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Experimental Procedure:

 General Experimental Details:

Infrared spectra for synthesized compounds were recorded on a JASCO FT-IR instrument using KBr 

pellets. The 1H and 13C NMR spectra were recorded in CDCl3 on Bruker spectrometers 300, 400, 75 

&100 MHz, respectively with TMS as an internal standard. Mass spectra were recorded on Xevo G2S 

Q-TOF spectrometer. TLC was performed on pre-coated plastic sheets (POLYGRAM@SIL G/U254) 

and detected under UV light. Column chromatography was carried out with silica gel (ACME, 100-200 

mesh). Reagents and solvents were purified as per standard procedures. Optical rotations are measured 

on RUDOLPH digital polarimeter. Enantiomeric excess was measured by JASCO HPLC using Daicel 

chiralcel OD-H column.

Synthesis of propargylated cyclic proline 61:

To a suspension of sodium hydride (0.574 g, 11.8 mmol) in dimethylformamide,(2S,3R)-1-ethyl-

4-hydroxy-2-(hydroxydiphenylmethyl)pyrrolidine-1-carboxylate (2 g, 5.98 mmol) was added at 0°C 

under nitrogen atmosphere. Next, propargyl bromide (0.6 mL, 7.08 mmol) was added and allowed to stir 

for 1 hour at rt. The reaction was quenched with saturated NH4Cl solution and extracted with 

dichloromethane (3 X 20mL). The organic solvent was removed by rotary evaporator, the crude product 

was purified by column chromatography (silicagel, hexane/AcOEt: 80/20).

Yield: 91% ; white crystalline solid;  1H NMR (300 MHz, CDCl3): δH 7.55 (d, J = 6 Hz, 2H), 7.53-7.30 

(m, 8H), 4.85 (dd, J = 6.3 Hz, J' = 4.8 Hz, 1H), 4.31 (t, J= 3Hz, 1H), 4.08 (d, J = 3 Hz, 2H), 4.04 (d, 
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J=4.8 Hz,  1H), 3.30 (d, J =15 Hz, 1H), 2.45 (t, J = 3 Hz, 1H), 1.90 (dd, J = 9 Hz, J' = 6 Hz, 1H), 1.26-

1.20 (m, 1H); 13C NMR (75 MHz, CDCl3): δC 160.3, 142.8, 140.0, 128.6, 128.5, 128.4, 127.8, 126.0, 

125.3, 85.7, 79.1, 78.1, 74.8, 67.2, 58.08, 56.6, 53.6, 35.9.

General procedure for the synthesis of Cu(I) catalyzed click reaction (procedure A):

CuSO4.5H2O (10 mol%) was dissolved in a mixture of THF and water (1:1) followed by 

addition of sodium ascorbate (20 mmol%), azide compounds (1 equiv.) and acetylene derivatives (1.1 

equiv.). Then the reaction mixture was stirred over night at room temperature. The reaction was 

monitored by TLC periodically. After reaction completion, the solvent was removed by rotary 

evaporator and the crude was dissolved in water (100 mL) and extracted with ethyl acetate (2 X 10 mL). 

The combined organic layer was passed through sodium sulphate and solvent was evaporated under 

vacuum afforded crude compound. Then it was purified by column chromatography (silica gel, 

CHCl3/MeOH: 95/5) afforded corresponding compound.  

General procedure for the decarbonylation reaction (procedure B):

Cyclic proline compounds treat with aqueous KOH (1.5 equiv. per each cyclic proline) in EtOH/ 

THF (1:1). It was allowed to stir at 70 oC until the reaction completed. After reaction completion, the 

solvent was removed by rotary evaporator and the crude was extracted with ethyl acetate (3 X 10 mL). 

The combined organic layer was passed through the sodium sulphate and the solvent was removed 

under vacuum afforded Corresponding amino alcohol.

