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I. General information: 

Commercially available materials purchased from Alfa Aesar or Sigma-Aldrich were used as received, 

except aldehydes that were purified via distillation or column chromatography prior to use. Proton nuclear 

magnetic resonance (
1
H NMR) spectra were recorded on a Bruker (400 MHz) spectrometer. Chemical shifts 

were recorded in parts per million (ppm, δ) relative to tetramethylsilane (δ 0.00) or chloroform ( = 7.26, 

singlet). 
1
H NMR splitting patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), dd (doublet 

of doublets), m (multiplets), and etc. All first-order splitting patterns were assigned on the basis of the 

appearance of the multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet 

(m) or broad (br). Carbon nuclear magnetic resonance (
13

C NMR) spectra were recorded on a Bruker (400 

MHz) (100 MHz) spectrometer. High resolution mass spectral analysis (HRMS) was performed on Finnigan 

MAT 95 XP mass spectrometer (Thermo Electron Corporation). The determination of ee was performed via 

chiral HPLC analysis using Shimadzu LC-20AD HPLC workstation. X-ray crystallography analysis was 

performed on Bruker X8 APEX X-ray diffractionmeter. Optical rotations were measured using a 0.5 mL cell 

with a 10 mm path length on a Jasco P-1030 polarimeter and are reported as follows: [α]
rt

D (c in g per 100 mL 

solvent). Analytical thin-layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica gel 

plate (0.2 mm thickness). Visualization was performed using a UV lamp. 
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Summary of the reaction condition optimization: 

 

Table S1. Study on the suppression of cis-to-trans enal isomerizations. 

To a 10 mL Schlenk tube was added cis-enal 1a (0.1 mmol) and THF (1 mL). Catalytic amount (30 mol%) of 

base or acid–base salt or/and NHC catalyst A were added to the reaction mixture under N2 atmosphere and 

allowed to stirr at rt for 3 h. The ratios of trans- to cis-enals were measured by 
1
H NMR analysis of the crude 

reaction mixture. 

 

 

 

 

 

 

 

 
a Determined by 1H NMR analysis of unpurified reaction mixtures. DBU=1,8-Diazabicycloundec-7-ene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Conditions 1a/1a'
a
 

1 DBU (30 mol%) 100:0 

2 DBU•HCl (30 mol%) 12:88 

3 DBU•HBF4 (30 mol%) 77:23 

4 DBU (30 mol%), HOAc (30 mol%) 24:76 

5 A (20 mol%), DBU (30 mol%) 79:21 

conditions

THF (0.1M)
rt, 3 h

trans-enal 1a'

N N

N

Ph

BF4
-

A
cis-enal 1a

Br
CHO

Br

CHO
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Table S2. Screening of catalysts and additives (selected examples).
[a] 

 

OH

OH

a3

OH

HO

tBu

OH

OHHO

a1 a2

OH

HO

a4

O

OH

OH OH

HO

a6

CO2Et

OH

OH

a7

Ph

O OH

HO

a8a5

Ph Ph

N

+

R

Ph

Ph

O
N

SO2Ar

3a
4a

H

Ar= 4-MeO-C6H4

NHC (20 mol%)
DBU (20 mol%)

additive (1 eq.)
rt, THF

+

O

NHSO2Ar

PhR
Ph

HO CO2Et

N N

N

Ph

BF4
-

A

N N

N

Ph

BF4
-

B

1a 2a

OHBr

R = 4-Br-C6H4

SO2Ar

 

 

 

Entry Catalyst Additive Conversion [%]
[b]

 3a:4a
[b]

 

1 A - 74 41:59 

2 A a1 43 80:20 

3 B a1 <10% - 

4 A a2 >95 94:6 

5 A a3 48 79:21 

6 A a4 89 81:19 

7 A a5 92 89:11 

8 A a6 61 80:20 

9 A a7 86 76:24 

10 A a8 54 95:5 

[a] Reaction condition: 1a (0.20 mmol), 2a (0.10 mmol), catalyst (0.02 mmol), DBU (0.02 mmol), additive (0.1 mmol), THF 

(1 mL) 12h. [b] Determined by 1H NMR analysis of unpurified reaction mixtures. 
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Table S3. Screening of bases and solvents.
[a] 

Ph Ph

N

+
R

Ph

Ph

O
N

SO2Ar

3a 4a

H

Ar= 4-MeO-C6H4

  A (20 mol%)
base (20 mol%)

additive a2 (1 eq.)

+

O

NHSO2Ar

PhR
Ph

1a 2a

OHBr

R = 4-Br-C6H4

SO2Ar N N

N

Ph

BF4
-

 

 

Entry Base Solvent Conversion [%]
[b]

 3a:4a
[b]

 

1 
t
BuOK THF 70 94:6 

2 KHMDS THF 92 94:6 

3 KOAc THF 90 95:5 

4 K3PO4 THF 81 95:5 

5 DIEA THF 38 99:1 

6 DBU CH2Cl2 17 - 

7 DBU EtOAc 33 - 

8 DBU toluene < 5 - 

[a] Reaction condition: 1a (0.20 mmol), 2a (0.10 mmol), catalyst A (0.02 mmol), base (0.02 mmol), additive a2 (0.10 mmol), 

solvent (1 mL), 12 h.  [b] Determined via 1H NMR analysis of unpurified reaction mixtures. 
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II. General procedure for the catalytic reaction of cis-enal 1 with α,β-unsaturated imine 2. 

