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1. General methods

All anaerobic and moisture-sensitive manipulations were carried out in anhydrous solvents and 

under nitrogen. Dichloromethane, toluene, and tetrahydrofuran were dried over the PureSolv 

MD purification system. Melting points were taken in open-end capillary tubes. Reactions were 

monitored by thin-layer chromatography carried out on 0.25 mm silica gel plates (230-400 

mesh). Flash column chromatographies were performed using silica gel (230-400 mesh). NMR 

spectra were recorded on AU-300 MHz instrument and calibrated using residual undeuterated 

solvent (CDCl3) as internal reference. MS spectra were recorded on a VG AutoSpec mass 

spectrometer. The HPLC chromatograms of the racemic and enantiomerically enriched 

cycloadducts are also included. 

α-Iminoesters (3a-n) were prepared by condensation of aminoesters hydrochlorides with the 

corresponding aldehydes, according to literature procedures.1 (E)-Methyl 2-

(benzylideneamino)hept-6-enoate (3o) was prepared following the procedure described by 

Malone and co-workers.2 Due to their lability all the α-iminoesters once isolated were 

immediately used in the 1,3-dipolar cycloaddition without further purification. 2H-Azirines 

were prepared following the procedure described by Park and co-workers. 3

The chromatographic columns were carried out using deactivated silica gel.  Deactivated silica 

gel preparation: Et3N (5 ml) was added to a suspension of 300g of silica gel in cyclohexane, the 

mixture was stirred for 1h, filtered and dried under reduced pressure on a rotary evaporator.

1 S. Cabrera, R. Gómez Arrayás, J. C. Carretero, J. Am. Chem. Soc. 2005, 127, 16394. 
2 P. Armstrong, R. Grigg, M. W. Jordan, J. F. Malone, Tetrahedron 1985, 41, 3547.
3 N. S. Y. Loy, S. Kim, C. M. Park, Org. Lett. 2015, 17, 395.
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2. Typical procedure for the synthesis of α-iminoesters

(E)-Methyl 2-(benzylideneamino)-4-(methylthio)butanoate (3r)

A suspension of methyl L-methionine methyl ester hydrochloride 

(0.66 g, 3.3 mmol), MgSO4 (0.66 g) and Et3N (0.46 mL, 3.3 mmol) 

in dry dichloromethane (8 mL) was stirred at room temperature for 

30 minutes. Benzaldehyde (0.30 mL, 3.0 mmol) in dichloromethane 

(2 mL) was added and the mixture was stirred 12h at room temperature. Water (10 mL) was 

added, the organic layer was separated and the aqueous phase was extracted with 

dichloromethane (15 mL). The combined organic layers were washed with brine, dried over 

MgSO4, and evaporated under reduced pressure to afford 3r (0.78 g, 99%, yellow oil), used 

without further purification in the next reaction step. 
1H NMR (300 MHz, CDCl3) 8.36 (s, 1H), 7.88 – 7.72 (m, 2H), 7.55 – 7.39 (m, 3H), 4.24 (dd, J 

= 8.0, 5.3 Hz, 1H), 3.77 (s, 3H), 2.69 – 2.56 (m, 1H), 2.54 – 2.42 (m, 1H), 2.36 – 2.22 (m, 2H), 

2.13 (s, 3H).

(E)-Methyl 2-((pyren-1-ylmethylene)amino)acetate (3s)

Following the typical procedure, the reaction of glycine methyl 

ester hydrochloride (0.52 g, 3.3 mmol), MgSO4 (excess), Et3N 

(0.46 mL, 3.3 mmol) and 1-pyrenecarboxaldehyde (0.69 g, 3.0 

mmol) in dichloromethane (10 mL) afforded 3s (0.72 g, 95%, yellow oil).
1H NMR (300 MHz, CDCl3) δ δ 9.34 (s, 1H), 8.91 (d, J = 9.3 Hz, 1H), 8.58 (d, J = 8.1 Hz, 

1H), 8.29 – 8.16 (m, 4H), 8.16 – 7.99 (m, 3H), 4.37 (q, J = 6.8 Hz, 1H), 4.29 (q, J = 7.1 Hz, 

2H), 1.70 (s, J = 6.8 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H).

N CO2Me
crude 3q

N

CO2Me

S

crude 3p
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3. Typical procedure for the asymmetric [3+2] cycloaddition of azomethine ylides

(2R,4S,5S) Methyl 2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (4)

 A suspension of (R)-Fesulphos (5.0 mg, 0.011 mmol) and 

Cu(CH3CN)4PF6 (3.7 mg, 0.01 mmol) in DCM (1 mL) under argon 

atmosphere was stirred for 10 min. A solution of 1a (23.0 mg, 0.13 mmol) 

in DCM (1 mL), KtBuO (10 µL, 1 M) and 3-phenyl-2H-azirine (11.7 mg, 

0.10 mmol) in DCM (1 mL) were successively added. After stirring for 12h at room temperature 

the mixture was diluted with dichloromethane and filtered over celite®. The crude mixture was 

concentrated under reduced pressure and purified by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1) to afford 4 (18.8 mg, 64%, yellow oil). 

[α]D
20:   +30.0 (c = 0.10, CHCl3), 24% ee.

SFC: Chiralpak IA, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 3.4 min (2R,4S,5S)-4 and 34.4 min (2S,4R,5R)-4. 
1H NMR (300 MHz, Acetone) δ 7.58 (bd, J = 7.5 Hz, 2H), 7.52 (dd, J = 6.8, 1.2 Hz, 2H), 7.45 

– 7.30 (m, 6H), 5.44 (d, J = 10.5 Hz, 1H), 4.24 (d, J = 9.5 Hz, 1H), 3.74 (s, 3H), 3.06 (bt, J = 

9.8 Hz, 1H), 2.09 (s, 1H), 1.84 (s, 1H).
13C NMR (75 MHz, Acetone) δ 172.4, 139.8, 139.5, 129.3, 129.0, 128.9, 128.8, 128.3, 127.6, 

81.5, 65.6, 54.0, 52.7, 27.5.

HRMS (ESI+): Calculated for C18H19N2O2, 295.1441; found, 295.1450 ([M+H], 37).

(2R,4S,5S) Ethyl 4-methyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5a)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine (11.7 

mg, 0.10 mmol) and 3a (26.7 mg, 0.13 mmol) afforded after purification by 

silica gel flash chromatography (cyclohexane-EtOAc 10:1) the cycloadduct 

5a (24.4 mg, 76%, yellow oil). 

[α]D
20:   +166.0 (c = 0.10, CHCl3), 95% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 2.9 min (2R,4S,5S)-5a and 3.3 min (2S,4R,5R)-5a. 
1H NMR (300 MHz, CDCl3) δ 7.64 – 7.56 (m, 2H), 7.49 – 7.30 (m, 8H), 5.60 (d, J = 11.8 Hz, 

1H), 4.30 (qd, J = 7.1, 2.5 Hz, 2H), 3.45 (d, J = 11.8 Hz, 1H), 2.04 (s, 1H), 1.76 (s, 1H), 1.36 (s, 

3H), 1.32 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, CDCl3) δ 173.4, 138.1, 137.3, 129.5, 128.6, 128.1, 128.0, 127.7, 126.8, 

79.3, 68.2, 62.1, 57.1, 29.1, 21.3, 14.3.

