S)-4-(3-Oxo-3-(p-methoxyphenyl)propyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one     8l:  white solid, 67 % (193.6 mg); ee 99.7%; [α]20
D = +8.27 o 

(c 0.5, CH2Cl2); mp 94-95 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.22 (dd, J = 8.4, 2.0 Hz, 2H), 7.85 (d, 

J = 8.8 Hz, 2H), 7.67 (d, J = 8.0 Hz, 2H), 7.51-7.60 (m, 4H), 7.41-7.44 (m,1H), 7.33-7.35 (m, 2H), 7.13 (d, 

J = 8.4 Hz, 2H), 7.00 (s, 1H), 6.87 (d, J = 9.2 Hz, 2H), 5.50 (d, J = 3.2 Hz, 1H), 3.86 (s, 3H), 3.06-3.16 (m, 
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2H), 3.02 (td, J = 6.4, 3.2 Hz, 1H), 2.26-2.35 (m, 1H), 2.30 (s, 3H), 2.05-2.14 (m, 1H); 13C NMR (100 MHz, 

CD3COCD3) δ (ppm) 197.0, 171.9, 170.5, 163.6, 145.0, 142.3, 136.8, 135.3, 134.8, 131.5, 130.2, 130.0, 

129.2, 129.0, 128.9, 128.7, 127.9, 127.4, 127.1, 125.7, 113.8, 61.9, 55.1, 54.5, 50.6, 35.5, 27.0, 20.6; IR v 

(cm-1) 1686, 1678; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 579.1951.

N
O

Ts

N

8m

O

Me

(1R, 4R, 5S)-4-(3-Oxo-3-(p-methylphenyl)propyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one       8m:  white solid, 75 % (211.4 mg); ee 99.7%; [α]20
D = 

+12.6 o (c 0.5, CH2Cl2); mp 124-125 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.22 (d, J = 7.2 Hz, 2H), 7.76 

(d, J = 7.8 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.52- 7.60 (m, 4H), 7.42-7.43 (m,1H), 7.32-7.37 (m, 2H), 7.20 

(d, J = 7.8 Hz, 2H), 7.13 (d, J = 7.8 Hz, 2H), 7.00 (s, 1H), 5.49 (d, J =1.8 Hz ,1H), 3.09-3.12 (m, 2H), 3.02 

(td, J = 6.6, 2.4 Hz, 1H), 2.40 (s, 3H), 2.28-2.34 (m, 1H), 2.26 (s, 3H), 2.07-2.12 (m, 1H); 13C NMR (100 

MHz, CD3COCD3) δ (ppm) 198.1, 171.9, 170.5, 145.0, 143.7, 142.3, 136.8, 135.2, 134.8, 134.6, 131.5, 

129.24, 129.18, 128.96, 128.93, 128.7, 128.1, 128.0, 127.4, 127.1, 125.7, 62.0, 54.5, 50.6, 35.8, 26.8, 20.7, 

20.6; IR v (cm-1) 1686; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 563.1999, found: 563.1993.

N
O

Ts

N

8n

O

Br

(1R, 4R, 5S)-4-(3-Oxo-3-(p-bromophenyl)propyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one    8n:      white solid, 80% (250 mg); ee 99.7%; [α]20
D = +4.13 

o (c 0.5, CH2Cl2); mp 172-173 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.22 (d, J = 7.2 Hz, 2H), 7.69 (t, J = 

8.8 Hz, 4H), 7.52-7.61 (m, 6H), 7.42-7.34 (m ,1H), 7.34-7.36 (m, 2H), 7.14 (d, J = 8.2 Hz, 2H), 7.01 (s, 1H), 

5.48 (d, J = 3.1 Hz, 1H), 3.08 (t, J = 7.2  Hz, 2H), 3.02  (td, J = 6.6, 3.2 Hz, 1H), 2.32-2.39 (m, 1H), 2.30 

(s, 3H), 2.07-2.16 (m, 1H); 13C NMR (150 MHz, CDCl3) δ (ppm) 198.2, 171.9, 170.8, 144.9, 141.9, 136.3, 

135.5, 135.1, 134.5, 131.9, 131.7, 129.7, 129.3, 129.14, 129.05, 128.6, 128.2, 128.1, 127.4, 126.8, 125.7, 
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63.2, 53.9, 50.6, 36.2, 26.8, 21.6; IR v (cm-1) 1686; HRMS (TOF-ESI): [M + H]+ calcd for C33H28BrN2O4S: 

627.0947, found: 627.0951.

N
O

Ts

N

8o

O

NO2

(1R, 4R, 5S)-4-(3-Oxo-3-(p-nitrophenyl)propyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one        8o:  white solid, 76% (225.4 mg); ee 99.6%; [α]20
D = 

+7.73o (c 0.5, CH2Cl2); mp 177-178 oC; 1H NMR (600 MHz, CDCl3) δ (ppm) 8.22 (d, J = 9.6 Hz, 2H), 8.19 

(d, J = 8.4 Hz, 2H), 7.97 (d, J = 9 Hz, 2H), 7.70 (d, J = 9 Hz, 2H), 7.59-7.60 (m, 1H), 7.56 (d, J = 7.2 Hz, 

1H), 7.52 (t, J = 7.2 Hz, 2H), 7.42-7.43 (m, 1H), 7.32-7.37 (m, 2H), 7.15 (d, J = 7.8 Hz, 2H), 6.99 (s, 1H), 

5.47 (d, J = 3.0 Hz, 1H), 3.14-3.17 (m, 2H), 3.03 (td, J = 6.6, 2.4 Hz, 1H), 2.37-2.43 (m, 1H), 2.31(s, 3H), 

2.14-2.19 (m, 1H); 13C NMR (150 MHz, CDCl3) δ (ppm) 197.7, 171.8, 170.9, 150.3, 145.0, 141.7, 141.2, 

136.3, 135.1, 134.5, 131.8, 129.3, 129.15, 129.1, 128.6, 128.2, 127.4, 126.8, 125.7, 123.8, 63.4, 53.8, 50.7, 

36.8, 26.7, 21.7; IR v (cm-1) 1701, 1680; HRMS (TOF-ESI): [M + H]+ calcd for C33H28N3O6S: 594.1693, 

found: 594.1691.

 

N
O

Ts

N

8p

O

(1R, 4R, 5S)-4-(3-(Naphthalen-2-yl)-3-oxopropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one 8p:  white solid, 81 % (242.8 mg); ee 99.6%; [α]20
D = -12.6 o (c 0.5, 

CH2Cl2); mp 107-108 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.34 (s, 1H), 8.23 (d, J = 7.2 Hz, 2H), 7.95 

(dd, J = 8.4, 1.6 Hz, 1H), 7.83-7.89 (m, 3H), 7.68 (d, J = 8.0 Hz, 2H), 7.50-7.62 (m, 6H), 7.44-7.46 (m, 1H), 

7.34-7.38 (m, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.02 (s, 1H), 5.53 (d, J =3.2 Hz, 1H), 3.18-3.32 (m, 2H), 3.08 

(td, J = 6.8, 3.2 Hz, 1H), 2.37-2.46 (m, 1H), 2.22 (s, 3H), 2.14-2.19 (m, 1H); 13C NMR (150 MHz, 

CD3COCD3) δ (ppm) 198.5, 171.9, 170.5, 145.0, 142.3, 136.8, 135.6, 135.3, 134.8, 134.3, 132.7, 131.6, 

129.7, 129.7, 129.2, 129.0, 128.9, 128.7, 128.5, 128.4, 128.0, 127.8, 127.4, 127.1, 126.9, 125.7, 123.7, 62.0, 
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54.5, 50.6, 35.9, 26.9, 20.5; IR v (cm-1) 1684; HRMS (TOF-ESI): [M + H]+ calcd for C37H31N2O4S: 599.1999, 

found: 599.2002.