To a 10 mL oven-dried Schlenk tube equipped with a stir bar, was successively added cis-enal 1 (0.3 mmol), 

α,β-unsaturated imine 2 (0.1 mmol), triazolium salt D (7.2 mg, 0.02 mmol) and pyrogallol F (12.6 mg, 0.1 

mmol). The tube was closed with a septum, evacuated and refilled with nitrogen. To this mixture was added 

freshly distilled anhydrous THF (0.5 mL) followed by an injection of DIEA (7.0 μL, 0.04 mmol). The reaction 

mixture was stirred at rt for 24 h. After complete consumption of 2, as indicated by TLC and crude 
1
H NMR 

analysis, the solvent was removed under reduced pressure. The resulting crude residue was purified by column 

chromatography on silica gel with hexane/EtOAc (5:1) as eluent to afford the desired product 3. 

 

Synthetic transformations of 3a. 

 
O

HN S

O

Br

OH

3a

5

73% yield, 96% ee

Br

O3, -78 oC,

Me2S, CH2Cl2

OMe

O

O

 
A solution of 3a (58.7 mg, 0.1 mmol) in anhydrous CH2Cl2 (5 mL) in a 10 mL Schlenk tube was cooled to -78 
o
C. The reaction mixture was slowly bubbled with ozone at the same temperature until it turned to light blue 

color, followed by nitrogen bubbling for 10 min to remove the dissolved ozone. Dimethyl sulfide (2 mL) was 

added to the reaction mixture and stirred further for 12 h, simultaneously allowing it to warm up to rt. The 

resulting mixture was concentrated under reduced pressure, and the residue was purified by column 

chromatography on silica gel with hexane/EtOAc (5:1) as eluent to afford cyclopentene derivative 5 as a white 

solid (24 mg, 73% yield). 

 

 

To a solution of 3a (58.7 mg, 0.1 mmol) in MeOH (2 mL) was added NaBH4 (7.6 mg, 0.2 mmol) at 0 
o
C and 

the mixture was stirred at rt for 2 h. The reaction mixture was quenched with water (0.5 mL) at rt and 

extracted with EtOAc and the combined organics were dried over anhydrous Na2SO4. Solvent was 

concentrated under reduced pressure and the residue was purified by column chromatography on silica gel 

with hexane/EtOAc (3:1) as eluent to afford the product 6 as a colorless oil (53 mg, 91% yield). 

 

 

To a solution of 3a (58.7 mg, 0.1 mmol) in MeOH (2 mL) was added NaBH4 (7.6 mg, 0.2 mmol) at 0 
o
C and 

the mixture was stirred at rt for 3 h. The reaction mixture was acidified with concentrated hydrochloric acid 

(0.5 mL) at rt and stirred at the same temperature for 5 h. After completion of the reaction, the reaction 
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mixture was neutralized with aqueous NaHCO3 solution, extracted with EtOAc and the combined organics 

were dried over anhydrous Na2SO4. Solvent was concentrated under reduced pressure and the residue was 

purified by column chromatography on silica gel with hexane/EtOAc (15:1) as eluent to afford the product 7 

as a yellow oil (35 mg, 87% yield). 

 

 
To a solution of 3a (58.7 mg, 0.1 mmol) in MeOH (2 mL) was added NaBH4 (7.6 mg, 0.2 mmol) at 0 

o
C and 

the mixture was stirred at rt for 2 h. The reaction mixture was acidified with concentrated hydrochloric acid 

(0.3 mL) at rt and stirred at the same temperature for 5 h. After completion of the reaction, the reaction 

mixture pH was adjusted to 7 with 6N NaOH solution, and then charged with 30% H2O2 (1.8 mL, 0.3 mmol) 

at 0 
o
C followed by the solution of 6N NaOH (0.08 mL, 0.48 mmol). The mixture was stirred at room 

temperature for 4h. The reaction mixture was extracted with EtOAc and the combined organics were dried 

over anhydrous Na2SO4. Solvent was concentrated under reduced pressure and the residue was purified by 

column chromatography on silica gel with hexane/EtOAc (10:1) as eluent to afford the product 8 as a 

colorless wax (26 mg, 67% yield). 

 

 

To a solution of 3a (58.7 mg, 0.1 mmol) in MeOH (2 mL) was added Pd/C (10%, 21.2 mg, 0.02 mmol) at rt. 

The reaction mixture was stirred under 10 bar of hydrogen at room temperature for 12h. The reaction mixture 

was diluted with ethyl acetate, and passed through a short silica pad . Solvent was concentrated under reduced 

pressure and the residue was purified by column chromatography on silica gel with hexane/EtOAc (5:1) as 

eluent to afford the product 9 as a colorless oil (41 mg, 83% yield, 1.5:1 dr, 93% ee major, 92% ee minor). 
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Stereochemistry determination by X-ray crystallographic analysis and 2D NOE analysis. 

Absolute configuration of all the products were assigned based on the crystal X-ray structure of 3g. The 

crystal (colorless flaky crystal) was obtained by vaporization of a acetone/methanol (1:2) solution of 

compound 3g. The CCDC 884437 containes the supplementary crystallographic data. New chiral center for 

transformation products 6 and 8  were confirmed by 2D NOE analysis. 

  

 
 

 

 

O

NH

S
O

O

Me

Br

Br

Br
3g

Ha 

Hb 
Hc 

Hc Ha 

Ha 

Hc 

Hb 

Hb 
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III. Characterization of Products. 