HRMS (ESI+): Calculated for C20H23N2O2, 323.1754; found, 323.1757 ([M+H], 100).

N

N
H

Ph

Ph CO2Et
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N

N
H

Ph

Ph CO2Me

4



S5

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(p-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5b)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3b (28.5 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5b (26.6 mg, 79%, yellow oil). 

[α]D
20:   +40.0 (c = 0.10, CHCl3), 87% ee. 

HPLC: Daicel Chiralpak IB, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 

8.6 min (2R,4S,5S)-5b and 9.8 min (2S,4R,5R)-5b. 
1H NMR (300 MHz, Acetone) δ 7.53 – 7.40 (m, 4H), 7.37 – 7.26 (m, 3H), 7.21 (d, J = 7.9 Hz, 

2H), 5.49 (d, J = 11.6 Hz, 1H), 4.38 – 4.18 (m, 2H), 3.35 (d, J = 11.7 Hz, 1H), 2.33 (s, 3H), 1.99 

(s, 1H), 1.56 (s, 1H), 1.33 – 1.24 (m, 6H).
13C NMR (125 MHz, Acetone) δ 174.0, 138.8, 138.2, 136.7, 130.2, 129.8, 128.5, 128.2, 127.4, 

79.6, 68.8, 62.4, 57.4, 29.3, 21.5, 21.1, 14.4.

HRMS (ESI+): Calculated for C21H25N2O2, 337.1910; found, 337.1918 ([M+H], 100).

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(m-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5c)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3c (28.5 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5c (24.4 mg, 85%, yellow oil). 

[α]D
20:   +39.2 (c = 0.10, CHCl3), 91% ee. 

HPLC: Daicel Chiralpak IB, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 

7.8 min (2R,4S,5S)-5c and 8.8 min (2S,4R,5R)-5c. 
1H NMR (300 MHz, Acetone) δ 7.56 – 7.46 (m, 2H), 7.40 – 7.24 (m, 6H), 7.16 (d, J = 7.4 Hz, 

1H), 5.51 (d, J = 11.7 Hz, 1H), 4.38 – 4.22 (m, 2H), 3.38 (d, J = 11.7 Hz, 1H), 2.36 (s, 3H), 2.00 

(s, 1H), 1.59 (s, 1H), 1.36 – 1.18 (m, 6H).
13C NMR (125 MHz, Acetone) δ 173.9, 139.5, 138.7, 138.6, 130.1, 129.2, 129.0, 128.4, 128.0, 

124.3, 79.5, 79.5, 72.2, 68.6, 68.5, 62.3, 57.2, 21.3, 14.3.

HRMS (ESI+): Calculated for C21H25N2O2, 337.1910; found, 337.1925 ([M+H], 100).

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(o-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5d)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3d (28.5 mg, 0.13 mmol) afforded, after 

N

N
H CO2Et

Ph
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N
H CO2Et

Ph
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purification by silica gel flash chromatography (cyclohexane-EtOAc 10:1), the cycloadduct 5d 

(28.3 mg, 84%, yellow oil). 

[α]D
20:   +82.2 (c = 0.10, CHCl3), 70% ee. 

HPLC: Daicel Chiralpak ID, hexane-isopropanol 95-5, flow rate 1 mL/min (λ = 254 nm), tR: 

6.3 min (2S,4R,5R)-5d and 7.2 min (2R,4S,5S)-5d. 
1H NMR (300 MHz, Acetone) δ 7.58 – 7.49 (m, 3H), 7.39 – 7.27 (m, 3H), 7.27 – 7.19 (m, 3H), 

5.59 (d, J = 11.4 Hz, 1H), 4.43 – 4.16 (m, 2H), 3.32 (d, J = 11.3 Hz, 1H), 2.55 (s, 3H), 2.23 (s, 

1H), 1.64 (s, 1H), 1.43 – 1.25 (m, 6H).
13C NMR (75 MHz, Acetone) δ 174.1, 138.9, 138.3, 136.9, 131.3, 130.2, 128.7, 128.5, 128.2, 

126.4, 125.9, 77.4, 68.7, 62.4, 56.2, 21.4, 19.8, 14.4.

HRMS (ESI+): Calculated for C21H25N2O2, 337.1918; found, 337.1918 ([M+H], 100).

(2R,4S,5S) Ethyl 2-(4-fluorophenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5e)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3e (29.0 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5e (19.0 mg, 55%, white oil). 

[α]D
20:   +58 (c = 0.10, CHCl3), 98% ee. 

SFC: Chiralpak ID, hexane-isopropanol 97-3, flow rate 2 mL/min (λ = 254 nm), tR: 5.2 min 

(2R,4S,5S)-5e and (2S,4R,5R)-5e. 
1H NMR (300 MHz, Acetone) δ 7.65 – 7.56 (m, 2H), 7.57 – 7.46 (m, 2H), 7.40 – 7.27 (m, 3H), 

7.24 – 7.09 (m, 2H), 5.53 (d, J = 11.5 Hz, 1H), 4.36 – 4.22 (m, 2H), 3.37 (d, J = 11.5 Hz, 1H), 

2.04 (s, 1H), 1.60 (s, 1H), 1.38 – 1.26 (m, 6H).
13C NMR (125 MHz, Acetone) δ 206.1, 173.9, 163.2 (d, J = 244.0 Hz), 135.9 (d, J = 3.1 Hz), 

130.2, 129.5 (d, J = 8.1 Hz), 128.5, 128.2, 115.9 (d, J = 21.5 Hz), 79.1, 68.8, 62.4, 57.5, 29.8, 

29.4, 21.4, 14.4.
19F NMR (282 MHz, Acetone) δ -116.27.

HRMS (ESI+): Calculated for C20H22N2O2F, 341.1659; found, 341.1657 ([M+H], 100).

(2R,4S,5S) Ethyl 2-(4-cyanophenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5f)

Following the typical procedure, the reaction of 3-phenyl-2H-

azirine (11.7 mg, 0.1 mmol) and 3f (30.0 mg, 0.13 mmol) afforded, 

after purification by silica gel flash chromatography (cyclohexane-

EtOAc 10:1), the cycloadduct 5f (29.9 mg, 86%, white oil). 

[α]D
20:   +130.0 (c = 0.10, CHCl3), 92% ee. 

N

N
H CO2EtF
5e

N
H

N
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NC
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HPLC: Daicel Chiralpak IB, hexane-isopropanol 98-2, flow rate 1 mL/min (λ = 254 nm), tR: 

25.9 min (2R,4S,5S)-5f and 35.7 min (2S,4R,5R)-5f. 
1H NMR (300 MHz, Acetone) δ 7.86 – 7.75 (m, 4H), 7.55 – 7.48 (m, 2H), 7.40 – 7.28 (m, 3H), 

5.62 (d, J = 11.2 Hz, 1H), 4.42 – 4.15 (m, 2H), 3.45 (d, J = 11.2 Hz, 1H), 2.07 (s, 1H), 1.65 (s, 

1H), 1.36 – 1.25 (m, 6H).
13C NMR (125 MHz, Acetone) δ 173.7, 145., 138.4, 133.1, 130.2, 128.7, 128.6, 128.3, 119.2, 

112.5, 79.2, 68.8, 62.5, 57.5, 29.8, 21.4, 14.3.

