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I. General information  

Commercially available materials purchased from Energy Chemical and J&K were 

used as received. THF was distilled from Na and used directly. Unless otherwise 

specified, all reactions were carried out under an atmosphere of Air in 10 mL Schlenk 

tube. NMR spectra were measured either on a JEOL-ECX-500 (500 MHz) or on a 

Bruker ASCEND 400 (400 MHz) spectrometer. The chemical shift values were 

corrected to 7.26 ppm (1H NMR) and 77.16 ppm (13C NMR) for CHCl3. 1H NMR 

splitting patterns are designated as singlet (s), double (d), triplet (t), quartet (q), 

doublet of doublets (dd), multiplets (m), and etc. All first-order splitting patterns were 

assigned on the base of the appearance of the multiplet. Splitting patterns that could 

not be easily interpreted are designated as multiplet (m) or broad (br). High resolution 

mass spectrometer analysis (HRMS) was performed on Thermo Fisher Q Exactive 

mass spectrometer. HPLC analyses were measured on Waters systems with Empower 

3 system controller, Alliance column heater, and 2998 Diode Array Waters 2489 

UV/Vis detector. Chiralcel brand chiral columns from Daicel Chemical Industries 

were used with models IA in 4.6 x 250 mm size. UPLC analyses were measured on 

Waters systems with Empower3 system controller, Waters UPLC H-Class, and 

Waters ACQUITY UPLC PDA detector. Chiralcel brand chiral columns from Daicel 

Chemical Industries were used with models IA-U, IB-U, IC-U or OD-3 in 3.0 x 100 

mm size. The racemic products used to determine the er values were synthesized 

using racemic catalyst. Optical rotations were measured on a Insmark IP-digi 

Polarimeter in a 1 dm cuvette. The concentration (c) is given in g/100 mL. Melting 

Point (MP): Melting points were measured on a Beijing Tech Instrument X-4 digital 

display micro melting point apparatus and are uncorrected. Analytical thin-layer 

chromatography (TLC) was carried out on pre-coated silica gel plate (0.2 mm 

thickness). Visualization was performed using a UV lamp.
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II. Preparation of substrates
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S1 S2 S3

The mixture of S1 (1.0 equiv) and S2 (1.1 equiv) was dissolved with MeOH stirred 

overnight at room temperature and a precipitation formed. After stirring, the product 

was filtered, washed with petroleum ether and vacuum dried to obtained S3.1 

α-Bromoenals were prepared according to reported procedures.2

References:

(1) Qaisi, F. A.; Genjang, N.; Nieger, M.; Repo, T. Inorganica. Chimica. Acta. 2016, 

442, 81. 

(2) Liu, Y.; Chen, J.; Zhang, Z.; Qin, J.; Zhao, M.; Zhang, W. Org. Biomol. Chem. 

2016, 14, 7099.
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III. Experimental section: condition optimization for the synthesis of 3aa
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CH3
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+
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1a
2a

3a

HNHC (20 mol %)
base (100 mol %)
4 Å MS (150 mg)

solvent (2 mL)
50 oC, 12 h

N

O

N
N

MesBF4Ar = 4-NO2C6H4
A

entry NHC base solvent T/oC yieldb e.r.c drd

1 B DABCO THF 50 71 96:4 10:1

2 A DABCO(1.0eq.) THF(1ml) 50 75 95:5 -

3 A DABCO(1.25eq.) THF(1ml) 50 83 96:4 11:1

4 A DABCO(1.5eq.) THF(1ml) 50 82 96:4 12:1

5 A (20%) DABCO THF(1ml) 50 76 96:4 11:1

6 A (10%) DABCO THF(1ml) 50 81 97:3 11:1

7 A (5%) DABCO THF(1ml) 50 82 98:2 11:1

8 A (5%) DABCO(1.25eq.) THF(1ml) 50 76 　 　

9 A (5%) DABCO(1.25eq.) THF(1ml) 40 72 　 　

10 A (5%) DABCO(1.25eq.) THF(1ml) 25 <5 　 　

11 A (5%) DABCO(1.25eq.) THF/DCM(1/1) 50 42 96:4 10:1

12 A (5%) DABCO(1.25eq.) THF/Tol(1/1) 50 70 98:2 11:1

13 A (5%) DABCO(1.25eq.) EA/DCM(1/1) 50 82 97:3 7:1

14 A (5%) DABCO(1.25eq.) EA/Tol(1/1) 50 84 98:2 10:1

15 A (5%) DABCO(1.25eq.) EA/Tol(2/1) 50 83 98:2 14:1

16 A (5%) DABCO(1.25eq.) EA/Tol(3/1) 50 84 98:2 11:1

17 A (5%) DABCO(1.25eq.) EA/Tol(1/2) 50 79 98:2 16:1

`18 A (5%) DABCO(1.25eq.) EA/Tol(1/3) 50 77 98:2 12:1

19 A (5%) DABCO(1.25eq.) EA(1ml) 50 84 98:2 13:1

20 A (5%) DABCO(1.25eq.) Tol(1ml) 50 77 99:1 >20:1

21e A (5%) DABCO(1.25eq.) EA/Tol(1/2) 50 82 98:2 19:1

22f A DABCO EA 50 75 96:4 8:1

aGeneral conditions (unless otherwise specified): 1a (0.10 mmol), 2a (0.15 mmol), NHC (0.02 mmol), base (0.10 

mmol), 4 Å MS (150 mg), solvent (2.0 mL), 50 oC, 12 h. bIsolated yield of 3a. cEr was determined via HPLC on 

chiral stationary phase. dDr was determined by 1H NMR on the crude reaction mixture. e1a (0.10 mmol), 2a (0.15 

mmol), A (0.005 mmol), base (0.125 mmol), 4 Å MS (150 mg), solvent mixture (EtOAc / toluene = 1 / 2, 1.0 mL), 

50 oC, 12 h. f1.0 eq. of 2a was used. THF = Tetrahydrofuran. EA = Ethyl acetate, Tol = toluene, DABCO = 

1,4-Diazabicyclo[2.2.2]octane;triethylenediamine 



S5

IV. General procedure for the catalytic reactions   

General procedure for the catalytic reactions of 2-Bromoenals 1 and substrates 2 to 

synthesize product 3 or 4: 

N

O

N
N

Mes
R H

O

Br
+

1 3a

A (5 mol %)
DABCO (125 mol %)

4 Å MS
EtOAc / toluene = 1 / 2

50 oC, 12 h

OH

N Ar

R2

2 Ar = 4-NO2C6H4

O

N
H

O

R2

R

Ar

H

BF4
A

R1 R1

To a 10 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, was 

added chiral NHC pre-catalyst A (0.005 mmol, 5 mol %, 2.1 mg), DABCO (0.125 

mmol, 125 mol %, 14 mg), 4 Å molecular sieves (150 mg), 2-bromoenals 1 (0.1 

mmol) and substrates 2 (0.15 mmol). Freshly distilled anhydrous EtOAc/toluene (1/2, 

v/v, 1 mL) was added via syringe. The reaction mixture was allowed to stir for 12 

hours at 50 oC. After completion of the reaction, monitored by TLC plate, The 

mixture was concentrated under reduced pressure. The resulting crude residue was 

purified via column chromatography on silica gel (7:1 hexanes/EtOAc) to afford the 

desired product 3 or 4.

Procedure for synthesis of 3a with gram scale:

N

O

N
N

Mes
Ph H

O

Br
+

1 3a

A (5 mol %)
DABCO (125 mol %)

4 Å MS
EtOAc / toluene = 1 / 2

50 oC, 12 h

OH

N Ar

2 Ar = 4-NO2C6H4

O

N
H

O

CH3

Ph

Ar

H

BF4
A

To a 100 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar, 

was added chiral NHC pre-catalyst A (0.25 mmol, 105 mg), DABCO (6.25 mmol, 

701 mg), 4 Å molecular sieves (7.5 g), 2-bromoenals 1a (5 mmol, 1.06 g) and 

aldimines 2a (7.5 mmol, 2.03 g). Freshly distilled anhydrous EtOAc/toluene (1/2, v/v, 

50 mL) was added via syringe. The reaction mixture was allowed to stir for 12 hours 

at 50 oC. After completion of the reaction, monitored by TLC plate, the mixture was 

concentrated under reduced pressure. The resulting crude residue was purified via 

column chromatography on silica gel (7:1 hexanes/EtOAc) to afford the desired 

product 3a (65% yield, 96% ee value, 15:1 dr). 
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Synthetic transformations and catalytic applications of chiral products 3a:

O

N
H

O

CH3

Ph

NO2

H

3a
98:2 er, 19:1 dr

H2SO4

CH3OH, rt

H3CO

N
H

O

CH3

Ph

NO2

5, 66%
99:1 er, 15:1 drOH

To a 10 mL round bottom bottle was added compound 3a (50 mg) and sulfuric acid 

(12 mg) in methanol (1 mL) at room temperature, the mixture was stirred for 6 h. 

Then solvent was removed by a vacuum pump and was purified by chromatography 

with petroleum ether/EtOAc (2:1) to give 5 (white solid, 66 % yield, 98% ee, 15:1 dr).

O

N
H

O

CH3

Ph

NO2

H

3a
98:2 er, 19:1 dr

6
>20:1 dr

Rany Ni, H2
MeOH, rt

ArNCS
CH2Cl2, rt

Ar = 3,5-(CF3)2C6H3 7
99:1 er, >20:1 dr

H3CO

N
H

O

CH3

Ph

NH2

OH

H3CO

N
H

O

CH3

Ph

NH

OH

NH
S Ar

  To a 25 mL flame-dry Schlenk reaction tube equipped with a magnetic stir bar was 

added compound 3a (280 mg) and excess Ni, the Schlenk tube was sealed with a 

septum, evacuated and refilled with H2 (3 cycles). Solvent (MeOH, 5.0 mL) was then 

added via syringe. The reaction mixture was allowed to stir for 10 min at room 

temperature. After completion of the reaction (monitored by TLC), the mixture was 

concentrated under reduced pressure. The resulting crude residue was purified via 

column chromatography on silica gel (5:1 to 2:1 petroleum ether /EtOAc) to afford 

the desired product 6 (white solid, 96% yield, >20:1 dr ).