 

3a

O

HN

Br

S

O

O

OMe

 

N-((Z)-((2R,3R)-3-(4-Bromophenyl)-5-oxo-2-phenylcyclopentylidene)(phenyl)methyl)-4-methoxy 

benzenesulfonamide (3a): Yellowish thick oil, 44 mg, 75% yield, 
1
H NMR (400 MHz, CDCl3  2.61-2.67 

(dd, J = 6.0, 6.4 Hz, 1H), 2.94-3.01 (dd, J = 8.4, 8.4 Hz, 1H), 3.23 (m, 1H), 3.71 (d, J = 4.8 Hz, 1H), 3.85 (s, 

3H), 6.60-6.66 (m, 4H), 6.79-6.89 (m, 4H), 6.94-7.02 (m, 5H), 7.11-7.14 (m, 1H), 7.33-7.36 (m, 4H) , 12.05 (s, 

1H); 
13

C NMR (100 MHz, CDCl3)  44.9, 48.8, 54.5, 55.7, 113.9, 118.5, 120.6, 126.3, 127.1, 127.4, 128.3, 

128.4, 129.0, 129.5, 129.9, 131.0, 131.5, 131.8, 142.6, 143.7, 150.8, 163.3, 207.2; HRMS (ESI, m/z): calcd. 

for C31H26BrNO4S(M+H)
+
:
 
588.0844, found: 588.0844; [α]D

20
: -108.0 (c 4.3, CHCl3); HPLC analysis: 92% ee 

(Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.70 mL/min), Rt (minor) = 39.2 min, Rt (major) = 45.7 min. 

 

3b

O

HN

Br

S

O

O

OMe

Br  

N-((Z)-((2R,3R)-2,3-Bis(4-bromophenyl)-5-oxocyclopentylidene)(phenyl)methyl)-4-methoxybenzene 

sulfonamide (3b): Yellowish thick oil, 46.5 mg, 70% yield, 
 1
H NMR (400 MHz, CDCl3  2.65-2.71 (dd, J = 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013



10 

6.0, 7.6 Hz, 1H), 2.90-2.97 (dd, J = 8.4, 8.4 Hz, 1H), 3.16 (q, J = 8.0 Hz, 1H), 3.68 (d, J = 5.6 Hz, 1H), 3.85 (s, 

3H), 6.46 (d, J = 8.4 Hz, 2H), 6.62 (d, J = 7.2 Hz, 2H), 6.79-6.85 (dd, J = 5.2, 8.4 Hz, 4H), 6.97 (t, J = 7.6 Hz, 

2H), 7.08-7.16 (m, 3H), 7.30-7.34 (t, J = 8.8 Hz, 4H) , 12.09 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  44.9, 

48.9, 54.2, 55.7, 114.0, 117.9, 120.0, 120.8, 127.5, 128.5, 128.9(0), 128.9(5), 129.6, 129.9, 130.8, 131.3, 

131.5, 131.8, 141.7, 142.5, 151.2, 163.3, 206.4; HRMS (ESI, m/z): calcd. for C31H25Br2NO4S(M+H)
+
:
 

665.9949, found: 665.9951; [α]D
20

: -87.2 (c 2.1, CHCl3); HPLC analysis: 95% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 39.7 min, Rt (major) = 68.9 min. 

 

3c

O

HN

Br

S

O

O

OMe

Me  

N-((Z)-((2R,3R)-3-(4-Bromophenyl)-5-oxo-2-phenylcyclopentylidene)(p-tolyl)methyl)-4-methoxy 

benzenesulfonamide (3c): Yellowish thick oil, 39 mg, 65% yield,
 1
H NMR (400 MHz, CDCl3  2.21 (s, 3H), 

2.55-2.61 (dd, J = 5.2, 5.6 Hz, 1H), 2.91-2.98 (dd, J = 8.4, 8.4 Hz, 1H), 3.20-3.25 (m, 1H), 3.74 (d, J = 4.0 Hz, 

1H), 3.87 (s, 3H), 6.58 (d, J = 7.6 Hz, 2H), 6.63-6.65 (m, 2H), 6.78-6.85 (m, 6H), 7.03-7.04 (m, 3H), 7.32-

7.40 (dd, J = 8.4, 9.2 Hz, 4H) , 11.96 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.4, 44.7, 48.5, 54.3, 55.7, 

113.9, 118.6, 120.6, 126.3, 127.1, 128.1, 128.2, 128.3, 128.4, 129.0, 129.3, 129.9, 131.8, 139.8, 142.8, 144.0, 

151.0, 163.3, 207.2; HRMS (ESI, m/z): calcd. for C32H28BrNO4S(M+H)
+
:
 
602.1001, found: 602.1004; [α]D

20
: -

69.3 (c 1.6, CHCl3); HPLC analysis: 96% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.70 mL/min), Rt 

(minor) = 27.4 min, Rt (major) = 28.9 min. 

 

3d

O

HN S

O

O

OMe

Br

Me

Me

 

N-((Z)-((2R,3R)-3-(4-bromophenyl)-5-oxo-2-(p-tolyl)cyclopentylidene)(p-tolyl)methyl)-4-methoxy 

benzenesulfonamide (3d): Yellowish thick oil, 34.5 mg, 56% yield,
 1

H NMR (400 MHz, CDCl3  2.23 (s, 

6H), 2.51-2.57 (dd, J = 4.4, 18.4 Hz, 1H), 2.91-2.98 (dd, J = 4.4, 18.4 Hz, 1H), 3.19-3.22 (m, 1H), 3.71 (d, J = 

4.4 Hz, 1H), 3.89 (s, 3H), 6.54 (d, J = 8.0 Hz, 2H), 6.60 (d, J = 7.6 Hz, 2H), 6.81-6.87 (m, 8H), 7.33 (d, J = 

8.4 Hz, 2H), 7. 04 (d, J = 8.8 Hz, 2H), 11.91 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.0, 21.4, 44.5, 48.4, 

53.8, 55.7, 113.9, 118.8, 120.5, 126.9, 128.1, 128.3, 128.5, 129.0(1), 129.0(6), 129.9, 131.4, 131.8, 135.9, 

139.9, 141.1, 143.1, 150.7, 163.2, 207.5; HRMS (ESI, m/z): calcd. for C33H30BrNO4S(M+H)
+
:
 
616.1157, 

found: 616.1155; [α]D
20

: -58.6 (c 1.7, CHCl3); HPLC analysis: 90% ee (Chiralcel AS-H, 10:90 
i
PrOH/Hexane, 

0.75 mL/min), Rt (minor) = 55.7 min, Rt (major) =44.4 min. 

