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General Information  

 

1H and 13C NMR spectra were recorded on an Advanced Varian-500 (500 MHz) 

instrument using residual solvent as the standard. TLC was performed with silica gel 

GF254 precoated on aluminium plates (VWR), and spots were visualized with UV and/or 

iodine vapor. Flash column chromatography was performed on silica-gel (VWR, Fisher). 

HPLC were recorded on a  Shimadzu  HPLC system with a Daicel ChiralPak AS 

column. Unless otherwise indicated, chemicals and solvents used in the reactions and in 

the synthesis of the catalysts were purchased from Aldrich, Acros, TCI America, Alfa 

Aesar, or Fisher Scientific, and used as received. THF and ether were distilled from 

benzophenone and sodium metal. Benzene, toluene, and CH2Cl2 were distilled from 

CaH2. Unless otherwise specified, all reactions were carried out at ambient temperature in 

oven-dried glassware. 

 

Representative experimental procedure for the two-component synthesis (12a-k, 

Table 2): To a stirred solution of 3-methyl-2-pyrazolin-5-one (10a, 9.8 mg, 0.10 mmol) 

and benzylidenemalononitrile (11a, 15.4 mg, 0.10 mmol) in anhydrous CH2Cl2 (2.0 mL) 

was added cupreine 2 (1.6 mg, 0.005 mmol). The reaction mixture was then stirred at 
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room temperature for 27 h. The solvent was then removed under reduced pressure. The 

crude mixture was subjected to flash column chromatography over silica gel (1:1 

hexane/EtOAc) to furnish pure 12a as a white solid (23.2 mg, 92%). The ee value of this 

product was determined to be 96% ee.  

Except for product 12e, all the other products obtained in this study are known 

compounds and have identical spectroscopic properties as those reported ones.2-6 

 

Representative experimental procedure for the three-component synthesis (Table 

3): To a stirred solution of benzaldehyde (13a, 10.6 mg, 0.10 mmol) and malononitrile 

(14, 6.6 mg, 0.10 mmol), 3-methyl-2-pyrazolin-5-one (10a, 9.8 mg, 0.1 mmol) in 

anhydrous CH2Cl2 (2.0 mL) was added anhydrous Na2SO4 (14.2 mg, 0.10 mmol) and 

catalyst 2 (1.6 mg, 0.005 mmol). The reaction mixture was then stirred at room 

temperature for 25 h. After filtration and washing with some additional CH2Cl2, the 

solvent was removed under reduced pressure. The crude mixture was subjected to flash 

column chromatography over silica gel (1:1 hexane/EtOAc) to furnish 12a as a white 

solid (17.4 mg, 69%, 99% ee). 

 

Representative experimental procedure for the four-component synthesis (Table 4): 

A mixture of hydrazine hydrate (15, 5.0 mg, 0.10 mmol) and ethyl acetoacetate (16, 13.0 

mg, 0.10 mmol) was stirred at room temperature for 5 minutes.  

The mixture was then cooled to 0 °C. To this reaction mixture, CH2Cl2 (2.0 mL), 

benzaldehyde (13a, 10.6 mg, 0.10 mmol) and malononitrile (14, 6.6 mg, 0.10 mmol) was 

added, which was followed by the addition of anhydrous Na2SO4, (28.4 mg, 0.20 mmol) 

and catalyst 2 (1.6 mg, 0.005 mmol). The mixture was further stirred at the same 

temperature for 28 h. After filtration and washing with some additional CH2Cl2, the 

solvent was removed under reduced pressure. The crude mixture was subjected to flash 

column chromatography over silica gel (1:1 hexane/EtOAc) to furnish 12a as a white 

solid (10.8 mg, 43%, >99% ee). 

 
NMR data of a new compound: 
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6-Amino-5-cyano-4-(4-iodophenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole 

(12e):  
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1H NMR (500 MHz, DMSO-d6) δ 1.79 (s, 3H), 4.59 (s, 1H), 6.70-7.20 (m, 4H), 7.68 (s, 

2H), 12.18 (s, 1H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 9.2, 35.3, 56.2, 92.2, 96.6, 

120.1, 129.5, 135.3, 136.9, 143.9, 154.2, 160.5 ppm. IR (CHCl3) νmax 1638, 1595, 1488, 

1403 cm-1. 
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-65-rac-254-15%-1mL-AS-ra 
User: System 
Acquired: 9/12/2008 4:58:02 PM 
Printed: 12/21/2008 1:10:41 PM  
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Retention Time

SPD-10AVvp
Ch1-254nm
Results

Retention Time Area Area % Height Height %
12.583 1978161 49.60 32929 58.72
15.758 2009902 50.40 23151 41.28

