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I. General Information and Procedure 

1. General information 

All reactions were carried out in oven-dried glassware with magnetic stirring under 

air unless otherwise mentioned. All other reagents were used without purification as 

commercially available. All reactions were monitored by thin layer chromatography. 

Purification of reaction products were carried out by flash chromatography on silica 

gel. Chemical yields refer to pure isolated substances. Solvents were purified and 

driedaccording to standard methods prior to use. Powdered 4Å molecular sieves were 

activated at 200 °C for 2 h. Catalysts C1-C8 were prepared according to the methods 

reported in the literature[1-2]. C9 were purchased from Energy Chemistry. 

1H NMR spectra were recorded on 500 MHz or 600 MHz spectrometer. The 

chemical shifts were reported relative to internal standard TMS (0) in CDCl3. The 

following abbreviations may be used to describe peak patterns where appropriate: 

br=broad, s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet. 13C NMR spectra 

were recorded on 125 MHz or 150 MHz spectrometer, referred to the internal solvent 

signals (77.0 for CDCl3).Analytical HPLC was recorded on a HPLC machine 

equipped with Agilent 1100 series quaternary pump with a UV diode array detector. 

The chiral stationary phase was Daicel Chiralcel AD-H and OD-H column.



 

 

                          [α]D
25= -96.1(c=0.97, CH2Cl2) 

                              [α]D
20= -83.0(c=0.5, MeCN)(ref.2) 

Scheme 1 Debenzylation reaction[2a]. 

In order to determine the absolute configuration of the generated stereogenic center, 

the known compound N-debenzyl-3o was isolated and characterized. After three time 

of recrystallization (ee:94.5%), the specific rotation value was measured and 

compared with the reported data[2b], the absolute configuration of the known 

N-debenzyl-3o can be assigned as S. 

 

2. General procedure for the reaction.  

A mixture of N-protected tryptamine 1 (0.05 mmol), aldehyde2(0.06 mmol), catalyst 

C2(20% mol), 4 Å molecular sieves (0.1-0.2g, powdered) in 0.5 mL toluene and 

DCM was stirred at room temperature. The reaction was monitored with TLC. After 

the reaction was completed, the reaction mixture was directly purified by flash 

column chromatography (ethyl acetate / petroleum ether = 1/15 to 1/10, with 2% TEA) 

to give the desired product 3. 

 

1.2 General procedure for the catalyst 

9-Amino-(9-deoxy)-epi-quinine (S1)[3] 

 



Quinine (2.0 g, 6.33 mmol) and Ph3P (2.2 g, 8.43 mmol) was placed under 

vacuum and purged with N2 three times, anhydrous THF (30 mL) was added 

and the solution was cooled to 0 °C. Diisopropyl azodicarboxylate (1.55 mL, 

7.87 mmol) was added followed by the dropwise addition of a solution of 

diphenyl phosphoryl azide (1.65 mL, 7.66 mmol) in anhydrous THF (13 mL). 

The mixture was then allowed to warm to room temperature and stir for 16 h, at 

which point the mixture was heated at 50 °C for 2 h. Ph3P (2.4 g, 8.96 mmol) 

was then added and mixture was stirred for a further 2 h at 50 °C. The solution 

was allowed to cool to room temperature before H2O (0.7 mL) was added and 

then stirred for a further 3 h. The mixture was then concentrated in vacuo and 

the crude residue was dissolved in CH2Cl2 (30 mL) and diluted with 2 M HCl 

(30 mL) and the aqueous phase was washed with CH2Cl2 (2 x 30 mL). Excess 

concentrated aqueous ammonia was added to the aqueous phase followed by 

extraction with CH2Cl2 (3 x 30 mL), the combined organic phases were dried 

over Na2SO4, filtered and concentrated in vacuo. Purification by column 

chromatography afforded amine S1 as a white solid (1.9 g, 93%). 1H NMR (600 

MHz, CDCl3) δ: 8.76 (d,J=6Hz, 1H), 8.02-8.05(m, 1H), 7.28-7.67 (m, 5H), 

5.86-5.92(m, 1H), 5.07-5.10(m, 2H), 4.70(br, 1H), 3.97 (s, 3H), 2.96-3.01(m, 

4H), 2.29-2.32(m, 1H), 1.55-1.63(m, 3H), 1.13-1.17(m, 1H), 0.95-0.99(m, 1H), 

0.88-0.90(m,1H). 