 

3e

O

HN

Br

S

O

O

Me

 

N-((Z)-((2R,3R)-3-(4-Bromophenyl)-5-oxo-2-phenylcyclopentylidene)(phenyl)methyl)-4-methylbenzene 

sulfonamide (3e): Yellowish thick oil, 39.4 mg, 69% yield,
 1
H NMR (400 MHz, CDCl3  2.42 (s, 3H), 2.61-

2.67 (dd, J = 6.4, 6.4 Hz, 1H), 2.94-3.00 (dd, J = 8.4, 8.4 Hz, 1H), 3.21-3.26 (m, 1H), 3.71 (d, J = 4.8 Hz, 1H), 
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6.60-6.63 (m, 4H), 6.86 (d, J = 6.8 Hz, 2H), 6.95 (t, J = 8.0 Hz, 3H), 7.00 (d, J = 4.8 Hz, 2H), 7.11-7.17 (m, 

3H), 7.32 (t, J = 8.8 Hz, 4H), 11.09 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.7, 44.8, 48.6, 54.5, 118.6, 

120.6, 126.3, 127.1, 127.4, 127.6, 128.3, 128.4, 129.0, 129.4, 129.5, 130.9, 131.8, 136.9, 142.5, 143.7, 144.0, 

150.7, 207.2; HRMS (ESI, m/z): calcd. for C31H26BrNO3S(M+H)
+
:
 
572.0895, found: 572.0894; [α]D

20
: -78.4 (c 

1.7, CHCl3); HPLC analysis: 97% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 19.9 

min, Rt (major) = 23.3 min. 

 

3f

O

HN

Br

S

O

O

Me

Br  

N-((Z)-((2R,3R)-2-(3-Bromophenyl)-3-(4-bromophenyl)-5-oxocyclopentylidene)(phenyl)methyl)-4-

methylbenzenesulfonamide (3f): Yellowish thick oil, 43 mg, 66% yield,
 1
H NMR (400 MHz, CDCl3  2.41 

(s, 3H), 2.67-2.73 (dd, J = 8.0, 18.0 Hz, 1H), 2.94-3.00 (dd, J = 8.4, 18.0 Hz, 1H), 3.18-3.24 (m, 1H), 3.66 (d, 

J = 6.0 Hz, 1H), 6.52-6.60 (dd, J = 7.6, 7.6 Hz, 3H), 6.68 (s, 1H), 6.83-6.87 (m, 3H), 6.96 (t, J = 7.6 Hz, 2H), 

7.10-7.16 (m, 4H), 7.29 (d, J = 8.4 Hz, 4H), 7.34 (d, J = 8.4 Hz, 4H), 12.15 (s, 1H); 
13

C NMR (100 MHz, 

CDCl3)  21.7, 45.1, 48.8, 54.3, 117.8, 120.8, 122.3, 125.8, 127.4, 127.6, 128.4, 128.9, 129.3, 129.4, 129.6, 

129.7, 130.4, 130.5, 131.8, 136.9, 141.5, 144.2, 145.6, 151. 3, 206.3; HRMS (ESI, m/z): calcd. for 

C31H25Br2NO3S(M+H)
+
:
 
650.0000, found: 649.9997; [α]D

20
: -128.2 (c 1.7, CHCl3); HPLC analysis: 91% ee 

(Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 26.9 min, Rt (major) =32.4 min. 

 

3g

O

HN

Br

S

O

O

Me

Br

Br

 

N-((Z)-((2R,3R)-2,3-bis(4-Bromophenyl)-5-oxocyclopentylidene)(4-bromophenyl)methyl)-4-methyl 

benzenesulfonamide (3g): Yellowish semi-solid, 46.5 mg, 64% yield,
 1
H NMR (400 MHz, CDCl3  2.44 (s, 

3H), 2.65-2.72 (dd, J = 8.0, 8.0 Hz, 1H), 2.89-2.96 (dd, J = 8.0, 8.4 Hz, 1H), 3.19 (q, J = 8.0 Hz,1H), 3.62 (d, 

J = 4.8 Hz, 1H), 6.46-6.49 (dd, J = 6.0, 6.0 Hz, 4H), 6.83 (d, J = 8.4 Hz, 2H), 7.09-7.20 (m, 6H), 7.31-7.35 

(dd, J = 5.2, 5.2 Hz, 4H), 12.02 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.7, 44.8, 48.9, 54.1, 118.4, 120.3, 

120.9, 124.2, 127.6, 128.4, 128.9, 129.5, 129.6, 130.5, 130.7, 131.4, 131.9, 136.8, 141.3, 142.1, 144.4, 149.6, 

206.5; HRMS (ESI, m/z): calcd. for C31H24Br3NO3S(M+H)
+
:
 
727.9105, found: 727.9108; [α]D

20
: -59.1 (c 2.1, 

CHCl3); HPLC analysis: 92% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 37.5 min, 

Rt (major) =54.1  min. 

