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1. General Information 

All air- and moisture-sensitive manipulations were carried out with standard Schlenk techniques 

under nitrogen or in a glove box under nitrogen. 1H NMR, 13C NMR spectra were measured at 400 MHz 

(or 500 MHz) and 100 MHz (or 125 MHz) in CDCl3 using TMS signal ( 0.00 ppm) and the residual 

signals from CHCl3 ( 77.0 ppm) as internal references for 1H and 13C NMR respectively. Data for 1H 

NMR spectra are reported as follows: chemical shift (, ppm), multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, qd = quartet of doublets, ddd = 

doublet of doublet of doublets, m = multiplet), coupling constant (Hz), and integration. Tetrahydrofuran 

and toluene were distilled from sodium and benzophenone prior to use. Dichloromethane and 1,2-

dichloroethane (DCE) was distilled from CaH2 prior to use.  

The catalysts [Rh(η6-C10H8)(COD)]SbF6,[1] [Rh(dnCOT)(MeCN)2]SbF6,[2] RhCl(IPr)(COD),[3] chiral 

vinylaziridines 1a-1h[4] and C,N-cyclic N’-acyl azomethine imine 2[5] were synthesized according to the 

reported procedure. All other chemicals and solvents were purchased from commercial company and 

used as received. 
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2. Figure S1. Other Attempted Dipoles 

 
Figure S1. Other Attempted Dipoles 

The 1,3-dipolar cycloadditions of vinylaziridine (R)-1a (98% ee) with other dipoles (Figure S1, I-VI) 

have been examined. However, subjecting (R)-1a and dipoles I-VI to a solution of various rhodium-

catalysts did not gave the desired [3+3] cycloadducts. 

3. Experimental Procedures and Characterization Data 

General Procedure for [Rh(NBD)Cl]2/AgClO4
 Catalyzed Intermolecular [3+3] Cycloaddition 

Reaction of Vinyl Aziridines 1 and Dipoles 2. 

 

A mixture of [Rh(NBD)Cl]2
 (5.0 mg, 5 mol%) and AgClO4 (5.0 mg, 10 mol%) in DCE (0.5 mL) 

was stirred at room temperature under argon atmosphere for 30 min. Then a solution of vinylaziridine 1 

(0.20 mmol) and dipoles 2 (0.3 mmol) in DCE (1.5 mL) was added dropwise over a period of 3 mins at 

room temperature. The resulting mixture was then stirred at RT for about 0.5-14 h. Upon complete 

consumption of 1 (TLC monitoring), the solvent was removed under reduced pressure, and the residue 

was purified by chromatography on a silica gel column, eluting with hexane:EtOAc:DCM (5:1:1 to 

3:1:1) to afford the desired [3+3] cycloadduct 3.  

phenyl((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-a] 

isoquinolin-4(11bH)-yl)methanone: (S,S)-3aa 

White solid. m.p. 127.5-129.1 oC. 80% yield. 

1H NMR (400 MHz, CDCl3):  7.82 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 2H), 

7.50 (d, J = 7.2 Hz, 2H), 7.39-7.29 (m, 5H), 7.24-7.19 (m, 2H), 7.01 (d, J = 6.8 Hz, 

1H), 5.95 (s, 1H), 4.92 (s, 1H), 4.86 (s, 1H), 4.80 (t, J = 8.8 Hz, 1H), 4.16 (dd, J = 15.2 and 7.2 Hz, 1H), 

3.43-3.37 (m, 1H), 3.32 (dd, J = 15.2 and 11.2 Hz,  1H), 3.24-3.21 (m, 1H), 2.70-2.59 (m, 2H), 2.41 (s, 

3H), 1.76 (s, 3H). 13C NMR (100 MHz, CDCl3):  171.5, 144.5, 142.3, 137.0, 135.4, 135.1, 133.0, 130.3, 

129.9, 129.5, 128.2, 127.7, 127.5, 127.2, 126.8, 111.3, 71.5, 55.6, 50.1, 41.8, 30.1, 21.6, 20.2. HRMS 

(ESI) calcd for C28H29N3NaO3S [(M+Na+)]: 510.1822, found:510.1828. [α]22
D = +133.7 (c 1.0, CHCl3). 

95% ee. HPLC analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 

mL/min. Retention times: 13.22 min (major), 20.96 min (minor). 
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phenyl((3S,11bS)-1-tosyl-3-vinyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-a]isoquinolin-4(11bH)-

yl)methanone: (S,S)-3ba 

White solid. m.p. 143.8-145.1 oC. 60% yield.  

