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1. General and Materials 

Commercially available reagents were used without further purification. Solvents were treated 

prior to use according to the standard methods. 
1
H NMR, 

13
C NMR and 

19
F NMR spectra were 

recorded at room temperature in CDCl3 on 400 MHz instrument with TMS (tetramethylsilane) as 

internal standard. Enantiomeric excess was determined by HPLC analysis, using chiral column 

described below in detail. Optical rotations were measured by polarimeter. Flash column chroma- 

tography was performed on silica gel (200-300 mesh). All reactions were monitored by TLC 

analysis or NMR analysis.  

Materials: Commercially available reagents were used throughout without further purification. 

The anhydrous solvents were also purchased without the further purification. 

2. General Procedure for Synthesis of [2.2]Paracyclophane Aldimines 

The [2.2]paracyclophane aldimines 1 could be synthesized from formyl[2.2]paracyclophanes 5 

and p-toulenesulfonamide in the presence of tetraethyl orthosilicate according to the known 

literature procedure.
[1]

 The intermediate formyl[2.2]paracyclophanes 5a and 5b were synthesized 

from the [2.2]paracyclophanes S1 according to the known literature procedures.
[2]

 Starting 

material 4-methyl[2.2]paracyclophane S1b was prepared from 4-formyl[2.2]paracyclophane 5a 

according to the known literature procedures.
[3]

 

 

[2.2]Paracyclophanes S1 (14.7 mmol) were dissolved in dichloromethane (50 mL) and cooled 

to 0 
o
C. Titanium tetrachloride (3.22 mL, 29.4 mmol) and dichloromethoxymethane (1.39 mL, 

15.4 mmol) were added subsequently. The mixture was stirred at room temperature overnight, 

poured into water (30 mL) and stirred at room temperature for another 2 h. The two phases were 

separated, and the aqueous phase was extracted with dichloromethane (20 mL×3). The combined 

organic phases were dried by anhydrous sodium sulfate and concentrated under reduced pressure. 

The residue was purified by column chromatography on silica gel using hexanes, ethyl acetate and 

dichloromethane as eluent to afford the aldehyde 5a or 5b. 

4-Formyl-7-methyl[2.2]paracyclophane 5b: The reaction was conducted by using 4-methyl- 

[2.2]paracyclophane S1b (3.528 g, 14.7 mmol), affording 5b 2.293 g, 62% yield, white solid, mp 

= 173-175 
o
C, the known compound,

[4]
 Rf = 0.50 (hexanes/ethyl acetate 10/1). 

1
H NMR (400 MHz, CDCl3) δ 9.93 (s, 1H), 6.91 (s, 1H), 6.81-6.71 (m, 1H), 

6.51-6.39 (m, 3H), 6.22 (s, 1H), 4.12-3.99 (m, 1H), 3.41-3.29 (m, 1H), 3.29-3.14 

(m, 2H), 3.07-2.94 (m, 2H), 2.89-2.71 (m, 2H), 2.16 (s, 3H). 
13

C NMR (100 

MHz, CDCl3) δ 191.7, 144.3, 143.3, 139.4, 139.4, 139.4, 138.2, 137.6, 134.8, 132.6, 132.5, 132.1, 

128.2, 35.2, 33.5, 33.3, 33.3, 20.4. HRMS: Calculated for C18H19O [M+H]
+ 

251.1430, found: 

251.1434. 

The above aldehyde 5a or 5b (6.1 mmol), p-toluenesulfonamide (1.044 g, 6.1 mmol) and 

tetraethyl orthosilicate (1.271 g, 1.36 mL, 6.1 mmol) were combined in a schlenk flask and heated 

at 160 
o
C under nitrogen for 12 h. After cooling to room temperature, the reaction mixture was 
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purified by column chromatography on silica gel using hexanes and dichloromethane as eluent to 

afford the corresponding aldimine 1a or 1b. 

(±)-N-Tosyl[2.2]paracyclophane-4-methanimine 1a: The reaction was conducted by using 

4-formyl[2.2]paracyclophane 5a (2.363 g, 10.0 mmol), affording 1a 4.174 g, 91% yield, yellow 

solid, mp = 172-174 
o
C, new compound, Rf = 0.50 (hexanes/ethyl acetate 10/1). 

1
H NMR (400 MHz, CDCl3) δ 8.98 (s, 1H), 7.98-7.90 (m, 2H), 7.41-7.33 (m, 

2H), 7.17 (d, J = 1.9 Hz, 1H), 6.73 (dd, J = 7.8, 1.9 Hz, 1H), 6.59 (d, J = 7.8 

Hz, 1H), 6.56-6.45 (m, 2H), 6.35 (dd, J = 7.9, 1.8 Hz, 1H), 6.13 (dd, J = 7.9, 

1.8 Hz, 1H), 3.95-3.83 (m, 1H), 3.27-2.92 (m, 6H), 2.88-2.79 (m, 1H), 2.43 (s, 3H). 
13

C NMR 

(100 MHz, CDCl3) δ 168.6, 145.5, 144.5, 141.1, 139.6, 139.1, 139.0, 136.1, 135.8, 135.8, 133.3, 

133.0, 132.5, 132.2, 132.0, 129.9, 127.9, 35.5, 35.3, 34.9, 34.2, 21.8. HRMS: Calculated for 

C24H24NO2S [M+H]
+ 

390.1522, found: 390.1525. 

(±)-N-Tosyl-7-methyl[2.2]paracyclophane-4-methanimine 1b: The reaction was conducted 

by using 5b (1.529 g, 6.1 mmol), affording 1b 1.160 g, 47% yield, yellow solid, mp = 216-218 
o
C, 

new compound, Rf = 0.50 (hexanes/ethyl acetate 5/1). 
1
H NMR (400 MHz, 

CDCl3) δ 8.97 (s, 1H), 8.05-7.82 (m, 2H), 7.42-7.31 (m, 2H), 7.07 (s, 1H), 

6.75 (dd, J = 7.9, 1.9 Hz, 1H), 6.43 (dd, J = 7.9, 1.8 Hz, 1H), 6.36 (dd, J = 7.9, 

1.8 Hz, 1H), 6.27-6.15 (m, 2H), 3.96-3.79 (m, 1H), 3.35-3.09 (m, 3H), 

3.04-2.91 (m, 1H), 2.88-2.71 (m, 3H), 2.43 (s, 3H), 2.15 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 

168.6, 145.7, 145.6, 144.4, 139.9, 139.5, 139.0, 138.2, 137.2, 136.2, 132.4, 132.3, 132.1, 130.4, 

129.9, 128.3, 127.9, 35.5, 33.9, 33.6, 33.1, 21.8, 20.6. HRMS: Calculated for C25H26NO2S 

[M+H]
+ 

404.1679, found: 404.1676. 

4-Methoxy-5-formyl[2.2]paracyclophane 5c was synthesized from the [2.2]paracyclophane S1a 

according to the known literature procedure.
[5]

 

 

The aldehyde 5c (0.173 g, 0.7 mmol), p-toluenesulfonamide (0.123 g, 0.7 mmol) and tetraethyl 

orthosilicate (0.150 g, 0.16 mL, 0.7 mmol) were combined in a schlenk flask and heated at 160 
o
C 

under nitrogen for 12 h. After cooling to room temperature, the reaction mixture was purified by 

column chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the 

corresponding aldimine 1c. 