 

3h

O

HN

Br

S

O

O

Me

 

N-((Z)-((2R,3R)-3-(4-Bromophenyl)-2-(naphthalen-2-yl)-5-oxocyclopentylidene)(phenyl)methyl)-4-

methylbenzenesulfonamide (3h): Yellowish thick oil, 37.9 mg, 61% yield,
 1

H NMR (400 MHz, CDCl3  

2.41 (s, 3H), 2.65-2.72 (dd, J = 6.4, 18.4 Hz, 1H), 2.99-3.06 (dd, J = 8.4, 18.4 Hz, 1H), 3.32-3.36 (m, 1H), 
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3.86 (d, J = 4.8 Hz, 1H), 6.60 (d, J = 7.6 Hz, 2H), 6.82 (t, J = 7.2 Hz, 2H), 6.88-6.94 (m, 4H), 6.99 (t, J = 7.2 

Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 7.30-7.33 (m, 4H), 7.35-7.41 (m, 2H), 7.48-7.50 (m, 1H), 7.57 (d, J = 8.4 

Hz, 1H), 7.69-7.72 (m, 1H), 12.15 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.7, 44.8, 48.3, 54.6, 118.3, 120.6, 

125.3, 125.6, 125.8, 126.0, 127.3, 127.4, 127.5, 127.7, 128.3, 128.4, 128.9, 129.4, 129.5, 130.7, 131.8, 132.0, 

133.0, 137.0, 140.9, 142.5, 144.1, 150.9, 207.2; HRMS (ESI, m/z): calcd. for C35H29BrNO3S(M+H)
+
:
 

622.1051, found: 622.1050; [α]D
20

: -35.1 (c 1.9, CHCl3); HPLC analysis: 92% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 26.7 min, Rt (major) =34.8 min. 

 

3i

O

HN

Br

S

O

O

Me

O

 

N-((Z)-((2R,3R)-3-(4-Bromophenyl)-5-oxo-2-phenylcyclopentylidene)(furan-2-yl)methyl)-4-methyl 

benzenesulfonamide (3i): Yellowish thick oil, 32.6 mg, 58% yield,
 1

H NMR (400 MHz, CDCl3  2.47 (s, 

3H), 2.50-2.56 (dd, J = 5.6, 18.0 Hz, 1H), 2.85-2.92 (dd, J = 8.4, 18.0 Hz, 1H), 3.17-3.21 (m, 1H), 4.23 (d, J = 

4.4 Hz, 1H), 6.24-6.25 (dd, J = 1.6, 3.6 Hz, 1H), 6.63 (d, J = 3.6 Hz, 1H), 6.75-6.77 (m, 2H), 6.85 (d, J = 8.4 

Hz, 2H), 7.10-7.12 (m, 3H), 7.20 (d, J = 1.2 Hz, 1H), 7.27 (d, J = 6.4 Hz, 3H), 7.35 (d, J = 8.4 Hz, 2H), 7.54 

(d, J = 8.0 Hz, 2H), 11.56 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.8, 44.9, 48.7, 54.7, 112.0, 118.6, 119.6, 

120.6, 126.5(3), 126.5(8), 127.7, 128.4, 128.5, 129.6, 131.8, 136.1, 138.3, 142.7, 143.6, 144.2, 144.8, 145.0, 

207.8; HRMS (ESI, m/z): calcd. for C29H24BrNO4S(M+H)
+
:
 
562.0688, found: 562.0687; [α]D

20
: -92.3 (c 1.4, 

CHCl3); HPLC analysis: 93% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 21.4 min, 

Rt (major) =26.6 min. 

3j

O

HN S

O

O

Me

Br S

 

N-((Z)-((2S,3R)-3-(4-Bromophenyl)-5-oxo-2-(thiophen-2-yl)cyclopentylidene)(phenyl)methyl)-4-methyl 

benzenesulfonamide (3j): Yellowish thick oil, 32.9 mg, 57% yield,
 1

H NMR (400 MHz, CDCl3)  2.44 (s, 

3H), 2.59-2.65 (dd, J = 4.8, 18.4 Hz, 1H), 3.02-3.08 (dd, J = 8.4, 18.4 Hz, 1H), 3.34-3.38 (m, 1H), 3.97 (d, J = 

3.7 Hz, 1H), 6.14 (d, J = 3.4 Hz, 1H), 6.61-6.63 (dd, J = 3.5, 5.2 Hz, 1H), 6.72 (d, J = 8.4 Hz, 2H), 6.88 (d, J 

= 8.4 Hz, 2H), 6.99-7.18 (m, 3H), 7.16-7.26 (m, 3H), 7.31-7.36 (m, 4H), 12.02 (s, 1H); 
13

C NMR (100 MHz, 

CDCl3)  21.6, 44.3, 48.7, 49.4, 118.4, 120.8, 123.8, 124.5, 126.4, 127.6, 128.3, 128.9, 129.5, 129.7, 130.7, 

131.8, 136.9, 142.3, 144.1, 147.3, 151.1, 206.5; HRMS (ESI, m/z): calcd. for C29H24BrNO3S2(M+H)
+
:
 

578.0459, found: 578.0455; [α]D
20

: -113.1 (c 1.4, CHCl3); HPLC analysis: 91% ee (Chiralcel AS-H, 5:5:90 

MeOH/
i
PrOH/Hexane, 0.50 mL/min), Rt (minor) = 24.7 min, Rt (major) =26.9 min. 

 

3k

O

HN

Br

S

O

O

Me

 

N-((1Z,2E)-1-((2R,3R)-3-(4-Bromophenyl)-5-oxo-2-phenylcyclopentylidene)-3-phenylallyl)-4-methyl 

benzenesulfonamide (3k): Yellowish thick oil, 37.6 mg, 63% yield, 
1
H NMR (400 MHz, CDCl3  2.47 (s, 

3H), 2.52-2.58 (dd, J = 6.0, 18.4 Hz, 1H), 2.86-2.93 (dd, J = 8.4, 18.4 Hz, 1H), 3.19-3.23 (m, 1H), 3.99 (d, J = 

4.4 Hz, 1H), 6.31 (d, J = 16.0 Hz, 1H), 6.76-6.88 (m, 4H), 7.03-7.05 (dd, J = 2.0, 7.6 Hz, 2H), 7.18-7.28 (m, 
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9H), 7.36 (d, J = 6.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 11.60 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  21.7, 

44.8, 48.9, 55.3, 119.2, 119.3, 120.7, 127.0, 127.1, 127.5, 127.8, 128.5, 128.7, 129.0, 129.6, 129.7, 131.9, 

135.2, 136.5, 142.4, 142.8, 143.5, 144.1, 147.3, 207.1; HRMS (ESI, m/z): calcd. for C33H29BrNO3S(M+H)
+
:
 

598.1051, found: 598.1052; [α]D
20

: -56.0 (c 0.9, CHCl3); HPLC analysis: 89% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 22.6 min, Rt (major) =25.8 min. 