General procedure for Synthesis of immobilized spiroborate esters (procedure C): 

An oven-dried, 3-necked 50-mL round bottomed flask is fitted with a reflux condenser on one 

outer neck, a stoppered 25-mL addition funnel on the middle neck, and a rubber septum on the other 

outer neck. Magnetic stirrer is added to the flask. An adapter is attached to the top of the reflux 

condenser and connected to a nitrogen line and gas bubbler. The flask is charged with toluene (5 mL) 

followed by triisopropyl borate (1 equiv. for each amino alcohol) and ethylene glycol (1 equiv. for each 
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amino alcohol), each added via syringe. The mixture is stirred and heated with a heating mantle over 20 

min to 80°C, at which time the mixture becomes homogeneous. The solution is cooled to 60°C, then a 

solution of amino alcohol (1 equiv.) in toluene (10 mL) is added via the addition funnel over 3 min, 

during which time the temperature decreases to 55 °C and white crystalline product is formed. The 

addition funnel is rinsed with toluene (5 mL). The resulting mixture is cooled to ambient temperature 

over 30 min. The mixture is transferred to a 100 mL round-bottomed flask and the mixture is 

concentrated to dryness by rotary evaporation, and then dried.

Synthesis and spectroscopy date of protected proline 7:

Following the procedure A, protected proline 7 was obtained as white amorphous solid.

Yield: 88%; 1H NMR (300 MHz, CDCl3): δH 7.44-7.22 (m, 26H), 5.44 (s, 4H), 4.73 (dd, J = 9Hz, J' = 3 

Hz, 2H), 4.47 (q, J = 15 Hz, J' = 12 Hz, 4H), 4.09 (d, J = 21Hz, 2H), 3.93 (dd, J = 9 Hz, J' = 3 Hz, 2H), 

3.15 (d, J =12 Hz, 2H), 1.88-1.84 (m, 2H), 1.21-1.16 (m, 2H); 13C NMR (75 MHz, CDCl3): δC 160.3, 

144.9, 142.8, 139.9, 135.2, 128.7, 128.6, 128.4, 127.8, 126.0, 125.3, 122.6, 85.8, 78.7, 67.3, 62.7, 53.7, 

53.6, 35.8; HRMS: (M+H)+ calculated for  C50H46N8O6: 855.3619, Found: 855.3647.

Synthesis of amino alcohol 9:

Following the procedure B, amino alcohol 9 was obtained as white amorphous solid.
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Yield: 85% ; IR (KBr) νmax : 3515, 3405, 3031, 2240 cm-1; 1H NMR (300 MHz, CDCl3): δH 7.48-7.04 

(m, 26H), 5.41 (s, 4H), δ4.45 (d, J = 6 Hz, 6H), 4.02-3.95 (m, 2H), 3.10-2.97 (m, 4H), 1.76-1.68 (m, 

2H), 1.66-1.51 (m, J = 6 Hz, 2H); 13C NMR (75 MHz, CDCl3): δC 147.6, 145.7, 144.9, 135.2, 128.7, 

128.2, 128.0, 126.6, 126.4, 125.9, 125.4, 122.4, 79.9, 76.6, 63.3, 62.2, 53.6, 52.3, 32.9; HRMS: (M+H)+ 

calculated for  C48H48N8O5: 803.4033, Found: 803.4016.

Synthesis of protected proline 8:

Following the procedure A, protected proline 8 was obtained as white amorphous solid.

Yield: 88%; 1H NMR (300 MHz, CDCl3): δH 7.44-7.19 (m, 33H), 5.56 (s, 6H), 4.73 (dd, J = 6 Hz, 

J'=12 Hz,  3H), 4.4 (q, J = 12 Hz,   J'=  9 Hz, 6H), 4.37-3.95 (m, 3H), 3.95-3.89 (m, 3H), 3.13 (d, J = 12 

Hz, 3H), 2.34 (s, 9H), 1.88-1.82 (m, 3H), 1.34-1.06 (m, 3H); 13C NMR (100 MHz, CDCl3): δC 160.3, 

144.5, 142.8, 140.0, 139.7, 130.5, 128.6, 128.5, 128.4, 127.8, 126.0, 125.4, 122.1, 85.8, 78.8, 67.3, 62.6, 

53.7, 49.0, 35.8, 16.7. 

Synthesis of amino alcohol 10: 

Following the general procedure B, amino alcohol 16 was obtained as white amorphous solid
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Yield: 82%; 1H NMR (400 MHz, CDCl3): δH 7.14-7.15 (m, 33H), 5.61 (s, 6H), δ4.51 (d, J = 6Hz, 9H), 

4.05-4.0 (m, 3H), 3.06-3.02 (m, 6H), 2.40 (s, 9H), 1.80-1.70 (m, 3H), 1.75-1.60(m, 3H); 13C NMR (100 

MHz, CDCl3): δC 145.1, 144.7, 139.7, 130.5, 128.6, 128.3, 128.0, 126.7, 126.5, 125.9, 125.4, 122.0, 

79.8, 76.7, 63.3, 62.2, 52.2, 48.9, 32.9, 16.7.