N
O

Ts

N

8q

O

(1R, 4R, 5S)-4-(3-Oxo-4-phenylbutyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one  8q:  white solid, 61 % (171.5 mg); ee 99.3 %; [α]20
D = +37.93o (c 

0.5, CH2Cl2); mp 144-145 oC; 1H NMR (400 MHz, DMSO-d6 ) δ (ppm) 8.13 (d, J = 8.4 Hz, 2H), 7.75-7.77 

(m, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.54-7.59 (m, 3H), 7.43 (d, J = 8.4 Hz, 1H), 7.23-7.35 (m, 6H), 7.21 (t, J 

= 7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 2H), 6.96 (s, 1H), 5.38 (d, J = 3.2 Hz, 1H), 2.83-2.88 (m, 1H), 2.69-2.74 

(m, 2H), 2.29 (s, 3H), 1.70-1.76 (m, 2H); 13C NMR (150 MHz, CDCl3) δ (ppm) 207.4, 171.9, 170.7, 144.8, 

141.8, 136.4 , 135.2, 134.5, 134.2, 131.6, 129.5, 129.3, 129.1, 129.0, 128.8, 128.6, 128.1, 127.4, 127.1, 126.7, 

125.7, 62.8, 53.8, 50.6, 50.1, 39.4, 26.1, 21.7; IR v (cm-1) 1715, 1688; HRMS (TOF-ESI): [M + H]+ calcd for 

C34H31N2O4S: 563.1999, found: 563.1996.

N
O

Ts

N

8r

O

(1R, 4R, 5S)-4-(4,4-Dimethyl-3-oxopentyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one  8r:  white solid, 36% (94.3 mg); ee 99.9%; [α]20
D = +47o (c 0.5, 

CH2Cl2); mp 76-77 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.19-8.22 (m, 2H), 7.68 (d, J = 6.4 Hz, 2H), 

7.51-7.59 (m, 4H), 7.38-7.41 (m, 1H), 7.31-7.35 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.98 (s, 1H), 5.40 (d, J = 

3.2Hz, 1H), 2.93 (td, J = 6.8, 3.2 Hz, 1H), 2.62 (t, J = 7.2 Hz, 2H), 2.34 (s, 3H), 2.09-2.18 (m, 1H), 1.83-1.92 

(m, 1H), 1.05 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 215.2, 171.9, 170.6, 144.8, 141.9, 136.4, 135.1, 

134.6, 131.7, 129.2, 129.1, 129.0, 128.6, 128.1, 127.4, 126.7, 125.7, 63.2, 53.9, 50.5, 44.1, 34.1, 26.7, 26.5, 

21.7; IR v (cm-1) 1699; HRMS (TOF-ESI): [M + H]+ calcd for C31H33N2O4S: 529.2155, found: 529.2159.



S12

N
O

Ts

CH2CH

N

8s

CO2Et

CO2Et

diethyl (1R, 4R, 5S)-2-((3-Oxo-11-phenyl-2-tosyl-2,3,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-4-yl)methyl)malonate    8s:  white solid, 42% (124.1 mg); ee 99 %, 

[α]20
D = +33.2o (c = 0.5, CH2Cl2); mp 121-122oC (recrystallization from EA/n-hexane); 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.18 (dd, J =8.4, 2.4 Hz, 2H), 7.68  (dd, J = 6.8, 1.6 Hz, 2H), 7. 51-7.60 (m, 4H), 7.33-7.41 

(m, 3H), 7.16 (d, J = 7.6 Hz, 2H), 6.98 (s, 1H), 5.44 (d, J = 3.2 Hz, 1H), 4.09-4.24 (m, 4H), 3.82 (t, J = 8.0 

Hz, 1H), 2.93 (td, J = 7.2, 3.2Hz  1H), 2.33-2.40 (m, 1H), 2.35 (s, 3H),  2.17-2.25 (m, 1H), 1.24 (t, J = 7.2 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 171.4, 171.1, 169.0, 168.9, 144.9, 141.5, 136.2, 135.2, 134.6, 

131.7, 129.3, 129.1, 129.0, 128.6, 128.2, 127.5, 126.7, 125.8, 62.3, 61.61, 61.57, 52.4, 50.7, 49.9, 30.7, 21.7, 

14.14, 14.11; IR v (cm-1) 1746, 1736, 1682; HRMS (TOF-ESI): [M + H]+ calcd for C32H33N2O7S: 589.2003, 

found: 589.2000.

(Note: The minor products 10b, 10q, 10r and 10s with chemical yields below 10% were not fully 

characterized.)

 

N

CONHTs

10a

O

N-Tosyl-5-oxo-5-phenyl-2-(3-phenylisoquinolin-1-yl)pentanamide 10a: white solid, 43 mg, 16%, mp 91-

92 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1703, 1684; 1H NMR (600 MHz, CD3COCD3) δ 

(ppm)  11.20 (s, 1H), 8.45 (d, J = 8.4 Hz, 1H), 8.29 (s, 1H), 8.12 (dd, J = 8.4, 1.2 Hz, 2H), 8.06 (d, J = 7.8 

Hz, 1H), 7.92 (d, J = 6.6 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H), 7.79 (t, J = 7.2 Hz, 1H), 7.68 (t, J = 7.8 Hz, 1H), 

7.61 (t, J = 7.2 Hz, 1H), 7.42-7.50 (m, 5H), 7.26 (d, J = 7.8 Hz, 2H), 5.00 (dd, J = 9.0, 5.4 Hz, 1H), 3.20-

3.25 (m, 1H) , 3.12-3.17 (m, 1H), 2.44-2.55 (m, 2 H), 2.37 (s, 3H); 13C NMR (150 MHz, CDCl3) δ (ppm) 

198.9, 169.9, 157.5, 149.0, 144.6, 138.3, 137.9, 136.7, 136.3, 133.3, 131.4, 129.5, 129.32, 129.29, 128.6, 

128.4, 128.2, 128.1, 127.0, 125.7, 124.5, 117.3, 48.8, 35.2, 30.7, 21.6; HRMS (TOF-ESI): [M + H]+ calcd 

for C33H29N2O4S: 549.1842, found: 549.1840.
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N

CONHTs

10c

O

Ph
Me

N-Tosyl-2-(7-methyl-3-phenylisoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10c: white solid, 34.4 mg, 

12%, mp 178-179 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1709, 1686; 1H NMR (600 MHz, 

CD3COCD3) δ (ppm) 11.26 (brs, 1H), 8.24 (s, 1H), 8.20 (s, 1H), 8.10 (d, J = 7.2 Hz, 2H), 7.95 (d, J = 7.8 

Hz, 1H), 7.91 (d, J =6.6 Hz, 2H), 7.84 (d, J = 8.4, Hz, 2H), 7.60-7.64 (m, 2H), 7.42-7.50 (m, 5H), 7.26 (d, J 

= 7.8 Hz, 2H), 4.95 (dd, J = 9.0, 5.4 Hz, 1H), 3.17-3.23 (m, 1H), 3.08-3.13 (m, 1H), 2.54 (s, 3H), 2.50-2.56 

(m, 1H), 2.42-2.48 (m, 1H), 2.37 (s, 3H); 13C NMR (150 MHz, CDCl3) δ (ppm) 198.8, 170.0, 156.6, 148.3, 

144.6, 138.6, 138.4, 136.7, 136.4, 136.1, 133.6, 133.2, 129.4, 129.3, 129.1, 128.6, 128.4, 128.1, 128.0, 126.8, 

125.9, 123.3, 117.1, 48.7, 35.3, 30.7, 22.3, 21.6; HRMS (TOF-ESI): [M + H]+ calcd for C34H30N2O4S: 

563.1999, found: 563.1996.  