 

3l

O

HN S

O

O

OMe

 

4-Methoxy-N-((Z)-((2R,3R)-5-oxo-2,3-diphenylcyclopentylidene)(phenyl)methyl)benzenesulfonamide 

(3l): Yellowish thick oil, 37 mg, 73% yield,
 1
H NMR (400 MHz, CDCl3  2.65-2.71 (dd, J = 6.0, 5.6 Hz, 1H), 

2.97-3.03 (dd, J = 8.8, 8.8 Hz, 1H), 3.25-3.30 (m, 1H), 3.78 (d, J = 4.4 Hz, 1H), 3.86 (s, 3H), 6.63-6.68 (m, 

4H), 6.82 (d, J = 7.2 Hz, 2H), 6.94-7.03 (m, 7H), 7.11-7.23 (m, 4H), 7.36 (d, J = 8.8 Hz, 2H) , 12.06 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  45.1, 49.0, 54.4, 55.7, 113.9, 119.0, 126.2, 126.6, 126.8, 127.1, 127.4, 128.2, 

128.7, 129.0, 129.4, 129.8, 131.2, 131.5, 143.7, 144.3, 150.4, 163.2, 207.8; HRMS (ESI, m/z): calcd. for 

C31H27NO4S(M+H)
+
:
 
510.1739, found: 510.1738; [α]D

20
: -30.0 (c 2.1, CHCl3); HPLC analysis: 96% ee 

(Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 22.9 min, Rt (major) = 26.2 min. 

 

3m

O

HN S

O

O

OMe

Br

MeO

 

N-((Z)-((2R,3R)-2-(4-Bromophenyl)-3-(4-methoxyphenyl)-5-oxocyclopentylidene)(phenyl)methyl)-4-

methoxybenzenesulfonamide (3m): Yellowish thick oil, 41.8 mg, 68% yield,
 1
H NMR (400 MHz, CDCl3  

2.65-2.72 (dd, J = 7.6, 7.6 Hz, 1H), 2.89-2.96 (dd, J = 8.4, 8.4 Hz, 1H), 3.15 (q, J = 8.0 Hz, 1H), 3.69 (d, J = 

6.0 Hz, 1H), 3.75 (s, 3H), 3.85 (s, 3H), 6.46-6.49 (m, 2H), 6.64 (d, J = 7.2 Hz, 2H), 6.76 (d, J = 6.8 Hz, 2H), 

6.80 (d, J = 7.2 Hz, 2H), 6.88 (d, J = 6.8 Hz, 4H), 6.97 (t, J = 7.6 Hz, 2H), 7.06-7.16 (m, 5H), 7.31 (d, J = 7.2 

Hz, 2H) , 12.09 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  45.3, 48.6, 54.4, 55.2, 55.7, 113.9, 114.1, 118.5, 119.8, 

127.4, 127.7, 128.9, 129.0, 129.5, 129.8, 130.9, 131.1, 131.5, 134.7, 142.9, 150.7, 158.4, 163.2, 207.2; HRMS 

(ESI, m/z): calcd. for C32H28BrNO5S(M+H)
+
:
 
618.0950, found: 618.0952; [α]D

20
: -58.4 (c 2.0, CHCl3); HPLC 

analysis: 93% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 49.7 min, Rt (major) = 

70.3 min. 

 

3n

O

HN S

O

O

OMe

 
N-((Z)-((2R,3R)-2-Phenyl-3-(naphthalen-2-yl)-5-oxocyclopentylidene)(phenyl)methyl)-4-methoxy 

benzenesulfonamide (3n): Yellowish thick oil, 39.6 mg, 71% yield,
 1
H NMR (400 MHz, CDCl3  2.77-2.83 

(dd, J = 6.4, 18.4 Hz, 1H), 3.04-3.11 (dd, J = 8.4, 18.4 Hz, 1H), 3.42-3.47 (m, 1H), 3.85 (s, 3H), 3.88 (d, J = 

4.4 Hz, 1H), 6.75 (t, J = 3.6 Hz, 4H), 6.81 (d, J = 8.8 Hz, 2H), 6.95 (t, J = 7.6 Hz, 2H), 7.03 (d, J = 2.0 Hz, 

3H), 7.10-7.16 (m, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.43-7.45 (m, 3H), 7.68-7.77 (m, 3H), 12.10 (s, 1H); 
13

C 
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NMR (100 MHz, CDCl3)  45.0, 49.1, 54.3, 55.7, 113.9, 118.9, 125.0, 125.1, 125.8, 126.2, 126.3, 127.1, 

127.4, 127.6, 127.7, 128.3, 128.6, 129.0, 129.4, 129.8, 131.1, 131.5, 132.3, 133.3, 141.1, 144.3, 150.6, 163.2, 

207.7; HRMS (ESI, m/z): calcd. for C35H29NO4S(M+H)
+
:
 
560.1896, found: 560.1894; [α]D

20
: -143.2 (c 1.5, 

CHCl3); HPLC analysis: 92% ee (Chiralcel AS-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 65.2 min, 

Rt (major) =92.0 min. 