Totals
3988063 100.00 56080 100.00

Page 1 of 1
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12.942 29872863 99.90 480345 99.84
16.325 29391 0.10 762 0.16

Totals
29902254 100.00 481107 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
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Results

Retention Time Area Area % Height Height %
13.233 55282328 48.89 649150 56.36
16.500 57802446 51.11 502644 43.64

Totals
113084774 100.00 1151794 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
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16.750 22445182 21.07 196872 17.21

Totals
106525484 100.00 1144058 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-131-racemic 
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11.325 11018985 49.33 179485 41.34

Totals
22335212 100.00 434159 100.00
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Data: C:\EZStart\Projects\Default\Data\I-SG-159 
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8.558 14625485 85.21 352982 89.02

11.167 2538032 14.79 43556 10.98

Totals
17163517 100.00 396538 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-129-1ml-254-AS-20%-racmi 
User: System 
Acquired: 9/26/2008 5:00:22 PM 
Printed: 12/21/2008 1:40:27 PM  
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9.433 5645369 50.11 123453 58.79

12.350 5621329 49.89 86534 41.21

Totals
11266698 100.00 209987 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-320 
User: System 
Acquired: 11/28/2008 2:16:10 PM 
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10.958 9422890 20.81 163181 16.30

Totals
45289899 100.00 1001254 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-212-20%-254-1ml-212 
User: System 
Acquired: 10/20/2008 6:36:32 PM 
Printed: 12/21/2008 1:46:31 PM  
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0.000 0 0.00 0 0.00

10.192 29938848 48.68 459920 57.27
12.775 31560936 51.32 343222 42.73

Totals
61499784 100.00 803142 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-248 
User: System 
Acquired: 10/29/2008 7:04:21 PM 
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Totals
48849089 100.00 696337 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-305-20%-1mL-254-305 
User: System 
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Totals
97742602 100.00 857651 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-302-20%-1mL-254-302 
User: System 
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Totals
58271489 100.00 552301 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-124-1ml-254-AS-20%-racm 
User: System 
Acquired: 9/26/2008 12:26:06 PM 
Printed: 12/21/2008 2:01:10 PM  
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16.800 39372627 50.18 410693 60.21
22.708 39083567 49.82 271403 39.79

Totals
78456194 100.00 682096 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-303-20%-1mL-254-303 
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20.308 9428889 31.69 74406 24.25

Totals
29757143 100.00 306821 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-304-15%-1mL-254-304 
User: System 
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Printed: 12/21/2008 2:06:21 PM  
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10.567 1256699 49.11 21073 55.79
12.842 1302498 50.89 16700 44.21

Totals
2559197 100.00 37773 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\I-SG-301-15%-1mL-254-301 
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Totals
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
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User: System 
Acquired: 9/29/2008 3:02:59 PM 
Printed: 12/21/2008 2:13:31 PM  

Minutes
0 10 20 30 40 50 60

Vo
lts

0

50

100

150

Vo
lts

0

50

100

150

39
.6

00

46
.9

75

SPD-10AVvp Ch1-254nm
Retention Time

SPD-10AVvp
Ch1-254nm
Results

Retention Time Area Area % Height Height %
39.600 31695259 48.79 158916 55.94
46.975 33266710 51.21 125153 44.06

Totals
64961969 100.00 284069 100.00
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61131709 100.00 223559 100.00
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Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
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35.408 12675248 51.49 49148 44.76

Totals
24618198 100.00 109805 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\1-SG-AS-254-5%-1ml-179-2nd time 
User: System 
Acquired: 10/12/2008 4:36:26 PM 
Printed: 2/19/2009 4:39:56 PM  
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SPD-10AVvp Ch1-254nm
Retention Time

SPD-10AVvp
Ch1-254nm
Results

Retention Time Area Area % Height Height %
30.700 40444851 48.87 245816 55.22
36.233 42318567 51.13 199330 44.78

Totals
82763418 100.00 445146 100.00
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Area % Report

Method Name: C:\EZStart\Projects\Default\Methods\OJ-H.met 
Data: C:\EZStart\Projects\Default\Data\1-SG-AS-254-5%-1ml-178 
User: System 
Acquired: 10/12/2008 2:35:06 PM 
Printed: 2/19/2009 4:42:13 PM  
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SPD-10AVvp Ch1-254nm
Retention Time

SPD-10AVvp
Ch1-254nm
Results

Retention Time Area Area % Height Height %
32.108 31857570 36.43 196807 43.95
37.400 55597266 63.57 250964 56.05

Totals
87454836 100.00 447771 100.00
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