HRMS (ESI+): Calculated for C21H22N3O2, 348.1706; found, 348.1709 ([M+H], 100).

(2R,4S,5S) Ethyl 2-(3-(methoxycarbonyl)phenyl)-4-methyl-5-phenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5g)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3g (34.2 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

8:1), the cycloadduct 5g (24.4 mg, 63%, white oil). 

[α]D
20:   +100.0 (c = 0.10, CHCl3), 91% ee. 

HPLC: Daicel Chiralpak IB, hexane-isopropanol 99-1, flow rate 01 mL/min (λ = 254 nm), tR: 

8.5 min (2R,4S,5S)-5g and 11.8 min (2S,4R,5R)-5g.
1H NMR (300 MHz, Acetone) δ 8.25 (s, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.85 (d, J = 7.7 Hz, 1H), 

7.62 – 7.51 (m, 3H), 7.44 – 7.26 (m, 3H), 5.63 (d, J = 11.2 Hz, 1H), 4.38 – 4.22 (m, 2H), 3.92 

(s, 3H), 3.47 (d, J = 11.5 Hz, 1H), 2.08 (s, 1H), 1.64 (s, 1H), 1.41 – 1.24 (m, 6H).
13C NMR (125 MHz, Acetone) δ 173.8, 167.1, 140.3, 138.6, 132.1, 131.3, 130.2, 129.6, 129.6, 

128.5, 128.5, 128.3, 79.2, 68.8, 62.4, 57.5, 52.4, 29.8, 29.4, 21.4, 14.4.

HRMS (APCI+): Calculated for C22H25N2O4, 381.1809; found, 381.1822 ([M+H], 100).

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(3-(trifluoromethyl)phenyl)-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5h)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3h (29.0 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5h (21.1 mg, 54%, white oil). 

[α]D
20:   +92.2 (c = 0.10, CHCl3), 96% ee.  

SFC: Daicel Chiralpak OD, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 9.5 

min (2R,4S,5S)-5h and 28.9 min (2S,4R,5R)-5h. 

N
H
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N
H CO2Et

F3C
5h



S8

1H NMR (300 MHz, Acetone) δ 7.91 – 7.84 (m, 2H), 7.75 – 7.63 (m, 2H), 7.55 – 7.49 (m, 2H), 

7.39 – 7.29 (m, 3H), 5.64 (d, J = 11.2 Hz, 1H), 4.36 – 4.23 (m, 2H), 3.47 (d, J = 11.3 Hz, 1H), 

2.10 (s, 1H), 1.65 (s, 1H), 1.36 – 1.25 (m, 6H).
13C NMR (125 MHz, Acetone) δ 173.7, 141.2, 138.5, 131.5, 130.9 (q, J = 32.0 Hz), 130.3, 

130.2, 128.6, 128.4, 128.3, 125.4 (q, J = 3.8 Hz), 125.3 (q, J = 271.5 Hz), 124.3 (q, J = 3.9 Hz), 

122.1, 79.0, 79.0, 72.3, 68.8, 68.8, 62.4, 57.5, 57.5, 29.8, 21.4, 14.4.
19F NMR (282 MHz, Acetone) δ -63.04.

HRMS (ESI+): Calculated for C21H22N2O2F3, 391.1627; found, 391.1621 ([M+H], 100).

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(thiophen-2-yl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5i)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3i (27.4 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5i (28.6 mg, 87%, white oil). 

[α]D
20:   +41.6 (c = 0.10, CHCl3), 90% ee. 

SFC: Chiralpak IA, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 3.2 min (2S,4R,5R)-5i and 3.4 min (2R,4S,5S)-5i. 
1H NMR (300 MHz, Acetone) δ 7.52 – 7.47 (m, 2H), 7.45 (d, J = 6.1 Hz, 1H), 7.39 – 7.26 (m, 

3H), 7.19 (d, J = 2.4 Hz, 1H), 7.05 (dd, J = 6.1, 2.4 Hz, 1H), 5.66 (d, J = 11.2 Hz, 1H), 4.39 – 

4.22 (m, 2H), 3.47 (d, J = 11.2 Hz, 1H), 2.17 (s, 1H), 1.61 (s, 1H), 1.34 – 1.28 (m, 3H), 1.27 (s, 

3H).
13C NMR (125 MHz, Acetone) δ 173.7, 142.1, 138.4, 130.2, 128.5, 128.3, 127.6, 126.0, 125.8, 

76.7, 72.3, 68.9, 68.9, 62.5, 60.8, 21.5, 14.4.

HRMS (ESI+): Calculated for C18H21N2O2S, 329.1318; found, 329.1323 ([M+H], 100).

(2R,4S,5S)-Ethyl 2-(4-methoxyphenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5j cis and 5j trans)

Following the typical procedure, 

the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3j (30.6 

mg, 0.13 mmol) afforded, after 

purification by silica gel flash 

chromatography (cyclohexane-EtOAc 10:1), diasteromer mixture in 2: 1 ratio of 5j cis and 5j 

trans (18.0 mg, 51%, white oil). 

[α]D
20:   +60 (c = 0.10, CHCl3), 80% ee. 
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SFC: Chiralpak IC, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 230 nm), 

tR: 3.5 min (2S,4R,5R,6S)-5j and 3.8 min (2R,4S,5S,6R)-5j. 
1H NMR (300 MHz, Acetone) δ 7.59 – 7.44 (m, 4H), 7.41 – 7.21 (m, 3H), 7.02 – 6.91 (m, 2H), 

5.51-5.49 (m, 1H), 4.43 – 4.17 (m, 2H), 3.83 (s, 3H), 3.35 (d, J = 11.2 Hz, 1H), 2.03 (s, 1H), 

1.58 (s, 1H), 1.48 – 1.18 (m, 6H).
13C NMR (75 MHz, Acetone) δ 174.5, 174.0, 160.3, 159.8, 138.9, 138.9, 137.6, 131.7, 130.5, 

130.2, 129.2, 128.6, 128.5, 128.4, 128.2, 128.0, 114.6, 113.8, 81.2, 79.3, 68.8, 68.8, 62.4, 62.4, 

58.5, 57.4, 55.5, 55.4, 33.3, 24.5, 21.5, 14.4.

(2R,4S,5S)-Ethyl 2-(4-methoxyphenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5k)

Following the typical procedure, the reaction of 3-phenyl-2H-

azirine (11.7 mg, 0.1 mmol) and 3k (32.6 mg, 0.13 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1), the cycloadduct 5k (15.0 mg, 41%, 

white oil). 

[α]D
20:   +43 (c = 0.10, CHCl3), 98% ee. 