To a mixture of CH2Cl2 (10 mL) and 6 (100 mg) was added isothiocyanate (5.0 

mmol), and the resulting mixture was stirred at room temperature until TLC indicated 

the reaction was complete. The reaction mixture was evaporated in vacuum. The pure 

products 7 were obtained by recrystallization from petroleum ether and ether (white 

solid, 72% yield, 99:1 er, >20:1 dr).
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V. Studies on the relative acidities of the substrates.

We have examined the H-D exchanging rates of the nucleophilic C(sp3)-H bonds 

on the substrates bearing different imine groups (as shown in Figure S1). 

OH
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CH3 D
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THF-d8 / D2O = 5 / 1
50 oC, 12 h2ad 2ad-d

82% D 23% D

CNCN
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CF3

CF3

CF3

OH

N CO2C2H5

CH3 OD

N CO2C2H5

CH3 CO2C2H5
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ae 2ae-d

71% D

88% D
CO2C2H5

Figure S1. H-D exchanging studies

The phenol –OH groups of the substrates could be mostly deuterated by D2O under 

basic conditions in THF-d8. Meanwhile, the nucleophilic C(sp3)-H bonds of 

substrates 2a, 2aa could be fully deuterated, the nucleophilic C(sp3)-H bonds of 

substrates 2ad, 2ae could be partially deuterated, and the nucleophilic C(sp3)-H 

bonds of substrates 2ab, 2ac could not be deuterated. This indicates that the substrates 

2a, 2aa could be actvie enough to be deprotonated and react with electrophiles, while 

the other substrates (2ab, 2ac, 2ad, 2ae) may not be reactive enough.



S8

Moreover, steric hindrance may also play significant roles in this catalytic cascade 

reaction. The nucleophilic additions of the substrates 2ab and 2ae are much more 

steric hindered than that of 2a. 

Therefore, the cascade reactions using substrates 2aa, 2ab, 2ac, 2ad and 2ae could 

not happen under the current catalytic conditions.

VI. Proposed reaction mechanism.
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O
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II

Ph

O
Br

H
O
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H
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H
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CH3

N
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O
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The NHC catalyst can react with the -bromo--unsaturated enal 1a and gives 

the Breslow interemediate I. The -unsaturated acylazolium intermediate II can be 

effectively afforded from intermediate I on loosing of a Br- anion. 

The benzylic C(sp3)-H of the 4-nitrobenyl group in 2a can be deprotonated by base 

and generate 2a’ bearing a reactive nucleophilic benzylic carbon. 2a’ Can react with 
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the NHC-bound unsaturated acylazolium intermediate II through Michael 

addition and gives intermediate III. A sterically congested tetra-substituted chirality 

carbon center is formed in excellent diastereoselective fashion during the 

intramolecular Mannich reaction of the intermediate III and gives intermediate IV 

bearing a chiral substituted pyrrolidine structure. After a proton transfer process, the 

final product 3a is readily formed through lactone formation from intermediate V, 

with the NHC catalyst released for additional catalytic cycles.

VII. X-ray crystallography of compound 3a.

Good quality crystal of 3a (yellow block crystal) was obtained by vaporization of a 

CH2Cl2 / petroleum ether solution of compound 3a (~100mg). CCDC 1960143 

contains the supplementary crystallographic data for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via 

https://www.ccdc.cam.ac.uk/.

≡
O

HN

O

H3C

NO2
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VIII. Characterization of substrates and products

(E)-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2a):

Light yellow solid, 91% yield, 5.6 g; m.p. 128-130 oC;

1H NMR (400 MHz, CDCl3) δ 15.60 (s, 1H), 8.22 (d, J = 8.7 Hz, 

2H), 7.62 – 7.49 (m, 3H), 7.37 – 7.29 (m, 1H), 6.95 (dd, J = 8.3, 

0.8 Hz, 1H), 6.90 – 6.79 (m, 1H), 4.89 (s, 2H), 2.44 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 173.3, 162.7, 147.2, 146.2, 132.9, 128.3, 128.2, 124.0, 

119.5, 118.4, 117.8, 53.2, 15.1. 

HRMS (ESI, m/z) calcd. for C15H14N2O3H+ : 271.1077, found: 271.1068.

(E)-4-chloro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2b):

Light yellow solid, 92% yield, 1.81 g; m.p. 139-142 oC;

1H NMR (600 MHz, CDCl3) δ 15.54 (s, 1H), 8.23 (d, J = 8.6 Hz, 

2H), 7.58 – 7.49 (m, 3H), 7.27 (dd, J = 8.6, 2.7 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 4.89 

(s, 2H), 2.43 (s, 3H). 

13C NMR (151 MHz, CDCl3) δ 172.4, 161.3, 147.3, 145.7, 132.7, 128.2, 127.7, 124.1, 

122.4, 120.2, 119.9, 77.3, 77.0, 76.8, 53.3, 15.2. 

HRMS (ESI, m/z) calcd. for C15H13N2O3ClH+ : 305.0687, found: 305.0697.

(E)-4-bromo-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2c):

Light yellow solid, 93% yield, 1.97 g; m.p. 143-149 oC;

1H NMR (600 MHz, CDCl3) δ 15.54 (s, 1H), 8.23 (d, J = 8.6 Hz, 

2H), 7.58 – 7.49 (m, 3H), 7.27 (dd, J = 8.6, 2.7 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 4.89 

(s, 2H), 2.43 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.4, 161.8, 147.2, 145.7, 135.4, 130.7, 128.2, 124.0, 

120.8, 120.4, 109.3, 77.4, 77.1, 76.7, 53.2, 15.3. 

HRMS (ESI, m/z) calcd. for C15H13N2O3BrH+ : 349.0182, found: 349.0172.

NO2

N

OH

2a

NO2

N

OH

Cl

2b, 92%

NO2

N

OH

Br

2c, 93%
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(E)-4-fluoro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2d):

Light yellow solid, 86% yield, 1.60 g; m.p. 124-138 oC;

1H NMR (600 MHz, CDCl3) δ 15.54 (s, 1H), 8.23 (d, J = 8.6 Hz, 

2H), 7.58 – 7.49 (m, 3H), 7.27 (dd, J = 8.6, 2.7 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 4.89 

(s, 2H), 2.43 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 172.3 (d, J = 2.5 Hz), 158.6, 154.0, 147.3, 145.9, 

128.3, 124.0, 119.9 (d, J = 23.4 Hz), 119.2 (d, J = 7.5 Hz), 113.8 (d, J = 24.2 Hz), 

53.4, 15.3.

19F NMR (565 MHz, CDCl3) δ -125.76.

HRMS (ESI, m/z) calcd. for C15H13N2O3FH+: 289.0983, found: 289.0980.

(E)-4-methyl-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2e):

Light yellow solid, 86% yield, 1.75 g; m.p. 155-159 oC;

1H NMR (400 MHz, CDCl3) δ 15.40 (s, 1H), 8.20 (d, J = 8.6 

Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.37 (s, 1H), 7.14 (d, J = 

8.2 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 4.86 (s, 2H), 2.41 (s, 3H), 2.31 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 173.2, 160.3, 147.1, 146.4, 133.7, 128.3, 128.2, 126.8, 

123.9, 119.1, 118.0, 77.4, 77.1, 76.8, 53.2, 20.7, 15.1.

HRMS (ESI, m/z) calcd. for C16H16N2O3H+: 285.1234, found: 285.1230.

(E)-5-methoxy-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2f):

Light yellow solid, 72% yield, 1.70 g; m.p. 106-113 oC

1H NMR (600 MHz, CDCl3) δ 8.21 (d, J = 8.7 Hz, 2H), 7.53 (d, J 

= 8.7 Hz, 2H), 7.45 (d, J = 9.0 Hz, 1H), 6.43 (d, J = 2.5 Hz, 1H), 

6.36 (dd, J = 9.0, 2.6 Hz, 1H), 4.86 (s, 2H), 3.81 (s, 3H), 2.39 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 172.7, 167.9, 164.1, 147.3, 145.7, 129.7, 128.1, 124.0, 

112.6, 106.2, 102.0, 77.3, 77.0, 76.8, 55.4, 51.7, 14.9.

HRMS (ESI, m/z) calcd. for C16H16N2O4H+: 301.1183, found: 301.1183.

NO2

N

OH

F

2d, 86%

NO2

N

OH

H3C

2e, 93%

NO2

N

OHO

2f, 72%
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(E)-5-chloro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2g):

Light yellow solid, 88% yield, 1.88 g; m.p. 135-137 oC

1H NMR (600 MHz, CDCl3) δ 8.23 (d, J = 8.7 Hz, 2H), 7.53 (d, 

J = 8.6 Hz, 2H), 7.48 (d, J = 8.6 Hz, 1H), 6.94 (d, J = 2.1 Hz, 1H), 6.79 (dd, J = 8.6, 

2.1 Hz, 1H), 4.88 (s, 2H), 2.42 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 172.9, 164.3, 147.2, 145.6, 138.4, 129.3, 128.2, 124.0, 

118.6, 118.0, 117.7, 77.4, 77.1, 76.8, 52.7, 15.2.

HRMS (ESI, m/z) calcd. for C15H13N2O3H+: 305.0687, found: 305.0683.

(E)-5-bromo-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2h):

Light yellow solid, 86% yield, 1.96 g; m.p. 142-144 oC;

1H NMR (600 MHz, CDCl3) δ 8.22 (d, J = 8.7 Hz, 2H), 7.52 (d, 

J = 8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.94 (dd, J = 8.6, 

2.0 Hz, 1H), 4.87 (s, 2H), 2.42 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 173.1, 164.3, 147.2, 145.5, 129.4, 128.2, 126.9, 124.0, 

121.7, 120.8, 118.0, 77.4, 77.1, 76.8, 52.8, 15.2.

HRMS (ESI, m/z) calcd. for C15H13N2O3BrH+: 349.0182, found: 349.0179.