Synthesis of compounds 2 and 3:

Following the general procedure C, compound 2 and 3 were obtained as brown solid. 

Yield: 96% and 97% respectively.

Compound 2: 

IR (KBr) νmax : 3456, 3096, 2445, 1645 cm-1; 11B NMR (d6-DMSO) δ: 9.7 (s).

CH3

H3C

CH3

N

N

N

N
N

NN

N
N

NH

OH
Ph
Ph

O

HN

HO
Ph

Ph

O

N
H OH

Ph
Ph

O
10

B
O O

N

N

N
N

N
N

NO

Ph
Ph

O

N O

Ph
Ph

O

B
OO

H

H

2



S 8

Synthesis of E-oxime (12):

To a mixture of 3-napthoxy propiophenone2 (3g, 10.8mmol) in ethanol (50 mL) was added dropwise 

sodium carbonate in (10 mL) water. The mixture was refluxed while maintaining the PH around 5. After 

completion of the reaction, the solvent was removed under vacuum the compound was extracted with 

ethyl acetate and recrystallized in hexane and EA (15:1).

Yield: 75%; white crystalline solid; 1HNMR (300MHz, CDCl3): δH 7.80 (d, J = 62.7, 1H), 7.68 (d, J = 

4.2, 3H), 7.39-7.19 (m, 7H), 6.72 (d, J = 7.5 Hz,1H), 4.36 (t, J = 6.9 Hz, 2H), 3.40 (t, J = 6.6 Hz, 2H); 

13C NMR (75 MHz, CDCl3): δC 154.7, 154.1, 136.3, 134.0, 128.4, 128.0, 126.9, 126.0, 125.9, 125.5, 

125.2, 124.6, 1218, 119.8, 104.3, 64.4, 26.4.

Synthesis of (E)-O-benzyl oxime ether (13):

To a suspension of  NaH (0.3915g, 6.25mmol) in THF, solution of hydroxyl oxime (1.191g, 4.07mmol) 

was added drop wise and maintaining the temperature at 0°C.After addition the reaction mixture was 

stirred for 1hour. Then benzyl bromide (0.6975g, 4.07mmol) in THF was added dropwise at 0°C. The 

resulting mixture was stirred overnight at rt, and then quenched with saturated aqueous NH4Cl solution 

and extracted with ether (100 mL). The organic phase were combined and dried over anhydrous Na2SO4. 

The solvent were evaporated under vacuum and the residue was purified by column chromatography 

(silicagel, hexane/ethyl acetate: (98/2).
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Yield: 72%; white solid, 1H NMR (300 MHz, CDCl3): δH 7.87-7.81 (m, 18Hz, 1H), 7.71-7.66 (m, 4H), 

7.38-7.16 (m, 12H), 6.68 (d, J = 22.2 Hz, 1H), 5.20 (s, 2H), 4.30 (t, J = 6.6 Hz, 2H), 3.35 (t, J = 6.9 Hz); 

13C NMR (75 MHz, CDCl3): δC 154.8, 153.6, 137.0, 135.1, 133.8, 128.2, 127.5, 127.4, 127.2, 126.8, 

126.3, 125.7, 125.2, 125.0, 124.7, 124.0, 121.3, 119.5, 104.1, 75.7, 64.1, 26.8; HRMS: (M+H)+ 

calculated for C26H23NO2: 382.1778, Found: 382.1795.

Synthesis of primary amine: To a 10 mL reaction tube with catalyst under N2 atmosphere a mixture of 

5mL of anhydrous dioxane and 2 mL of BH3.THF was added in one portion. After the mixture was 

stirred for 1 hour at room temperature, the clear solution was cooled at 0°C and the benzyl oxime (0.2 g, 

0.65 mmol) in 5mL of dioxane was added dropwise during 1h. The resulting mixture was stirred at 0 ᵒC 

until the conversion was complete in about 48h. The reaction was quenched with 6N HCl and basified 

with 6N NaOH. The reaction mixture was extracted with ether and combined organic phases were 

washed with brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude 

compound (0.120 g) is used for next step without further purification. 