(±)-N-Tosyl-4-methoxy[2.2]paracyclophane-5-methanimine 1c: 0.195 g, 72% yield, yellow 

solid, mp = 61-63 
o
C, new compound, Rf = 0.35 (hexanes/ethyl acetate 10/1). 

1
H NMR (400 MHz, 

CDCl3) δ 9.09 (s, 1H), 8.02-7.90 (m, 2H), 7.41-7.33 (m, 2H), 6.73-6.64 (m, 

2H), 6.54-6.48 (m, 1H), 6.45-6.36 (m, 2H), 6.05-5.96 (m, 1H), 4.23-4.06 (m, 

1H), 3.76 (s, 3H), 3.36-3.23 (m, 1H), 3.17-2.94 (m, 3H), 2.80-2.59 (m, 3H), 

2.44 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 167.7, 163.5, 145.9, 144.3, 

141.7, 139.3, 139.2, 135.9, 133.5, 132.4, 131.9, 131.6, 131.1, 129.8, 129.3, 

127.9, 126.1, 62.5, 35.6, 34.1, 33.4, 31.2, 21.7. HRMS: Calculated for C25H26NO3S [M+H]
+ 

420.1628, found: 420.1634. 
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3. General Procedure for Kinetic Resolution 

 

A schlenk tube (25 mL) was charged with Pd(OCOCF3)2 (3.3 mg, 0.01 mmol, 5 mol%) and 

(Rp,S)-L2 (5.0 mg, 0.01 mmol, 5 mol%) under nitrogen, and degassed anhydrous acetone (1.5 mL) 

was added. The mixture was stirred at room temperature for 1 h. The solvent was removed under 

vacuum to give the catalyst. Then substrate rac-1 (77.9 mg, 0.20 mmol), arylboronic acid (0.20 

mmol) and 2,2,2-trifluoroethanol (4.0 mL) were added into the tube under nitrogen. The mixture 

was heated to 60 
o
C. After stirring at 60 

o
C for 15 h, the reaction mixture was cooled to room 

temperature, and the solvent was removed by rotary evaporation. The resulting mixture was dried 

under vacuum and the conversion of rac-1 was confirmed by 
1
H NMR analysis with benzyl ether 

as internal standard. The solvent was removed in vacuo, the recovered material (-)-1 and addition 

product 3 were isolated by column chromatography on silica gel using hexanes and ethyl acetate 

as eluent. 

To a solution of the addition product 3 in dry N,N-dimethylformamide (DMF, 1.0 mL) was 

added sodium hydride (15 mg, 0.38 mmol, 60% wt.) at 0 °C, and then allyl bromide (36 mg, 26.0 

µL, 0.30 mmol) was added dropwise. The reaction mixture was warmed to room temperature and 

stirred at room temperature for 2 h. Water (5.0 mL) was added, and extracted with ethyl acetate 

(10 mL×3). The combined organic layer was washed with brine, dried by anhydrous sodium 

sulfate and filtered, concentrated in vacuo and analyzed by crude 
1
H NMR to determine 

diastereomeric ratio. The solvent was removed in vacuo, and the residue was purified by column 

chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the product (+)-2. 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(phenyl)methyl}-4-methylbenzenesulfonamide (2a): 

48.9 mg, 48% yield, 12:1 dr, white solid, mp = 144-146 
o
C, new compound, Rf = 0.50 (hexanes/ 

ethyl acetate 10/1), 98.8% ee, [α]
20

D = 114.70 (c 0.24, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ 8.01-7.89 (m, 2H), 7.43-7.35 (m, 2H), 7.24-7.18 (m, 1H), 

7.17-7.07 (m, 3H), 6.92-6.84 (m, 2H), 6.76-6.71 (m, 1H), 6.64-6.46 (m, 4H), 

6.34 (d, J = 7.6 Hz, 1H), 6.20 (s, 1H), 4.82-4.69 (m, 1H), 4.66-4.50 (m, 2H), 

4.05-3.90 (m, 1H), 3.46 (dd, J = 15.6, 3.6 Hz, 1H), 3.31-3.15 (m, 2H), 

3.08-2.87 (m, 4H), 2.55-2.38 (m, 2H), 2.50 (s, 3H). 13
C NMR (100 MHz, CDCl3) δ 143.5, 140.9, 

140.0, 139.5, 139.2, 138.9, 138.6, 136.9, 136.0, 134.0, 133.7, 132.6, 132.3, 132.2, 131.4, 130.5, 

129.7, 129.4, 128.4, 128.2, 128.0, 117.2, 64.6, 48.5, 35.5, 35.4, 34.6, 34.5, 21.7. HPLC: Chiracel 

AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, retention time 6.9 

min (major) and 7.5 min. HRMS: Calculated for C33H33KNO2S [M+K]
+ 

546.1864, found: 

546.1861. 
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N-Allyl-N-{[2.2]paracyclophan-4-yl(phenyl)methyl}-4-methylbenzenesulfonamide (2a’): 

white solid, mp = 176-178 
o
C, new compound, Rf = 0.35 (hexanes/ethyl acetate 10/1). 

1
H NMR 

(400 MHz, CDCl3) δ 7.34-7.27 (m, 2H), 7.26-7.23 (m, 1H), 7.19-7.12 (m, 4H), 

6.93 (d, J = 8.1 Hz, 2H), 6.87 (dd, J = 7.9, 1.7 Hz, 1H), 6.62-6.43 (m, 4H), 

6.29 (s, 1H), 6.04 (dd, J = 7.9, 1.7 Hz, 1H), 5.68-5.54 (m, 2H), 4.85-4.76 (m, 

1H), 4.72-4.59 (m, 1H), 4.00-3.83 (m, 1H), 3.57-3.35 (m, 3H), 3.30-3.20 (m, 

1H), 3.05-2.82 (m, 4H), 2.74-2.59 (m, 1H), 2.30 (s, 3H).
 13

C NMR (100 MHz, 

CDCl3) δ 142.5, 140.3, 140.0, 139.7, 139.3, 138.8, 137.2, 136.2, 136.1, 134.1, 133.3, 133.2, 133.0, 

132.2, 129.6, 128.8, 128.7, 128.7, 127.6, 127.6, 116.0, 66.0, 49.9, 35.1, 35.0, 34.7, 33.8, 21.5. 

