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1) General Methods and Materials.

(A) General Methods:

All reactions were performed in oven-dried glassware. All solvents and commercially available chemical were used without 

further purification. The molecular sieves were activated at 200 ˚C for 2 hours in an oven. The column chromatography was 

carried out on a column packed with silica gel 60-120 using mixtures of hexane and ethyl acetate as an eluents. 1H NMR spectra 

were recorded in CDCl3 on a BRUKER AVANCE III (500 MHz), JNM-ECS400 (400 MHz), BRUKER AVANCE II (400 MHz) 

and JEOL (300 MHz) spectrometer. 13C NMR spectra were recorded in CDCl3 on BRUKER AVANCE III (125 MHz), JNM- 

ECS400 (100 MHz), BRUKER AVANCE II (100 MHz) and JEOL (75 MHz). Chemical shifts (δ) are expressed in ppm 

downfield from internal TMS. MS were recorded on micrOTOF-Q II 10356 Mass Spectrometer. Optical rotation was determined 

with AUTOPOL IV polarimeter at 25 ˚C using sodium D light. Enantiomeric excess was determined by using Shimadzu LC-

20AD using Daicel Chiralpak IA, IB and IC column. 

(B) Material:

Catalysts 1a, 1b, 2a and 2b were purchased from Sigma Aldrich. The catalysts 1c, 1d, 2c, 2d, 3a, 3b, 4a, 4b, 6a and 6b were 

synthesized by the procedures reported in literature.1 The catalyst 5 was synthesized by the reported procedure by S. Mukherjee and et 

al.2 The catalyst 7 and 8 was prepared according to our previously reported method.3 Isatins were commercially available from 

Spectrochem, India. The N-methyl, N-allyl or N-benzyl protected isatins were prepared according to the literature method.4

1 (a) Li, H.; Wang, Y.; Tang, L.; Deng, L. J. Am. Chem. Soc. 2004, 126, 9906. (b) Li, H.; Wang, B.; Deng, L. J. Am. Chem. Soc. 2006, 128, 732. (c) Wang, Y.; 
Liu, X.; Deng, L. J. Am. Chem. Soc. 2006, 128, 3928. (d) Iwabuchi, Y.;  Nakatani, M.; Yokoyama, N.; Hatakeyama S. J. Am. Chem. Soc. 1998, 121, 10219. 
(e).Vakulya, V; Varga, S.; Csámpai, A.; Soos, T. Org. Lett. 2005, 7, 1967.
2 Manna, M.S.; Kumar, V.; Mukherjee, S. Chem. Commun., 2012,48, 5193.
3 (a) Kumar, A.; Singh, S.; Kumar, V.; Chimni, S. S. Org. Biomol. Chem. 2011, 9, 2731. (b) Kaur, J.; Kumar, A.; Chimni, S.S. Tetrahedron Lett. 2014, 55, 2138.
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2) Experimental details and characterization data.
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Structure of organocatalysts used

(3)  Crystal data for enantiopure product  (11a)

4 Overman L. E. , Peterson E. A., Tetrahedron, 2003, 59, 6905.
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Chemical formula C23H21NO5

Formula Mass 391.41

Crystal system Monoclinic

Colour Colourless

a/Å 8.4183(14)

b/Å 12.2957(19)

c/Å 9.3671(16)
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α/° 90.00

β/° 97.016(6)

γ/° 90.00

Unit cell volume/Å3 962.3(3)

Temperature/K 100(2)

Space group P 21

No. of formula units per unit cell, Z 2

No. of reflections measured 6247

Final R1 values (all data) 0.0379

           Final wR(F2) values (all data) 0.0965

Goodness of fit on F2 1.020

Flack parameter 0.4(7)

CCDC number 1022904

 

Cupreidine (CPD) (1c)
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N

OH
N

H

OH

1c

White Solid, mp: 130-140 ̊C , 90% yield, [α]D
25 = +240.0 (c 1.0 EtOH); 1H NMR (500 MHz, CDCl3) δ 8.65 (d, J= 5.0 Hz, 1H), 7.94-

8.02 (m, 1H), 7.60 (d, J= 5.0 Hz, 1H), 7.28-7.42 (m, 2H), 6.07 (d, J= 5.0 Hz, 2H), 5.02-5.08 (m, 2H), 3.83-3.87 (m, 1H), 2.64-3.05 (m, 

2H), 2.17-2.35 (m, 3H), 1.72 (s, 1H), 0.27-1.40 (m, 2H), 0.82-0.91 (m, 1H); 13C (125 MHz, CDCl3) δ 18.38, 25.44, 27.97, 36.51, 

39.40, 49.21, 59.29, 70.34, 103.8, 155.4, 117.6, 123.3, 126.5, 131.6, 139.6, 143.0, 146.4, 146.7, 157.8.