N-[3,5-Bis(trifluoromethyl)phenyl]-N′-[(8a,9S)-6′-methoxy-9- 

cinchonanyl]thiourea (S2)[4] 

 

Amine S1 (1.9 g, 5.89 mmol) was placed under vacuum and purged with N2 

three times, dissolved in anhydrous THF (20 mL). Solution of 

3,5-bis(trifluoromethyl)phenyl isothiocyanate (1.2 mL, 6.60 mmol) in 



anhydrous THF (10 mL) was added dropwise at room temperature and the 

resulting mixture was stirred for 16 h. The reaction mixture was concentrated in 

vacuo and purified by column chromatography  to afford thiourea S2 as an off 

white solid (3.2 g, 91%). 1H NMR (600 MHz, CDCl3) δ: 8.67 (d, J=4.7 Hz, 1H), 

8.09 (s, 2H), 8.07 (br 1H), 7.93 (d, J=9.3 Hz,1H,), 7.59 (1H, br s), 7.56 (1H, d, 

J=4.8 Hz), 7.43 (d, J=9.3, 1H), 6.38 (br, 1H), 5.84-5.87 (m, 1H), 5.07-4.96 (m, 

2H), 4.01 (s, 3H), 3.73-3.57 (m, 1H), 3.54-3.40 (m, 1H), 3.36-3.25 (m, 1H), 

2.93-2.77 (m, 2H), 2.45-2.31 (m, 1H), 1.79-1.56 (m, 3H), 1.54-1.40 (m, 1H), 

0.94-0.80 (m, 1H). Proton NMR were consistent with literature data. 

3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-methoxycyclobut-3-ene-1,2-dione 

(S3) [5] 

 

To a solution of 3,4-dimethoxy-3-cyclobutane-1,2-dione (2.00g, 14.1mmol) 

in MeOH (20ml) was added 3,5-bis(trifluoromethyl)aniline (2.40ml, 15.5mmol, 

1.1equiv) at rt. The mixture was stirred at rt for 3 days. The reaction mixture 

was filtrate and washed with MeOH. Obtained yellow solid was dried in vacuo 

to give desired product 2a (4.59, 13.5mmol, 96%). 1H NMR (600 MHz, 

DMSO) δ: 4.22(s, 3H), 7.78(s, 1H), 8.05(s, 2H), 11.19(s, 1H). Proton NMR 

were consistent with literature data. 

3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-(((R)-(6-methoxy-quinolin-4-yl)((1S,

2S,4S,5R)-5-vinylquinuclidin-2-yl)methyl)amino)-cyclobut-3-ene-1,2-dione. (S4) 

[6] 



 

To a solution of 9-Amino-(9-deoxy)-epi-quinidine (1.0 mmol) in 5 mL 

CH2Cl2 was added S3 (1.0 mmol). The reaction mixture was stirred for 48 h at 

room temperature. The desired product was obtained through filtration or by 

silica gel column chromatography. Yellow solid, 84% yield. 1H NMR (600 

MHz, CDCl3): δ = 8.56 (s, 1H), 7.95 (d, J=12Hz, 1H), 7.70 (s, 1H), 7.41 (s, 1H), 

7.31-7.35(m, 2H), 6.22 (br, 1H), 5.82-5.88 (m, 1H), 5.19 (d, J=18Hz, 1H), 5.12 

(d, J=12Hz, 1H), 3.97 (s, 3H), 3.42 (br, 1H), 3.21 (br, 1H), 2.82-301 (m, 3H), 

2.28 (br, 1H), 1.69 (s, 1H), 1.56 (br, 2H), 1.07-1.28 (m, 3H). Proton NMR were 

consistent with literature data. 



II. HPLC Spectra 

 

 

        

                

 



 

 

 

        

 

 

      

 

 



 

 

 

                   

   

                

 



 

 

                  

 

              

 



 

 

                  

 

             

              

 



 

 

                    

                    

 

 



 

 

               

                      

 

 



 

 

            

 

 

        

 



 

 

           

 

 

       

 



 

 

 

       

 

 

       



 

 

          

 

 

 

 

           

 



 

 

 

 

 



 

 

 

 

 



  

 

 

 

 



 

 

 

 

 

 



   

 

 

 

 

III. Copies of 1H and 13C NMR Spectra 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 



 



 

 

 

 

 



VI IC50 Values 

Entry IC50 values (A549 μM) IC50 values (CHL μM) 

3a 

3b 

3c 

3d 

3e 

3g 

3h 

3i 

3j 

3k 

3l 

3m 

3n 

3o 

3p 

camptothecin 

>100 

>100 

>100 

>100 

>100 

85.55 

22.59 

28.86 

>100 

>100 

18.36 

5.90 

>100 

17.89 

>100 

1.02 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

19.37 

39.97 

31.28 

N.D. 

N.D. 

26.92 

118.20 

N.D. 

16.45 

N.D. 

0.52 

 

Anticancer activity 

 

In vitro anticancer activity of all the synthesized compounds was studied by cell 

viability assay method. For evaluating the anticancer of the compounds, A549 

(Human lung cancer) cell line was used. Cells were plated in 96-multiwell plates (104 

cell/well) for 24 h. The compounds to be tested were dissolved in dimethyl sulphoxide. 

Solutions of different concentration of the compounds under test were added to the 

cell monolayer. After incubated for 72h, the viability of the cells was assessed by the 

MTT (3-(4,5- dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide) assay method. 

The anticancer potency of these compounds was indicated by IC50 (the concentration 

that causes a 50%reduction of the cell growth). 
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