HRMS: Calculated for C33H33KNO2S [M+K]
+ 

546.1864, found: 546.1827. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with phenylboronic acid, 30.7 mg, 39% yield, 93.7% ee, [α]
20

D = 

-356.96 (c 0.63, CHCl3). HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 

80/20, flow = 0.8 mL/min, retention time 16.6 min and 18.9 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(o-tolyl)methyl}-4-methylbenzenesulfonamide (2b): 

51.9 mg, 50% yield, 7:1 dr, white solid, mp = 58-60 
o
C, new compound, Rf = 0.60 (hexanes/ ethyl 

acetate 10/1), 98.7% ee, [α]
20

D = 45.71 (c 0.28, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ 7.96-7.88 (m, 2H), 7.37-7.30 (m, 2H), 7.26-7.23 (m, 1H), 7.19-7.08 

(m, 2H), 6.85 (t, J = 7.4 Hz, 1H), 6.77-6.68 (m, 3H), 6.64-6.59 (m, 1H), 

6.56-6.46 (m, 3H), 6.32 (d, J = 7.5 Hz, 1H), 4.34-4.23 (m, 3H), 3.96-3.85 (m, 

1H), 3.60-3.50 (m, 1H), 3.35-2.90 (m, 7H), 2.69 (s, 3H), 2.54-2.41 (m, 2H), 

2.45 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 143.6, 140.0, 139.7, 139.4, 139.3, 138.5, 138.2, 137.7, 

137.1, 136.0, 133.6, 133.4, 132.6, 132.1, 132.0, 131.1, 130.9, 130.4, 130.3, 129.4, 128.6, 127.9, 

125.6, 115.7, 61.1, 47.4, 35.5, 35.4, 34.8, 34.1, 21.6, 20.0. HPLC: Chiracel AD-H column, 254 nm, 

30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, retention time 5.3 min (major) and 7.0 min. 

HRMS: Calculated for C34H35NaNO2S [M+Na]
+ 

544.2281, found: 544.2282. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 2-methylphenylboronic acid, 29.6 mg, 38% yield, 80.1% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.7 min and 18.9 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(m-tolyl)methyl}-4-methylbenzenesulfonamide (2c): 

50.7 mg, 49% yield, 12:1 dr, white solid, mp = 63-65 
o
C, new compound, Rf = 0.60 (hexanes/ethyl 

acetate 10/1), 98.1% ee, [α]
20

D = 135.93 (c 0.32, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ 7.98-7.88 (m, 2H), 7.44-7.35 (m, 2H), 7.13-7.07 (m, 1H), 7.03-6.95 

(m, 2H), 6.73 (s, 1H), 6.67-6.57 (m, 3H), 6.55-6.45 (m, 3H), 6.32 (d, J = 7.6 

Hz, 1H), 6.05 (s, 1H), 4.84-4.73 (m, 1H), 4.68-4.51 (m, 2H), 3.95 (dd, J = 

16.4, 7.8 Hz, 1H), 3.45 (dd, J = 16.4, 4.3 Hz, 1H), 3.28-3.13 (m, 2H), 

3.09-2.86 (m, 4H), 2.51 (s, 3H), 2.48-2.38 (m, 2H), 2.12 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 

143.4, 140.7, 140.0, 139.6, 139.2, 139.0, 138.7, 137.9, 137.0, 136.0, 134.3, 133.8, 132.7, 132.3, 

132.2, 131.5, 130.5, 130.2, 129.7, 128.7, 128.3, 128.2, 126.3, 117.3, 64.6, 48.6, 35.5, 35.4, 34.6, 

34.6, 21.7, 21.4. HPLC: Chiracel IC column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 

1.0 mL/min, retention time 15.8 min and 21.7 min (major). HRMS: Calculated for C34H35NaNO2S 

[M+Na]
+ 

544.2281, found: 544.2282. 
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(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 3-methylphenylboronic acid, 21.7 mg, 28% yield, 91.2% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.6 min and 18.9 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(p-tolyl)methyl}-4-methylbenzenesulfonamide (2d): 

55.2 mg, 53% yield, 13:1 dr, white solid, mp = 56-58 
o
C, new compound, Rf = 0.55 (hexanes/ 

ethyl acetate 10/1), 98.3% ee, [α]
20

D = 134.91 (c 0.61, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ 8.03-7.87 (m, 2H), 7.47-7.34 (m, 2H), 7.09 (d, J = 7.7 Hz, 

1H), 6.93 (d, J = 7.8 Hz, 2H), 6.79-6.69 (m, 3H), 6.59 (t, J = 8.0 Hz, 2H), 

6.55-6.45 (m, 2H), 6.32 (d, J = 7.6 Hz, 1H), 6.15 (s, 1H), 4.82-4.70 (m, 1H), 

4.68-4.53 (m, 2H), 4.01-3.87 (m, 1H), 3.51-3.39 (m, 1H), 3.28-3.14 (m, 2H), 

3.07-2.86 (m, 4H), 2.56-2.41 (m, 2H), 2.50 (s, 3H) 2.28 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 

143.4, 140.0, 139.5, 139.3, 139.0, 138.7, 137.9, 137.7, 137.2, 136.0, 134.2, 133.7, 132.6, 132.3, 

132.2, 131.5, 130.5, 129.7, 129.3, 129.0, 128.2, 117.2, 64.4, 48.5, 35.5, 35.4, 34.6, 34.6, 21.7, 21.2. 

HPLC: Chiracel AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, 

retention time 7.1 min and 8.5 min (major). HRMS: Calculated for C34H35NaNO2S [M+Na]
+ 

544.2281, found: 544.2284. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 4-methylphenylboronic acid, 27.8 mg, 36% yield, 88.0% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.5 min and 18.8 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(4-fluorophenyl)methyl}-4-methylbenzenesulfonam

ide (2e): 51.9 mg, 49% yield, 16:1 dr, white solid, mp = 164-166 
o
C, new compound, Rf = 0.45 

(hexanes/ethyl acetate 10/1), 96.3% ee, [α]
20

D = 105.59 (c 0.25, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 7.96-7.88 (m, 2H), 7.43-7.36 (m, 2H), 7.04 (dd, J = 

7.8, 1.8 Hz, 1H), 6.89-6.78 (m, 4H), 6.71-6.66 (m, 1H), 6.62-6.57 (m, 1H), 

6.55-6.45 (m, 3H), 6.37-6.30 (m, 1H), 6.18 (s, 1H), 4.77-4.58 (m, 3H), 

4.05-3.90 (m, 1H), 3.50-3.36 (m, 1H), 3.24-3.13 (m, 2H), 3.04-2.87 (m, 4H), 

2.56-2.35 (m, 2H), 2.50 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 162.4 (d, JC-F = 247.7 Hz), 143.7, 

140.2, 139.6, 139.2, 138.9, 138.5, 137.0 (d, JC-F = 3.3 Hz), 136.8, 136.1, 133.9, 133.7, 132.7, 

132.5, 132.3, 131.4, 131.1 (d, JC-F = 8.1 Hz), 130.4, 129.8, 128.1, 117.4, 115.3 (d, JC-F = 21.3 Hz), 

63.8, 48.5, 35.5, 35.4, 34.6, 34.5, 21.7. 
19

F NMR (376 MHz, CDCl3) δ -113.8. HPLC: Chiracel IB 

column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 5.1 min 

(major) and 5.5 min. HRMS: Calculated for C33H32FNaNO2S [M+Na]
+ 

548.2030, found: 

548.2026. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 4-fluorophenylboronic acid, 33.8 mg, 43% yield, 99.2% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.4 min and 18.6 min (major). 
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(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(4-(trifluoromethyl)phenyl)methyl}-4-methylbenze

nesulfonamide (2f): 58.2 mg, 51% yield, >20:1 dr, white solid, mp = 108-110 
o
C, new compound, 