SFC: Chiralpak IC, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 230 nm), 

tR: 3.5 min (2S,4R,5R,6S)-5k and 3.8 min (2R,4S,5S,6R)-5k. 
1H NMR (300 MHz, Acetone) δ 7.59 – 7.42 (m, 4H), 7.39 – 7.19 (m, 5H), 5.51 (d, J = 11.5 Hz, 

1H), 4.43 – 4.16 (m, 2H), 3.36 (d, J = 11.4 Hz, 1H), 2.51 (s, 3H), 2.01 (s, 1H), 1.59 (s, 1H), 1.39 

– 1.13 (m, 6H).
13C NMR (75 MHz, Acetone) δ 173.9, 139.2, 138.8, 136.4, 130.2, 128.5, 128.2, 128.1, 127.0, 

79.3, 79.3, 68.8, 68.7, 62.4, 57.5, 57.5, 21.5, 21.44, 15.4, 14.4.

(4S,5S)-Methyl 2,2,5-triphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5m)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine (11.7 

mg, 0.1 mmol) and 3m (73.6 mg, 0.13 mmol) afforded, after purification 

by silica gel flash chromatography (cyclohexane-EtOAc 10:1), the 

cycloadduct 5m (31.4 mg, 85%, white oil). 

[α]D
20:   +60 (c = 0.10, CHCl3), 67% ee. 

SFC: Daicel Chiralpak ID, hexane-isopropanol 95-5, flow rate 1 mL/min (λ = 254 nm), tR: 5.1 

min (4R, 5S)-5m and 5.4 min (4S,5S)-5m. 
1H NMR (300 MHz, Acetone) δ 8.04 – 7.97 (m, 2H), 7.73 – 7.66 (m, 2H), 7.42 – 7.16 (m, 

11H), 3.94 (d, J = 10.8 Hz, 1H), 3.75 (s, 3H), 3.53 (d, J = 10.8 Hz, 1H), 2.13 (s, 1H), 2.01 (s, 

1H).

N
H

N

CO2Me

Ph
Ph
Ph

5m

N

N
H

Ph

CO2Et

5k
MeS



S10

13C NMR (75 MHz, Acetone) δ 171.3, 149.1, 147.3, 140.2, 129.1, 128.7, 128.1, 127.7, 127.5, 

127.4, 126.9, 126.6, 91.9, 65.9, 65.8, 56.0, 50.7, 35.7.

HRMS (ESI+): Calculated for C24H23N2O2, 371.1754; found, 371.1760 ([M+H], 100).

(2R,4S,5S) Methyl 4-ethyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5n)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 5n (28.5 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5n (21.9 mg, 68%, white oil). 

[α]D
20:   +176 (c = 0.10, CHCl3), 92% ee. 

HPLC: Daicel Chiralpak IA, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 

6.8 min (2R,4S,5S)-5n and 9.2 min (2S,4R,5R)-5n. 
1H NMR (300 MHz, Acetone) δ 7.62 – 7.55 (m, 2H), 7.54 – 7.46 (m, 2H), 7.45 – 7.27 (m, 6H), 

5.49 (d, J = 11.9 Hz, 1H), 3.84 (s, 3H), 3.28 (d, J = 11.6 Hz, 1H), 1.87 (s, 1H), 1.73 – 1.47 (m, 

3H), 0.85 (t, J = 7.3 Hz, 3H).
13C NMR (75 MHz, Acetone) δ 173.9, 139.7, 138.7, 130.6, 129.3, 128.7, 128.5, 128.2, 127.4, 

79.7, 73.6, 57.3, 52.9, 27.2, 9.5.

HRMS (ESI+): Calculated for C20H23N2O2, 323.1754; found, 323.1748 ([M+H], 100).

(2R,4S,5S) Ethyl 4-benzyl-2,5-diphenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5o)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3o (36.6 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5o (27.1 mg, 68%, yellow oil). 

[α]D
20:   +66 (c = 0.10, CHCl3), 89% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 2.3 min (2S,4R,5R)-5o and 2.5 min (2R,4S,5S)-5o. 
1H NMR (300 MHz, CDCl3) δ 7.70 – 7.61 (m, 2H), 7.60 – 7.52 (m, 2H), 7.42 – 7.33 (m, 6H), 

7.31 – 7.15 (m, 5H), 5.75 (d, J = 10.0 Hz, 1H), 4.31 – 4.08 (m, 2H), 3.28 (d, J = 10.7 Hz, 1H), 

3.05 – 2.82 (m, 2H), 1.97 (s, 1H), 1.79 (s, 1H), 1.26 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, Acetone) δ 172.6, 139.6, 138.5, 138.4, 131.6, 131.1, 129.3, 128.7, 128.5, 

128.4, 128.4, 127.5, 127.1, 79.5, 73.7, 62.4, 57.5, 39.4, 28.8, 14.4.

HRMS (ESI+): Calculated for C26H27N2O2, 399.2067; found, 399.2077 ([M+H], 100).
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(2R,4S,5S) Ethyl 4-phenethyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate 

(5p)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3p (38.4 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5p (23.1 mg, 56%, white oil). 

[α]D
20:   +40.1 (c = 0.10, CHCl3), 92% ee. 

HPLC: Daicel Chiralpak IB, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 

8.5 min (2R,4S,5S)-5p and 11.8 min (2S,4R,5R)-5p. 
1H NMR (300 MHz, Acetone) δ 7.73 – 7.65 (m, 2H), 7.52 – 7.25 (m, 10H), 7.23 – 7.11 (m, 

3H), 5.64 (d, J = 10.4 Hz, 1H), 4.42 – 4.14 (m, 2H), 3.47 (d, J = 10.8 Hz, 1H), 3.01 (ddd, J = 

15.6, 10.5, 5.3 Hz, 1H), 2.48 (ddd, J = 13.5, 11.0, 6.0 Hz, 1H), 2.10 – 1.92 (m, 3H), 1.79 (s, 

1H), 1.37 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, Acetone) 172.4, 142.2, 138.7, 137.6, 129.8, 128.4, 128.4, 128.2, 127.8, 

127.6, 127.3, 126.6, 125.6, 78.9, 71.7, 61.7, 56.5, 54.1, 35.7, 31.3, 13.6.

HRMS (ESI+): Calculated for C27H29N2O2, 413.2223; found, 413.2220 ([M+H], 100).

(2R,4S,5S) Methyl 4-(pent-4-en-1-yl)-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5q)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(23.4 mg, 0.2 mmol) and (E)-methyl 2-(benzylideneamino)hept-6-

enoate (73.6 mg, 0.26 mmol) afforded, after purification by silica gel 

flash chromatography (cyclohexane-EtOAc 10:1), the cycloadduct 

5q (45.6 mg, 63%, white oil). 

[α]D
20:   +125.9 (c = 0.10, CHCl3), 93% ee. 

HPLC: Daicel Chiralpak ID, hexane-isopropanol 95-5, flow rate 1 mL/min (λ = 254 nm), tR: 

5.6 min (1S,3R,3aS,6aR)-5q and 6.0 min (1R,3S,3aR,6aS)-5q. 
1H NMR (300 MHz, Acetone) δ 7.61 – 7.54 (m, 2H), 7.53 – 7.46 (m, 2H), 7.45 – 7.38 (m, 2H), 

7.38 – 7.27 (m, 4H), 5.82 – 5.65 (m, 1H), 5.50 (d, J = 11.7 Hz, 1H), 5.03 – 4.80 (m, 2H), 3.84 

(s, 3H), 3.32 (d, J = 11.9 Hz, 1H), 1.97 (q, J = 6.8 Hz, 1H), 1.87 (s, 1H), 1.81 – 1.52 (m, 2H), 

1.25 – 1.07 (m, 1H).
13C NMR (75 MHz, Acetone) δ 174.0, 139.6, 139.5, 138.6, 130.61, 129.3, 128.7, 128.5, 128.2, 

127.4, 114.8, 79.7, 72.9, 57.3, 52.9, 34.4, 33.7, 29.1, 25.2.