1H NMR (400 MHz, CDCl3):  7.83 (d, J = 6.8 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 

7.49 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.2 Hz, 1H), 7.31 (d, J = 7.2 Hz, 2H), 7.29-7.22 

(m, 4H), 7.03 (d, J = 6.4 Hz, 1H), 6.03 (s, 1H), 5.93-5.85 (m, 1H), 5.28-5.21 (m, 2H), 4.79-4.73 (m, 1H), 

4.10 (dd, J = 15.2 and 7.6 Hz, 1H), 3.48-3.35 (m ,2H), 3.06-3.03 (m, 1H), 2.67-2.60 (m, 2H), 2.36 (s, 

3H). 13C NMR (100 MHz, CDCl3):  170.5, 144.4, 137.0, 135.7, 135.1, 134.7, 132.6, 130.2, 130.1, 

129.6, 128.3, 127.7, 127.64, 127.57, 127.5, 126.8, 118.0, 71.6, 53.4, 50.7, 42.7, 30.3, 21.6. HRMS (ESI) 

calcd for C27H27N3NaO3S [(M+Na+)]: 496.1665, found: 496.1678. [α]22
D = +94.3 (c 1.0, CHCl3). 89% 

ee. HPLC analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. 

Retention times: 12.81 min (major), 15.95 min (minor). 

    

((3S,11bS)-1-((4-nitrophenyl)sulfonyl)-3-vinyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ca 

White solid. m.p. 110.5-112.9 oC. 76% yield.  

1H NMR (400 MHz, CDCl3):  8.25 (d, J = 8.8 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 7.60 

(d, J = 7.2 Hz, 1H), 7.56-7.54 (m, 2H), 7.43-7.39 (m, 1H), 7.35-7.20 (m, 4H), 7.07 (d, 

J = 7.2 Hz, 1H), 5.99-5.91 (m, 2H), 5.35-5.27 (m, 2H), 4.89-4.88 (m, 1H), 4.13 (dd, J = 15.2 and 7.2 Hz, 
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1H), 3.64 (dd, J = 14.4 and 9.2 Hz, 1H), 3.58-3.51 (m, 1H), 3.11-3.09 (m, 1H), 2.76-2.64 (m, 2H). 13C 

NMR (100 MHz, CDCl3):  169.9, 150.2, 146.0, 135.3, 135.2, 133.7, 131.1, 130.7, 129.2, 128.8, 128.6, 

128.1, 128.0, 127.8, 126.7, 124.6, 118.5, 72.9, 52.8, 50.2, 43.9, 29.9. HRMS (ESI) calcd for 

C26H24N4NaO5S [(M+Na+)]: 527.1360, found: 527.1370. [α]22
D = +82.7 (c 1.0, CHCl3). 87% ee. HPLC 

analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention 

times: 16.93 min (minor), 19.09 min (major). 

    

((3S,11bS)-1-(methylsulfonyl)-3-vinyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-a]isoquinolin-

4(11bH)-yl)(phenyl)methanone: (S,S)-3da  

 White solid. m.p. 199.7-200.9 oC. 67% yield.  

1H NMR (400 MHz, CDCl3):  7.80 (d, J = 7.2 Hz, 1H), 7.62 (d, J = 6.8 Hz, 2H), 

7.43-7.35 (m, 3H), 7.28-7.22 (m, 2H), 7.07 (d, J = 6.0 Hz, 1H), 6.03-5.95 (m, 1H), 

5.79 (s, 1H), 5.44-5.35 (m, 2H), 5.32 (d, J = 10.8 Hz, 1H), 4.11 (dd, J = 15.2 and 7.2 Hz, 1H), 3.57-3.50 

(m, 1H), 3.35 (dd, J = 15.2 and 10.8 Hz, 1H), 3.28-3.26 (m, 1H), 3.04 (s, 3H), 2.79-2.68 (m, 2H). 13C 

NMR (100 MHz, CDCl3):  172.0, 135.1, 134.7, 132.2, 130.5, 129.2, 128.5, 128.0, 127.7, 127.5, 126.9, 

118.8, 71.7, 53.9, 50.7, 42.5, 40.6, 30.2. HRMS (ESI) calcd for C21H23N3NaO3S [(M+Na+)]: 420.1352, 

found: 420.1360. [α]22
D = +56.8 (c 1.0, CHCl3). 80% ee. HPLC analysis of the product: Daicel 

Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 11.87 min (minor), 

14.55 min (major). 
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((3S,11bS)-3-(3-methylbut-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ea  

White solid. m.p. 130.8-132.4 oC. 40% yield.  