N

CONHTs

10d

O

Ph
F

N-Tosyl-2-(7-fluoro-3-phenylisoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10d:   white solid, 45.4 mg, 

16%, mp 170-171 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1715, 1688; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm)  11.04 (brs, 1H), 8.33 (s, 1H), 8.23 (dd, J = 10.4, 2.0 Hz, 1H), 8.16 (dd, J = 9.2, 6.0 

Hz, 1H), 8.08-8.10 (m, 2H), 7.92-7.95 (m, 2H), 7.82 (dt, J = 8.4, 2.0 Hz, 2H), 7.66 (td, J = 8.8, 2.8 Hz, 1H), 

7.61 (tt, J = 7.6, 2.0 Hz, 1H), 7.43-7.52 (m, 5H), 7.25 (d, J = 7.6 Hz, 2H), 4.95 (dd, J = 9.2, 4.8 Hz, 1H), 

3.13-3.29 (m, 2H), 2.41-2.57 (m, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 198.8, 169.5, 161.6 

(d, J = 250.1 Hz), 156.9 (d, J = 6.7 Hz), 148.8, 144.7, 138.0, 136.7, 136.2, 135.0, 133.3, 130.9, 130.8, 129.5, 

129.4, 128.7, 128.4, 128.1, 126.9, 126.4 (d, J = 8.7 Hz), 122.1 (d, J = 25.9 Hz), 117.0, 108.5 (d, J = 22.0 Hz), 

49.1, 35.1, 30.4, 21.6; HRMS (TOF-ESI): [M + H]+ calcd for C33H28FN2O4S 567.1748, found: 567.1750.  



S14

N

CONHTs

10e

O

Ph
F3C

N-Tosyl-5-oxo-5-phenyl-2-(3-phenyl-6-(trifluoromethyl)isoquinolin-1-yl)pentanamide   10e: white 

solid, 53.1 mg, 17%, mp 170-171 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1701, 1674; 1H NMR 

(600 MHz, CD3COCD3) δ (ppm)  10.94 (s, 1H), 8.96 (s, 1H), 8.42 (s, 1H), 8.28 (d, J =10.2 Hz, 1H), 8.12-

8.13 (m, 2H), 8.00 (d, J = 9.0 Hz, 1H), 7.93 (d, J = 6.6 Hz, 2H), 7.81 (d, J = 7.8 Hz, 2H), 7.61 (t, J = 7.2 Hz, 

1H), 7.47-7.50 (m, 5H), 7.24 (d, J = 7.8 Hz, 2H), 5.17 (dd, J = 9.6, 6.0 Hz, 1H), 3.24-3.30 (m, 1H), 3.16-3.22 

(m, 1H), 2.53-2.59 (m, 1H), 2.43-2.48 (m, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 198.5, 

169.2, 158.7, 151.2, 144.8, 139.2, 137.6, 136.6, 136.0, 133.4, 130.0 (q, J = 32.6 Hz), 129.9, 129.5, 129.4, 

128.7, 128.4, 128.1, 127.1, 127.0 (d, J = 2.0 Hz), 124.6, 123.7 (d, J = 271.2 Hz), 122.6 (d, J = 4.8 Hz), 116.8, 

49.1, 35.2, 30.6, 21.6; HRMS (TOF-ESI): [M + H]+ calcd for C34H28F3N2O4S: 617.1716, found: 617.1712.

N

CONHTs

10f
MeO

O

N-Tosyl-2-(7-methoxy-3-phenylisoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10f: white solid, 46.2 mg, 

16%, mp 175-176 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1732, 1669; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm)  11.39 (brs, 1H), 8.34 (d, J = 9.2 Hz, 1H), 8.19 (s, 1H), 8.10 (d, J = 7.6 Hz, 2H), 7.90 

(d, J = 8.4 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.42-7.50 (m, 6H), 7.25-7.28 (m, 3H), 

4.90 (dd, J = 8.4, 5.2 Hz, 1H), 4.00 (s, 3H), 3.06-3.22 (m, 2H), 2.39-2.54 (m, 2H), 2.36 (s, 3H);  13C NMR 

(150 MHz, CDCl3) δ (ppm) 198.9, 170.1, 161.7, 156.8, 149.4, 144.5, 140.2, 138.3, 136.7, 136.5, 133.3, 129.4, 

129.3, 128.6, 128.4, 128.1, 127.0, 126.4, 121.3, 121.2, 116.5, 105.7, 55.7, 48.7, 35.2, 30.8, 21.6; HRMS 

(TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 579.1950.

N

CONHTs

10g

O

Me

N-Tosyl-2-(6-Methyl-3-phenylisoquinolin-1-yl)-5-oxo-5-phenylpentanamide: white solid, 35.7 mg, 13%, 
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 mp 189-190 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1713, 1688; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm)  11.29 (brs, 1H), 8.32 (d, J = 8.8 Hz, 1H), 8.18 (s, 1H), 8.10-8.12 (m, 2H), 7.90 (dd, 

J = 8.4, 1.2 Hz, 2H), 7.82-7.84 (m, 3H), 7.61 (tt, J = 7.2, 1.2 Hz, 1H), 7.43-7.53 (m, 6H), 7.26 (d, J = 7.6 Hz, 

2H), 4.94 (dd, J = 8.4, 5.6 Hz, 1H), 3.07-3.24 (m, 2H), 2.55 (s, 3H), 2.43-2.52 (m, 2H), 2.37 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ (ppm) 198.9, 170.0, 157.2, 149.0, 144.6, 142.0, 138.4, 138.3, 136.7, 136.4, 133.3, 

130.7, 129.4, 129.3, 129.2, 128.6, 128.4, 128.1, 127.1, 126.9, 124.3, 124.1, 116.8, 48.6, 35.2, 30.8, 22.0, 

21.6; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 563.1999, found: 563.2002.