9-O-Benzylcupreidine (BnCPD) (1d)

N

OBn
N

H

OH

1d

White Solid, mp: 125-127 ̊C , 85% yield, [α]D
25 = +154.3.0 (c 1.0 CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.76 (d, J= 5.0 Hz, 1H), 8.03 

(d, J= 10.0 Hz, 1H), 7.28-7.46 (m, 8H), 6.83 (s, 1H), 5.77-5.83 (m, 1H), 5.01-5.09 (m, 2H), 4.76 (d, J= 10.0 Hz, 1H), 4.57 (d, J= 10.0 

Hz, 1H), 4.15-4.18 (m, 1H), 3.26-3.75 (m, 5H), 2.42-2.62 (m, 2H), 1.81-2.03 (m, 3H), 1.26 (d, J= 15.0 Hz, 2H) ; 13C (125 MHz, 

CDCl3) δ 18.47, 23.22, 27.42, 36.98, 48.43, 49.40, 59.70, 72.06, 75.27, 103.6, 117.5, 117.8, 122.9, 126.6, 128.1, 128.3, 128.4, 128.6, 

132.1, 135.8, 136.8, 139.6, 144.0, 146.6, 156.7; m/z (ESI): 401.2201 (M+1)+.

Cupreine (CPN) (2c)
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N

OH

N

H

OH

2c

Light Brown Solid, mp: 168-170 ̊C, 90% yield, [α]D
25 = -163.0 (c 1.0 EtOH); 1H NMR (500 MHz, CDCl3) δ 8.56 (d, J= 4.0 Hz, 1H), 

7.93 (d, J= 9.0 Hz, 1H), 7.56 (d, J= 5.0 Hz, 1H), 7.31-7.33 (m, 1H), 7.10 (d, J= 2.0 Hz, 1H), 5.78 (s, 1H), 5.53-5.57 (m, 2H), 4.84-4.88 

(m, 2H), 3.90-3.97 (m, 5H), 2.90-3.01 (m, 3H), 2.72 (s, 1H), 2.56 (s, 1H), 2.32 (s, 1H), 1.82-1.92 (m, 3H), 1.55 (d, J= 3.0 Hz, 1H), 

1.24 (d, J= 3.0 Hz, 1H); 13C (125 MHz, CDCl3) δ 14.69, 21.54, 24.22, 27.42, 38.71, 40.05, 44.22, 53.44, 53.87, 57.61, 67.39, 74.73, 

89.01, 99.98, 111.1, 115.6, 118.5, 123.5, 127.3, 132.3, 141.9, 142.9, 156.9, 161.6; m/z (ESI): 311.1731 (M+1)+.

9-O-Benzylcupreine (BnCPN) (2d)

N

OH

N

H

OH

2c

White Solid, mp: 208-210 ̊C, 85% yield, [α]D
25 = -79.0 (c 1.0 EtOH); 1H NMR (500 MHz, CDCl3) δ 8.74 (d, J=5.0 Hz, 1H), 8.05 (d, 

J= 10.0 Hz, 1H), 7.82 (d, J= 5.0 Hz, 1H), 7.49 (s, 1H), 7.28-7.41 (m, 7H), 5.99 (s, 1H), 5.61-5.65 (m, 1H), 5.02-5.07 (m, 2H), 4.50-

4.60 (m, 2H), 3.35-3.43 (m, 2H), 3.05 (d, J= 10.0 Hz, 2H), 2.59 (s, 1H), 1.51-2.18 (m, 5H); 13C (75 MHz, CDCl3) δ 23.09, 27.30, 

32.70, 46.33, 50.35, 53.92, 56.31, 72.42, 105.4, 118.9, 122.3, 126.9, 131.3, 141.6, 143.1, 146.7, 156.7; m/z (ESI): 401.2204 (M+1)+.
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1-(3,5-Bis(trifluoromethyl)phenyl)-3-(S)-(quinolin-4-yl)(8-vinylquinuclidin-2-yl)methyl thiourea (CDT) (3a)

N

NH
N

NHS

CF3F3C

3a

Yellow Solid, mp: 122-123 ̊C, 92% yield, [α]D
25 = -53.7 (c 0.37 CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.91 (d, J= 5.0 Hz, 1H), 8.50 

(s, 1H), 8.18 (d, J= 10.0 Hz, 1H), 8.01 (s, 1H), 7.05-7.81 (m, 5H), 5.65 (d, J= 10.0 Hz, 1H), 5.05-5.08 (m, 2H), 3.00-3.72 (m, 5H), 

2.54 (s, 1H), 2.33 (s, 1H), 1.89-1.97 (m, 2H), 1.52 (d, J= 15.0 Hz, 1H), 1.27 (s, 1H), 1.15 (br, s, 1H); 13C (125 MHz, CDCl3) δ 24.78, 

26.18, 26.98, 26.69, 38.13, 41.64, 54.63, 57.05, 116.0, 123.9, 124.4, 125.3, 126.1, 127.0, 129.2, 129.4, 130.4, 148.6, 150.3, 180.9; m/z 