Rf = 0.43 (hexanes/ethyl acetate 10/1), 98.7% ee, [α]
20

D = 106.49 (c 0.20, 

CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.96-7.87 (m, 2H), 7.45-7.36 (m, 4H), 

7.08-7.00 (m, 3H), 6.72-6.67 (m, 1H), 6.64-6.58 (m, 1H), 6.56-6.47 (m, 3H), 

6.35 (d, J = 7.6 Hz, 1H), 6.27 (s, 1H), 4.74-4.57 (m, 3H), 4.02-3.92 (m, 1H), 

3.50-3.38 (m, 1H), 3.26-3.14 (m, 2H), 3.07-2.89 (m, 4H), 2.57-2.43 (m, 1H), 

2.51 (s, 3H), 2.39-2.27 (m, 1H). 
13

C NMR (100 MHz, CDCl3) δ 145.1, 143.8, 140.3, 139.6, 139.1, 

138.7, 138.3, 136.2, 135.9, 133.6, 133.5, 132.7, 132.7, 132.4, 131.4, 130.4, 130.2 (q, JC-F = 32.4 

Hz), 129.8, 129.8, 128.1, 125.3 (q, JC-F = 3.7 Hz), 124.0 (q, JC-F = 272.2 Hz), 117.5, 64.0, 48.6, 

35.4, 35.4, 34.6, 34.5, 21.7. 
19

F NMR (376 MHz, CDCl3) δ -62.5. HPLC: Chiracel IB column, 254 

nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, retention time 5.9 min (major) and 6.6 

min. HRMS: Calculated for C34H36F3N2O2S [M+NH4]
+
 593.2444, found: 593.2462. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 4-trifluoromethylphenylboronic acid, 28.8 mg, 37% yield, 

98.5% ee. HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 

mL/min, retention time 16.1 min and 18.3 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(4-chlorophenyl)methyl}-4-methylbenzenesulfona

mide (2g): 54.1 mg, 50% yield, >20:1 dr, white solid, mp = 139-141 
o
C, new compound, Rf = 0.43 

(hexanes/ethyl acetate 10/1), 98.9% ee, [α]
20

D = 134.50 (c 0.82, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 7.96-7.88 (m, 2H), 7.43-7.36 (m, 2H), 7.15-7.08 

(m, 2H), 7.05 (dd, J = 7.8, 1.4 Hz, 1H), 6.86-6.79 (m, 2H), 6.72-6.67 (m, 1H), 

6.64-6.57 (m, 1H), 6.56-6.46 (m, 3H), 6.34 (d, J = 7.6 Hz, 1H), 6.17 (s, 1H), 

4.80-4.60 (m, 3H), 4.03-3.88 (m, 1H), 3.49-3.35 (m, 1H), 3.25-3.14 (m, 2H), 

3.06-2.89 (m, 4H), 2.55-2.45 (m, 1H), 2.50 (s, 3H), 2.44-2.33 (m, 1H). 
13

C NMR (100 MHz, 

CDCl3) δ 143.7, 140.2, 139.6, 139.5, 139.1, 138.8, 138.4, 136.4, 136.1, 133.9, 133.8, 133.6, 132.7, 

132.6, 132.3, 131.4, 130.7, 130.4, 129.8, 128.6, 128.1, 117.5, 63.8, 48.5, 35.4, 35.4, 34.6, 34.5, 

21.7. HPLC: Chiracel IB column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 6.4 min (major) and 7.0 min. HRMS: Calculated for C33H36ClN2O2S [M+NH4]
+ 

559.2181, found: 559.2175 (
35

Cl), 561.2160 (
37

Cl). 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 4-chlorophenylboronic acid, 31.2 mg, 40% yield, 99.6% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.4 min and 18.6 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(3-fluorophenyl)methyl}-4-methylbenzenesulfonam

ide (2h): 52.2 mg, 50% yield, >20:1 dr, white solid, mp = 134-136 
o
C, new compound, Rf = 0.43 

(hexanes/ethyl acetate 10/1), 98.9% ee, [α]
20

D = 123.93 (c 0.66, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 7.99-7.90 (m, 2H), 7.45-7.36 (m, 2H), 7.16-7.02 (m, 

2H), 6.95-6.84 (m, 1H), 6.75-6.67 (m, 2H), 6.64-6.58 (m, 1H), 6.57-6.46 (m, 

4H), 6.34 (d, J = 7.6 Hz, 1H), 6.16 (s, 1H), 4.78-4.59 (m, 3H), 4.04-3.93 (m, 

1H), 3.49-3.38 (m, 1H), 3.26-3.14 (m, 2H), 3.06-2.89 (m, 4H), 2.57-2.46 (m, 

1H), 2.51 (s, 3H), 2.46-2.37 (m, 1H). 
13

C NMR (100 MHz, CDCl3) δ 162.7 (d, JC-F = 246.7 Hz), 

143.8, 143.5 (d, JC-F = 6.6 Hz), 140.2, 139.6, 139.2, 138.7, 138.5, 136.2, 136.1, 133.8, 133.7, 

132.7, 132.6, 132.3, 131.4, 130.4, 129.8 (d, JC-F = 8.0 Hz), 129.8, 128.1, 125.1 (d, JC-F = 2.8 Hz), 
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117.4, 116.4 (d, JC-F = 22.1 Hz), 115.0 (d, JC-F = 21.1 Hz), 64.0 (d, JC-F = 1.6 Hz), 48.5, 35.4, 35.4, 

34.6, 34.5, 21.7. 19
F NMR (376 MHz, CDCl3) δ -112.6. HPLC: Chiracel IA column, 254 nm, 30 

o
C, n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, retention time 6.4 min (major) and 7.2 min. 

HRMS: Calculated for C33H32FNaNO2S [M+Na]
+
 548.2030, found: 548.2061. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 3-fluorophenylboronic acid, 31.9 mg, 41% yield, 97.4% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.2 min and 18.3 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(3-chlorophenyl)methyl}-4-methylbenzenesulfona

mide (2i): 54.4 mg, 50% yield, >20:1 dr, white solid, mp = 56-58 
o
C, new compound, Rf = 0.41 

(hexanes/ethyl acetate 10/1), 99.4% ee, [α]
20

D = 114.30 (c 1.10, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 7.98-7.89 (m, 2H), 7.47-7.38 (m, 2H), 7.21-7.15 (m, 

1H), 7.10-7.01 (m, 2H), 6.82-6.75 (m, 1H), 6.73-6.68 (m, 1H), 6.63-6.58 (m, 

2H), 6.58-6.47 (m, 3H), 6.34 (d, J = 7.6 Hz, 1H), 6.06 (s, 1H), 4.86-4.58 (m, 

3H), 4.07-3.92 (m, 1H), 3.52-3.37 (m, 1H), 3.29-3.13 (m, 2H), 3.08-2.85 (m, 

4H), 2.58-2.31 (m, 2H), 2.52 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 143.9, 142.9, 140.2, 139.6, 

139.1, 138.6, 138.4, 136.2, 136.1, 134.3, 133.8, 133.7, 132.7, 132.6, 132.3, 131.4, 130.4, 129.9, 

129.6, 129.5, 128.2, 128.1, 127.4, 117.6, 64.0, 48.6, 35.4, 35.4, 34.6, 34.5, 21.7. HPLC: Chiracel 

IC column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 11.2 min 

and 13.2 (major) min. HRMS: Calculated for C33H36ClN2O2S [M+NH4]
+
 559.2181, found: 

559.2175 (
35

Cl), 561.2155 (
37

Cl).  