HRMS (APCI+): Calculated for C23H27N2O2, 363.2067; found, 363.2066 ([M+H], 100).
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(2R,4S,5S)-Ethyl 4-(2-(methylthio)ethyl)-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5r)

Following the typical procedure, the reaction of 3-phenyl-2H-azirine 

(11.7 mg, 0.1 mmol) and 3r (32.7 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5r (16.0 mg, 44%, white oil). 

[α]D
20:   +204.0 (c = 0.10, CHCl3), 30% ee. 

HPLC: Chiralpak ID, hexane-isopropanol 95-5, flow rate 1 mL/min (λ = 254 nm), tR: 8.4 min 

(2S,4R,5R)-5r and 9.3 min (2R,4S,5S)-5r. 
1H NMR (300 MHz, CDCl3) δ 7.64 – 7.53 (m, 2H), 7.49 – 7.31 (m, 8H), 5.53 (d, J = 11.6 Hz, 

1H), 3.83 (s, 3H), 3.33 (d, J = 11.7 Hz, 1H), 2.75 (ddd, J = 12.6, 9.7, 5.0 Hz, 1H), 2.36 (ddd, J = 

12.7, 10.2, 6.4 Hz, 1H), 2.01 (s, 3H), 1.99 – 1.87 (m, 3H), 1.73 (s, 1H).
13C NMR (75 MHz, CDCl3) δ 172.9, 137.9, 136.7, 129.6, 128.5, 128.0, 128.0, 128.0, 126.7, 

79.2, 57.0, 52.6, 33.1, 30.0, 28.8, 15.7.

HRMS (ESI+): Calculated for C21H25N2O2S, 369.1631; found, 369.1646 ([M+H], 100).

(2R,4S,5S) Ethyl 4-methyl-2-phenyl-5-(p-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5s)

Following the typical procedure, the reaction of 3-(p-tolyl)-2H-azirine 

(19.7 mg, 0.15 mmol) and 3a (41.1 mg, 0.20 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 10:1), 

the cycloadduct 5s (47.9 mg, 95%, brown oil). 

[α]D
20:   +280.0 (c = 0.10, CHCl3), 99% ee. 

SFC: Daicel Chiralpak OD, hexane-isopropanol 99-1, flow rate 1 mL/min (λ = 254 nm), tR: 

10.7 min (2S,4R,5R)-5s and 13.4 min (2R,4S,5S)-5s. 
1H NMR (300 MHz, CDCl3) δ 7.67 – 7.60 (m, 2H), 7.48 – 7.33 (m, 5H), 7.18 (d, J = 7.9 Hz, 

2H), 5.62 (s, 1H), 4.33 (m, 2H), 3.47 (bs, 1H), 2.40 (s, 3H), 2.05 (s, 1H), 1.76 (s, 1H), 1.39 (s, 

3H), 1.36 (t, J = 7.2 Hz, 3H).
13C NMR (75 MHz, Acetone) δ 174.0, 139.8, 137.7, 135.8, 130.2, 129.2, 129.2, 128.6, 127.5, 

79.7, 68.8, 62.4, 57.2, 29.4, 21.5, 21.2, 14.4.

HRMS (ESI+): Calculated for C21H25N2O2, 337.1910; found, 337.1906 ([M+H], 65).
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(2R,4S,5S) Ethyl 4-methyl-2-phenyl-5-(m-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5t)

Following the typical procedure, the reaction of 3-(m-tolyl)-2H-azirine 

(19.7 mg, 0.15 mmol) and 3a (41.1 mg, 0.20 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 10:1), 

the cycloadduct 5t (38.8 mg, 77%, yellow oil). 

[α]D
20:   +115.0 (c = 0.10, CHCl3), 91% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 1.7 min (2S,4R,5R)-5t and 1.8 min (2R,4S,5S)-5t. 
1H NMR (300 MHz, Acetone) δ 7.57 (dd, J = 7.4, 0.7 Hz, 2H), 7.46 – 7.27 (m, 5H), 7.22 (t, J = 

7.5 Hz, 1H), 7.11 (d, J = 7.4 Hz, 1H), 5.54 (d, J = 11.7 Hz, 1H), 4.52 – 4.15 (m, 2H), 3.39 (d, J 

= 11.6 Hz, 1H), 2.34 (s, 3H), 1.99 (s, 1H), 1.58 (s, 1H), 1.41 – 1.22 (m, 6H).
13C NMR (75 MHz, Acetone) δ 174.0, 139.7, 138.7, 137.9, 130.8, 129.2, 128.9, 128.6, 128.4, 

127.5, 127.3, 79.7, 68.7, 62.4, 57.5, 29.4, 21.4, 21.4, 14.4.

HRMS (ESI+): Calculated for C21H25N2O2, 337.1910; found, 337.1902 ([M+H], 100).

(2R,4S,5S) Ethyl 5-(4-bromophenyl)-4-methyl-2-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5u)

Following the typical procedure, the reaction of 3-(p-Bromobencene)-

2H-azirine (39.9 mg, 0.20 mmol) and 3a (53.4 mg, 0.26 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1), the cycloadduct 5u (66.0 mg, 82%, yellow 

oil). 

[α]D
20:   +332.0 (c = 0.10, CHCl3), 97% ee. 

SFC: Daicel Chiralpak OD, hexane-isopropanol 97-3, flow rate 1 mL/min (λ = 254 nm), tR: 7.1 

min (2R,4S,5S)-5u and 8.6 min (2S,4R,5R)-5u. 
1H NMR (300 MHz, CDCl3) δ 7.61 – 7.53 (m, 2H), 7.49 – 7.44 (m, J = 8.4 Hz, 2H), 7.43 – 

7.32 (m, 5H), 5.56 (d, J = 10.4 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 3.42 (d, J = 10.9 Hz, 1H), 2.02 

(s, 1H), 1.71 (s, 1H), 1.33 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, CDCl3) δ 173.2, 137.9, 136.5, 131.2, 131.1, 128.6, 128.2, 126.8, 121.8, 

79.2, 68.1, 62.1, 56.4, 29.1, 21.3, 14.3.

HRMS (ESI+): Calculated for C20H22N2O2Br, 401.0859; found, 401.0862 ([M+H], 100).
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(2R,4S,5S) Ethyl 5-(4-fluorophenyl)-4-methyl-2-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5v)

Following the typical procedure, the reaction of 3-(p-Fluorobencene)-

2H- azirine (20.2 mg, 0.15 mmol) and 3a (41.1 mg, 0.20 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1), the cycloadduct 5v (57.0 mg, 84%, white 

oil). 