N

CONHTs

10h

O

F

N-Tosyl-2-(6-fluoro-3-phenylisoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10h: white solid, 69.1 mg, 

24%, mp 185-186 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1736, 1665; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm)  11.08 (brs, 1H), 8.57 (dd, J = 9.2, 5.6 Hz, 1H), 8.29 (s, 1H), 8.08-8.11 (m, 2H), 7.92 

(d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 7.74 (dd, J = 10.0, 2.4 Hz, 1H), 7.59-7.63 (m, 1H), 7.45-7.54 

(m, 6H) , 7.25 (d, J = 8.4 Hz, 2H), 5.00 (dd, J = 9.2, 5.2 Hz, 1H), 3.11-3.27 (m, 2H), 2.40-2.57 (m, 2H) , 2.37 

(s, 3H); 13C NMR (150 MHz, CDCl3) δ (ppm) 199.0, 169.6, 163.8 (d, J = 252.8 Hz), 157.7, 150.0, 144.7, 

139.7 (d, J =11.4 Hz), 137.9, 136.7, 136.2, 133.4, 129.6, 129.5, 129.4, 128.7, 128.4, 128.1, 128.04, 127.98, 

127.0, 122.9, 118.8 (d, J = 24.3 Hz), 116.7 (d, J = 4.4 Hz), 111.4 (d, J = 20.1 Hz), 49.0, 35.1, 30.6, 20.6; 

HRMS (TOF-ESI): [M + H]+ calcd for C33H28FN2O4S: 567.1748, found: 567.1751.

N

CONHTs

10i

O

OMe

N-Tosyl-2-(3-(4-methoxyphenyl)isoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10i: white solid, 39 mg, 

14%, mp 173-174 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1736, 1667; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm) 11.24 (brs, 1H), 8.41 (d, J = 8.4 Hz, 1H), 8.18 (s, 1H), 8.06 (dd, J = 8.8, 2.0 Hz, 2H), 

8.01 (d, J = 8.4 Hz, 1H), 7.91 (dd, J = 6.8, 1.6 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H), 7.75 (t, J = 8.4 Hz, 1H), 

7.59-7.66 (m, 2H), 7.49 (t, J = 8.0 Hz, 2H), 7.28 (d, J = 7.6 Hz, 2H), 7.01 (dd, J = 9.2, 2.4 Hz, 2H), 4.97 (dd, 

J = 8.4, 5.6 Hz, 1H), 3.90 (s, 3H), 3.09-3.26 (m, 2H) , 2.40-2.55 (m, 2H), 2.38 (s, 3H); 13C NMR (150 MHz, 
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CDCl3) δ (ppm) 198.9, 170.0, 160.8, 157.3, 148.7, 144.6, 138.0, 136.7, 136.3, 133.3, 131.3, 130.7, 129.5, 

128.6, 128.4, 128.2, 128.11, 128.06, 128.0, 125.3, 124.5, 116.2, 114.7, 55.6, 48.6, 35.3, 30.8, 21.6; HRMS 

(TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 579.1951.

N

CONHTs

10j

O

Me

N-Tosyl-5-oxo-5-phenyl-2-(3-(p-tolyl)isoquinolin-1-yl)pentanamide 10j: white solid, 38.9 mg, 14%, mp 

165-166 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1734, 1669; 1H NMR (600 MHz, CD3COCD3) 

δ (ppm) 11.25 (s, 1H), 8.44 (d, J = 8.4 Hz, 1H), 8.24 (s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 8.4 Hz, 

2H), 7.92 (d, J = 7.8 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H), 7.78 (t, J = 7.2 Hz, 1H), 7.66 (t, J = 7.8 Hz,1H), 7.61 

(t, J = 7.8 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.27 (t, J = 10.2 Hz, 4H), 4.99 (dd, J = 9.0, 5.4 Hz, 1H), 3.20-

3.25 (m, 1H), 3.11-3.16 (m, 1H) , 2.43-2.54 (m, 2H), 2.42 (s, 3H) 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3,) 

δ (ppm) 198.9, 170.0, 157.4, 149.0, 144.6, 139.4, 138.0, 136.7, 136.3, 135.4, 133.3, 131.3, 130.1, 129.4, 

128.7, 128.4, 128.2, 128.1, 126.8, 125.5, 124.5, 116.8, 48.6, 35.2, 30.8, 21.6, 21.4; HRMS (TOF-ESI): [M + 

H]+ calcd for C34H31N2O4S: 563.1999, found: 563.2001.

N

CONHTs

10k

O

F

N-Tosyl-2-(3-(4-fluorophenyl)isoquinolin-1-yl)-5-oxo-5-phenylpentanamide 10k: white solid, 39.8 mg, 

14%, mp 162-163 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1736, 1667; 1H NMR (600 MHz, 

CD3COCD3) δ (ppm) 11.07 (s, 1H), 8.45 (d, J = 7.8 Hz, 1H), 8.27 (s, 1H), 8.14 (dd, J = 9.0, 6.0 Hz, 2H), 

8.04 (d, J = 9.0 Hz, 1H), 7.92 (d, J = 7.8 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 7.79 (t, J = 7.8 Hz, 1H), 7.68 (t, 

J = 8.4 Hz, 1H) , 7.61 (t, J = 7.8 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.20 (t, J = 9.0 

Hz, 2H), 5.01(dd, J = 8.4, 4.8Hz, 1H), 3.20-3.26 (m, 1H), 3.13-3.18 (m, 1H), 2.49-2.55 (m, 1H), 2.41-2.47 

(m, 1H), 2.83 (s, 3H); 13C NMR (150 MHz, CDCl3) δ (ppm) 198.8, 169.6, 163.6 (d, J =  248.4 Hz), 157.6, 

148.0, 144.6, 137.8, 136.6, 136.1, 134.3, 133.3, 131.4, 129.4, 128.7 (d, J = 8.7 Hz), 128.6, 128.4, 128.3, 

128.1, 128.0, 125.5, 124.4, 116.9, 116.2 (d, J = 21.6 Hz), 48.7, 35.2, 30.5, 21.6; HRMS (TOF-ESI): [M + 

H]+ calcd for C33H28FN2O4S: 567.1748, found: 567.1751.
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N

CONHTs

10l

O

MeO

N-Tosyl-5-(4-methoxyphenyl)-5-oxo-2-(3-phenylisoquinolin-1-yl)pentanamide 10l: white solid, 57 mg, 

20%, mp 106-107 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1724, 1655; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm) 11.20 (s, 1H), 8.46 (d, J = 8.0 Hz, 1H), 8.29 (s, 1H), 8.12 (dd, J = 8.4, 2.0 Hz, 2H), 

8.05 (d, J = 8.4 Hz, 1H), 7.90 (dt, J = 8.4, 1.6 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H), 7.79 (td, J = 8.0, 1.2Hz, 1H), 

7.68 (td, J = 8.4, 1.6 Hz, 1H), 7.43-7.49 (m, 3H), 7.26 (d, J = 8.0 Hz, 2H), 6.99 (dt, J = 9.2, 2.4 Hz, 2H), 4.99 

(dd, J = 8.8, 5.6 Hz, 1H), 3.88 (s, 3H), 3.03-3.19 (m, 2H), 2.41-2.55 (m, 2H), 2.38 (s, 3H); 13C NMR (150 

MHz, CDCl3) δ (ppm) 197.4, 169.9, 163.7, 157.6, 149.0, 144.6, 138.3, 137.9, 136.3, 131.4, 130.4, 129.8, 

129.4, 129.30, 128.26, 128.4, 128.2, 127.0, 125.7, 124.6, 117.2, 113.8, 55.6, 48.9, 34.9, 30.9, 21.6; HRMS 

(TOF-ESI): [M + H]+ calcd for C34H31N2O5S: 579.1948, found: 579.1950. 