(E)-5-methyl-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2i):

Light yellow solid, 68% yield, 1.29 g; m.p. 131-135 oC;

1H NMR (600 MHz, CDCl3) δ 15.64 (s, 1H), 8.22 (d, J = 8.7 

Hz, 2H), 7.53 (d, J = 8.6 Hz, 2H), 7.46 (d, J = 8.2 Hz, 1H), 

6.76 (s, 1H), 6.66 (dd, J = 8.1, 0.9 Hz, 1H), 4.87 (s, 2H), 2.40 (s, 3H), 2.32 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.0, 162.8, 147.2, 146.3, 143.8, 128.2, 128.1, 124.0, 

119.0, 118.7, 117.1, 77.3, 77.0, 76.8, 53.0, 21.6, 15.0.

HRMS (ESI, m/z) calcd. for C16H16N2O3H+: 285.1234, found: 285.1231.

NO2

N

OHCl

2g, 88%

NO2

N

OHBr

2h, 86%

NO2

N

OHH3C

2i, 68%
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(E)-4-nitro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2j):

Light yellow solid, 97% yield, 1.85 g; m.p. 121-126 oC; 

1H NMR (600 MHz, CDCl3) δ 8.59 (d, J = 2.7 Hz, 1H), 8.28 

(d, J = 8.7 Hz, 2H), 8.21 (dd, J = 9.3, 2.7 Hz, 1H), 7.57 (d, J 

= 8.7 Hz, 2H), 6.96 (d, J = 9.3 Hz, 1H), 4.98 (s, 2H), 2.60 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.8, 171.3, 147.6, 144.0, 137.8, 128.6, 128.3, 125.7, 

124.3, 120.5, 116.9, 77.3, 77.1, 76.8, 52.3, 15.2.

HRMS (ESI, m/z) calcd. for C15H13N3O5
+: 315.0850, found: 315.0839.

(E)-3-methoxy-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2k):

Light yellow solid, 46% yield, 1.07 g; m.p. 121-126 oC;

1H NMR (600 MHz, CDCl3) δ 8.20 (d, J = 8.7 Hz, 2H), 7.54 (d, 

J = 8.7 Hz, 2H), 7.20 (t, J = 8.3 Hz, 1H), 6.56 (dd, J = 8.3, 0.8 

Hz, 1H), 6.34 (d, J = 8.2 Hz, 1H), 4.82 (s, 2H), 3.84 (s, 3H), 2.50 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 174.6, 164.2, 160.1, 147.1, 146.2, 132.4, 128.3, 124.0, 

111.4, 110.9, 100.4, 77.3, 77.1, 76.9, 55.4, 52.1, 20.7.

HRMS (ESI, m/z) calcd. for C16H16N2O4H+: 301.1183, found: 301.1179.

(E)-2-(1-((4-nitrobenzyl)imino)propyl)phenol (2l):

Light yellow solid, 55% yield, 1.35 g; m.p. 126-128 oC;

1H NMR (600 MHz, CDCl3) δ 15.83 (s, 1H), 8.22 (d, J = 8.7 Hz, 

2H), 7.59 – 7.51 (m, 3H), 7.36 – 7.30 (m, 1H), 6.96 (dd, J = 8.3, 

1.0 Hz, 1H), 6.89 – 6.82 (m, 1H), 4.92 (s, 2H), 2.88 (q, J = 7.8 Hz, 2H), 1.27 (t, J = 

7.8 Hz, 3H).

13C NMR (151 MHz, CDCl3) δ 178.0, 163.5, 147.2, 146.2, 132.9, 128.2, 124.0, 118.7, 

117.9, 117.8, 77.3, 77.1, 76.9, 52.2, 21.4, 11.9.

HRMS (ESI, m/z) calcd. for C16H16N2O3H+: 285.1234, found: 285.1230.
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(E)-2-(((4-nitrobenzyl)imino)(phenyl)methyl)phenol (2m):

Light yellow solid, 25% yield, 617 mg; m.p. 152-155 oC;

1H NMR (600 MHz, CDCl3) δ 15.05 (s, 1H), 8.18 (d, J = 8.7 Hz, 

2H), 7.53 (dd, J = 5.0, 1.7 Hz, 3H), 7.42 (d, J = 8.6 Hz, 2H), 

7.35 – 7.28 (m, 1H), 7.20 (dd, J = 6.4, 3.0 Hz, 2H), 7.01 (d, J = 8.2 Hz, 1H), 6.85 (dd, 

J = 8.0, 1.5 Hz, 1H), 6.70 (t, J = 7.6 Hz, 1H), 4.64 (s, 2H).

13C NMR (151 MHz, CDCl3) δ 176.2, 162.6, 147.1, 146.5, 133.7, 132.9, 131.9, 129.4, 

129.2, 129.0, 128.1, 127.1, 123.9, 119.8, 117.9, 117.9, 77.3, 77.1, 76.8, 55.1.

HRMS (ESI, m/z) calcd. for C20H16N2O3H+: 333.1234, found: 333.1230.

 
(E)-2-(1-((2-nitrobenzyl)imino)ethyl)phenol (2aa)

Light yellow solid, 37% yield, 810 mg; m.p. 91-92 oC;

1H NMR (600 MHz, CDCl3) δ 15.59 (s, 1H), 8.08 (d, J = 8.2 Hz, 

1H), 7.64 (d, J = 4.1 Hz, 2H), 7.59 (dd, J = 8.0, 1.2 Hz, 1H), 7.47 

(dp, J = 8.1, 4.0 Hz, 1H), 7.34 – 7.29 (m, 1H), 6.94 (d, J = 8.3 Hz, 1H), 6.84 (t, J = 

7.6 Hz, 1H), 5.13 (s, 2H), 2.45 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.3, 162.7, 148.2, 134.3, 133.9, 132.7, 130.0, 

128.3, 128.2, 125.2, 119.6, 118.4, 117.8, 50.9, 15.1.

HRMS (ESI, m/z) calcd. for C15H14N2O3H+: 271.1077, found: 271.1077.

(E)-2-(1-((3-nitrobenzyl)imino)ethyl)phenol (2ab)
light yellow solid, 80% yield, 2.31 g; m.p. 114-115 oC;

1H NMR (600 MHz, CDCl3) δ 15.57 (s, 1H), 8.21 (s, 1H), 8.15 

(dd, J = 8.2, 1.4 Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.59 (dd, J = 

8.0, 1.4 Hz, 1H), 7.55 (t, J = 7.9 Hz, 1H), 7.35 – 7.29 (m, 1H), 6.94 (dd, J = 8.3, 0.8 

Hz, 1H), 6.87 – 6.82 (m, 1H), 4.87 (s, 2H), 2.45 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.12, 162.67, 148.45, 140.87, 133.67, 132.80, 

129.83, 128.26, 122.56, 122.37, 119.55, 118.41, 117.81, 53.12, 15.14.

HRMS (ESI, m/z) calcd. for C15H14N2O3H+: 271.1077, found: 271.1075.
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(E)-2-(1-((3,5-bis(trifluoromethyl)benzyl)imino)ethyl)phenol (2ac)
light yellow solid, 73% yield, 2.92 g; m.p. 119-120 oC;

1H NMR (600 MHz, CDCl3) δ 15.23 (s, 1H), 7.83 (s, 3H), 7.59 

(dd, J = 8.0, 1.5 Hz, 1H), 7.35 – 7.30 (m, 1H), 6.96 (dd, J = 8.3, 

1.0 Hz, 1H), 6.88 – 6.82 (m, 1H), 4.87 (s, 2H), 2.45 (s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.4, 162.5, 141.5, 132.9, 132.1 (q, J = 33.4 Hz), 

128.3, 127.8 (d, J = 2.5 Hz), 123.3 (q, J = 272.6 Hz), 121.4 (dt, J = 7.5, 3.6 Hz), 

119.6, 118.4, 118.0, 53.2, 15.3.

19F NMR (565 MHz, CDCl3) δ -62.82.

HRMS (ESI, m/z) calcd. for C17H13NOF6H+: 362.0974, found: 362.0970.

(E)-4-(((1-(2-hydroxyphenyl)ethylidene)amino)methyl)benzonitrile (2ad)
light yellow solid, 98% yield, 2.70 g; m.p. 144-145 oC;

1H NMR (600 MHz, CDCl3) δ 15.67 (s, 1H), 7.65 (d, J = 8.3 Hz, 

2H), 7.58 (dd, J = 8.0, 1.4 Hz, 1H), 7.48 (d, J = 8.2 Hz, 2H), 7.36 

– 7.29 (m, 1H), 6.95 (dd, J = 8.3, 0.8 Hz, 1H), 6.88 – 6.80 (m, 1H), 4.84 (s, 2H), 2.42 

(s, 3H).

13C NMR (151 MHz, CDCl3) δ 173.2, 162.8, 144.1, 132.8, 132.6, 128.2, 128.1, 

119.5, 118.7, 118.4, 117.8, 111.2, 53.3, 15.1.

HRMS (ESI, m/z) calcd. for C16H14N2OH+: 251.1179, found: 251.1179.

N

OH CN

2ad, 98%

N

OH
CF3

CF3
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(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydrochro

meno[4,3-b]pyrrol-4(1H)-one (3a)

White solid, 82% yield, 33.9 mg; m.p. 194-196 oC; 

[α]25D = -20.7 (c = 1.0 in CHCl3); 19:1 dr (reaction mixture);

1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.8 Hz, 2H), 7.87 (dd, J 

= 5.9, 3.5 Hz, 1H), 7.37 – 7.27 (m, 5H), 7.14 – 7.00 (m, 5H), 4.78 (d, 

J = 9.9 Hz, 1H), 3.52 (d, J = 12.4 Hz, 1H), 3.21 (dd, J = 12.4, 9.9 Hz, 

1H), 2.77 (s, 1H), 1.67 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.8, 150.2, 148.0, 147.1, 135.7, 129.8, 129.2, 129.0, 

128.3, 128.2, 128.0, 127.5, 125.3, 123.3, 117.0, 77.4, 77.3, 77.1, 76.8, 68.9, 62.4, 58.9, 

58.8, 30.0.