[α]D
20:   +232 (c = 0.10, CHCl3), 92% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 210 nm), 

tR: 1.7 min (2S,4R,5R)-5v and 2.0 min (2R,4S,5S)-5v. 
1H NMR (300 MHz, CDCl3) δ 7.61 – 7.54 (m, 2H), 7.51 – 7.31 (m, 5H), 7.06 – 6.95 (m, 2H), 

5.57 (s, 1H), 4.29 (q, J = 7.2 Hz, 2H), 3.41 (s, 1H), 2.02 (s, J = 25.8 Hz, 1H), 1.71 (s, J = 20.7 

Hz, 1H), 1.45 – 1.21 (m, 6H).
13C NMR (75 MHz, CDCl3) δ 173.3, 162.3 (d, J = 246.2 Hz), 138.0, 133.0 (d, J = 3.2 Hz), 

131.0 (d, J = 8.1 Hz), 128.6, 128.1, 126.8, 114.8 (d, J = 21.5 Hz), 79.2, 68.2, 62.0, 56.3, 29.1, 

21.3, 14.3.
19F NMR (282 MHz, CDCl3): δ -114.32.

HRMS (ESI+): Calculated for C20H22N2O2F, 341.1659 ; found, 341.1667 ([M+H], 100).

(2R,4S,5S) Ethyl 5-(4-methoxyphenyl)-4-methyl-2-phenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5w)
Following the typical procedure, the reaction of N-methylmaleimide 

(11.1 mg, 0.10 mmol) and 3a (36.8 mg, 0.13 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct 5w (12.3 mg, 35%, brown oil). 

[α]D
20:   +96 (c = 0.10, CHCl3), 90% ee. 

HPLC: Daicel Chiralpak AS-H, hexane-isopropanol 80-20, flow rate 0.7 mL/min (λ = 230 nm), 

tR: 30.0 min (1S,3R,3aS,6aR)-5w and 36.4 min (1R,3S,3aR,6aS)- 5w. 
1H NMR (300 MHz, CDCl3) δ 7.52 – 7.48 (m, 1H), 7.48 – 7.43 (m, 1H), 7.33 – 7.27 (m, 2H), 

4.89 (d, J = 8.2 Hz, 1H), 4.12 (d, J = 6.7 Hz, 1H), 3.93 (s, 3H), 3.72 (t, J = 8.0 Hz, 1H), 3.62 (t, J 

= 7.3 Hz, 1H), 2.89 (s, 3H), 2.51 (t, J = 6.9 Hz, 2H), 1.73 – 1.46 (m, 4H), 1.01 (t, J = 7.2 Hz, 

3H). 
13C NMR (75 MHz, Acetone) δ 174.1, 160.0, 139.8, 131.4, 130.6, 129.2, 128.6, 127.5, 113.9, 

79.6, 68.9, 62.4, 56.9, 55.5, 29.4, 21.5, 14.4.

HRMS (ESI+): Calculated for C21H25N2O3, 353.1859; found, 353.1860 ([M+H], 100).
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(2R,4S,5S,6R) Ethyl 4-methyl-2,5,6-triphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate 

(6a)

Following the typical procedure, the reaction of 2,3-diphenyl-2H-azirine 

(29.0 mg, 0.15 mmol) and 3a (41.1 mg, 0.20 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 10:1), 

the cycloadduct 6a (22.1 mg, 37%, white oil). 

[α]D
20:   +41 (c = 0.10, CHCl3), 97% ee. 

SFC: Daicel Chiralpak OD, hexane-isopropanol 99.2-0.8, flow rate 1 mL/min (λ = 254 nm), tR: 

7.3 min (2R,4S,5S,6R)-6a and 8.7 min (2S,4R,5R,6S)-6a. 
1H NMR (300 MHz, CDCl3) δ 7.56 (dd, J = 6.7, 1.3 Hz, 2H), 7.43 – 7.28 (m, 5H), 7.22 – 7.12 

(m, 2H), 7.13 – 6.95 (m, 6H), 5.77 (d, J = 12.0 Hz, 1H), 4.44 – 4.22 (m, 2H), 3.60 (d, J = 11.9 

Hz, 1H), 3.27 (s, 1H), 1.46 – 1.23 (m, 6H).
13C NMR (75 MHz, Acetone) δ 173.9, 139.7, 137.4, 135.0, 129.3, 128.7, 128.4, 128.0, 127.5, 

127.3, 80.8, 70.3, 65.2, 62.6, 40.9, 22.2, 14.5.

HRMS (ESI+): Calculated for C26H27N2O2, 399.2067; found, 399.2061 ([M+H], 100).

(2R,4S,5S,6R)-Ethyl 2-(3-(methoxycarbonyl)phenyl)-4-methyl-5,6-diphenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6g)

Following the typical procedure, the reaction of 2,3-diphenyl-2H-

azirine (29.0 mg, 0.15 mmol) and 3g (52.66 mg, 0.20 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1), the cycloadduct endo-2h (21.2 mg, 

37%, white oil). 

[α]D
20:   +62 (c = 0.10, CHCl3), ≥98% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 254 nm), 

tR: 7.3 min (2R,4S,5S,6R)-6g. 
1H NMR (300 MHz, Acetone) δ 8.25 (s, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.83 (d, J = 7.7 Hz, 1H), 

7.49 (t, J = 7.7 Hz, 1H), 7.37 – 7.24 (m, J = 8.6, 7.1 Hz, 2H), 7.19 – 7.12 (m, J = 7.1 Hz, 2H), 

7.11 – 6.98 (m, 6H), 5.82 (d, J = 10.6 Hz, 1H), 4.36 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 3.66 (d, J 

= 10.8 Hz, 1H), 3.41 (s, 1H), 1.35 (t, J = 7.1 Hz, 3H), 1.30 (s, 3H).
13C NMR (75 MHz, Acetone) δ 173.8, 166.9, 140.2, 137.2, 134.8, 132.0, 131.3, 129.6, 128.67, 

128.4, 128.4, 128.1, 127.3, 80.2, 70.3, 65.2, 62.6, 52.4, 40.9, 22.1, 14.5.

HRMS (ESI+): Calculated for C28H29N2O4, 457.2121; found, 457.2105 ([M+H], 100).
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(2R,4S,5S,6R)-Ethyl 4-methyl-5,6-diphenyl-2-(thiophen-2-yl)-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6i)

Following the typical procedure, the reaction of 2,3-diphenyl-2H-azirine 

(29.0 mg, 0.15 mmol) and 3i (42.26 mg, 0.20 mmol) afforded, after 

purification by silica gel flash chromatography (cyclohexane-EtOAc 

10:1), the cycloadduct endo-2h (17.6  mg, 29%, white oil). 

[α]D
20:   +35 (c = 0.10, CHCl3), 71% ee. 