N

CONHTs

10m

O

Me

N-Tosyl-5-oxo-2-(3-phenylisoquinolin-1-yl)-5-(p-tolyl)pentanamide 10m: white solid, 49.5 mg, 18%, mp 

173-174 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1728, 1657; 1H NMR (600 MHz, CD3COCD3) 

δ (ppm) 11.20 (s, 1H), 8.45 (d, J = 7.8 Hz, 1H), 8.29 (s, 1H), 8.11 (d, J = 7.8 Hz, 2H), 8.06 (d, J = 8.4 Hz, 

1H), 7.79-7.84 (m, 5H), 7.68 (t, J = 7.8 Hz, 1H), 7.42-7.48 (m, 3H) , 7.29 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 

7.8 Hz, 2H), 5.01 (dd, J = 9.0, 5.4 Hz, 1H), 3.16-3.21 (m, 1H), 3.08-3.13 (m, 1H), 2.42-2.54 (m, 2H), 2.39 

(s, 3H), 2.37 (s, 3H); 13C NMR (100 MHz, CD3COCD3) δ (ppm) 198.6, 169.6, 158.2, 149.0, 144.3, 143.7, 

138.8, 137.8, 137.1, 134.6, 130.7, 129.4, 129.2, 128.7, 128.6, 128.1, 128.0, 127.7, 126.8, 126.0, 125.0, 116.0, 

49.8, 35.6, 27.3, 20.8, 20.7; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 563.1999, found: 563.2001. 
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N

CONHTs

10n

O

Br

N-Tosyl-5-oxo-5-(4-bromophenyl)-2-(3-phenylisoquinolin-1-yl)pentanamide 10n: white solid, 45.8 mg, 

15%, mp 183-184oC (recrystallization from EA/n-hexane); IR v (cm-1) 1711, 1690; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm) 11.17 (s, 1H), 8.43 (d, J = 8.4Hz, 1H), 8.29 (s, 1H), 8.09-8.11 (m, 2H), 8.06 (d, J = 8.0 

Hz, 1H), 7.78 (dd, J = 8.4, 0.8 Hz, 1H),  7.81-7.85 (m, 4H), 7.66-7.70 (m, 3H), 7.43-7.49 (m, 3H), 7.26 (d, 

J = 8.0 Hz, 2H), 5.00 (dd, J = 8.8, 5.6Hz, 1H), 3.11-3.26 (m, 2H), 2.41-2.57 (m, 2H), 2.38 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ (ppm) 197.9, 169.9, 157.4, 149.0, 144.7, 138.2, 137.9, 136.3, 135.4, 132.0, 131.4, 129.6, 

129.5, 129.3, 128.5, 128.43, 128.38, 128.3, 126.9, 125.6, 124.4, 117.3, 48.6, 35.2, 30.6, 21.7; HRMS (TOF-

ESI): [M + H]+ calcd for C33H28BrN2O4S: 627.0947, found: 627.0944.

N

CONHTs

10o

O

O2N

N-Tosyl-5-(4-nitrophenyl)-5-oxo-2-(3-phenylisoquinolin-1-yl)pentanamide 10o:   white solid, 35.4 mg, 

12%, mp 188-189 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1734, 1665; 1H NMR (600 MHz, 

CD3COCD3) δ (ppm) 11.14 (s, 1H), 8.42 (d, J = 9.6 Hz, 1H), 8.28-8.30 (m, 3H), 8.05-8.12 (m, 5H), 7.83 (d, 

J = 9.0 Hz, 2H), 7.79 (t, J = 7.2 Hz, 1H), 7.68 (t, J = 7.2 Hz, 1H), 7.42-7.46 (m, 3H) , 7.26 (d, J = 7.8 Hz, 

2H), 5.02 (dd, J = 9.0, 6.0 Hz, 1H), 3.29-3.31 (m, 2H), 2.60-2.48 (m, 2H), 2.38 (s, 3H); 13C NMR (150 MHz, 

CDCl3) δ  (ppm) 197.5, 169.8, 157.2, 150.5, 148.9, 144.7, 141.1, 138.0, 136.3, 131.5, 129.5, 129.42, 129.36, 

129.2, 128.5, 128.4, 128.3, 126.9, 125.6, 124.3, 123.9, 117.4, 48.3, 35.8, 30.3, 21.7; HRMS (TOF-ESI): [M 

+ H]+ calcd for C33H28N3O6S: 594.1693, found: 594.1698. 

N

CONHTs

10p

O

N-Tosyl-5-(2-naphthalenyl)-5-oxo-2-(3-phenylisoquinolin-1-yl)pentanamide 10p: white solid, 47 mg, 
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16%, mp 135-136 oC (recrystallization from EA/n-hexane); IR v (cm-1) 1726, 1665; 1H NMR (400 MHz, 

CD3COCD3) δ (ppm) 11.20 (s, 1H), 8.55 (s, 1H), 8.49 (d, J = 8.4 Hz, 1H), 8.29 (s, 1H), 8.11-8.13 (m, 2H), 

8.06 (d, J = 8.0 Hz, 2H), 7.97-7.99 (m, 3H), 7.84 (d, J = 8.4 Hz, 2H), 7.79 (td, J = 7.2, 1.2 Hz, 1H), 7.61-7.70 

(m, 3H), 7.43-7.46 (m, 3H), 7.24 (d, J = 8.0 Hz, 2H), 5.06 (dd, J = 8.8, 5.6 Hz, 1H), 3.26-3.43 (m, 2H), 2.48-

2.63 (m, 2H), 2.32 (s, 3H); 13C NMR (150 MHz, CDCl3) δ (ppm) 198.9, 170.0, 157.5, 149.0, 144.6, 138.3, 

137.9, 136.3, 135.7, 134.0, 132.6, 131.4, 129.9, 129.8, 129.4, 129.3, 128.6, 128.5, 128.42, 128.37, 128.2, 

127.8, 127.0, 126.9, 125.7, 124.5, 123.8, 117.3, 48.9, 35.4, 30.9, 21.6; HRMS (TOF-ESI): [M + H]+ calcd 

for C37H31N2O4S: 599.1999, found: 599.1996.

11a

N
N

O

O

O

O

1-(3-Oxo-3-phenylpropyl)-5-phenylpyrazolo[5,1-a]isoquinolin-2-yl 5-oxo-5-phenylpentanoate 11a 

(This by-product was isolated from the reaction of 1a with 6a catalyzed by AgOTf (10 mol %), N-mesityl 

triazolium salt 7b (30 mol%) and DBU (100 mol%), see Table 1 and entry 1): white solid, 6 %, mp 106-107 

oC (recrystallization from EA/n-hexane); IR v (cm-1) 1765, 1680; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.18-

8.20 (m, 1H), 7.93-7.97 (m, 4H), 7.85 (dd, J = 8.0, 1.2 Hz, 2H), 7.74-7.76 (m, 1H), 7.46-7.57 (m, 7H), 7.44 

(d, J = 6.8 Hz, 2H), 7.40 (d, J = 7.6 Hz, 2H), 7.03 (s,1H), 3.42-3.46 (m, 2H), 3.33-3.37 (m, 2H), 3.12 (t, J = 

6.8 Hz, 2H), 2.80 (t, J = 6.8 Hz, 2H), 2.19 (quint., J = 6.8 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ (ppm) 

199.4, 199.2, 171.7, 155.1, 138.4, 136.8, 136.7, 136.6, 133.5, 133.3, 133.1, 129.8, 129.52, 129.48, 128.72, 

128.67, 128.4, 128.2, 128.1, 127.9, 127.75, 127.70, 124.6, 122.8, 112.7, 103.6, 37.7, 37.3, 33.1, 19.2, 18.2; 

HRMS (TOF-ESI): [M + Na]+ calcd for C37H30N2O4Na: 589.2097, found: 589.2099.