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 3-chlorophenylboronic acid, 32.7 mg, 42% yield, 98.4% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.3 min and 18.5 min (major). 

(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(4-methoxyphenyl)methyl}-4-methylbenzenesulfon

amide (2j): 51.6 mg, 48% yield, 13:1 dr, white solid, mp = 65-67 
o
C, new compound, Rf = 0.25 

(hexanes/ethyl acetate 10/1), 96.5% ee, [α]
20

D = 135.32 (c 0.30, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 7.97-7.88 (m, 2H), 7.42-7.35 (m, 2H), 7.07 (dd, J = 

7.8, 1.5 Hz, 1H), 6.80-6.74 (m, 2H), 6.73-6.69 (m, 1H), 6.68-6.62 (m, 2H), 

6.61-6.44 (m, 4H), 6.32 (d, J = 7.6 Hz, 1H), 6.13 (s, 1H), 4.81-4.72 (m, 1H), 

4.70-4.59 (m, 2H), 3.98-3.89 (m, 1H), 3.75 (s, 3H), 3.47-3.38 (m, 1H), 

3.25-3.14 (m, 2H), 3.05-2.88 (m, 4H), 2.56-2.43 (m, 2H), 2.49 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3) δ 159.2, 143.4, 140.0, 139.5, 139.3, 139.0, 138.7, 137.4, 136.0, 134.3, 133.7, 133.1, 132.7, 

132.3, 132.2, 131.5, 130.6, 130.5, 129.7, 128.2, 117.2, 113.6, 64.1, 55.3, 48.5, 35.5, 35.4, 34.6, 

34.6, 21.7. HPLC: Chiracel AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/ min, retention time 6.5 min and 7.2 min (major). HRMS: Calculated for C34H35KNO3S 

[M+K]
+ 

576.1969, found: 576.1959. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 4-methoxyphenylboronic acid, 35.1 mg, 45% yield, 83.9% 

ee. HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.3 min and 18.5 min (major). 
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(+)-N-Allyl-N-{[2.2]paracyclophan-4-yl(2-naphthyl)methyl}-4-methylbenzenesulfonamide 

(2k): 54.0 mg, 48% yield, 12:1 dr, white solid, mp = 66-68 
o
C, new compound, Rf = 0.38 

(hexanes/ethyl acetate 10/1), 98.4% ee, [α]
20

D = 155.39 (c 0.87, CHCl3). 
1
H 

NMR (400 MHz, CDCl3) δ 8.02-7.94 (m, 2H), 7.80-7.74 (m, 1H), 7.63 (d, J = 

8.5 Hz, 1H), 7.55-7.50 (m, 1H), 7.49-7.38 (m, 4H), 7.21-7.18 (m, 1H), 

7.18-7.12 (m, 1H), 7.03 (dd, J = 8.5, 1.5 Hz, 1H), 6.84-6.79 (m, 1H), 6.63 (d, J 

= 8.0 Hz, 2H), 6.53 (d, J = 7.1 Hz, 2H), 6.39-6.29 (m, 2H), 4.76-4.67 (m, 1H), 

4.64-4.49 (m, 2H), 4.04-3.92 (m, 1H), 3.63-3.50 (m, 1H), 3.31-3.20 (m, 2H), 3.12-2.96 (m, 3H), 

2.95-2.85 (m, 1H), 2.54 (s, 3H), 2.48-2.39 (m, 2H). 
13

C NMR (100 MHz, CDCl3) δ 143.5, 140.1, 

139.6, 139.2, 138.9, 138.7, 138.2, 136.9, 136.1, 134.1, 133.8, 133.0, 132.9, 132.7, 132.5, 132.3, 

131.6, 130.5, 129.8, 128.5, 128.3, 128.1, 128.1, 127.7, 127.3, 126.4, 126.3, 117.4, 64.7, 48.7, 35.5, 

35.4, 34.6, 21.7. HPLC: Chiracel AD-3 column, 254 nm, 30 
o
C, n-Hexane/ i-PrOH = 90/10, flow 

= 1.0 mL/min, retention time 9.0 min and 13.8 min (major). HRMS: Calculated for C37H35Na- 

NO2S [M+Na]
+
 580.2281, found: 580.2279. 

(-)-N-Tosyl[2.2]paracyclophane-4-methanimine (1a): Kinetic resolution from the addition of 

[2.2]paracyclophane aldimine 1a with 2-naphthaleneboronic acid, 31.9 mg, 41% yield, 82.3% ee. 

HPLC: Chiralcel AD-3 column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 16.3 min and 18.5 min (major). 

(+)-N-Allyl-N-{7-methyl[2.2]paracyclophan-4-yl(phenyl)methyl}-4-methylbenzenesulfona

mide (2l): 52.1 mg, 50% yield, 8:1 dr, white solid, mp = 183-185 
o
C, new compound, Rf = 0.50 

(hexanes/ethyl acetate 10/1), 97.9% ee, [α]
20

D = 158.03 (c 0.52, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 8.00-7.88 (m, 2H), 7.44-7.32 (m, 2H), 

7.24-7.08 (m, 4H), 6.96-6.82 (m, 3H), 6.61 (s, 1H), 6.57-6.50 (m, 1H), 

6.46-6.35 (m, 1H), 6.22 (s, 1H), 5.96 (s, 1H), 4.80-4.65 (m, 1H), 

4.65-4.49 (m, 2H), 4.03-3.90 (m, 1H), 3.51-3.40 (m, 1H), 3.40-3.29 (m, 1H), 3.19 (t, J = 11.8 Hz, 

1H), 3.04-2.74 (m, 4H), 2.50 (s, 3H), 2.41-2.29 (m, 2H), 2.13 (s, 3H). 
13

C NMR (100 MHz, CDCl3) 

δ 143.4, 141.1, 139.2, 139.0, 138.9, 138.5, 138.2, 138.1, 136.6, 134.7, 134.2, 133.9, 132.6, 131.3, 

130.8, 129.7, 129.4, 128.4, 128.2, 128.0, 127.8, 117.2, 64.5, 48.4, 34.3, 34.0, 33.6, 33.4, 21.7, 19.8. 

HPLC: Chiracel IB column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, 

retention time 6.2 min (major) and 7.1 min. HRMS: Calculated for C34H35NaNO2S [M+Na]
+
 

544.2281, found: 544.2262. 

(-)-N-Tosyl-7-methyl[2.2]paracyclophane-4-methanimine (1b): Kinetic resolution from the 

addition of [2.2]paracyclophane aldimine 1b with phenylboronic acid, 32.2 mg, 40% yield, 99.4% 

ee, [α]
20

D = -400.28 (c 0.65, CHCl3). HPLC: Chiralcel AD-H column, 254 nm, 30 
o
C, n-Hexane/ 

i-PrOH = 80/20, flow = 0.8 mL/min, retention time 16.7 min and 20.5 min (major). 