1H NMR (400 MHz, CDCl3):  7.82-7.78 (m, 3H), 7.52 (d, J = 7.2 Hz, 2H), 7.38-

7.29 (m, 5H), 7.24-7.19 (m, 2H), 7.01 (d, J = 6.8 Hz, 1H), 5.97 (s, 1H), 4.96 (s, 

2H), 4.83-4.79 (m, 1H), 4.13 (dd, J = 15.2 and 6.8 Hz, 1H), 3.42-3.36 (m, 1H), 

3.31-3.22 (m, 2H), 2.70-2.61 (m, 2H), 2.41 (s, 3H), 2.25-2.17 (m, 1H), 1.09 (d, J = 7.2 Hz, 3H), 1.07 (d, 

J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3):  171.3, 152.5, 144.4, 137.0, 135.5, 135.0, 133.1, 130.2, 

129.8, 129.4, 128.1, 127.6, 127.4, 127.2, 126.7, 107.6, 71.7, 55.1, 50.5, 42.2, 30.4, 30.1, 22.3, 22.0, 21.5. 

HRMS (ESI) calcd for C30H33N3NaO3S [(M+Na+)]: 538.2135, found: 538.2143. [α]22
D = +58.2 (c 1.0, 

CHCl3). 47% ee. HPLC analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 

60/40, 0.8 mL/min. Retention times: 10.55 min (major), 14.99 min (minor). 

    

((3S,11bS)-3-(hex-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-a]isoquinolin-

4(11bH)-yl)(phenyl)methanone: (S,S)-3fa 

Colorless oil. 73% yield.  

1H NMR (500 MHz, CDCl3):  7.87 (d, J = 7.5 Hz, 1H), 7.83 (d, J = 8.5 Hz, 

2H), 7.55 (d, J = 7.0 Hz, 2H), 7.40 (d, J = 7.0 Hz, 1H), 7.37 (d, J = 7.5 Hz, 

2H), 7.33 (d, J = 8.0 Hz, 2H), 7.28-7.18 (m, 2H), 7.05 (d, J = 7.5 Hz, 1H), 6.00 

(s, 1H), 4.96 (s, 1H), 4.95 (s, 1H), 4.75-4.72 (m, 1H), 4.14 (dd, J = 15.5 and 7.0 Hz, 1H), 3.40-3.35 (m, 

1H), 3.31-3.22 (m, 2H), 2.69-2.60 (m, 2H), 2.44 (s, 3H), 2.07-1.98 (m, 2H), 1.49-1.41 (m, 2H), 1.38-

1.30 (m, 2H), 0.96 (t, J = 7.5 Hz, 3H). 13C NMR (125 MHz, CDCl3):  171.3, 146.0, 144.5, 137.1, 135.5, 

135.1, 133.1, 130.3, 129.8, 129.5, 128.2, 127.7, 127.5, 127.2, 126.8, 109.8, 71.6, 55.3, 50.4, 41.9, 32.8, 

30.2, 29.8, 22.4, 21.6, 14.0. HRMS (ESI) calcd for C31H35N3NaO3S [(M+Na+)]: 552.2291, found: 

552.2300. [α]22
D = +81.0 (c 1.0, CHCl3). 79% ee. HPLC analysis of the product: Daicel Chiralpak IA 

column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 12.36 min (major), 16.26 min 

(minor). 
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phenyl((3S,11bS)-3-(1-phenylvinyl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)methanone: (S,S)-3ga 

White solid. m.p. 104.3-105.9 oC. 74% yield.  