(ESI): 565.1 (M+1)+.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((S)-(6-methoxyquinolin-4-yl)(8-vinylquinuclidin-2-yl)methyl)thiourea (QNT) (3b)

N

NH
N

NHS

CF3F3C

3b

OMe
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Yellow Solid, mp: 120-121 ̊C, 93% yield, [α]D
25 = -127.0 (c 0.5 CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.67 (s, 1H), 8.05-8.17 (m, 

3H), 7.41-7.58 (m, 3H), 6.81 (s, 1H), 5.64-5.71 (m, 1H), 5.15-5.21 (m, 2H), 4.06 (s, 3H), 3.21-3.72 (m, 5H), 2.74 (s, 1H), 2.06-2.16 (s, 

1H), 1.78 (d, J= 15.0 Hz, 1H), 0.86-1.22 (m, 3H); 13C (125 MHz, CDCl3) δ 24.40, 26.67, 29.68, 36.94, 41.84, 54.13, 57.95, 64.90, 

102.7, 115.2, 122.9, 127.6, 128.6, 128.7, 129.8, 131.5, 131.9, 132.1, 156.2, 179.3; HRMS calcd. for [C29H28F6N4OS]+ : 594.1882; 

found: 594.1876.

1-((S)-1-(diisobutylcarbamoyl)-2-methylpropyl)-3-((S)-(quinolin-4-yl)(8-vinylquinuclidin-2-yl)methyl)thiourea (5)

N

N

NH

S NH
N

O5.

White Solid, mp: 109-110 ̊C, 84% yield, 1H NMR (500 MHz, CDCl3) δ 8.88 (d, J= 5.0 Hz, 1H), 8.50 (d, J= 10.0 Hz, 1H), 8.13 (d, J= 

10.0 Hz, 1H), 7.25-7.73 (m, 3H), 7.28 (s, 1H), 6.69 (s, 1H), 5.59-5.66 (m, 2H), 5.38 (s, 1H), 4.90-4.97 (m, 2H), 3.59 (s, 1H), 2.78-3.28 

(m, 10H), 2.33 (s, 1H), 1.03-1.98 (m, 8H), 0.76-0.92 (m, 21H); 13C (125 MHz, CDCl3) δ 16.23, 19.41, 19.49, 19.68, 19.75, 19.99, 

20.22, 20.30, 25.23, 25.60, 26.23, 27.34, 28.02, 29.66, 31.86, 39.15, 40.76, 53.35, 55.45, 59.29, 76.82, 115.0, 123.4, 127.3, 129.5, 

130.5, 140.6, 148.7, 150.2, 172.1, 181.6.

1-phenyl-3-((S)-(quinolin-4-yl)(8-vinylquinuclidin-2-yl)methyl)thiourea (6a)
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N

N

NH

S NH
6a

Brown Solid, mp: 125-127 ̊C, 90% yield, 1H NMR (500 MHz, CDCl3) δ 8.85 (s, 1H), 8.54 (s, 1H), 8.15 (d, J= 10.0 Hz, 1H), 7.22-7.76 

(m, 8H), 6.29 (s, 1H), 5.54-5.65 (m, 1H), 5.01-5.03 (m, 2H), 2.93-3.58 (m, 4H), 2.44 (s, 1H), 1.78-1.91 (m, 2H), 1.13-1.47 (m, 4H); 
13C (125 MHz, CDCl3) δ 24.78, 26.17, 26.98, 27.52, 29.70, 38.11, 41.62, 54.62, 116.1, 123.8, 124.4, 125.3, 126.1, 127.1, 129.2, 129.4, 

129.6, 130.4, 148.6, 150.3, 150.7, 180.9.

1-(4-nitrophenyl)-3-((S)-(quinolin-4-yl)(8-vinylquinuclidin-2-yl)methyl)thiourea (6b)

N

N

NH

S NH
6b

NO2

White Solid, mp: 110-112 ̊C, 92% yield, 1H NMR (500 MHz, CDCl3) δ 8.93 (d, J=5.0 Hz, 1H), 8.50 (s, 1H), 8.12-8.17 (m, 2H), 7.28-

7.79 (m, 5H), 6.63 (d, J= 10.0 Hz, 1H), 5.61-5.68 (m, 1H), 5.04-5.08 (m, 2H), 3.37-3.74 (m, 3H), 3.01-3.03 (m, 2H), 2.51 (s, 1H), 
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1.87-2.06 (m, 3H), 1.12-1.54 (m, 3H); 13C (125 MHz, CDCl3) δ 24.62, 25.87, 26.80, 37.84, 41.88, 54.53, 61.13, 113.3, 116.4, 121.6, 

123.7, 124.5, 126.5, 127.5, 129.7, 130.4, 143.5, 145.0, 148.5, 156.2, 180.5.
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HPLC chromatograms
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