(+)-N-Allyl-N-{7-methyl[2.2]paracyclophan-4-yl(4-chlorophenyl)methyl}-4-methylbenzene

sulfonamide (2m): 52.3 mg, 47% yield, 17:1 dr, white solid, mp = 55-57 
o
C, new compound, Rf = 

0.50 (hexanes/ethyl acetate 10/1), 97.9% ee, [α]
20

D = 150.36 (c 0.54, 

CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.98-7.86 (m, 2H), 7.46-7.34 (m, 

2H), 7.15-7.04 (m, 3H), 6.90-6.78 (m, 3H), 6.56 (s, 1H), 6.49 (dd, J = 7.8, 

1.4 Hz, 1H), 6.39 (dd, J = 7.8, 1.6 Hz, 1H), 6.18 (s, 1H), 5.96 (s, 1H), 

4.81-4.57 (m, 3H), 4.03-3.90 (m, 1H), 3.48-3.27 (m, 2H), 3.23-3.10 (m, 

1H), 3.06-2.85 (m, 3H), 2.84-2.70 (m, 1H), 2.50 (s, 3H), 2.41-2.27 (m, 2H), 2.12 (s, 3H). 
13

C 

NMR (100 MHz, CDCl3) δ 143.7, 139.7, 139.2, 138.9, 138.8, 138.6, 138.2, 138.0, 136.9, 134.1, 
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133.9, 133.8, 133.8, 132.6, 131.4, 130.7, 130.7, 129.8, 128.6, 128.1, 127.9, 117.5, 63.7, 48.5, 34.3, 

34.1, 33.6, 33.4, 21.7, 19.8. HPLC: Chiracel IB column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, 

flow = 0.8 mL/min, retention time 6.4 min (major) and 7.5 min. HRMS: Calculated for 

C34H38ClN2O2S [M+NH4]
+
 573.2337, found: 573.2376 (

35
Cl), 575.2360 (

37
Cl).  

(-)-N-Tosyl-7-methyl[2.2]paracyclophane-4-methanimine (1b): Kinetic resolution from the 

addition of [2.2]paracyclophane aldimine 1b with 4-chlorophenylboronic acid, 33.8 mg, 42% 

yield, 99.9% ee. HPLC: Chiralcel AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 80/20, flow 

= 0.8 mL/min, retention time 16.7 min and 20.5 min (major). 

(+)-N-Allyl-N-{4-methoxy[2.2]paracyclophan-5-yl(4-chlorophenyl)methyl}-4-methylbenze

nesulfonamide (2n): 14.0 mg, 12% yield, >20:1 dr, white solid, mp = 45-47 
o
C, new compound, 

Rf = 0.45 (hexanes/ethyl acetate 10/1), 99.4% ee, [α]
20

D = 6.07 (c 0.28, 

CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.33-7.28 (m, 2H), 7.22-7.12 (m, 

4H), 7.11-6.99 (m, 2H), 6.70-6.59 (m, 2H), 6.55-6.49 (m, 1H), 6.40-6.32 (m, 

2H), 6.28-6.22 (m, 1H), 6.19-6.13 (m, 1H), 5.13-4.97 (m, 1H), 4.79-4.66 (m, 

2H), 3.99-3.80 (m, 2H), 3.65-3.53 (m, 1H), 3.15-2.72 (m, 7H), 2.91 (s, 3H), 

2.36 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 158.0, 142.8, 141.5, 139.3, 139.2, 139.0, 137.8, 135.9, 

135.1, 133.2, 132.4, 132.0, 131.5, 131.2, 130.9, 129.3, 129.0, 128.7, 128.1, 127.7, 116.6, 61.9, 

60.9, 49.0, 34.8, 34.7, 33.2, 31.0, 21.5. HPLC: Chiracel IA column, 254 nm, 30 
o
C, 

n-Hexane/i-PrOH = 90/10, flow = 1.0 mL/min, retention time 9.9 min (major) and 10.9 min. 

HRMS: Calculated for C34H34ClNNaO3S [M+Na]
+
 594.1840, found: 594.1851 (

35
Cl), 596.1824 

(
37

Cl).  

(-)-N-Tosyl-4-methoxy[2.2]paracyclophane-5-methanimine (1c): Kinetic resolution from the 

addition of [2.2]paracyclophane aldimine 1c with 4-chlorophenylboronic acid, 71.0 mg, 85% yield, 

13.2% ee. [α]
20

D = -14.09 (c 0.44, CHCl3). HPLC: Chiralcel IA column, 254 nm, 30 
o
C, 

n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 10.8 min (major) and 16.4 min. 
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4. Elaborations of Recovered Material and Product 

Derivatizations of the Recovered Material (Rp)-(-)-1a 

 

Sodium tetrahydroborate (38 mg, 1.0 mmol) was added to a solution of aldimine (-)-1a (78 mg, 

0.20 mmol, 99% ee) in methanol (5.0 mL). The reaction was performed at room temperature 

overnight. The reaction mixture was quenched by addition of saturated aqueous ammonium 

chloride solution (15 mL). After being extracted with ethyl acetate (15 mL×3), the combined 

organic layer was dried by anhydrous sodium sulfate, concentrated in vacuo, then purification by 

silica gel chromatography using hexanes and ethyl acetate as eluent to gave product (-)-4. 

(-)-N-([2.2]Paracyclophan-4-ylmethyl)-4-methylbenzenesulfonamide (4): 73 mg, 94% yield, 

white solid, mp = 49-51 
o
C, new compound, Rf = 0.50 (hexanes/ethyl acetate 3/1), 99% ee, [α]

20
D 

= -16.48 (c 1.42, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.85-7.75 (m, 2H), 7.40-7.30 (m, 2H), 

6.56-6.37 (m, 5H), 6.32-6.24 (m, 1H), 6.16 (s, 1H), 4.50 (t, J = 5.7 Hz, 1H), 4.07 (dd, J = 13.4, 6.1 

Hz, 1H), 3.72 (dd, J = 13.4, 5.7 Hz, 1H), 3.25-3.14 (m, 1H), 3.13-2.96 (m, 4H), 2.95-2.83 (m, 2H), 

2.81-2.70 (m, 1H), 2.46 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 143.6, 140.4, 139.5, 139.2, 138.1, 

136.7, 135.2, 135.2, 133.4, 133.4, 133.3, 132.4, 132.2, 129.9, 128.7, 127.3, 46.3, 35.3, 34.9, 34.3, 

32.9, 21.7. HPLC: Chiracel AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 60/40, flow = 0.7 

mL/min, retention time 15.9 min and 26.4 min (major). HRMS: Calculated for C24H25NaNO2S 

[M+Na]
+
 414.1498, found: 414.1502. 

 

To a stirred mixture of aldimine (-)-1a (78 mg, 0.20 mmol, 99% ee) in methanol (10 mL) was 

added aqueous HCl (10 mL, 2 M in water). The resulting mixture was stirred at 60 oC for 8 h. The 

reaction was quenched by addition of saturated aqueous sodium bicarbonate solution (30 mL), and 

then extracted with dichloromethane (20 mL×3). The combined organic layer was washed with 

brine, dried by anhydrous sodium sulfate and filtered. The solvent was removed in vacuo, and the 

residue was purified by column chromatography on silica gel using hexanes and ethyl acetate as 

eluent to afford the corresponding product (-)-5a. 