HRMS (ESI) calcd. for C24H20N2O4H+: 401.1501, found : 401.1500; 

UPLC analysis: 98:2 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.4 min, Rt (major) = 3.1 min

(2R,3S,3aR,9bS)-3-(2-fluorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (3b)

White solid, 76% yield, 31.6 mg; m.p. 191-192 oC;

[α]25D = -18.9 (c = 0.5 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.04 – 7.90 (m, 2H), 7.90 – 7.81 (m, 

1H), 7.40 – 7.27 (m, 3H), 7.18 – 6.99 (m, 6H), 4.93 (d, J = 9.8 Hz, 

1H), 3.66 (d, J = 12.5 Hz, 1H), 3.44 (dd, J = 12.5, 9.9 Hz, 1H), 2.78 

(s, 1H), 1.68 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.7, 161.3 (d, J = 246.8 Hz), 150.2, 148.0, 147.2, 

130.0 (dd, J = 6.6, 2.0 Hz), 129.4, 129.3, 128.2, 127.3, 125.3, 124.8 (d, J = 3.5 Hz), 

123.4, 122.9, 122.8, 117.0, 116.3 (d, J = 22.4 Hz), 66.7, 62.5, 57.3, 57.2, 53.6, 30.1.

19F NMR (377 MHz, CDCl3) δ -116.26.

HRMS (ESI) calcd. for C24H19N2O4FH+ : 419.1402, found : 419.1402; 

UPLC analysis: 98:2 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.5 min, Rt (major) = 3.2 min

NO2

O

H3C
HN
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98:2 er, 19:1 dr
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(2R,3S,3aR,9bS)-3-(2-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (3c)

White solid, 78% yield, 33.9 mg; m.p. 230-231 oC; 

[α]25D = -33.3 (c = 0.4 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (40 MHz, CDCl3) δ 7.97 – 7.91 (m, 2H), 7.89 – 7.81 (m, 

1H), 7.52 (d, J = 7.4 Hz, 1H), 7.39 – 7.17 (m, 5H), 7.13 (d, J = 8.7 

Hz, 2H), 7.09 – 7.02 (m, 1H), 4.91 (d, J = 9.9 Hz, 1H), 3.97 (dd, J = 

12.3, 10.1 Hz, 1H), 3.52 (d, J = 12.5 Hz, 1H), 2.81 (s, 1H), 1.67 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.7, 150.0, 148.0, 147.1, 134.8, 133.4, 130.3, 129.4, 

129.3, 129.2, 128.6, 128.1, 127.6, 127.3, 125.3, 123.4, 116.9, 67.6, 62.6, 58.5, 54.0, 

29.9.

HRMS (ESI) calcd. for C24H19N2O4ClH+ : 435.1106, found : 435.1102; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.6 min, Rt (major) = 3.8 min. 

(2R,3S,3aR,9bS)-3-(2-bromophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetra

hydrochromeno[4,3-b]pyrrol-4(1H)-one (3d)

White solid, 61% yield, 29.2 mg; m.p. 215-216 oC; 

[α]25D = -30.7 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.93 (m, 2H), 7.88 – 7.81 (m, 

1H), 7.56 (d, J = 7.6 Hz, 1H), 7.49 – 7.29 (m, 4H), 7.18 – 7.04 (m, 

4H), 4.87 (d, J = 9.8 Hz, 1H), 4.14 – 3.90 (m, 1H), 3.46 (d, J = 12.4 

Hz, 1H), 2.80 (s, 1H), 1.68 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.7, 149.8, 148.0, 147.2, 135.1, 133.5, 129.5, 129.4, 

129.4, 128.4, 128.2, 128.1, 127.3, 125.8, 125.3, 123.4, 116.9, 68.1, 62.6, 59.0, 56.1, 

29.8. 

HRMS (ESI) calcd. for C24H19N2O4BrH+ :479.0601, found : 479.0600; 

UPLC analysis: 99.5:0.5 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.6 min, Rt (major) = 4.0 min
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(2R,3S,3aR,9bS)-3-(2-methoxyphenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetr

ahydrochromeno[4,3-b]pyrrol-4(1H)-one (3e)

White solid, 72% yield, 31 mg; m.p. 205-206 oC; 

[α]25D = -26.8 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.91 (m, 2H), 7.87 – 7.81 (m, 

1H), 7.36 – 7.23 (m, 3H), 7.20 – 7.11 (m, 3H), 7.07 – 7.00 (m, 1H), 

6.92 (td, J = 7.5, 0.9 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 5.02 (d, J = 

9.3 Hz, 1H), 3.66 (s, 3H), 3.65 – 3.58 (m, 2H), 2.73 (s, 1H), 1.64 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.3, 157.7, 151.3, 148.3, 146.8, 129.6, 129.2, 129.1, 

128.9, 128.2, 127.4, 125.0, 123.8, 123.2, 121.0, 116.8, 111.3, 65.3, 62.5, 57.3, 55.3, 

53.6, 30.0.

HRMS (ESI) calcd. for C25H22N2O5H+ : 431.1601, found : 431.1597; 

UPLC analysis: 97:3 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 10.0 min, Rt (major) = 7.4 min

(2R,3S,3aR,9bS)-3-(3-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (3f)

White solid, 85% yield, 37 mg; m.p. 97-98 oC; 

[α]25D = -13.8 (c = 1.0 in CHCl3); 7:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.99 – 7.94 (m, 2H), 7.85 (dd, J = 

6.1, 3.3 Hz, 1H), 7.34 (dd, J = 5.9, 3.5 Hz, 2H), 7.29 – 7.19 (m, 

2H), 7.17 – 7.02 (m, 4H), 6.97 – 6.90 (m, 1H), 4.76 (d, J = 9.8 Hz, 

1H), 3.48 (d, J = 12.4 Hz, 1H), 3.19 (dd, J = 12.4, 9.9 Hz, 1H), 2.78 (s, 1H), 1.68 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 166.5, 149.7, 147.9, 147.3, 138.0, 134.9, 130.3, 129.5, 

129.3, 128.5, 128.2, 128.0, 127.5, 126.5, 125.4, 123.5, 117.0, 68.8, 62.5, 58.9, 58.3, 

29.9.

HRMS (ESI) calcd. for C24H19N2O4ClH+ : 435.1106, found : 435.1104; 

UPLC analysis: 98:2 er (IB-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 7.9 min, Rt (major) = 3.0 min.
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(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(3-(trifluoromethyl)phenyl)-2,3,3

a,9b-tetrahydrochromeno[4,3-b]pyrrol-4(1H)-one (3g)

White solid, 56% yield, 26 mg; m.p. 84-85 oC; 

[α]25D = 1.8 (c = 0.3 in CHCl3); 9:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.93 (m, 2H), 7.90 – 7.83 

(m, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.38 – 

7.32 (m, 3H), 7.26 (t, J = 3.8 Hz, 1H), 7.12 – 7.03 (m, 3H), 4.77 

(d, J = 9.8 Hz, 1H), 3.54 (d, J = 12.5 Hz, 1H), 3.29 (dd, J = 12.5, 9.9 Hz, 1H), 2.80 (s, 

1H), 1.70 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.4, 149.4, 147.9, 147.3, 136.9, 131.6, 129.6, 

129.5, 129.4, 128.6, 128.1, 127.5, 125.5, 125.19 (q, J = 3.5 Hz), 124.62 (q, J = 3.6 

Hz), 123.5, 122.8, 117.1, 69.0, 62.5, 58.6, 58.3, 30.0.

19F NMR (377 MHz, CDCl3) δ -62.61.

HRMS (ESI) calcd. for C25H19N2O4F3H+ : 469.1370, found : 469.1366; 

UPLC analysis: 97:3 er (IB-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 8.7 min, Rt (major) = 2.4 min.

(2R,3S,3aR,9bS)-3-(4-fluorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (3h)

White solid, 86% yield, 36.0 mg; m.p. 173-174 oC; 

[α]25D = -5.2 (c = 1.0 in CHCl3); 9:1 dr (reaction mixture);

1H NMR (400 MHz, CDCl3) δ 8.03 – 7.91 (m, 2H), 7.90 – 7.81 

(m, 1H), 7.38 – 7.29 (m, 2H), 7.13 – 6.92 (m, 7H), 4.72 (d, J = 9.9 

Hz, 1H), 3.48 (d, J = 12.5 Hz, 1H), 3.20 (dd, J = 12.5, 9.9 Hz, 1H), 

2.75 (s, 1H), 1.68 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.7, 162.4 (d, J = 247.1 Hz), 149.9, 147.9, 147.2, 

131.4 (d, J = 3.3 Hz), 129.7, 129.6 (d, J = 8.1 Hz), 129.3, 128.2, 127.5, 125.4, 123.4, 

117.0, 116.0 (d, J = 21.4 Hz), 69.1, 62.3, 58.8, 58.0, 30.0.

19F NMR (377 MHz, CDCl3) δ -113.60.

HRMS (ESI) calcd. for C24H19N2O4FH+ : 419.1402, found : 419.1399; 
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UPLC analysis: 97:3 er (AD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 5.3 min, Rt (major) = 6.9 min

(2R,3S,3aR,9bS)-3-(4-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3i)

White solid, 80% yield, 34.9 mg; m.p. 171-172 oC;

[α]25D = -11.2 (c = 1.0 in CHCl3); 8:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.94 (m, 2H), 7.88 – 7.83 

(m, 1H), 7.37 – 7.31 (m, 2H), 7.30 – 7.26 (m, 2H), 7.11 – 6.97 (m, 

5H), 4.72 (d, J = 9.9 Hz, 1H), 3.48 (d, J = 12.5 Hz, 1H), 3.19 (dd, 

J = 12.5, 9.9 Hz, 1H), 2.75 (s, 1H), 1.68 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.6, 149.7, 147.9, 147.2, 134.2, 134.1, 129.6, 129.3, 

129.3, 128.1, 127.5, 125.4, 123.4, 117.0, 69.0, 62.3, 58.7, 58.1, 30.0.