1H NMR (400 MHz, CDCl3):  7.80-7.78 (m, 3H), 7.54 (d, J = 6.8 Hz, 2H), 7.41-

7.30 (m, 8H), 7.24-7.20 (m, 4H), 7.02-7.01 (m, 1H), 6.01 (s, 1H), 5.25 (s, 2H), 5.23-

5.19 (m, 1H), 3.91 (dd, J = 15.6 and 6.8 Hz, 1H), 3.42-3.35 (m, 1H), 3.24-3.20 (m, 1H), 3.11 (dd, J = 

15.6 and 11.2 Hz, 1H), 2.72-2.61 (m, 2H), 2.46 (s, 3H). 13C NMR (100 MHz, CDCl3):  171.4, 146.1, 

144.7, 139.2, 137.1, 135.3, 134.9, 133.1, 130.4, 130.0, 129.5, 128.6, 128.2, 128.1, 127.8, 127.49, 127.46, 

127.3, 127.0, 126.9, 113.6, 71.8, 55.4, 50.7, 42.2, 30.3, 21.7. HRMS (ESI) calcd for C33H31N3NaO3S 

[(M+Na+)]: 572.1978, found: 572.1988. [α]22
D = +0.3 (c 1.0, CHCl3). 85% ee. HPLC analysis of the 

product: Daicel Chiralpak IB column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 7.72 

min (minor), 8.49 min (major) 

    

(E)-ethyl-3-((3R,11bR)-4-benzoyl-1-tosyl-2,3,4,6,7,11b-hexahydro-1H-[1,2,4]triazino[3,2-a] 

isoquinolin-3-yl)acrylate: (R,R)-3ha 

Yellow oil. 50% yield.  

1H NMR (400 MHz, CDCl3):  7.83 (d, J = 7.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 

2H), 7.54-7.52 (m, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.35-7.31 (m, 2H), 7.26-7.22 

(m, 4H), 7.04 (d, J = 6.8 Hz, 1H), 6.88 (dd, J = 16.0 and 5.6 Hz, 1H), 6.08 (s, 1H), 5.97 (dd, J = 16.4 



S9 

and 2.0 Hz, 1H), 4.93-4.88 (m, 1H), 4.19-4.10 (m, 3H), 3.39-3.33 (m, 2H), 3.10-3.08 (m, 1H), 2.70-2.60 

(m, 2H), 2.37 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3):  170.6, 165.7, 144.7, 

144.0, 136.7, 134.9, 134.0, 132.4, 130.4, 130.3, 129.5, 128.4, 127.9, 127.7, 127.5, 126.9, 123.7, 71.4, 

60.7, 52.1, 50.8, 42.0, 30.2, 21.6, 14.2. HRMS (ESI) calcd for C30H31N3NaO5S [(M+Na+)]: 568.1877, 

found: 568.1883. [α]22
D = -11.5 (c 1.0, CHCl3). 28% ee. HPLC analysis of the product: Daicel Chiralpak 

IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 15.53 min (minor), 21.27 min 

(major). 

       

(4-fluorophenyl)((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)methanone: (S,S)-3ab  

White solid. m.p. 132.2-135.1 oC. 82% yield.  

1H NMR (400 MHz, CDCl3):  7.77-7.75 (m, 3H), 7.57 (dd, J = 9.2 and 5.6 Hz, 2H), 

7.27 (d, J = 8.0 Hz, 2H), 7.24-7.20 (m, 2H), 7.04-7.00 (m, 3H), 5.95 (s, 1H), 4.92 (s, 

1H), 4.88-4.85 (m, 2H), 4.16 (dd, J = 15.2 and 7.2 Hz, 1H), 3.46-3.39 (m, 1H), 3.33 

(dd, J = 15.2 and 11.2 Hz, 1H), 3.23-3.21 (m, 1H), 2.76-2.64 (m, 2H), 2.40 (s, 3H), 

1.77 (s, 3H). 13C NMR (100 MHz, CDCl3):  170.0, 163.5 (d, J = 247.1 Hz), 144.4, 142.2, 136.8, 134.9, 

132.7, 131.0 (d, J = 3.1 Hz), 130.1, 129.9 (d, J = 8.2 Hz), 129.3, 128.2, 127.5, 127.4, 126.8, 114.6 (d, J 

= 22.2 Hz), 111.2, 71.2, 55.7, 49.9, 41.7, 30.0, 21.5, 20.1. 19F NMR (376 MHz, CDCl3):  -109.9. 

HRMS (ESI) calcd for C28H28FN3NaO3S [(M+Na+)]: 528.1728, found: 528.1737. [α]22
D = +135.6 (c 1.0, 

CHCl3). 97% ee. HPLC analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 

60/40, 0.8 mL/min. Retention times: 12.62 min (major), 16.15 min (minor). 
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(4-chlorophenyl)((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)methanone: (S,S)-3ac 

Yellow solid. m.p. 173.2-174.6 oC. 88% yield.  