(Rp)-(-)-4-Formyl[2.2]paracyclophane (5a): 45 mg, 95% yield, white solid, known com- 

pound,
[6]

 Rf = 0.30 (hexanes/ethyl acetate 80/1), 99% ee, [α]
20

D = -181.65 (c 0.96, CHCl3), [lit.
[6]

: 

[α]
20

D = 184 (c 0.41, CHCl3) for 98.7% ee (Sp)]. 
1
H NMR (400 MHz, CDCl3) δ 9.95 (s, 1H), 7.02 

(d, J = 1.9 Hz, 1H), 6.76-6.69 (m, 1H), 6.62-6.54 (m, 2H), 6.53-6.48 (m, 1H), 6.46-6.36 (m, 2H), 

4.18-4.05 (m, 1H), 3.31-2.90 (m, 7H). 
13

C NMR (100 MHz, CDCl3) δ 192.0, 143.3, 140.8, 139.6, 

139.5, 138.2, 136.7, 136.4, 136.2, 133.4, 133.0, 132.5, 132.3, 35.4, 35.2, 35.1, 33.7. HPLC: 

Chiracel IC column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, flow = 0.7 mL/min, retention time 

12.6 min (major) and 15.4 min. 
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To a solution of (-)-1a (78 mg, 0.20 mmol, 99% ee) in dry tetrahydrofuran (7.0 mL) was added 

PhMgBr (0.50 mL, 2 M in THF, 1.0 mmol) at 0 
o
C under nitrogen. The reaction mixture was 

allowed to warm to room temperature and stirred at room temperature overnight. Water (5.0 mL) 

was added, and extracted with ethyl acetate (10 mL×3). The combined organic layer was washed 

with brine, dried by anhydrous sodium sulfate and filtered. The solvent was removed in vacuo, 

and the residue was purified by column chromatography on silica gel using hexanes and ethyl 

acetate as eluent to afford sulfonamide 3a. 

To a solution of the above sulfonamide 3a in dry N,N-dimethylformamide (5.0 mL) was added 

sodium hydride (24 mg, 1.0 mmol, 60% wt.) at 0°C, and then allyl bromide (121 mg, 86.0 µL, 

1.00 mmol) was added dropwise. The reaction mixture was warmed to room temperature and 

stirred at room temperature overnight. Water (10 mL) was added, and extracted with ethyl acetate 

(10 mL×3). The combined organic layer was washed with brine, dried by anhydrous sodium 

sulfate and filtered. The solvent was removed in vacuo, and the residue was purified by column 

chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the desirable 

product (-)-2a. 

(-)-N-Allyl-N-{[2.2]paracyclophan-4-yl(phenyl)methyl}-4-methylbenzenesulfonamide (2a): 

99 mg, 98% yield, white solid, new compound, Rf = 0.50 (hexanes/ethyl acetate 10/1), 99% ee, 

[α]
20

D = -129.07 (c 1.37, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.97-7.89 (m, 2H), 7.43-7.33 (m, 

2H), 7.24-7.17 (m, 1H), 7.17-7.07 (m, 3H), 6.91-6.84 (m, 2H), 6.77-6.70 (m, 1H), 6.63-6.47 (m, 

4H), 6.34 (d, J = 7.6 Hz, 1H), 6.20 (s, 1H), 4.80-4.68 (m, 1H), 4.64-4.48 (m, 2H), 4.04-3.91 (m, 

1H), 3.53-3.39 (m, 1H), 3.30-3.15 (m, 2H), 3.08-2.86 (m, 4H), 2.53-2.37 (m, 2H), 2.50 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 143.5, 140.9, 140.0, 139.5, 139.2, 138.9, 138.6, 136.9, 136.0, 

134.0, 133.7, 132.7, 132.3, 132.2, 131.4, 130.5, 129.7, 129.4, 128.4, 128.2, 128.0, 117.2, 64.6, 

48.5, 35.5, 35.4, 34.6, 34.5, 21.7. HPLC: Chiracel AD-H column, 254 nm, 30 
o
C, n-Hexane/ 

i-PrOH = 90/10, flow = 1.0 mL/min, retention time 6.8 min and 7.4 min (major).  
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To a suspension of (-)-1a (78 mg, 0.20 mmol, 99% ee) and zinc powder (24 mg, 0.36 mmol) in 

dry N,N-dimethylformamide (4.0 mL) was slowly added allyl bromide (36 mg, 26.0 µL, 0.30 

mmol) under nitrogen and the solution was stirred at 80 
o
C for 4 h. After the addition of saturated 

aqueous ammonium chloride solution (15 mL), the solution was extracted with ethyl acetate (15 

mL×3). The combined organic layer was washed by brine, dried by anhydrous sodium sulfate and 

filtered. The solvent was removed in vacuo, and the residue was purified by column chromato- 

graphy on silica gel using hexanes and ethyl acetate as eluent to afford sulfonamide S2. 

To a solution of the above sulfonamide S2 in dry N,N-dimethylformamide (2.0 mL) was added 

sodium hydride (30 mg, 0.75 mmol, 60% wt.) at room temperature, and then allyl bromide (73 mg, 

50.0 µL, 0.60 mmol) was added dropwise. The reaction mixture was stirred at room temperature 

overnight. Water (10 mL) was added, and extracted with ethyl acetate (15 mL×3). The combined 

organic layer was washed with brine, dried by anhydrous sodium sulfate and filtered. The solvent 

was removed in vacuo, and the residue was purified by column chromatography on silica gel using 

hexanes and ethyl acetate as eluent to afford the compound S3. 

To a solution of crude product S3 in dichloromethane (5.0 mL) was added Grubb’s second 

generation catalyst (17 mg, 0.02 mmol, 10 mol%). The mixture was refluxed overnight and 

concentrated. The resulting crude product was purified by column chromatography on silica gel 

using hexanes and ethyl acetate as eluent to afford the desiable product (Rp,R)-(+)-6. 

(+)-2-([2.2]Paracyclophan-4-yl)-1-tosyl-1,2,3,6-tetrahydropyridine (6): 80 mg, 90% yield, 

white solid, mp = 149-151 
o
C, new compound, Rf = 0.30 (hexanes/ethyl acetate 10/1), 99% ee, 

[α]
20

D = 73.22 (c 0.62, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.94-7.82 (m, 2H), 7.41-7.32 (m, 

2H), 7.12-7.01 (m, 1H), 6.64 (s, 1H), 6.63-6.54 (m, 2H), 6.54-6.48 (m, 1H), 6.45-6.37 (m, 2H), 

5.48-5.34 (m, 3H), 4.23-3.91 (m, 2H), 3.35-3.23 (m, 2H), 3.22-2.93 (m, 6H), 2.51-2.34 (m, 1H), 

2.46 (s, 3H), 2.26-2.14 (m, 1H). 
13

C NMR (100 MHz, CDCl3) δ 143.4, 140.0, 139.9, 139.5, 139.0, 

137.8, 136.0, 136.0, 133.4, 132.5, 132.3, 131.1, 129.9, 129.7, 127.1, 123.2, 122.1, 52.2, 42.1, 35.3, 

34.9, 33.8, 31.2, 21.6. HPLC: Chiracel AD-H column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 90/10, 

flow = 1.0 mL/min, retention time 13.4 min (major) and 14.2 min. HRMS: Calculated for 

C28H30NO2S [M+H]
+
 444.1992, found: 444.1971. 