HRMS (ESI) calcd. for C24H19N2O4ClH+ : 435.1106, found : 435.1104;

UPLC analysis: 97:3 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, 

λ = 254 nm), Rt (minor) = 2.4 min, Rt (major) = 3.4 min

 

(2R,3S,3aR,9bS)-9b-methyl-2,3-bis(4-nitrophenyl)-2,3,3a,9b-tetrahydrochromeno

[4,3-b]pyrrol-4(1H)-one (3j)

Light yellow solid, 56% yield, 24.9 mg; m.p. 216-217 oC; 

[α]25D = -30.9 (c = 1.0 in CHCl3); 6:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.20 – 8.15 (m, 2H), 8.03 – 7.96 

(m, 2H), 7.86 (dd, J = 6.0, 3.4 Hz, 1H), 7.42 – 7.33 (m, 2H), 

7.30 – 7.26 (m, 3H), 7.11 – 7.05 (m, 3H), 4.78 (d, J = 9.8 Hz, 

1H), 3.56 (d, J = 12.5 Hz, 1H), 3.35 (dd, J = 12.5, 9.9 Hz, 1H), 2.83 (s, 1H), 1.72 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 166.2, 149.0, 147.8, 147.7, 147.4, 143.2, 129.5, 129.3, 

129.0, 128.1, 127.5, 125.6, 124.2, 123.6, 117.1, 69.0, 62.5, 58.5, 58.2, 30.0.

HRMS (ESI) calcd. for C24H19N3O6H+ : 446.1347, found : 446.1338; 

UPLC analysis: 93:7 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, 
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λ = 254 nm), Rt (minor) = 4.5 min, Rt (major) = 8.5 min.

(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(p-tolyl)-2,3,3a,9b-tetrahydrochr
omeno[4,3-b]pyrrol-4(1H)-one (3k)

White solid, 61% yield, 25.4 mg; m.p. 224-226 oC; 

[α]25D = -6.2 (c = 1.0 in CHCl3); 19:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.90 (m, 2H), 7.89 – 7.82 

(m, 1H), 7.36 – 7.28 (m, 2H), 7.10 (d, J = 8.6 Hz, 4H), 7.05 – 

7.00 (m, 1H), 6.97 (d, J = 8.1 Hz, 2H), 4.76 (d, J = 9.9 Hz, 1H), 

3.48 (d, J = 12.4 Hz, 1H), 3.18 (dd, J = 12.4, 9.9 Hz, 1H), 2.76 (s, 1H), 2.31 (s, 3H), 

1.65 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.9, 150.4, 148.0, 147.1, 137.9, 132.6, 129.8, 129.7, 

129.2, 128.2, 127.8, 127.5, 125.3, 123.3, 116.9, 68.8, 62.4, 59.1, 58.6, 30.0, 21.2.

HRMS (ESI) calcd. for C25H22N2O4H+ : 415.1652, found : 415.1653; 

UPLC analysis: 99.5:0.5 er (IA-U column, 25 oC, hexane / iPrOH = 90 / 10, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 4.0 min, Rt (major) = 6.0 min.

 

(2R,3S,3aR,9bS)-3-(4-methoxyphenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetr

ahydrochromeno[4,3-b]pyrrol-4(1H)-one (3l)

White solid, 85% yield, 36.5 mg; m.p. 150-151 oC; 

[α]25D = -24.4 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.91 (m, 2H), 7.90 – 7.83 (m, 1H), 7.37 – 7.29 

(m, 2H), 7.10 (d, J = 8.7 Hz, 2H), 7.06 – 6.96 (m, 3H), 6.87 – 6.78 

(m, 2H), 4.72 (d, J = 9.9 Hz, 1H), 3.77 (s, 3H), 3.46 (d, J = 12.4 

Hz, 1H), 3.16 (dd, J = 12.4, 9.9 Hz, 1H), 2.72 (s, 1H), 1.66 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 167.0, 159.3, 150.4, 148.0, 147.1, 

129.9, 129.2, 129.0, 128.2, 127.5, 125.3, 123.3, 116.9, 114.4, 68.9, 62.3, 59.0, 58.2, 

55.2, 30.0.

HRMS (ESI) calcd. for C25H22N2O5H+ : 431.1601, found : 431.1595; 
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UPLC analysis: 99:1 er (IB-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 11.0 min, Rt (major) = 4.5 min.

(2R,3S,3aR,9bS)-3-(4-(dimethylamino)phenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3

a,9b-tetrahydrochromeno[4,3-b]pyrrol-4(1H)-one (3m)

White solid, 89% yield, 39.3 mg; m.p. 195-196 oC; 

[α]25D = -48.2 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.90 – 7.83 

(m, 1H), 7.36 – 7.28 (m, 2H), 7.16 – 7.09 (m, 2H), 7.07 – 7.00 

(m, 1H), 6.97 – 6.89 (m, 2H), 6.67 – 6.56 (m, 2H), 4.72 (d, J = 

9.8 Hz, 1H), 3.44 (d, J = 12.4 Hz, 1H), 3.12 (dd, J = 12.4, 9.9 Hz, 1H), 2.93 (s, 6H), 

1.65 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.1, 150.7, 150.1, 148.0, 147.0, 129.9, 129.0, 128.6, 

128.2, 127.5, 125.1, 123.2, 122.6, 116.9, 112.6, 68.8, 62.2, 59.1, 58.3, 40.4, 30.0.

HRMS (ESI) calcd. for C26H25N3O4H+ : 444.1918, found : 444.1911; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 90 / 10, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 6.9 min, Rt (major) = 10.0 min

(2R,3R,3aR,9bS)-3-(furan-2-yl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrahydro

chromeno[4,3-b]pyrrol-4(1H)-one (3n)

White solid, 73% yield, 28.6 mg; m.p. 140-142 oC; 

[α]25D = -25.6 (c = 1.0 in CHCl3); 6:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.05 – 7.95 (m, 2H), 7.87 – 7.77 (m, 

1H), 7.45 (d, J = 1.2 Hz, 1H), 7.33 – 7.28 (m, 2H), 7.19 (d, J = 8.6 

Hz, 2H), 7.08 – 6.98 (m, 1H), 6.31 (dd, J = 3.2, 1.9 Hz, 1H), 6.04 (d, 

J = 2.9 Hz, 1H), 4.95 (d, J = 9.7 Hz, 1H), 3.54 (dd, J = 12.1, 6.4 Hz, 1H), 3.33 (dd, J 

= 12.0, 9.7 Hz, 1H), 2.70 (s, 1H), 1.66 (s, 4H). 

13C NMR (101 MHz, CDCl3) δ 165.5, 149.1, 148.1, 147.0, 146.1, 141.9, 128.3, 128.0, 

127.1, 126.3, 124.3, 122.4, 115.9, 109.6, 108.2, 64.3, 61.4, 56.1, 50.9, 28.6.

HRMS (ESI) calcd. for C22H18N2O5H+ : 391.1288, found : 391.1287; 
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UPLC analysis: 98:2 er (IB-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 4.6 min, Rt (major) = 3.1 min.

(2R,3R,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(thiophen-2-yl)-2,3,3a,9b-tetrahy

drochromeno[4,3-b]pyrrol-4(1H)-one (3o)

White solid, 60% yield, 24.5 mg; m.p. 169-171 oC; 

[α]25D = -5.3 (c = 1.0 in CHCl3); 7:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.8 Hz, 2H), 7.86 – 7.80 

(m, 1H), 7.36 – 7.29 (m, 2H), 7.27 (d, J = 5.3 Hz, 1H), 7.20 (d, J = 

8.7 Hz, 2H), 7.09 – 7.02 (m, 1H), 6.90 (dd, J = 5.1, 3.5 Hz, 1H), 6.71 

(d, J = 2.9 Hz, 1H), 4.79 (d, J = 9.6 Hz, 1H), 3.56 (dd, J = 12.1, 9.7 Hz, 1H), 3.43 (d, 

J = 12.1 Hz, 1H), 2.75 (s, 1H), 1.67 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.4, 149.7, 147.9, 147.2, 139.3, 129.4, 129.3, 128.1, 

127.6, 127.2, 126.8, 125.3, 125.3, 123.4, 117.0, 69.7, 62.5, 60.5, 54.0, 29.8.

HRMS (ESI) calcd. for C22H18N2O4SH+ : 407.1060, found : 407.1055; 

UPLC analysis: 99:1 er (OD-3 column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 12.3 min, Rt (major) = 7.9 min

(2R,3R,3aR,9bS)-3,9b-dimethyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrahydrochromeno[

4,3-b]pyrrol-4(1H)-one (3p)

Yellow solid, 21% yield, 7.2 mg; m.p. 129-131 oC; 

[α]25D = 0.4 (c = 0.5 in CHCl3); 6:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.8 Hz, 2H), 7.82 – 7.71 

(m, 1H), 7.34 – 7.27 (m, 4H), 7.03 (dt, J = 4.9, 3.0 Hz, 1H), 4.22 (d, 

J = 9.6 Hz, 1H), 2.86 (d, J = 12.1 Hz, 1H), 2.61 (s, 1H), 2.24 – 2.06 

(m, 1H), 1.59 (s, 4H), 1.16 (d, J = 6.5 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.8, 150.8, 147.8, 147.2, 130.1, 129.0, 128.0, 127.9, 

125.3, 123.6, 116.8, 69.1, 61.8, 59.1, 47.7, 30.2, 29.7.

HRMS (ESI) calcd. for C19H18N2O4H+ : 339.1339, found : 339.1339; 

UPLC analysis: 97:3 er (IA-U column, 25 oC, hexane / iPrOH = 85 / 15, 0.5 mL / 
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min, λ = 254 nm), Rt (minor) = 2.7 min, Rt (major) = 2.9 min

(2R,3S,3aR,9bS)-7-chloro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (4a)

White solid, 65% yield, 28.3 mg; m.p. 222-223 oC; 

[α]25D = -14.7 (c = 0.5 in CHCl3); 18:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.7 Hz, 2H), 7.81 (d, J 

= 8.3 Hz, 1H), 7.32-7.30 (m, 4H), 7.09-7.05 (m, 5H), 4.78 (d, J = 

9.9 Hz, 1H), 3.51 (d, J = 12.5 Hz, 1H), 3.18 (dd, J = 12.3, 10.0 Hz, 

1H), 2.76 (s, 1H), 1.66 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.1, 149.8, 148.3, 147.1, 135.3, 134.3, 129.4, 129.0, 

128.5, 128.3, 127.9, 127.4, 125.6, 123.4, 117.2, 68.8, 62.1, 58.7, 58.6, 29.8.