1H NMR (400 MHz, CDCl3):  7.77-7.75 (m, 3H), 7.48 (d, J = 8.4 Hz, 2H), 7.31 (d, 

J = 8.4 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.23-7.21 (m, 2H), 7.04-7.02 (m, 1H), 

5.93 (s, 1H), 4.92 (s, 1H), 4.89-4.85 (m, 2H), 4.15 (dd, J = 15.2 and 7.2 Hz, 1H), 

3.45-3.39 (m, 1H), 3.33 (dd, J = 14.8 and 10.8 Hz, 1H), 3.22-3.20 (m, 1H), 2.75-

2.62 (m, 2H), 2.40 (s, 3H), 1.77 (s, 3H). 13C NMR (100 MHz, CDCl3):  170.3, 144.5, 142.3, 136.9, 

136.0, 135.0, 133.6, 132.8, 130.2, 129.4, 129.0, 128.3, 127.9, 127.6, 127.5, 126.9, 111.4, 71.3, 55.8, 

50.0, 41.9, 30.1, 21.6, 20.2. HRMS (ESI) calcd for C28H28ClN3NaO3S [(M+Na+)]: 544.1432, found: 

544.1440. [α]22
D = +131.3 (c 1.0, CHCl3). 93% ee. HPLC analysis of the product: Daicel Chiralpak IA 

column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 15.55 min (major), 21.56 min 

(minor). 

    

(4-bromophenyl)((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)methanone: (S,S)-3ad  

White solid. m.p. 176.2-178.5 oC. 84% yield.  

1H NMR (400 MHz, CDCl3):  7.76 (d, J = 8.0 Hz, 2H), 7.74-7.73 (m, 1H), 7.47 (d, 

J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.23-7.21 (m, 

2H), 7.04-7.02 (m, 1H), 5.93 (s, 1H), 4.92 (s, 1H), 4.89-4.84 (m, 2H), 4.15 (dd, J = 

14.8 and 7.2 Hz, 1H), 3.45-3.38 (m, 1H), 3.33 (dd, J = 14.8 and 10.4 Hz, 1H), 3.22-

3.19 (m, 1H), 2.73-2.62 (m, 2H), 2.40 (s, 3H), 1.77 (s, 3H). 13C NMR (100 MHz, CDCl3):  170.5, 

144.5, 142.3, 136.9, 135.0, 134.1, 132.8, 130.9, 130.3, 129.4, 129.2, 128.3, 127.6, 127.5, 126.9, 124.3, 

111.4, 71.3, 55.8, 50.0, 41.8, 30.1, 21.6, 20.2. HRMS (ESI) calcd for C28H28BrN3NaO3S [(M+Na+)]: 

588.0927, found: 588.0936. [α]22
D = +129.1 (c 1.0, CHCl3). 97% ee. HPLC analysis of the product: 

Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 16.91 min 

(major), 24.65 min (minor). 
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((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-a]isoquinolin-

4(11bH)-yl)(p-tolyl)methanone: (S,S)-3ae  

Colorless oil. 88% yield.  

1H NMR (400 MHz, CDCl3):  7.86 (d, J = 7.2 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H), 

7.43 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.25-7.19 (m, 2H), 7.12 (d, J = 

8.0 Hz, 2H), 7.03 (d, J = 6.8 Hz, 1H), 5.96 (s, 1H), 4.90 (s, 1H), 4.84 (s, 1H), 4.77 (t, 

J = 8.8 Hz, 1H), 4.16 (dd, J = 15.2 and 7.2 Hz, 1H), 3.43-3.38 (m, 1H), 3.32 (dd, J = 

15.2 and 11.2 Hz, 1H), 3.25-3.23 (m, 1H), 2.79-2.71 (m, 1H), 2.66-2.62 (m, 1H), 2.40 (s, 3H), 2.35 (s, 

3H), 1.75 (s, 3H). 13C NMR (100 MHz, CDCl3):  171.1, 144.4, 142.4, 140.2, 137.0, 135.1, 133.1, 132.0, 

130.3, 129.6, 128.3, 128.2, 127.7, 127.5, 126.8, 111.2, 71.5, 55.6, 50.1, 41.8, 30.2, 21.6, 21.4, 20.2. 