3. Isomerization between (1R, 4R, 5S)-5,1-(azenometheno)benzo[c]azepin-3-ones 8 and 

(1R, 4S, 5S)-5,1-(azenometheno)benzo[c]azepin-3-ones 9
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N
O

Ts

CH2CH2COPh

N

Ar
N

O

Ts

CH2CH2COPh

N

Ar

DBU
(1 equiv.)

RT (around 30 oC), 18h 9a: 49 %
9j: 47 %

8a: Ar = Ph
8j: Ar = p-MeC6H4-

ClCH2CH2Cl

In a test tube, a mixture of (1R, 4R, 5S)-4-(3-oxo-3-phenylpropyl)-11-aryl-2-tosyl-5,1-

(azenometheno)benzo[c]azepin-3-one 8a or 8j (0.2 mmol) and DBU (0.4 mmol, 60.8 mg) in dichloroethane 

(2 mL) was stirred for 18 h at room temperature (~30 oC). After removal of the solvent, the residue was 

chromatographed on a silica gel column eluting with a mixture of petroleum ether, dichloromethane and ethyl 

acetate (petroleum ether : DCM : EA = 6 : 2 : 1) to give the (1R, 4S, 5S)-5,1-(azenometheno)benzo[c]azepin-

3-ones 9a and 9j in 49 % and 47 % yield, respectively. Meanwhile, 41% of 8a and 42 % of 8j were recovered. 

N
O

Ts

N

9a

O

(1R, 4S, 5S)-4-(3-Oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one 9a: white solid, 54 mg, 49 %, ee 99.2%, [α]20
D +49.7 o (c 0.5, 

CH2Cl2), mp 90-91 oC (without recrystallization); IR v (cm-1) 1686; 1H NMR (600 MHz, CDCl3) δ (ppm) 

8.12 (d, J = 7.8 Hz, 2H), 7.85 (dd, J = 8.4, 1.8 Hz, 2H), 7.68 (d, J = 7.2 Hz, 1H), 7.61 (d, J = 8.4 Hz, 2H), 

7.51-7.55 (m, 4H), 7.47 (d, J = 6.6 Hz, 1H), 7.43 (t, J = 7.2 Hz, 1H), 7.40 (dd, J = 7.2, 1.2 Hz, 1H), 7.37 (dd, 

J = 7.2, 1.2 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 6.99 (s, 1H), 5.36 (d, J = 3.6 Hz, 1H), 3.06-3.12 (m, 2H), 2.96-

3.01 (m, 1H), 2.27 (s, 3H), 1.94-2.00 (m, 1H), 1.73-1.79 (m, 1H); 13C NMR (150 MHz, CDCl3) δ (ppm) 

199.1, 171.8, 170.6, 144.8, 139.8, 136.7, 136.2, 135.2, 134.8, 133.2, 131.7, 129.3, 129.1, 128.8, 128.63, 

128.57, 128.3, 128.1, 127.3, 127.2, 127.0, 63.9, 50.54, 50.50, 36.8, 26.4, 21.6; HRMS (TOF-ESI): [M + H]+ 

calcd for C33H28N2O4S: 549.1842, found: 549.1845. 
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N
O

Ts

N

9j

O

Me

(1R, 4S, 5S)-4-(3-Oxo-3-phenylpropyl)-11-(p-tolyl)-2-tosyl-1,2,4,5-tetrahydro-5,1-

(azenometheno)benzo[c]azepin-3-one 9j: white solid, 48.8 mg, 43 %, ee 99.7%, [α]20
D +44.6 o (c 0.5, 

CH2Cl2), mp 202-203 oC (recrystallization from dichloromethane and n-hexane); IR v (cm-1) 1705, 1674; 1H 

NMR (600 MHz, CDCl3) δ (ppm) 8.01 (d, J = 7.8 Hz, 2H), 7.84 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 7.2 Hz, 1H), 

7.61 (d, J = 7.8 Hz, 2H), 7.54 (t, J = 7.8 Hz, 1H), 7.36-7.46 (m, 5H), 7.32 (d, J = 7.8 Hz, 2H), 7.10 (d, J = 

7.8 Hz, 2H), 6.96 (s, 1H), 5.32 (d, J = 3.6 Hz, 1H), 3.05-3.11 (m, 2H), 2.95-3.00 (m, 1H), 2.44 (s, 3H), 2.27 

(s, 3H), 1.93-1.99 (m, 1H), 1.73-1.78 (m, 1H); 13C NMR (150 MHz, CDCl3) δ (ppm) 199.1, 171.8, 170.3, 

144.7, 142.2, 139.8, 136.7, 136.2, 134.9, 133.1, 132.3, 129.8, 129.2, 128.7, 128.6, 128.5, 128.2, 128.0, 127.2, 

127.1, 1269, 63.7, 50.5, 50.4, 36.8, 26.3, 21.5; HRMS (TOF-ESI): [M + H]+ calcd for C34H31N2O4S: 

563.1999, found: 563.2002.

4. Reduction of (1R, 4R, 5S)-5,1-(azenometheno)benzo[c]azepin-3-ones 8

NaBH3CN (2.5 equiv.)

18a: 62%, ee: 99.4 %, dr: 20 :1
18j: 58%, ee: 99.6%, dr: 31 : 1

MeOH/THF = 1 : 3
RT (around 30 oC),
18h

N
O

Ts

CH2CH2COPh

N

Ar

8a: Ar = Ph
8j: Ar = p-MeC6H4-

(R)
N

(R)
(S)

O

Ts

CH2CH2COPh

NH
(R)

Ar

In a test tube, a mixture of 4-(3-oxo-3-phenylpropyl)-11-aryl-2-tosyl-5,1-(azenometheno)benzo[c]azepin-3-

ones 8 (0.2 mmol) and NaBH3CN (0.5 mmol, 31 mg) in methanol (1 mL) and THF (3 mL) was stirred for 18 

h at room temperature (around 30 oC). After removal of the solvents, the residue was chromatographed on a 

silica gel column eluting with a mixture of petroleum ether and acetone (petroleum ether : acetone = 4 : 1) to 

give the 4-(3-oxo-3-phenylpropyl)-11-aryl-2-tosyl-5,1-(epiminomethano)benzo[c]azepin-3-ones 18 in 58%-

62 % yield with > 99% ee and 22 : 1 -31 : 1 dr.
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N
O

Ts

NH

18a

O

(1R, 4R, 5S, 11R)-4-(3-Oxo-3-phenylpropyl)-11-phenyl-2-tosyl-1,2,4,5-tetrahydro-5,1-

(epiminomethano)benzo[c]azepin-3-one 18a: white solid, 67.7 mg, 62%, ee 99.4%, [α]20
D = -63.87 o (c = 