HRMS (ESI) calcd. for C24H19N2O4ClH+ : 435.1106, found : 435.1104; 

UPLC analysis: 98:2 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.4 min, Rt (major) = 2.9 min.

(2R,3S,3aR,9bS)-7-bromo-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (4b)

White solid, 55% yield, 26.4 mg; m.p. 201-202 oC; 

[α]25D = -14.0 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.97-7.94 (m, 2H), 7.75 (d, J = 8.3 

Hz, 1H), 7.46 (dd, J = 8.3, 1.9 Hz, 1H), 7.31-7.28 (m, 3H), 7.20 (d, 

J = 1.9 Hz, 1H), 7.12 – 7.04 (m, 4H), 4.78 (d, J = 9.9 Hz, 1H), 

3.51 (d, J = 12.5 Hz, 1H), 3.17 (dd, J = 12.4, 9.9 Hz, 1H), 2.71 (s, 1H), 1.65 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.0, 149.8, 148.4, 147.1, 135.3, 129.7, 129.0, 128.5, 

128.3, 127.9, 127.4, 123.4, 121.9, 120.1, 68.7, 62.2, 58.7, 58.6, 29.7.

HRMS (ESI) calcd. for C24H19N2O4BrH+ : 479.0601, found : 479.0600; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.5 min, Rt (major) = 3.1 min.
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(2R,3S,3aR,9bS)-7,9b-dimethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydroc
hromeno[4,3-b]pyrrol-4(1H)-one (4c)

White solid, 70% yield, 28.9 mg; m.p. 175-176 oC; 

[α]25D = -8.0 (c = 1.0 in CHCl3); 18:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.7 Hz, 2H), 7.73 (d, 

J = 7.8 Hz, 1H), 7.30 – 7.25 (m, 3H), 7.15 – 7.07 (m, 5H), 6.84 

(s, 1H), 4.76 (d, J = 9.8 Hz, 1H), 3.49 (d, J = 12.4 Hz, 1H), 3.21 

(dd, J = 12.3, 9.9 Hz, 1H), 2.71 (s, 1H), 2.38 (s, 3H), 1.64 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.1, 150.4, 147.8, 147.0, 139.5, 135.8, 129.0, 128.1, 

128.0, 127.9, 127.5, 126.7, 126.1, 123.3, 117.2, 68.9, 62.3, 59.0, 58.8, 29.9, 21.1.

HRMS (ESI) calcd. for C25H22N2O4H+ : 415.1652, found : 415.1651; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.4 min, Rt (major) = 3.2 min.

(2R,3S,3aR,9bS)-7-methoxy-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetr

ahydrochromeno[4,3-b]pyrrol-4(1H)-one (4d)

Light yellow solid, 76% yield, 32.8 mg; m.p. 85-87 oC; 

[α]25D = -18.9 (c = 0.5 in CHCl3); 7:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.93 (m, 2H), 7.74 (d, J = 

8.6 Hz, 1H), 7.30 – 7.27 (m, 3H), 7.11 – 7.07 (m, 4H), 6.89 (dd, J 

= 8.6, 2.5 Hz, 1H), 6.56 (d, J = 2.5 Hz, 1H), 4.76 (d, J = 9.8 Hz, 

1H), 3.82 (s, 3H), 3.48 (d, J = 12.4 Hz, 1H), 3.23 (dd, J = 12.3, 9.9 Hz, 1H), 2.42 (s, 

1H), 1.64 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.1, 160.2, 150.3, 148.7, 147.0, 135.8, 129.0, 128.9, 

128.2, 128.0, 127.5, 123.3, 121.6, 111.8, 101.8, 68.9, 62.2, 59.1, 59.0, 55.6, 30.0.

HRMS (ESI) calcd. for C25H22N2O5H+ : 431.1601, found : 431.1595; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 90 / 10, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 5.7 min, Rt (major) = 8.0 min.
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(2R,3S,3aR,9bS)-8-fluoro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (4e)

White solid, 78% yield, 32.6 mg; m.p. 101-103 oC; 

[α]25D = -7.9 (c = 1.0 in CHCl3); 13:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.93 (m, 2H), 7.59 – 7.56 (m, 

1H), 7.32 – 7.27 (m, 3H), 7.11 – 7.08 (m, 4H), 7.02 – 7.00 (m, 2H), 

4.79 (d, J = 9.9 Hz, 1H), 3.52 (d, J = 12.5 Hz, 1H), 3.18 (dd, J = 

12.5, 9.9 Hz, 1H), 2.82 (s, 1H), 1.65 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.4, 159.7 (d, J = 244.1 Hz), 149.9, 147.1, 143.8 (d, 

J = 2.2 Hz), 135.4, 132.0 (d, J = 6.6 Hz), 129.0, 128.3, 128.0, 127.4, 123.3, 118.5 (d, 

J = 8.2 Hz), 116.1 (d, J = 24.0 Hz), 114.4 (d, J = 24.5 Hz), 68.7, 62.4, 58.6, 58.4, 

29.6.

19F NMR (377 MHz, CDCl3) δ -116.30.

HRMS (ESI) calcd. for C24H19N2O4FH+ : 419.1402, found : 419.1400; 

UPLC analysis: 98:2 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.3 min, Rt (major) = 2.9 min.

(2R,3S,3aR,9bS)-8-chloro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (4f)

White solid, 71% yield, 30.9 mg; m.p. 89-91 oC; 

[α]25D = 82.2 (c = 1.0 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.98 – 7.95 (m, 2H), 7.85 - 7.83 

(m, 1H), 7.32 – 7.26 (m, 4H), 7.11 – 7.07 (m, 4H), 6.99 (d, J = 

8.7 Hz, 1H), 4.78 (d, J = 9.9 Hz, 1H), 3.51 (d, J = 12.5 Hz, 1H), 

3.17 (dd, J = 12.4, 9.9 Hz, 1H), 2.76 (s, 1H), 1.67 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 166.2, 149.7, 147.2, 146.5, 135.4, 131.7, 130.4, 129.3, 

129.1, 128.4, 128.1, 128.0, 127.4, 123.4, 118.5, 68.8, 62.3, 58.7, 58.5, 29.7.

HRMS (ESI) calcd. for C24H19N2O4ClH+ : 435.1106, found : 435.1100; 

UPLC analysis: 98:2 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.2 min, Rt (major) = 2.7 min.
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(2R,3S,3aR,9bS)-8-bromo-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah

ydrochromeno[4,3-b]pyrrol-4(1H)-one (4g)

White solid, 78% yield, 37.6 mg; m.p. 105-106 oC; 

[α]25D = 63.6 (c = 0.5 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 2.4 Hz, 1H), 7.99 – 

7.96 (m, 2H), 7.43 (dd, J = 8.6, 2.4 Hz, 1H), 7.32 – 7.28 (m, 3H), 

7.11 – 7.05 (m, 4H), 6.93 (d, J = 8.6 Hz, 1H), 4.78 (d, J = 9.8 Hz, 

1H), 3.50 (d, J = 12.5 Hz, 1H), 3.17 (dd, J = 12.4, 9.9 Hz, 1H), 2.78 (s, 1H), 1.67 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 166.1, 149.7, 147.2, 147.0, 135.4, 132.2, 132.0, 131.2, 

129.1, 128.4, 127.9, 127.4, 123.4, 118.8, 117.8, 68.7, 62.3, 58.64 58.5, 29.6.

HRMS (ESI) calcd. for C24H19N2O4BrH+ : 479.0601, found : 479.0598; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.3 min, Rt (major) = 2.7 min.

(2R,3S,3aR,9bS)-9b-methyl-8-nitro-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahy

drochromeno[4,3-b]pyrrol-4(1H)-one (4h)

White solid, 50% yield, 22.3 mg; m.p. 124-125 oC; 

[α]25D = 33.5 (c = 0.3 in CHCl3); 14:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.82 (d, J = 2.7 Hz, 1H), 8.21 (dd, 

J = 8.9, 2.8 Hz, 1H), 7.94 (d, J = 8.8 Hz, 2H), 7.34-7.32 (m, 3H), 

7.19 (d, J = 8.9 Hz, 1H), 7.11 – 7.08 (m, 4H), 4.85 (d, J = 9.9 Hz, 

1H), 3.60 (d, J = 12.5 Hz, 1H), 3.14 (dd, J = 12.4, 9.9 Hz, 1H), 2.90 (s, 1H), 1.75 (s, 

3H).

13C NMR (101 MHz, CDCl3) δ 165.1, 152.2, 149.1, 147.3, 145.1, 134.9, 131.7, 129.2, 

128.6, 128.0, 127.2, 124.9, 124.7, 123.5, 118.2, 68.5, 62.1, 58.7, 58.2, 29.7.

HRMS (ESI) calcd. for C24H19N3O6H+ : 446.1347, found : 446.1350; 

UPLC analysis: 95:5 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 3.6 min, Rt (major) = 4.3 min.

O

H3C
HN

O

PhBr

4g, 78%
99:1 er, >20:1 dr

NO2

O

H3C
HN

O

PhO2N

4h, 50%
95:5 er, 14:1 dr

NO2
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(2R,3S,3aR,9bS)-8,9b-dimethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydroc

hromeno[4,3-b]pyrrol-4(1H)-one (4i)

White solid, 90% yield, 37.4 mg; m.p. 88-90 oC; 

[α]25D = 34.2 (c = 0.5 in CHCl3); 16:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.96 – 7.93 (m, 2H), 7.64 (d, J = 

1.8 Hz, 1H), 7.32 – 7.26 (m, 3H), 7.13 – 7.07 (m, 5H), 6.92 (d, J 

= 8.2 Hz, 1H), 4.76 (d, J = 9.8 Hz, 1H), 3.48 (d, J = 12.4 Hz, 1H), 

3.21 (dd, J = 12.4, 9.8 Hz, 1H), 2.45 (s, 3H), 1.65 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.1, 150.3, 147.1, 145.9, 135.9, 134.9, 129.8, 129.3, 

129.0, 128.3, 128.2, 128.0, 127.6, 123.3, 116.7, 68.9, 62.5, 59.0, 58.8, 29.9, 21.1.