HRMS (ESI) calcd for C29H31N3NaO3S [(M+Na+)]: 524.1978, found:524.1990. [α]22
D = +125.8 (c 1.0, 

CHCl3). 90% ee. HPLC analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 

60/40, 0.8 mL/min. Retention times: 14.83 min (major), 24.26 min (major). 

    

(4-methoxyphenyl)((3S,11bS)-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)methanone: (S,S)-3af 

Yellow solid. m.p. 165.1-167.8 oC. 90% yield.  
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1H NMR (400 MHz, CDCl3):  7.89 (d, J = 6.4 Hz, 1H), 7.74 (d, J = 7.6 Hz, 2H), 

7.60 (d, J = 8.0 Hz, 2H), 7.25-7.20 (m, 4H), 7.05 (d, J = 6.4 Hz, 1H), 6.83 (d, J = 

8.8 Hz, 2H), 5.99 (s, 1H), 4.90 (s, 1H), 4.83 (s, 1H), 4.80-4.78 (m, 1H), 4.20-4.14 

(m, 1H), 3.81 (s, 3H), 3.46-3.40 (m, 1H), 3.35-3.19 (m, 2H), 2.87-2.81 (m, 1H), 

2.69-2.65 (m, 1H), 2.39 (s, 3H), 1.75 (s, 3H). 13C NMR (100 MHz, CDCl3):  169.7, 

161.0, 144.2, 142.4, 137.0, 135.0, 132.9, 130.2, 129.6, 128.2, 127.5, 127.4, 126.9, 126.6, 112.8, 111.2, 

71.4, 55.7, 55.2, 50.1, 41.8, 30.2, 21.6, 20.2. HRMS (ESI) calcd for C29H31N3NaO4S [(M+Na+)]: 

540.1927, found: 540.1943. [α]22
D = +117.7 (c 1.0, CHCl3). 85% ee. HPLC analysis of the product: 

Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 16.39 min 

(major), 27.91 min (minor). 

    

 

((3S,11bS)-8-bromo-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ag  

Colorless oil. 60% yield. 

1H NMR (500 MHz, CDCl3):  7.79 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.5 Hz, 2H), 

7.51-7.48 (m, 3H), 7.38-7.37 (m, 1H), 7.36 (d, J = 6.5 Hz, 2H), 7.30-7.28 (m, 2H), 

7.12-7.08 (m, 1H), 5.85 (s, 1H), 4.99-4.97 (m, 2H), 4.90-4.85 (m, 1H), 4.12 (dd, J = 14.0 and 7.0 Hz, 

1H), 3.56-3.51 (m, 1H), 3.47-3.43 (m, 1H), 3.30-3.24 (m, 1H), 2.92-2.89 (m, 1H), 2.50-2.45 (m, 1H), 

2.44 (s, 3H), 1.82 (s, 3H). 13C NMR (125 MHz, CDCl3):  171.3, 144.5, 142.4, 136.8, 135.1, 134.8, 

134.7, 132.3, 130.2, 129.9, 129.1, 127.8, 127.7, 127.5, 127.2, 123.7, 111.5, 71.8, 54.8, 49.2, 42.2, 30.3, 

21.6, 20.2. HRMS (ESI) calcd for C28H28BrN3NaO3S [(M+Na+)]: 588.0927, found: 588.0926. [α]21
D = 

+66.1 (c 1.0, CHCl3). 66% ee. HPLC analysis of the product: Daicel Chiralpak IB column; hexane/2-

propanol = 70/30, 0.8 mL/min. Retention times: 9.23 min (minor), 9.97 min (major). 
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((3S,11bS)-8-methyl-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ah 

White solid. m.p. 184.8-187.1 oC. 89% yield.  

1H NMR (400 MHz, CDCl3):  7.72 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 7.6 Hz, 1H), 

7.50 (d, J = 7.2 Hz, 2H), 7.36-7.30 (m, 3H), 7.26 (d, J = 8.0 Hz, 2H), 7.12-7.06 (m, 

2H), 5.87 (s, 1H), 4.95 (s, 2H), 4.89 (t, J = 8.0 Hz, 1H), 4.11 (dd, J = 14.8 and 7.2 Hz, 1H), 3.52 (dd, J = 

14.8 and 10.4 Hz, 1H), 3.45-3.42 (m, 1H), 3.25-3.22 (m, 1H), 2.66-2.62 (m, 1H), 2.46-2.42 (m, 1H), 

2.39 (s, 3H), 2.15 (s, 3H), 1.79 (s, 3H). 13C NMR (100 MHz, CDCl3):  171.5, 144.2, 142.6, 137.1, 