SFC: Chiralpak IB, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 230 nm), 

tR: 2.8 min (2R,4S,5S,6R)-6i and 2.9 min (2S,4R,5R,6S)-6i. 
1H NMR (300 MHz, Acetone) δ 7.77 – 7.60 (m, 1H), 7.38 (ddd, J = 5.0, 2.4, 1.2 Hz, 1H), 7.34 

– 7.22 (m, 1H), 7.21 – 7.12 (m, 2H), 7.11 – 6.98 (m, 7H), 6.95 – 6.82 (m, 1H), 5.86 (d, J = 11.0 

Hz, 1H), 4.48 – 4.26 (m, 2H), 3.67 (d, J = 11.0 Hz, 1H), 3.50 (d, J = 1.9 Hz, 1H), 1.40 – 1.31 

(m, 3H), 1.25 (d, J = 2.2 Hz, 3H).
13C NMR (75 MHz, Acetone) δ 173.4, 141.6, 136.8, 134.4, 128.2, 128.1, 127.9, 127.8, 127.4, 

127.1, 125.9, 125.7, 77.3, 70.3, 65.2, 62.4, 41.0, 21.9, 14.2.

HRMS (ESI+): Calculated for C24H25N2O2, 405.1631; found, 405.1622 ([M+H], 100).

(2R,4S,5S,6R) Ethyl 4-methyl-5,6-diphenyl-2-(pyren-1-yl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (6s)

Following the typical procedure, the reaction of 2,3-diphenyl-

2H-azirine (29.0 mg, 0.15 mmol) and 3q (65.9 mg, 0.20 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 15:1), the cycloadduct 6q (35.2 mg, 45%, 

white oil). 

[α]D
20:   +101 (c = 0.10, CHCl3), 93% ee. 

SFC: Chiralpak ID, CO2/MeOH from 95-5 to 60-40 in 8 min, flow rate 2 mL/min (λ = 230 nm), 

tR: 4.2 min (2S,4R,5R,6S)-6q and 5.0 min (2R,4S,5S,6R)-6q. 
1H NMR (300 MHz, Acetone) δ 9.00 (d, J = 9.3 Hz, 1H), 8.42 – 8.22 (m, 4H), 8.19 – 8.02 (m, 

J = 15.5, 7.6 Hz, 4H), 7.98 – 7.83 (m, 1H), 7.50 – 7.30 (m, 1H), 7.26 – 7.14 (m, 3H), 7.13 – 

6.88 (m, 5H), 6.58 (d, J = 11.1 Hz, 1H), 4.37 (q, J = 7.0 Hz, 2H), 3.85 (d, J = 11.2 Hz, 1H), 3.72 

(s, 1H), 1.49 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, Acetone) δ 173.9, 137.4, 135.1, 132.6, 132.5, 132.2, 132.1, 131.8, 130.2, 

128.6, 128.5, 128.4, 128.2, 128.1, 127.4, 127.1, 126.2, 126.1, 125.6, 125.5, 125.3, 124.6, 79.2, 

70.7, 64.5, 62.5, 41.8, 22.4, 14.5.

HRMS (ESI+): Calculated for C36H27N2O2, 523.2380; found, 523.2363 ([M+H], 100).
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(2R,4S,5S,6R)-Ethyl 5-(4-chlorophenyl)-4-methyl-2,6-diphenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6t)
Following the typical procedure, the reaction of 3-(4-chlorophenyl)-2-

phenyl-2H-azirine (34.1 mg, 0.15 mmol) and 3q (41.0 mg, 0.20 mmol) 

afforded, after purification by silica gel flash chromatography 

(cyclohexane-EtOAc 10:1), the cycloadduct endo-2h (25.3 mg, 39%, white 

oil). 

[α]D
20:   +57 (c = 0.10, CHCl3), 53% ee. 

SFC: Daicel Chiralpak ID, hexane-isopropanol 95-5-0.8, flow rate 1 mL/min (λ = 254 nm), tR: 

2.7 min (2R,4S,5S,6R)-6r and 2.8 min(2S,4R,5R,6S)-6r. 
1H NMR (300 MHz, Acetone) δ 7.65 – 7.46 (m, 2H), 7.44 – 7.23 (m, 5H), 7.06 (dt, J = 7.9, 2.8 

Hz, 7H), 5.77 (d, J = 11.4 Hz, 1H), 4.57 – 4.21 (m, 2H), 3.61 (d, J = 11.5 Hz, 1H), 3.37 (s, 1H), 

1.35 (t, J = 7.1 Hz, 3H), 1.30 (s, 3H).
13C NMR (75 MHz, Acetone) δ 173.7, 139.4, 137.0, 134.1, 133.4, 132.6, 131.4, 130.3, 129.9, 

129.6, 129.3, 128.7, 128.5, 128.4, 127.5, 127.4, 80.6, 70.2, 64.4, 62.7, 40.9, 22.2, 14.5.

HRMS (ESI+): Calculated for C26H27N2O2, 433.1677; found, 433.1672 ([M+H], 100).

4. Preparation of racemic products for HPLC analysis.

The racemic pyrrolidines were prepared according to the general procedure, but using dppf as 

ligand. The samples for HPLC analysis were dissolved in isopropyl alcohol and used as quickly 

as possible to minimize the formation of decomposition products.
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CO2EtPh
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5. Mechanistic studies

In order to shed light to the mechanism of the epimerization of the adduct 4 during the silica gel 
chromatographic purification process, we performed several experiments. First, the adduct 4 
was dissolved in CDCl3 and stirred in the present of SiO2 (10% in weight) in a NMR tube, after 
5 min. a new set of signals corresponding to a new diastereomer can be observed by 1H-NMR 
(Spectrum B, Figure 1). This mixture was analyzed by nOe experiments (Figure 2), after 
irradiation of the sample at H1 (original isomer A), an important nOe correlation was observed 
between H1 and H2 (1.83%) which is in agreement with a  cis configuration. On the contrary, the 
irradiation at the H1' (new isomer B) does not show any correlation between that hydrogen atom 
and H2', which would indicate the trans configuration of this adduct.
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The same procedure was carried out using the adduct 5k with a diphenyl substitution at C-2. In 
this case, when the adduct was stirred in the present of SiO2 (10% in weight) in a NMR tube no 
alteration on the 1H-NMR spectrum was observed. These results suggest that the observed 
epimerization at C-2 position in adduct 4 could take place likely by an acid catalyzed ring 
opening/ring closing procedure via the imine intermediate4 (Figure 3). In the case of the C-2 
diphenyl disubstituted adduct 5k this opening/ring closing reaction would lead to the same 
product. In accordance with this mechanistic hypothesis formation of benzaldehyde was 
observed by 1H-NMR when adduct 4 was treated with wet trifluoroacetic acid. 
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Figure 3
6. Stereochemical assignment

   
The relative configuration of 5p and 6q was unequivocally established by X-ray crystal 

structure analysis.

X Ray Structure of 5r

X Ray Structure of 6s

Figure 4
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7. Experimentally and simulated Electronic Circular Dichroism spectra

Quantum Chemistry calculations have been performed using the Gaussian16 software package5. 
Geometry optimization has been computed using the density functional theory, in particular 
with the B3LYP functional6,7,8,9 in combination with the 6-31+g(d) basis set. Electronic circular 
dichroism (ECD) spectrum was computed using the previously optimized geometry and with 
the long-range-corrected CAM-B3LYP functional10 and the same basis set. To mimic the 
experimental conditions, both in the geometry optimization and in the circular dichroism we 
included solvent effects (dichloromethane) throught the Polarizable Continuum Model (PCM) 
using the integral equation formalism variant (IEFPCM).11,12 Figure 5 shows the experimental 
and simulated ECD spectra together with the optimized geometry of 6s; several views with 
different orientations are shown. The comparison shows that the experimentally measured ECD 
spectra verify that the synthetized species corresponds to (2R,4S,5S,6R)- isomer.
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Figure 5. (a) Experimentally measured Electronic Circular Dichroism spectra, (b) Simulated 
Electronic Circular Dichroism spectra, (c) several orientations of (2R,4S,5S,6R)- 6s  isomer 
used in the simulation of the spectra.