Color:    Yellow oil

Synthesis of (S)-Dapoxetine (14): To a solution of crude amine in 85% formic acid (0.104 g, 2.2 

mmol), 37% aqueous formaldehyde (0.040g, 1.33mmol) was added and the mixture was kept at 95 to 

100°C for 6 hours. After cooling the solution, acidified with 4N HCl until pH=1 and basified with 4N 

NaOH. The aqueous phase was extracted with ether and combined organic phase were dried over 

O

N OBn
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Na2SO4 and evaporated under reduced pressure. The residue was purified by column chromatography 

(Silica gel, CH2Cl2/MeOH, 97:3) to afford (S)-Dapoxetine.

Yield: 88%; Yellow oily liquid, Specific Rotation: 25[α]D= +60.03 ( C 0.3, CHCl3), literature value 

25[α]D= +63.0 ( C 0.3, CHCl3); HPLC Condition3:  94% ee (Daicel OD-H, 2% isopropanol/hexanes, 

0.7 mL/min, 210 nm, tr (major) = 7.76 min, tr (minor) = 6.8 min); 1H NMR (400MHz,CDCl3): δH 8.15-

8.13 (m, 1H), 7.71-7.43 (m, 1H), 7.29-7.18 (m, 9H), 6.56 (d, J = 5.7Hz, 1H), 3.99-3.96 (m, 1H), 3.83-

3.78 (m, 1H), 3.58-3.54 (m, 1H), 2.61-2.55 (m, 1H), 2.39-2.20 (m, 1H), 2.19 (s, 6H); 13C NMR (100 

MHz, CDCl3): δC 154.5, 134.4, 128.6, 128.3, 127.5, 127.4, 126.5, 126.3, 125.8, 125.0, 122.0, 120.0, 

104.5, 67.5, 65.5, 42.7, 32.8; HRMS: (M+H)+ calculated for C21H23NO: 306.1858, Found: 306.1832.
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Spectral data:



S 12

1H NMR (300 MHz, CDCl3) spectrum of compound 6

13C NMR (75 MHz, CDCl3) spectrum of compound 6
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1H NMR (300 MHz, CDCl3) spectrum of amino alcohol 9

13C NMR (75 MHz, CDCl3) spectrum of amino alcohol 9
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HRMS spectrum of amino alcohol 9
IR spectrum of compounds 2 and 9
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NAME            BR-207A
EXPNO                 1
PROCNO                1
Date_          20170519
Time              16.51
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                 79.6
DW               62.400 usec
DE                 6.50 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.2324716 MHz
NUC1                 1H
P1                12.75 usec
SI                65536
SF          400.2300382 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

1H NMR (300 MHz, CDCl3) spectrum of compound 8
13C NMR (100 MHz, CDCl3) spectrum of compound 8
1H NMR (400 MHz, CDCl3) spectrum of compound 10

13 C NMR (100 MHz, CDCl3) spectrum of compound 10
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1H NMR (300 MHz, CDCl3) spectrum of compound 12

13C NMR (75 MHz, CDCl3) spectrum of compound 12
1H NMR (300 MHz, CDCl3) spectrum of compound 13
13C NMR (75 MHz, CDCl3) spectrum of compound 13
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HRMS spectrum of compound 13
1H NMR (400 MHz, CDCl3) spectrum of (S)-Dapoxetine 14
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13C NMR (100 MHz, CDCl3) spectrum of (S)-Dapoxetine 14

                                                    HRMS spectrum of (S)-Dapoxitine 14
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HPLC Spectrum of racemic Dapoxetine 14 (Manuscript, Table 1; entry 1; 0% ee)

HPLC Spectrum of (S)-Dapoxetine 14 (Manuscript, Table 1; entry 4; 52% ee)
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HPLC Spectrum of (S)-Dapoxetine 14 (Manuscript, Table 1; entry 6; 75% ee)
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HPLC Spectrum of (S)-Dapoxetine 14 (Manuscript, Table 1; entry 10; 90% ee)

HPLC Spectrum of (S)-Dapoxetine 14 (Manuscript, Table 1; entry 12; 94% ee) 