0.5, CH2Cl2), mp 169-170 oC (recrystallization from EA/n-hexane); IR v (cm-1) 3364, 1682; 1H NMR (400 

MHz, CD2Cl2) δ (ppm) 7.96 (dd, J = 7.2, 1.6 Hz, 2H), 7.55-7.61 (m, 4H), 7.48 (t, J = 7.6 Hz, 2H), 7.40-7.43 

(m, 2H), 7.36-7.39 (m, 4H), 7.28 (dd, J = 6.4, 2.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 

6.00 (d, J = 3.2 Hz, 1H), 4.55 (d, J = 2.8 Hz, 1H), 4.26 (s, 1H), 3.28 (t, J = 6.8 Hz, 2H), 2.47-2.54 (m, 3H), 

2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 200.2, 174.3, 143.7, 140.9, 140.2, 137.1, 136.9, 136.8, 

133.2, 129.8, 129.0, 128.8, 128.7, 128.5, 128.2, 128.1, 128.0, 127.8, 126.0, 124.9, 61.4, 59.7, 56.4, 55.7, 

37.8, 27.2, 21.6; HRMS (TOF-ESI): [M + H]+ calcd for C33H31N2O4S: 551.1999, found: 551.1997.

N
O

Ts

NH

18j

O

Me

(1R, 4R, 5S, 11R)-4-(3-Oxo-3-phenylpropyl)-11-(p-tolyl)-2-tosyl-1,2,4,5-tetrahydro-5,1-

(epiminomethano)benzo[c]azepin-3-one 18j: white solid, 65.6 mg, 58%, ee 99.6 %, [α]20
D = -60.4o (c = 0.5, 

CH2Cl2), mp 200-201 oC (recrystallization from EA/n-hexane); IR v (cm-1) 3383, 1682; 1H NMR (400 MHz, 

CD2Cl2) δ (ppm) 7.89 (dd, J = 8.0, 1.2 Hz, 2H), 7.47-7.53 (m, 2H), 7.40 (t, J = 8.0 Hz, 2H), 7.32-7.36 (m, 

4H), 7.20 (dd, J = 5.6, 2.4 Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.4 Hz, 

2H), 5.88 (d, J = 3.2 Hz, 1H), 4.45 (d, J = 2.4 Hz, 1H), 4.19 (s, 1H), 3.20 (t, J = 6.8 Hz, 2H), 2.37-2.48 (m, 

3H), 2.32 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm) 200.2, 174.4, 143.6, 140.2, 137.9, 

137.4, 137.2, 136.9, 136.8, 133.2, 129.7, 129.4, 128.8, 128.7, 128.6, 128.2, 128.1, 127.9, 126.0, 124.8, 61.2, 

59.8, 56.4, 55.7, 37.8, 27.2, 21.7, 21.3; HRMS (TOF-ESI): [M + H]+ calcd for C34H33N2O4S: 565.2155, 

found: 565.2154.
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4. X-Ray crystallography of 8a, 9j, 10a, 11a and 18j

  

N
O

S

N

8a Me

O

O

O

Crystals of compound 8a (CCDC 1991926) were obtained by slow evaporation of a solution of 8a in 

dichloromethane and n-hexane. Single-crystal diffraction intensity data of the compound 8a was collected 

on a SuperNova (Dual, Cu at home/near, AtlasS2) diffractometer with CuKα radiation (λ = 1.54184 Å) at 

100.01 K. The structure was solved by the program ShelXS (Sheldrick, 2008) and refined with the program 

ShelXL (Sheldrick, 2015). The crystal data and structure refinement results for compound 8a are listed in the 

Table S1.

Table S1. Crystal data and structure refinement for 8a.
Identification code 20181204e 
Empirical formula C33H28N2O4S 
Formula weight 548.63 
Temperature/K 100.01(10) 
Crystal system triclinic 
Space group P1 
a/Å 8.0643(3) 
b/Å 9.5772(5) 
c/Å 9.7272(5) 
α/° 71.192(4) 
β/° 74.716(4) 
γ/° 76.923(4) 
Volume/Å3 677.74(6) 
Z 1 
ρcalc (g/cm3) 1.344 
μ/mm-1 1.404 
F(000) 288.0 
Crystal size/mm3 0.4 × 0.2 × 0.1 
Radiation CuKα (λ = 1.54184) 
2 θ range for data collection/° 9.818 to 143.582 
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Index ranges -9 ≤ h ≤ 6, -11 ≤ k ≤ 10, -11 ≤ l ≤ 10 
Reflections collected 4408 
Independent reflections 3099 [Rint = 0.0308, Rsigma = 0.0362] 
Data/restraints/parameters 3099/3/362 
Goodness-of-fit on F2 1.032 
Final R indexes [I≥2σ (I)] R1 = 0.0318, wR2 = 0.0851 
Final R indexes [all data] R1 = 0.0323, wR2 = 0.0857 
Largest diff. peak/hole / e Å-3 0.20/-0.38 
Flack parameter 0.013(15)

N
O

S

N

9j Me

O

O

O

Me

Crystals of compound 9j (CCDC 1991927) were obtained by slow evaporation of a solution of 9j in 

dichloromethane and n-hexane. Single-crystal diffraction intensity data of the compound 9j was collected on 

a 'XtaLAB Synergy R, DW system, HyPix' diffractometer with CuKα radiation (λ = 1.54184 Å) at 100 K. 

The structure was solved by the program ShelXT (Sheldrick, 2015) and refined with the program ShelXL 

(Sheldrick, 2015). The crystal data and structure refinement results for compound 9j are listed in the Table 

S2.

Table S2. Crystal data and structure refinement for 9j.
Identification code 20190612a
Empirical formula C34H30N2O4S
Formula weight 562.66
Temperature/K 100.00(10)
Crystal system orthorhombic
Space group P212121

a/Å 10.52860(10)
b/Å 10.84520(10)
c/Å 23.4899(2)
α/° 90
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β/° 90
γ/° 90
Volume/Å3 2682.19(4)
Z 4
ρcalc (g/cm3) 1.393
μ/mm-1 1.433
F(000) 1184.0
Crystal size/mm3 0.3 × 0.25 × 0.2
Radiation CuKα (λ = 1.54184)
2 θ range for data collection/° 7.528 to 151.576
Index ranges -5 ≤ h ≤ 13, -12 ≤ k ≤ 13, -29 ≤ l ≤ 28
Reflections collected 14855
Independent reflections 5354 [Rint = 0.0317, Rsigma = 0.0317]
Data/restraints/parameters 5354/0/372
Goodness-of-fit on F2 1.071
Final R indexes [I≥2σ (I)] R1 = 0.0330, wR2 = 0.0850
Final R indexes [all data] R1 = 0.0370, wR2 = 0.0906
Largest diff. peak/hole / e Å-3 0.28/-0.39
Flack parameter -0.005(7)

N

CONHTs

10a

O

Crystals of compound 10a (CCDC 2019566) were obtained by slow evaporation of a solution of 10a in ethyl 

acetate, n-hexane and dichloromethane. Single-crystal diffraction intensity data of the compound 10a was 

collected on a 'XtaLAB Synergy R, DW system, HyPix' diffractometer with CuKα radiation (λ = 1.54184 Å) 

at 100.01 K. The structure was solved by the program 'ShelXT (Sheldrick, 2015)' and refined with the 

program 'ShelXL (Sheldrick, 2015)'. The crystal data and structure refinement results for compound 10a are 

listed in the Table S3.