135.5, 134.9, 133.7, 132.6, 130.1, 129.8, 129.7, 127.7, 127.54, 127.49, 127.3, 126.4, 111.4, 72.2, 55.2, 

49.4, 42.2, 26.8, 21.6, 20.3, 19.3. HRMS (ESI) calcd for C29H31N3NaO3S [(M+Na+)]: 524.1978, found: 

524.1988. [α]22
D = +97.2 (c 1.0, CHCl3). 89% ee. HPLC analysis of the product: Daicel Chiralpak IA 

column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 12.24 min (major), 15.71 min 

(minor).  

    

((3S,11bS)-9-bromo-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ai  

Yellow solid. m.p. 106.8-107.4 oC. 79% yield. 
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1H NMR (400 MHz, CDCl3):  7.77 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.8 Hz, 1H), 

7.47 (d, J = 7.2 Hz, 2H), 7.39-7.28 (m, 6H), 7.16 (s, 1H), 5.85 (s, 1H), 4.93 (s, 

1H), 4.87 (s, 1H), 4.79-4.74 (m, 1H), 4.16 (dd, J = 15.2 and 7.6 Hz, 1H), 3.41-

3.30 (m, 2H), 3.22-3.20 (m, 1H), 2.67-2.56 (m, 2H), 2.42 (s, 3H), 1.76 (s, 3H). 13C NMR (100 MHz, 

CDCl3):  171.2, 144.6, 142.2, 137.1, 136.7, 135.1, 131.9, 131.4, 130.34, 130.30, 130.0, 127.7, 127.5, 

127.2, 122.3, 111.4, 71.3, 55.3, 49.6, 41.9, 29.9, 21.7, 20.2.   HRMS (ESI) calcd for C28H28BrN3NaO3S 

[(M+Na+)]: 588.0927, found: 588.0932. [α]21
D = +107.2 (c 1.0, CHCl3). 90% ee. HPLC analysis of the 

product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 15.23 

min (major), 28.19 min (minor). 

    

((3S,11bS)-10-bromo-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3aj  

White solid. m.p. 119.3-120.4 oC. 82% yield. 

1H NMR (500 MHz, CDCl3):  7.80 (d, J = 8.0 Hz, 2H), 7.63 (s, 1H), 7.52-7.51 (m, 

2H), 7.37-7.31 (m, 6H), 6.88 (d, J = 8.0 Hz, 1H), 5.85 (s, 1H), 4.99-4.98 (m, 2H), 

4.94 (s, 1H), 4.18 (dd, J = 15.0 and 7.0 Hz, 1H), 3.43-3.35 (m, 2H), 3.24-3.22 (m, 

1H), 2.59-2.55 (m, 2H), 2.45 (s, 3H), 1.83 (s, 3H). 13C NMR (125 MHz, CDCl3):  171.8, 144.6, 142.4,  
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136.9, 135.5, 135.0, 134.1, 132.0, 131.3, 130.3, 129.8, 129.2, 127.7, 127.5, 127.1, 120.4, 111.4, 71.0, 

55.5, 49.5, 42.3, 29.6, 21.6, 20.2. HRMS (ESI) calcd for C28H28BrN3NaO3S [(M+Na+)]: 588.0927, 

found: 588.0927. [α]21
D = +153.2 (c 1.0, CHCl3). 80% ee, HPLC analysis of the product: Daicel 

Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention times: 11.05 min (major), 

16.16 min (minor). 

((3S,11bS)-10-methyl-3-(prop-1-en-2-yl)-1-tosyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ak 

Yellow solid. m.p. 159.5-161.2 oC. 93% yield. 

1H NMR (400 MHz, CDCl3):  7.79 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 6.8 Hz, 2H), 

7.39-7.29 (m, 6H), 7.00 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 5.90 (s, 1H), 

4.93 (s, 1H), 4.88 (s, 2H), 4.19 (dd, J = 14.8 and 7.2 Hz, 1H), 3.43-3.31 (m, 2H), 

3.23-3.20 (m, 1H), 2.62-2.56 (m, 2H), 2.41 (s, 3H), 2.24 (s, 3H), 1.79 (s, 3H). 13C NMR (100 MHz, 

CDCl3):  171.7, 144.4, 142.5, 137.3, 136.3, 135.6, 132.7, 132.2, 130.2, 129.8, 129.6, 129.0, 127.62, 

127.55, 127.4, 127.2, 111.3, 71.5, 55.8, 50.1, 42.1, 29.7, 21.6, 21.2, 20.2. HRMS (ESI) calcd for 

C29H31N3NaO3S [(M+Na+)]: 524.1978, found:524.1990. [α]22
D = +119.6 (c 1.0, CHCl3). 96% ee. HPLC 

analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention 

times: 10.67 min (major), 13.23 min (minor). 