9. HPLC Charts.5 M. J. Frisch et al., Gaussian 16, Revision C.01, Gaussian, Inc., Wallingford CT, (2019).
6 A. D. Becke, J. Chem. Phys., 98, 5648-52 (1993). 
7 C. Lee, W. Yang and R. G. Parr, Phys. Rev. B 1988, 37, 785. 
8 S. H. Vosko, L. Wilk and M. Nusair, Can. J. Phys. 19809, 58 ,1200.
9 P. J. Stephens, F. J. Devlin, C. F. Chabalowski and M. J. Frisch, J. Phys.Chem. 1994, 98, 11623.
10 T. Yanai, D. Tew, and N. Handy, Chem. Phys. Lett. 2004, 393 , 51.
11 J. L. Pascual-Ahuir, E. Silla, and I. Tuñón, J. Comp. Chem. 1994, 15, 1127.
12 J. Tomasi, B. Mennucci, and R. Cammi, Chem. Rev. 2005, 105, 2999.
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8. NMR Spectra collection

(2R,4S,5S) Methyl 2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (4)
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(2R,4S,5S) Ethyl 4-methyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5a)
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(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(p-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5b)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)

6.
51

1.
00

0.
92

2.
99

0.
86

2.
23

1.
00

2.
02

3.
10

4.
05

1.
27

1.
29

1.
31

1.
56

1.
99

2.
05

 A
ce

to
ne

-d
6

2.
33

3.
33

3.
37

4.
24

4.
25

4.
26

4.
27

4.
28

4.
30

4.
31

4.
31

4.
32

4.
33

5.
47

5.
51

7.
19

7.
22

7.
27

7.
30

7.
33

7.
35

7.
35

7.
42

7.
45

7.
48

7.
48

7.
50

7.
50

-100102030405060708090100110120130140150160170180190200210220
f1 (ppm)

14
.4

0

21
.1

2
21

.4
9

29
.3

3
29

.8
4 

Ac
et

on
e-

d6

57
.4

2

62
.4

1

68
.7

6

79
.5

5

12
7.

39
12

8.
18

12
8.

50
12

9.
83

13
0.

24
13

6.
69

13
8.

17
13

8.
81

17
4.

00

28.529.029.530.030.531.0
f1 (ppm)

29
.3

3

29
.8

4 
Ac

et
on

e-
d6

N

N
H CO2Et

Ph

5b



S53

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(m-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5c)
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(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(o-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5d)
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S55

(2R,4S,5S) Ethyl 2-(4-fluorophenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5e)
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S57

(2R,4S,5S) Ethyl 2-(4-cyanophenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5f)
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S58

(2R,4S,5S) Ethyl 2-(3-(methoxycarbonyl)phenyl)-4-methyl-5-phenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5g)
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f1 (ppm)
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S59

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(3-(trifluoromethyl)phenyl)-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (5h)
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S61

(2R,4S,5S) Ethyl 4-methyl-5-phenyl-2-(thiophen-2-yl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5i)
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f1 (ppm)
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S62

(2R,4S,5S)-Ethyl 2-(4-methoxyphenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5j)
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f1 (ppm)

8.
41

1.
08

0.
61

1.
03

0.
56

0.
63

4.
70

3.
42

0.
56

1.
00

3.
02

5.
59

4.
08

1.
08

1.
29

1.
30

1.
30

1.
32

1.
33

1.
35

1.
58

1.
81

2.
03

2.
22

3.
33

3.
37

3.
83

4.
27

4.
28

4.
28

4.
29

4.
29

4.
30

4.
31

4.
31

4.
32

4.
33

4.
34

4.
34

4.
35

5.
17

5.
49

5.
52

6.
94

6.
95

6.
96

6.
99

6.
99

7.
32

7.
33

7.
35

7.
48

7.
50

7.
51

7.
82

7.
82

7.
85

7.
85

102030405060708090100110120130140150160170180190200210
f1 (ppm)

14
.4

1

21
.5

1
24

.4
9

29
.8

4 
Ac

et
on

e-
d6

33
.3

4

55
.4

4
55

.5
4

57
.4

4
58

.4
5

62
.3

6
62

.3
9

68
.7

5
68

.8
0

79
.3

2
81

.2
2

11
3.

80
11

4.
59

12
8.

35
12

8.
51

12
8.

62
12

9.
23

13
0.

23
13

0.
49

13
7.

55
13

8.
87

13
8.

90

15
9.

78
16

0.
34

17
4.

02
17

4.
49

N

N
H

Ph

CO2Et

5j cis
MeO

N

N
H

Ph

CO2Et

5j trans
MeO

+



S63

(2R,4S,5S)-Ethyl 2-(4-methoxyphenyl)-4-methyl-5-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5k)

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
f1 (ppm)
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S64

(4S,5S)-Methyl 2,2,5-triphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5m)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S65

(2R,4S,5S) Methyl 4-ethyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate (5n)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S66

(2R,4S,5S) Eth(2R,4S,5S) Ethyl 4-benzyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5o)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S67

(2R,4S,5S) Ethyl 4-phenethyl-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-carboxylate 

(5p)

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S68

(2R,4S,5S) Methyl 4-(pent-4-en-1-yl)-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5q)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S69

(2R,4S,5S)-Ethyl 4-(2-(methylthio)ethyl)-2,5-diphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5r)
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f1 (ppm)
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S70

(2R,4S,5S) Ethyl 4-methyl-2-phenyl-5-(p-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5s)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S71

(2R,4S,5S) Ethyl 4-methyl-2-phenyl-5-(m-tolyl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5t)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S72

(2R,4S,5S) Ethyl 5-(4-bromophenyl)-4-methyl-2-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5u)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S73

(2R,4S,5S) Ethyl 5-(4-fluorophenyl)-4-methyl-2-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5v)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S75

Ethyl 5-(4-methoxyphenyl)-4-methyl-2-phenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (5w)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S76

(2R,4S,5S,6R) Ethyl 4-methyl-2,5,6-triphenyl-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (6a)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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S77

(2R,4S,5S,6R)-Ethyl 2-(3-(methoxycarbonyl)phenyl)-4-methyl-5,6-diphenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6g)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S78

(2R,4S,5S,6R)-Ethyl 4-methyl-5,6-diphenyl-2-(thiophen-2-yl)-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6i)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S79

(2R,4S,5S,6R) Ethyl 4-methyl-5,6-diphenyl-2-(pyren-1-yl)-1,3-diazabicyclo[3.1.0]hexane-4-

carboxylate (6s)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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S80

(2R,4S,5S,6R)-Ethyl 5-(4-chlorophenyl)-4-methyl-2,6-diphenyl-1,3-

diazabicyclo[3.1.0]hexane-4-carboxylate (6t)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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