Table S3. Crystal data and structure refinement for 10a.
Identification code 20200727i 
Empirical formula C33H28N2O4S 
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Formula weight 548.63 
Temperature/K 100.01(10) 
Crystal system triclinic 
Space group P-1 
a/Å 8.47632(19) 
b/Å 11.6836(2) 
c/Å 15.0430(2) 
α/° 68.2289(16) 
β/° 85.3090(17) 
γ/° 72.4618(19) 
Volume/Å3 1318.44(5) 
Z 2 
ρcalc (g/cm3) 1.382 
μ/mm-1 1.444 
F(000) 576.0 
Crystal size/mm3 0.2 × 0.2 × 0.2 
Radiation CuKα (λ = 1.54184) 
2 θ range for data collection/° 8.522 to 151.49 
Index ranges -10 ≤ h ≤ 10, -14 ≤ k ≤ 14, -18 ≤ l ≤ 18 
Reflections collected 15701 
Independent reflections 5265 [Rint = 0.0381, Rsigma = 0.0372] 
Data/restraints/parameters 5265/0/367 
Goodness-of-fit on F2 1.072 
Final R indexes [I>=2σ (I)] R1 = 0.0361, wR2 = 0.0947 
Final R indexes [all data] R1 = 0.0397, wR2 = 0.0980 
Largest diff. peak/hole / e Å-3 0.40/-0.45

11a

N
N

O

O

O

O

Crystals of compound 11a (CCDC 1991928) were obtained by slow evaporation of a solution of 11a in ethyl 

acetate and n-hexane. Single-crystal diffraction intensity data of the compound 11a was collected on a 

SuperNova (Dual, Cu at home/near, AtlasS2) diffractometer with CuKα radiation (λ = 1.54184 Å) at 100.01 
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K. The structure was solved by the program ShelXT (Sheldrick, 2015) and refined with the program ShelXL 

(Sheldrick, 2015). The crystal data and structure refinement results for compound 11a are listed in the Table 

S4.

Table S4. Crystal data and structure refinement for 11a.
Identification code 20181225c 
Empirical formula C37H30N2O4 

Formula weight 566.63 
Temperature/K 100.01(10) 
Crystal system monoclinic 
Space group Pn 
a/Å 5.30440(10) 
b/Å 18.4193(3) 
c/Å 14.2352(2) 
α/° 90 
β/° 97.8080(10) 
γ/° 90 
Volume/Å3 1377.93(4) 
Z 2 
ρcalc (g/cm3) 1.366 
μ/mm-1 0.712 
F(000) 596.0 
Crystal size/mm3 0.3 × 0.2 × 0.03 
Radiation CuKα (λ = 1.54184) 
2 θ range for data collection/° 7.896 to 144.092 
Index ranges -6 ≤ h ≤ 6, -20 ≤ k ≤ 22, -17 ≤ l ≤ 15 
Reflections collected 9415 
Independent reflections 4206 [Rint = 0.0343, Rsigma = 0.0363] 
Data/restraints/parameters 4206/2/388 
Goodness-of-fit on F2 1.035 
Final R indexes [I≥2σ (I)] R1 = 0.0297, wR2 = 0.0743 
Final R indexes [all data] R1 = 0.0311, wR2 = 0.0756 
Largest diff. peak/hole / e Å-3 0.15/-0.18 
Flack parameter 0.00(13)
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N
O

Ts

NH

18j

O

Me

Crystals of compound 18j (CCDC 2024858) were obtained by slow evaporation of a solution of 18j in ethyl 

acetate and n-hexane. Single-crystal diffraction intensity data of the compound 18j was collected on a 

'XtaLAB Synergy R, DW system, HyPix' diffractometer with CuKα radiation (λ = 1.54184) at 277 K. The 

structure was solved by the program 'ShelXT (Sheldrick, 2015)' and refined with the program 'ShelXT 

(Sheldrick, 2015)'. The crystal data and structure refinement results for compound 18j are listed in the Table 

S5.

Table S5. Crystal data and structure refinement for 18j.

Identification code 20200816a 
Empirical formula C34H32N2O4S 
Formula weight 564.67 
Temperature/K 277(8) 
Crystal system orthorhombic 
Space group P212121 
a/Å 6.98984(6) 
b/Å 13.05864(11) 
c/Å 32.2030(3) 
α/° 90 
β/° 90 
γ/° 90 
Volume/Å3 2939.42(4) 
Z 4 
ρcalc (g/cm3) 1.276 
μ/mm-1 1.308 
F(000) 1192.0 
Crystal size/mm3 0.5 × 0.03 × 0.02 
Radiation CuKα (λ = 1.54184) 
2 θ range for data collection/° 7.304 to 151.99 
Index ranges -8 ≤ h ≤ 8, -16 ≤ k ≤ 16, -39 ≤ l ≤ 40 
Reflections collected 56786 
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Independent reflections 6060 [Rint = 0.0771, Rsigma = 0.0292] 
Data/restraints/parameters 6060/48/364 
Goodness-of-fit on F2 1.068 
Final R indexes [I≥2σ (I)] R1 = 0.0451, wR2 = 0.1280 
Final R indexes [all data] R1 = 0.0471, wR2 = 0.1303 
Largest diff. peak/hole / e Å-3 0.30/-0.34 
Flack parameter 0.004(8)

5. 1H and 13C NMR spectra of products
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6. HPLC spectra of products 8 and 9
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.8% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.9% ee.
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IA column, 75 : 25 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.9% ee.
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IB column, 90 : 10 hexane : IPA, flow rate: 1.0 ml/min, 254 nm, 25 oC, 99.7% ee.
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IB column, 80 : 20 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.3% ee.
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IA column, 75 : 25 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.9% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.9% ee.
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AD-H column, 80 : 20 hexane : IPA, flow rate: 0.8 ml/min, 254 nm, 25 oC, 99.8% ee.
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IA column, 60 : 40 hexane : IPA, flow rate: 0.5 ml/min, 254 nm, 25 oC, 99.9% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.6 % ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.7% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.7% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.8 ml/min, 254 nm, 25 oC, 99.7% ee.
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IB column, 85 : 15 hexane : IPA, flow rate: 1.0 ml/min, 254 nm, 25 oC, 99.9% ee.
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IA column, 65 : 35 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.6% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.3% ee.
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CH2CH2COBu-t

N

Ph
8r

IA column, 75 : 25 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.9% ee.
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COOEt

IA column, 70 : 30 hexane : IPA, flow rate: 0.8 ml/min, 254 nm, 25 oC, 99% ee.
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IB column, 85 : 15 hexane : IPA, flow rate: 1.0 ml/min, 254 nm, 25 oC, 99.2% ee.
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IB column, 85 : 15 hexane : IPA, flow rate: 1.0 ml/min, 254 nm, 25 oC, 99.7% ee.
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IA column, 70 : 30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25 oC, 99.4% ee.

N
O
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CH2CH2COPh

NH

-pMeC6H4
18j

IA column, 70:30 hexane : IPA, flow rate: 0.7 ml/min, 254 nm, 25℃, 99.6 % ee.
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