Removal of the Tosyl Group 

 

Sodium (92 mg, 4.0 mmol, 20 equiv; washed free of oil in hexane) was added to a vigorously 

stirred suspension of naphthalene (513 mg, 4.00 mmol) in tetrahydrofuran (15 mL) at room 

temperature. The resulting green suspension was stirred for 4 h at room temperature, then was 

transferred to a solution of (Sp,S)-(+)-2a (101 mg, 0.20 mmol) in tetrahydrofuran (10 mL) at 

-78 °C. The dark green solution was stirred at -78 °C for 2 h. Water (20 mL) was added to the 

solution at -78 °C. The reaction mixture was extracted with ethyl acetate (20 mL×3). The 

combined organic layer was washed with brine, dried by anhydrous sodium sulfate and filtered. 

The solvent was removed in vacuo, and the residue was purified by column chromatography on 

silica gel using hexanes and ethyl acetate as eluent to afford the desirable product (+)-7. 
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(+)-N-([2.2]Paracyclophan-4-yl(phenyl)methyl)prop-2-en-1-amine (7): 67 mg, 94% yield, 

white solid, mp = 99-101 
o
C, new compound, Rf = 0.35 (hexanes/ethyl acetate 10/1), 99% ee, 

[α]
20

D = 174.32 (c 0.30, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.25-7.19 (m, 2H), 7.18-7.12 (m, 

3H), 6.88 (s, 1H), 6.67-6.60 (m, 1H), 6.60-6.49 (m, 3H), 6.48-6.42 (m, 1H), 6.35 (d, J = 7.6 Hz, 

1H), 6.19-6.05 (m, 1H), 5.42-5.23 (m, 2H), 4.76 (s, 1H), 3.41-3.02 (m, 9H), 2.77-2.63 (m, 1H). 
13

C NMR (100 MHz, CDCl3) δ 143.9, 142.9, 140.1, 139.8, 139.6, 137.2, 136.6, 135.7, 133.8, 

133.1, 132.0, 131.5, 129.7, 129.3, 128.4, 128.1, 126.9, 116.6, 62.9, 50.4, 35.5, 35.4, 34.6, 34.1. 

HPLC: Chiracel IA column, 254 nm, 30 
o
C, n-Hexane/i-PrOH = 98/2, flow = 1.0 mL/min, 

retention time 5.0 min (major) and 5.7 min. HRMS: Calculated for C26H28N [M+H]
+
 354.2216, 

found: 354.2213. 

5. Scale-up Reaction 

 

A schlenk tube (50 mL) was charged with Pd(OCOCF3)2 (16.6 mg, 0.05 mmol, 5 mol%) and 

(Rp,S)-L2 (24.8 mg, 0.05 mmol, 5 mol%) under nitrogen, and degassed anhydrous acetone (5.0 

mL) was added. The mixture was stirred at room temperature for 1 h. The solvent was removed 

under vacuum to give the catalyst. Then substrate rac-1a (389 mg, 1.00 mmol), phenylboronic 

acid (122 mg, 1.0 mmol) and 2,2,2-trifluoroethanol (20 mL) were added into the tube under 

nitrogen. The mixture was heated to 60 
o
C. After stirring at 60 

o
C for 15 h, the reaction mixture 

was cooled to room temperature, and the solvent was removed by rotary evaporation. The 

resulting mixture was dried under vacuum and the conversion of rac-1a (51% conv.) was 

confirmed by 
1
H NMR analysis with benzyl ether as internal standard. The solvent was removed 

in vacuo, recovered material (-)-1a (165.5 mg, 43% yield with 96.0% ee) and addition product 3a 

were isolated by column chromatography on silica gel using hexanes and ethyl acetate as eluent. 

To a solution of the addition product 3a in dry N,N-dimethylformamide (DMF, 8.0 mL) was 

added sodium hydride (48 mg, 1.20 mmol, 60% wt.) at 0 °C, and then allyl bromide (242 mg, 0.17 

mL, 2.00 mmol) was added dropwise. The reaction mixture was warmed to room temperature and 

stirred at room temperature for 4 h. Water (10 mL) was added, and extracted with ethyl acetate (15 

mL×3). The combined organic layer was washed with brine, dried by anhydrous sodium sulfate 

and filtered, concentrated in vacuo and analyzed by crude 
1
H NMR to determine diastereomeric 

ratio (> 20:1 dr). The solvent was removed in vacuo, and the residue was purified by column 

chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the product 

(+)-2a (255.0 mg, 50% yield with 98.1% ee). 
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6. Determination of Absolute Configuration 

6.1 Determination of the Absolute Configuration of (+)-2a 

To determine the absolute configuration of (+)-2a, a single crystal of the 2a was grown from its 

solution in dichloromethane and n-hexane. n-Hexane (3.0 mL) was slowly added into the solution 

of 2a in dichloromethane (3.0 mL) at room temperature, then the solvent was slowly evaporated 

and single crystal was obtained after 6 days. The structure in Figure S1 showed the absolute 

configuration of (+)-2a is (Sp,S). The CCDC number is 1891926. These details can be obtained 

free of charge via www.ccdc.com. ac.uk/data_request/cif from the Cambridge Crystallographic 

Data Centre. 

 

 

Figure S1. X-ray Crystallographic Analysis of (Sp,S)-2a 

6.2 Determination of the Absolute Configuration of (+)-2l 

To determine the absolute configuration of (+)-2l, a single crystal of the 2l was grown from its 

solution in dichloromethane and n-hexane. n-Hexane (1.5 mL) was slowly added into the solution 

of 2l in dichloromethane (1.5 mL) at room temperature, then the solvent was slowly evaporated 

and single crystal was obtained after 3 days. The structure in Figure S2 showed the absolute 

configuration of (+)-2l is (Sp,S). The CCDC number is 1910494. These details can be obtained free 

of charge via www.ccdc.com. ac.uk/data_request/cif from the Cambridge Crystallographic Data 

Centre. 

 

 

Figure S2. X-ray Crystallographic Analysis of (Sp,S)-2l 
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6.3 Determination of the Absolute Configuration of (+)-6 

To determine the absolute configuration of (+)-6, a single crystal of the 6 was grown from its 

solution in dichloromethane and n-hexane. n-Hexane (3.0 mL) was slowly added into the solution 

of 6 in dichloromethane (3.0 mL) at room temperature, then the solvent was slowly evaporated 

and single crystal was obtained after 5 days. The structure in Figure S3 showed the absolute 

configuration of (+)-6 is (Rp,R). The CCDC number is 1917426. These details can be obtained free 

of charge via www.ccdc.com. ac.uk/data_request/cif from the Cambridge Crystallographic Data 

Centre. 

 

 

Figure S3. X-ray Crystallographic Analysis of (Rp,R)-6 
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