HRMS (ESI) calcd. for C25H22N2O4H+ : 415.1652, found : 415.1651; 

UPLC analysis: 98:2 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.1 min, Rt (major) = 2.6 min.

(2R,3S,3aR,9bS)-9-methoxy-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetr

ahydrochromeno[4,3-b]pyrrol-4(1H)-one (4j)

White solid, 73% yield, 14.1 mg; m.p. 95-97 oC; 

[α]25D = -11.4 (c = 0.4 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 8.00 – 7.96 (m, 2H), 7.34 (t, J = 8.3 

Hz, 1H), 7.29-7.25 (m, 3H), 7.11-7.09 (m, 2H), 6.99 – 6.94 (m, 2H), 

6.85 (dd, J = 8.4, 0.8 Hz, 1H), 6.79 (dd, J = 8.3, 1.0 Hz, 1H), 4.60 

(d, J = 9.3 Hz, 1H), 3.92 (s, 3H), 3.71 (s, 1H), 3.53 (d, J = 12.3 Hz, 1H), 3.38 (dd, J = 

12.2, 9.3 Hz, 1H), 1.72 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 167.0, 158.0, 150.3, 148.9, 147.3, 136.0, 129.4, 128.9, 

128.1, 127.8, 127.5, 123.8, 117.2, 110.4, 107.6, 69.1, 62.7, 58.5, 57.9, 56.0, 28.2.

HRMS (ESI) calcd. for C25H22N2O5H+ : 431.1601, found : 431.1602; 

UPLC analysis: 99.5:0.5 er (IA-U column, 25 oC, hexane / iPrOH = 90 / 10, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 3.5 min, Rt (major) = 4.0 min.

O

H3C
HN

O

PhH3C

4i, 90%
98:2 er, 16:1 dr

NO2

O

HN

O

Ph
O

4j, 33%
99.5:0.5 er, >20:1 dr

NO2
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(2R,3S,3aR,9bS)-9b-ethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydrochrom

eno[4,3-b]pyrrol-4(1H)-one (4k)

White solid, 75% yield, 31.1 mg; m.p. 72-74 oC; 

[α]25D = -2.2 (c = 0.5 in CHCl3); >20:1 dr (reaction mixture); 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.91 (m, 2H), 7.81 – 7.79 (m, 

1H), 7.36 – 7.32 (m, 2H), 7.31 – 7.26 (m, 3H), 7.09 – 7.02 (m, 5H), 

4.74 (d, J = 9.9 Hz, 1H), 3.49 (d, J = 12.4 Hz, 1H), 3.18 (dd, J = 12.4, 

10.0 Hz, 1H), 2.75 (s, 1H), 2.06 – 1.88 (m, 2H), 0.89 (t, J = 7.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 167.2, 150.2, 149.1, 147.1, 135.6, 129.2, 129.0, 128.7, 

128.2, 128.2, 128.1, 127.5, 125.2, 123.3, 116.7, 68.7, 66.1, 58.8, 56.8, 36.6, 8.8.

HRMS (ESI) calcd. for C25H22N2O4H+ : 415.1652, found : 415.1650; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 2.2 min, Rt (major) = 2.9 min.

(2R,3S,3aR,9bR)-2-(4-nitrophenyl)-3,9b-diphenyl-2,3,3a,9b-tetrahydrochromeno[

4,3-b]pyrrol-4(1H)-one (4l)

White solid, 80% yield, 36.9 mg; m.p. 108-109 oC; 

[α]25D = 42.8 (c = 0.5 in CHCl3); >20:1 dr (reaction mixture);                                                                                                                     

1H NMR (400 MHz, CDCl3) δ 7.99 – 7.97 (m, 2H), 7.84 (dd, J = 7.4, 

2.0 Hz, 1H), 7.40 – 7.34 (m, 6H), 7.32-7.27 (m, 4H), 7.18-7.16 (m, 

2H), 7.12 – 7.08 (m, 3H), 4.93 (d, J = 9.9 Hz, 1H), 3.95 (d, J = 12.1 

Hz, 1H), 3.37 (dd, J = 12.1, 9.9 Hz, 1H), 3.25 (s, 1H).

13C NMR (101 MHz, CDCl3) δ 166.5, 149.6, 148.7, 147.2, 144.5, 135.4, 129.6, 129.4, 

129.3, 129.0, 128.6, 128.3, 128.2, 128.0, 127.6, 125.5, 125.4, 123.4, 117.1, 69.4, 67.8, 

59.6, 58.8.

HRMS (ESI) calcd. for C29H22N2O4H+ : 463.1652, found : 463.1653; 

UPLC analysis: 99:1 er (IA-U column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / 

min, λ = 254 nm), Rt (minor) = 6.9 min, Rt (major) = 9.0 min.

O

HN

O

Ph

H3C

4k, 75%
99:1 er, >20:1 dr

NO2

O

Ph
HN

O

Ph

4l, 80%
99:1 er, >20:1 dr

NO2
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methyl(2S,3R,4S,5R)-2-(2-hydroxyphenyl)-2-methyl-5-(4-nitrophenyl)-4-phenylp

yrrolidine-3-carboxylate (5)

White solid, 66% yield, 36.9 mg; m.p. 166-168 oC; 

[α]25D = -21.4 (c = 0.5in CHCl3); 15:1 dr (reaction mixture);                                                                                                                     

1H NMR (400 MHz, CDCl3) δ 8.14 – 8.12 (m, 2H), 7.46 (d, J 

= 8.7 Hz, 2H), 7.26 – 7.11 (m, 7H), 6.86 – 6.77 (m, 2H), 4.70 

(d, J = 11.0 Hz, 1H), 4.05 (t, J = 10.9 Hz, 1H), 3.36 (d, J = 10.7 Hz, 1H), 3.13 (s, 3H), 

2.11 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 170.5, 158.6, 147.9, 145.7, 137.0, 129.8, 129.0, 

128.2, 127.8, 127.7, 124.7, 124.0, 118.5, 117.7, 67.2, 66.2, 65.3, 56.1, 51.7, 30.6.

HRMS (ESI) calcd. for C25H25N2O5H+ : 433.1758, found : 433.1754; 

HPLC analysis: 99:1 er (IA column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, 

λ = 254 nm), Rt (minor) = 24.0 min, Rt (major) = 20.1 min.

(2R,3S,3aR,9bS)-2-(4-aminophenyl)-9b-methyl-3-phenyl-2,3,3a,9b-tetrahydrochr

omeno[4,3-b]pyrrol-4(1H)-one (6)

White solid, 96% yield, 200 mg; m.p. 94-96 oC; 

[α]25D = -74.9 (c = 0.5 in CHCl3); >20:1 dr (reaction mixture);                                                                                                                     

1H NMR (400 MHz, CDCl3) δ 7.23 – 7.11 (m, 9H), 6.82 (dd, J 

= 7.9, 0.8 Hz, 1H), 6.78 – 6.72 (m, 1H), 6.61 – 6.55 (m, 2H), 4.47 (d, J = 11.1 Hz, 

1H), 4.04 (t, J = 11.0 Hz, 1H), 3.29 (d, J = 10.9 Hz, 1H), 3.11 (s, 3H), 2.04 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 170.9, 159.1, 146.4, 138.2, 129.4, 128.6, 128.5, 

127.9, 127.6, 127.6, 127.1, 125.2, 118.1, 117.5, 115.3, 66.3, 66.2, 65.4, 55.1, 51.5, 

30.5.

HRMS (ESI) calcd. for C25H26N2O3H+ : 403.2016, found : 403.2014;

H3CO

N
H

O

CH3

Ph

NO2

5, 66%
99:1 er, 15:1 dr

OH

6
>20:1 dr

H3CO

N
H

O

CH3

Ph

NH2
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1-(3,5-bis(trifluoromethyl)phenyl)-3-(4-((2R,3S,3aR,9bS)-9b-methyl-4-oxo-3-phe

nyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b]pyrrol-2-yl)phenyl)thiourea (7)

White solid, 72% yield, 61.5 mg; m.p. 135-136 oC; 

[α]25D = -81.4 (c = 0.5 in CHCl3); >20:1 dr (reaction 

mixture);                                                                                                                     

1H NMR (400 MHz, CDCl3) δ 8.97 (s, 1H), 8.34 (s, 

1H), 7.96 (s, 2H), 7.59 (s, 1H), 7.42 (d, J = 8.1 Hz, 2H), 7.17 (dd, J = 17.4, 7.9 Hz, 

4H), 7.05 (dt, J = 20.3, 7.6 Hz, 3H), 6.89 (d, J = 7.4 Hz, 2H), 6.78 (dd, J = 7.3, 4.8 

Hz, 2H), 4.60 (d, J = 11.1 Hz, 1H), 3.82 (t, J = 11.1 Hz, 1H), 3.36 (d, J = 11.1 Hz, 

1H), 3.11 (s, 3H), 2.06 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 180.3, 172.2, 158.5, 140.3, 137.7, 136.8, 131.5 (q, J = 

33.5 Hz), 129.9, 129.0, 127.9, 127.7, 127.4, 125.6, 125.5, 124.5, 123.5 (d, J = 2.6 Hz), 

121.8, 119.1, 118.2 (d, J = 3.7 Hz), 117.6, 66.1, 65.7, 65.3, 55.9, 51.8, 29.9.

19F NMR (377 MHz, CDCl3) δ -62.87.

HRMS (ESI) calcd. for C34H29N3O3F6SH+ : 674.1907, found : 674.1902; 

HPLC analysis: 99:1 er (IA column, 25 oC, hexane / iPrOH = 80 / 20, 0.5 mL / min, 

λ = 254 nm), Rt (minor) = 12.8 min, Rt (major) = 35.1 min.