3o

O

HN S

O

O

OMe

Br

O

 

N-((Z)-((2R,3R)-2-(4-bromophenyl)-3-(furan-2-yl)-5-oxocyclopentylidene)(phenyl)methyl)-4-methoxy 

benzenesulfonamide (3o): Yellowish thick oil, 35.7 mg, 62% yield,
 1
H NMR (400 MHz, CDCl3  2.69-2.75 

(dd, J = 6.4, 18.4 Hz, 1H), 2.83-2.89 (dd, J = 8.4, 8.4 Hz, 1H), 3.24-3.29 (m, 1H), 3.85 (s, 3H), 3.86 (d, J = 

5.2 Hz, 1H), 5.84 (d, J = 3.2 Hz, 1H), 6.22 (d, J = 2.0 Hz, 1H), 6.57 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 7.6 Hz, 

2H), 6.79 (d, J = 8.8 Hz, 2H), 7.02 (t, J = 7.6 Hz, 2H), 7.14-7.19 (m, 3H), 7.26-7.32 (m, 3H), 11.97 (s, 1H); 
13

C NMR (100 MHz, CDCl3)  42.5, 42.6, 50.8, 55.7, 105.6, 110.2, 113.9, 117.7, 120.1, 127.5, 128.9, 129.0, 

129.6, 129.8, 130.9, 131.3, 131.4, 141.9, 142.6, 150.9, 155.3, 163.3, 206.3; HRMS (ESI, m/z): calcd. for 

C29H24BrNO5S(M+H)
+
:
 
578.0637, found: 578.0635; [α]D

20
: +22.6 (c 1.7, CHCl3); HPLC analysis: 90% ee 

(Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 26.1 min, Rt (major) = 47.5 min. 

 

3p

O

HN S

O

O

OMe

Br  

N-((Z)-((2R,3R)-2-(4-Bromophenyl)-3-hexyl-5-oxocyclopentylidene)(phenyl)methyl)-4-methoxybenzene 

sulfonamide (3p): Yellowish thick oil, 32.5 mg, 55% yield,
 1
H NMR (400 MHz, CDCl3  0.83 (t, J = 7.2 Hz, 

3H), 1.16-1.37 (m, 10H), 1.94-1.98 (m, 1H), 2.15-2.21 (dd, J = 6.8, 6.8 Hz, 1H), 2.64-2.71 (dd, J = 7.6, 8.0 Hz, 

1H), 3.34 (d, J = 5.2 Hz, 1H), 3.85 (s, 3H), 6.50 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 7.2 Hz, 2H), 6.79 (d, J = 6.8 

Hz, 2H), 7.01 (t, J = 8.0 Hz, 2H), 7.12 (d, J = 6.8 Hz, 2H),  7.19 (t, J = 7.6 Hz, 1H), 7.26-7.32 (m, 2H), 11.98 

(s, 1H); 
13

C NMR (100 MHz, CDCl3)  14.0, 22.5, 27.4, 29.1, 31.6, 34.9, 43.9, 51.8, 55.7, 113.9, 119.0, 119.6, 

127.4, 128.9, 129.0, 129.4, 129.8, 131.1, 131.5, 143.8, 150.3, 163.2, 208.0; HRMS (ESI, m/z): calcd. for 

C31H34BrNO4S(M+H)
+
:
 
596.1470, found: 596.1473; [α]D

20
: +261.9 (c 1.1, CHCl3); HPLC analysis: 92% ee 

(Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.75 mL/min), Rt (minor) = 13.4 min, Rt (major) = 22.2 min. 

 

5

O

Br

OH

 

(S)-4-(4-Bromophenyl)-2-hydroxy-3-phenylcyclopent-2-enone (5): White solid, 24 mg, 73% yield,
 1

H 

NMR (400 MHz, CDCl3  2.32-2.37 (dd, J = 1.2, 19.2 Hz, 1H), 3.07-3.14 (dd, J = 6.8, 19.2 Hz, 1H), 4.47-

4.49 (dd, J = 1.2, 6.8 Hz, 1H), 6.42 (s, 1H), 7.06 (d, J = 8.4 Hz, 2H), 7.30-7.39 (m, 5H), 7.74-7.76 (dd, J = 1.2, 

8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3)  41.1, 42.3, 120.7, 128.5, 128.7, 128.8, 129.3, 132.2, 132.5, 138.9, 

142.4, 149.2, 201.5; HRMS (ESI, m/z): calcd. for C17H13BrO2(M+H)
+
:
 
329.0177, found: 329.0174; [α]D

20
: 
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+152.1 (c 1.0, CHCl3); HPLC analysis: 96% ee (Chiralcel IA, 10:90 
i
PrOH/Hexane, 0. 50 mL/min), Rt (minor) 

= 17.8 min, Rt (major) =25.5 min. 

 

 
N-((Z)-((2R,3R,5S)-3-(4-bromophenyl)-5-hydroxy-2-phenylcyclopentylidene)(phenyl)methyl)-4-

methoxybenzenesulfonamide (6): Colorless oil, 53 mg, 91% yield,
 1
H NMR (400 MHz, CDCl3  1.87-1.94 

(m, 1H), 2.43 (s, br, 1H), 2.46-2.52 (m, 1H), 2.96-3.00 (m, 1H), 3.68 (d, J = 4.4 Hz, 1H), 3.88 (s, 3H), 5.00 (s, 

1H), 6.54-6.56 (m, 2H), 6.83-7.07 (m, 12H), 7.31 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 8.38 (s, br, 

1H); 
13

C NMR (100 MHz, CDCl3)  41.8, 51.2, 55.4, 55.7, 74.9, 113.9, 120.3, 126.0, 127.4, 127.5, 128.1, 

128.2, 128.8, 129.3, 129.7, 131.6, 131.9, 134.7, 134.9, 135.2, 142.5, 144.8, 162.9; HRMS (ESI, m/z): calcd. 

for C31H29BrNO4S(M+H)
+
:
 
590.1001, found: 590.1005; [α]D

20
: -190.8 (c 1.25, CHCl3); HPLC analysis: 94% 

ee (Chiralcel OD-H, 20:80 
i
PrOH/Hexane, 0.60 mL/min), Rt (minor) = 20.8 min, Rt (major) =19.2 min. 