    

((3S,11bS)-10-methyl-1-((4-nitrophenyl)sulfonyl)-3-vinyl-2,3,6,7-tetrahydro-1H-[1,2,4]triazino[3,2-

a]isoquinolin-4(11bH)-yl)(phenyl)methanone: (S,S)-3ck 

 White solid. m.p. 150.7-151.9 oC. 70% yield.  

1H NMR (400 MHz, CDCl3):  8.24 (d, J = 8.8 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H), 

7.55 (d, J = 8.4 Hz, 2H), 7.42-7.38 (m, 1H), 7.34-7.30 (m, 2H), 7.22 (s, 1H), 7.07 (d, 

J = 8.0 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.03-5.94 (m, 1H), 5.90 (s, 1H), 5.36 (d, J 

= 17.2 Hz, 1H), 5.29 (d, J = 10.4 Hz, 1H), 4.94-4.93 (m, 1H), 4.11 (dd, J = 14.8 and 6.0 Hz, 1H), 3.72 

(dd, J = 14.4 and 8.8 Hz, 1H), 3.59-3.53 (m, 1H), 3.07-3.05 (m, 1H), 2.70-2.54 (m, 2H), 2.24 (s, 3H). 

13C NMR (100 MHz, CDCl3):  170.0, 150.1, 146.4, 135.9, 135.2, 133.9, 132.2, 130.6, 130.5, 129.7, 

128.6, 128.1, 128.0, 127.8, 124.5, 118.6, 73.2, 52.8, 50.2, 44.4, 29.5, 21.2. HRMS (ESI) calcd for 

C27H26N4NaO5S [(M+Na+)]: 541.1516, found: 541.1524. [α]22
D = +84.1 (c 1.0, CHCl3). 93% ee. HPLC 
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analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention 

times: 12.56 min (minor), 14.54 min (major). 

    

phenyl((2S,4aS)-2-(prop-1-en-2-yl)-4-tosyl-2,3,4,4a,11,12-hexahydro-1H-benzo[f][1,2,4]triazino 

[3,2-a]isoquinolin-1-yl)methanone: (S,S)-3al  

Yellow solid. m.p. 187.6-188.8 oC. 93% yield. 

1H NMR (400 MHz, CDCl3):  7.90 (d, J = 8.8 Hz, 1H), 7.83-7.79 (m, 2H), 7.75 

(d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.8 Hz, 1H), 7.56-7.54 (m, 2H), 7.49-7.47 (m, 

2H), 7.35-7.29 (m, 3H), 7.21 (d, J = 8.0 Hz, 2H), 6.00 (s, 1H), 4.96 (s, 2H), 

4.93-4.90 (m, 1H), 4.13 (dd, J = 15.2 and 6.8 Hz, 1H), 3.59-3.53 (m, 2H), 3.39-3.36 (m, 1H), 3.22-3.18 

(m, 1H), 2.83-2.75 (m, 1H), 2.36 (s, 3H), 1.81 (s, 3H). 13C NMR (100 MHz, CDCl3):  171.4, 144.4, 

142.6, 136.9, 135.4, 132.9, 131.4, 130.6, 130.1, 129.9, 129.7, 128.5, 127.7, 127.6, 127.4, 126.9, 126.6, 

126.5, 126.4, 123.2, 111.4, 72.4, 55.1, 49.2, 42.2, 25.7, 21.6, 20.4. HRMS (ESI) calcd for 

C32H31N3NaO3S [(M+Na+)]: 560.1978, found: 560.1983. [α]21
D = +45.1 (c 1.0, CHCl3). 67% ee. HPLC 

analysis of the product: Daicel Chiralpak IA column; hexane/2-propanol = 60/40, 0.8 mL/min. Retention 

times: 19.40 min (major), 37.86 min (minor). 
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5. Crystal Structure of (S,S)-3ad.  
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6. 1H and 13C NMR Spectra for New Compounds  
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