7
99:1 er, >20:1 dr
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IX. 1H NMR, 13C NMR, 19F NMR and HPLC spectra

(E)-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2a): 
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(E)-4-chloro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2b): 

NO2

N

OH

Cl

2b
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(E)-4-bromo-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2c): 

NO2

N

OH

Br

2c
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(E)-4-fluoro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2d): 

NO2

N

OH

F

2d
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(E)-4-methyl-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2e): 

NO2

N

OH

H3C

2e
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(E)-5-methoxy-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2f):

NO2

N

OHO

2f
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(E)-5-chloro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2g): 

NO2

N

OHCl

2g
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(E)-5-bromo-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2h): 

NO2

N

OHBr

2h
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(E)-5-methyl-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2i): 

NO2

N

OHH3C

2i
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(E)-4-nitro-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2j): 

NO2

N

OH

O2N

2j
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(E)-3-methoxy-2-(1-((4-nitrobenzyl)imino)ethyl)phenol (2k): 

NO2

N

OH

O
2k
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(E)-2-(1-((4-nitrobenzyl)imino)propyl)phenol (2l): 

NO2

N

OH

2l
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(E)-2-(((4-nitrobenzyl)imino)(phenyl)methyl)phenol (2m): 

NO2

Ph

N

OH

2m
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(E)-2-(1-((2-nitrobenzyl)imino)ethyl)phenol (2aa): 

N

OH

NO22aa
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(E)-2-(1-((3-nitrobenzyl)imino)ethyl)phenol (2ab): 

N

OH

NO2

2ab



S48

(E)-2-(1-((3,5-bis(trifluoromethyl)benzyl)imino)ethyl)phenol (2ac):

 

 

N

OH

CF3

2ac

CF3
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(E)-4-(((1-(2-hydroxyphenyl)ethylidene)amino)methyl)benzonitrile (2ad): 

N

OH CN

2ad
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(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydrochro
meno[4,3-b]pyrrol-4(1H)-one (3a): 

NO2

O

H3C
HN

O
3a
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S53

(2R,3S,3aR,9bS)-3-(2-fluorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3b): 

F

NO2

O

H3C
HN

O
3b
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S55

(2R,3S,3aR,9bS)-3-(2-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3c): 

Cl

NO2

O

H3C
HN

O
3c
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(2R,3S,3aR,9bS)-3-(2-bromophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetra
hydrochromeno[4,3-b]pyrrol-4(1H)-one (3d): 

Br

NO2

O

H3C
HN

O
3d
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(2R,3S,3aR,9bS)-3-(2-methoxyphenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetr
ahydrochromeno[4,3-b]pyrrol-4(1H)-one (3e): 

NO2

O

H3C
HN

O

O

3e
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(2R,3S,3aR,9bS)-3-(3-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3f): 

 

 

NO2

O

H3C
HN

O

Cl

3f
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S63

(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(3-(trifluoromethyl)phenyl)-2,3,3
a,9b-tetrahydrochromeno[4,3-b]pyrrol-4(1H)-one (3g): 

NO2

O

H3C
HN

O

CF3

3g
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(2R,3S,3aR,9bS)-3-(4-fluorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3h): 

 

 

NO2

O

H3C
HN

O
F

3h
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S67

(2R,3S,3aR,9bS)-3-(4-chlorophenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (3i): 

NO2

O

H3C
HN

O
Cl

3i
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S69

(2R,3S,3aR,9bS)-9b-methyl-2,3-bis(4-nitrophenyl)-2,3,3a,9b-tetrahydrochromeno
[4,3-b]pyrrol-4(1H)-one (3j): 

NO2

O

H3C
HN

O
NO2

3j
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S71

(2R,3S,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(p-tolyl)-2,3,3a,9b-tetrahydrochr
omeno[4,3-b]pyrrol-4(1H)-one (3k): 

NO2

O

H3C
HN

O
CH3

3k
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S73

(2R,3S,3aR,9bS)-3-(4-methoxyphenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetr
ahydrochromeno[4,3-b]pyrrol-4(1H)-one (3l): 

NO2

O

H3C
HN

O
O

3l
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S75

(2R,3S,3aR,9bS)-3-(4-(dimethylamino)phenyl)-9b-methyl-2-(4-nitrophenyl)-2,3,3
a,9b-tetrahydrochromeno[4,3-b]pyrrol-4(1H)-one (3m): 

NO2

O

H3C
HN

O
N

3m
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(2R,3R,3aR,9bS)-3-(furan-2-yl)-9b-methyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrahydro
chromeno[4,3-b]pyrrol-4(1H)-one (3n): 

NO2

O

H3C
HN

O

O

3n
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S79

(2R,3R,3aR,9bS)-9b-methyl-2-(4-nitrophenyl)-3-(thiophen-2-yl)-2,3,3a,9b-tetrahy
drochromeno[4,3-b]pyrrol-4(1H)-one (3o): 

NO2

O

H3C
HN

O

S

3o
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S81

(2R,3R,3aR,9bS)-3,9b-dimethyl-2-(4-nitrophenyl)-2,3,3a,9b-tetrahydrochromeno[
4,3-b]pyrrol-4(1H)-one (3p): 

NO2

O

H3C
HN

O

CH3

3p
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(2R,3S,3aR,9bS)-7-chloro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (4a): 

 

O

H3C
HN

O

Ph

Cl

NO2

4a
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S85

(2R,3S,3aR,9bS)-7-bromo-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (4b): 

O

H3C
HN

O

Ph

Br

NO2

4b



S86



S87

(2R,3S,3aR,9bS)-7,9b-dimethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydroc
hromeno[4,3-b]pyrrol-4(1H)-one (4c):

O

H3C
HN

O

Ph

H3C

NO2

4c
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S89

(2R,3S,3aR,9bS)-7-methoxy-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetr
ahydrochromeno[4,3-b]pyrrol-4(1H)-one (4d): 

O

H3C
HN

O

Ph

O

NO2

4d
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S91

(2R,3S,3aR,9bS)-8-fluoro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (4e): 

O

H3C
HN

O

PhF

NO2

4e



S92



S93

(2R,3S,3aR,9bS)-8-chloro-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (4f): 

O

H3C
HN

O

PhCl

NO2

4f
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S95

(2R,3S,3aR,9bS)-8-bromo-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrah
ydrochromeno[4,3-b]pyrrol-4(1H)-one (4g): 

O

H3C
HN

O

PhBr

NO2

4g
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S97

(2R,3S,3aR,9bS)-9b-methyl-8-nitro-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahy
drochromeno[4,3-b]pyrrol-4(1H)-one (4h): 

O

H3C
HN

O

PhO2N

NO2

4h
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S99

(2R,3S,3aR,9bS)-8,9b-dimethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydroc
hromeno[4,3-b]pyrrol-4(1H)-one (4i): 

O

H3C
HN

O

PhH3C

NO2

4i
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S101

(2R,3S,3aR,9bS)-9-methoxy-9b-methyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetr
ahydrochromeno[4,3-b]pyrrol-4(1H)-one (4j): 

O

HN

O

Ph
O

NO2

4j
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S103

(2R,3S,3aR,9bS)-9b-ethyl-2-(4-nitrophenyl)-3-phenyl-2,3,3a,9b-tetrahydrochrom
eno[4,3-b]pyrrol-4(1H)-one (4k): 

O

HN

O

Ph

H3C

NO2

4k



S104



S105

(2R,3S,3aR,9bR)-2-(4-nitrophenyl)-3,9b-diphenyl-2,3,3a,9b-tetrahydrochromeno[
4,3-b]pyrrol-4(1H)-one (4l): 

O

Ph
HN

O

Ph

NO2

4l
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S107

methyl(2S,3R,4S,5R)-2-(2-hydroxyphenyl)-2-methyl-5-(4-nitrophenyl)-4-phenylp
yrrolidine-3-carboxylate (5): 

H3CO

N
H

O

CH3

Ph

NO2

5OH

H3CO

N
H

O

CH3

Ph

NO2

5OH
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S109

methyl(2S,3R,4S,5R)-5-(4-aminophenyl)-2-(2-hydroxyphenyl)-2-methyl-4-phenyl
pyrrolidine-3-carboxylate (6) 

6

H3CO

N
H

O

CH3

Ph

NH2

OH
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methyl(2S,3R,4S,5R)-5-(4-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)phenyl)-
2-(2-hydroxyphenyl)-2-methyl-4-phenylpyrrolidine-3-carboxylate(7) 

H3CO

N
H

O

CH3

Ph

NH

OH

NH
S

F3C

CF3

7
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S113

1H NMR of H-D exchanging studies

1H NMR of compound 2a

 

1H NMR of the reaction mixture

OH

N

CH3

NO2

DABCO (125 mol %)
OD

N

CH3

NO2

D
D

2a
THF-d8 / D2O = 5 / 1

50 oC, 12 h

96% D 99% D

2a-d

OH

N

CH3

NO22a
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1H NMR of compound 2aa in CDCl3 

1H NMR of compound 2aa

1H NMR of the reaction mixture

OH

N

NO2CH3 OD

N

NO2CH3 D
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2aa 2aa-d

81% D 92% D

OH

N

NO2CH3

2aa



S115

 

1H NMR of compound 2ab

1H NMR of the reaction mixture

 

OH

N

CH3 OD

N

CH3 D
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ab 2ab-d

73% D 0% D

NO2 NO2

OH

N

CH3

2ab

NO2
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1H NMR of compound 2ac

 

1H NMR of the reaction mixture

 
 

OH

N

CH3 OD

N

CH3 D
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ac 2ac-d

85% D 0% D

CF3

CF3

CF3

CF3

OH

N

CH3 OD

N

CH3 D
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ad 2ad-d

69% D 23% D

CNCN

OH

N

CH3

2ac

CF3

CF3
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1H NMR of compound 2ad

 

1H NMR of the reaction mixture

OH

N

CH3

2ad CN

OH

N

CH3 OD

N

CH3 D
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ad 2ad-d

82% D 23% D

CNCN
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1H NMR of compound 2ae

 

1H NMR of the reaction mixture

OH

N CO2C2H5

CH3 OD

N CO2C2H5

CH3 CO2C2H5
DDABCO (125 mol %)

THF-d8 / D2O = 5 / 1
50 oC, 12 h2ae 2ae-d

71% D

88% D
CO2C2H5

OH

N CO2C2H5

CH3

2ae

CO2C2H5