 

 

(3S,4R)-2-Benzoyl-4-(4-bromophenyl)-3-phenylcyclopentanone (7): Yellowish thick oil, 35 mg, 87% yield,
 

1
H NMR (400 MHz, CDCl3  2.72-2.79 (m, 1H), 2.21-2.28 (m, 1H), 3.42-3.46 (m, 1H), 4.42-4.44 (m, 1H), 

6.67 (d, J = 2.0 Hz, 1H), 7.06 (d, J = 7.2 Hz, 2H), 7.11-7.17 (m, 3H), 7.21-7.24 (m, 2H), 7.40-7.47 (m, 4H), 

7.54 (t, J = 8.4 Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3)  41.6, 53.5, 59.9, 120.3, 

126.6, 127.2, 128.3, 128.6, 128.9, 129.1, 131.7, 132.4, 138.2, 143.2, 143.4, 143.7, 146.0, 192.9; HRMS (ESI, 

m/z): calcd. for C24H19BrO(M+H)
+
:
 
403.0698, found: 403.0698; [α]D

20
: -144.6 (c 0.7, CHCl3); HPLC analysis: 

90% ee (Chiralcel OD-H, 10:90 
i
PrOH/Hexane, 0.50 mL/min), Rt (minor) = 16.2 min, Rt (major) =13.5 min. 

 

 

((1R,2R,3R,5S)-3-(4-bromophenyl)-2-phenyl-6-oxabicyclo[3.1.0]hexan-1-yl)(phenyl)methanone (8): 

Colorless wax, 26 mg, 67% yield,
 1
H NMR (400 MHz, CDCl3  2.16 (dd, J = 10.8, 15.6 Hz, 1H), 2.66 (dd, J 

= 7.2, 15.6 Hz, 1H), 3.11-3.18 (m, 1H), 3.80 (s, 1H), 3.98 (d, J = 10.8 Hz, 1H), 7.00 (d, J = 4.0 Hz, 2H), 7.15-

7.28 (m, 5H), 7.35-7.53 (m, 5H), 7.96 (d, J = 7.6 Hz, 2H); 
13

C NMR (100 MHz, CDCl3)  36.2, 46.5, 53.7, 

60.6, 72.4, 120.6, 127.2, 128.1, 128.3, 128.5, 129.3, 129.6, 131.5, 133.3, 135.3, 138.1, 139.6, 196.3; HRMS 

(ESI, m/z): calcd. for C24H20BrO2(M+H)
+
:
 
419.0647, found: 419.0644; [α]D

20
: -98.6 (c 0.6, CHCl3); HPLC 

analysis: 88% ee (Chiralcel IC, 10:90 
i
PrOH/Hexane, 0.60 mL/min), Rt (minor) = 18.6 min, Rt (major) =17.5 

min. 
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4-methoxy-N-(((2S,3R)-5-oxo-2,3-diphenylcyclopentyl)(phenyl)methyl)benzenesulfonamide (9): 

Colorless oil, 41 mg, 83% yield,
 1
H NMR (400 MHz, CDCl3  2.19 (dd, J = 12.8, 19.2 Hz, 1H major), 2.42 

(dd, J = 11.6, 19.2 Hz, 1H major), 2.72-2.88 (m, 1H major, 0.68x2H minor), 2.99 (d, J = 7.6 Hz, 1H major), 

3.07 (dd, J = 4.8, 12.4 Hz, 0.68x1H minor), 3.17-3.36 (m, 1H major, 0.68x3H minor), 3.77 (s, 3H major), 3.80 

(s, 0.68x3H minor), 4.41 (dd, J = 4.8, 9.2 Hz, 0.68x1H minor), 4.63 (dd, J = 2.4, 9.2 Hz, 1H major), 5.34 (d, J 

= 9.6 Hz, 1H major), 6.67-6.74 (m, 3H major, 0.68x3H minor), 6.88-6.96 (m, 7.3H major+minor), 7.05-7.08 

(m, 6.7H major+minor), 7.13-7.24 (m, 8.2H major+minor), 7.43 (d, J = 8.8 Hz, 0.68x2H minor), 7.50 (d, J = 

7.2 Hz, 1H major); 
13

C NMR (100 MHz, CDCl3)  46.5, 47.3, 48.1, 48.7, 53.2, 53.3, 55.5, 55.9, 56.8, 60.1, 

63.4, 113.8, 113.9, 126.9(1), 126.9(7), 127.0, 127.2, 127.3, 127.4, 127.5, 127.6, 127.8, 127.9, 128.3, 128.4, 

128.5, 128.6, 128.8, 128.9, 129.2, 131.9, 132.6, 137.4, 138.2, 138.9, 139.2, 139.6, 140.0, 162.4, 162.7, 214.8, 

217.8; HRMS (ESI, m/z): calcd. for C31H30NO4S(M+H)
+
:
 
512.1896, found: 512.1894; [α]D

20
: -57.9 (c 0.7, 

CHCl3); HPLC analysis: (Chiralcel AD-H, 20:80 
i
PrOH/Hexane, 0.6 mL/min), 93% ee (major), Rt (minor) = 

41.5 min, Rt (major) =61.0 min; 92% ee (minor), Rt (minor) = 71.6 min, Rt (major) =87.1 min. 
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