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Enantioselective Synthesis of Functionalized 3,4-

Disubstituted Dihydro-2(1H)-quinolinones via 

Michael-Hemiaminalization/Oxidation Reaction 

Ai-Bao Xia, Xiao-Long Zhang, Tao Wang, Xiao-Hua Du, Dan-Qian Xu*  and Zhen-
Yuan Xu* 

 

A novel method is developed for the enantioselective 

synthesis of highly functionalized 3,4-disubstituted 

dihydro-2(1H)-quinolinones bearing two trans contiguous 

stereogenic centers with excellent diastereoselectivities (up 

to >99:1 dr) and high to excellent enantioselectivities (up to 

>99% ee). The process combines an enantioselective 

organocatalytic Michael––––hemiaminalization reaction and a 

highly efficient oxidation reaction sequence with good 

yields and stereoselectivity. 

Functionalized 3,4-dihydro-2(1H)-quinolinones are privileged 

scaffolds that can be found in a large number of clinical 

pharmaceuticals and natural products possessing various biological 

activities (Figure 1).1 Considering the medicinal significance of this 

structural core, these compounds have drawn great attention from 

synthetic chemists and those in the medicinal field.2 A number of 

catalyzed reactions such as transition metal-catalyzed3,4,  
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Figure   1. Examples of biologically active compounds containing 

functionalized 3,4-dihydro-2(1H)-quinolinone 

photochemical5, radical-mediated6, and other7 reactions have been 

carried out for the synthesis of 3,4-dihydro-2(1H)-quinolinones. 

However, to the best of our knowledge, only a few examples involve 

the asymmetric synthetic approach to construct functionalized 3,4-

dihydro-2(1H)-quinolinone systems.8 In most cases, stoichiometric 

chiral reagents are required. In 2011, Marinetti et al. reported only 

one example of (S,S)-FerroPHANE promoted [3+2] cyclization to 

construct chiral functionalized 3,4-dihydro-2(1H)-quinolinone.8f In 

2014, Kim et al. reported one example of reaction to construct chiral 

functionalized tetrahydroquinoline with cis selectivity, promoted by 

diphenylprolinol TMS ether as an organocatalyst.8g Despite this 

remarkable progress, the exploration of efficient catalytic 

asymmetric methods of generating this architecture is still highly 

desired, particularly those using simple and readily available starting 

materials under mild organocatalytic conditions.9 

   In this communication, an unprecedented organocatalytic 

asymmetric method of constructing chiral functionalized 3,4-

disubstituted dihydro-2(1H)-quinolinones bearing two contiguous 

stereogenic centers through a highly efficient asymmetric Michael–

hemiaminalization/oxidation reaction is proposed.10 The yields are 

moderate to high, and the diastereoselectivities and 

enantioselectivities are excellent, with anti selectivity (Scheme 1). 

 

Scheme 1.  Design of an organocatalytic asymmetric strategy for 

synthesizing functionalized 3, 4-dihydro-2(1H)-quinolinone 
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    In the initial investigation, several Jørgensen–Hayashi catalysts 

were screened to evaluate their ability to promote a cascade reaction 

of N-COCF3-2-(E)-(2-nitrovinyl)aniline 1a and butyraldehyde 2a in 

dichloromethane at room temperature (entries 1–7 in Table 1). 

Among the tested Jørgensen–Hayashi catalysts, 3d was found to be 

the best catalyst for the reaction, providing 5a in 96% yield after 24 

h. After further oxidation and deprotection, 5a with PCC and 

CH3CO2Na in CH2Cl2 at room temperature afforded 3, 4-dihydro-

2(1H)-quinolinone 6a in >99:1 dr with corresponding 95% ee (entry 

4).11 Subsequent evaluation of solvent effects showed improved 

enantioselectivity of up to 99% ee when PhMe was used as solvent 

(entries 8–17). 

Table 1. Catalyst screening and reaction optimizationa 

 

NH

NO2

OF3C

N

OF3C

OH N
H

O

Catalyst  3

PhCO2H 4a

1a                  2a                                              5a                                                    6a

O

Solvent, RT

PCC,   
CH3CO2Na

DCM, RT

NO2 NO2

N
H

Ar

OTMS
Ar

N
H

Ar

OTES
Ar

N
H

Ar

OTBS
Ar

3a Ar=C6H5

3b Ar=3,5-(CH3)C6H3

3c Ar=3,5-(CF3)C6H3

3d Ar=C6H5

3e Ar=3,5-(CH3)C6H3

3f Ar=3,5-(CF3)C6H3

3g Ar=C6H5

 
 

entry catalyst 3 solvent 5a/yieldb drc ee(%)c 

1 3a CH2Cl2 81 32 : 1 96 
2 3b CH2Cl2 66 85 : 1 88 

3 3c CH2Cl2 87 >99 : 1 50 

4 3d CH2Cl2 96 >99 : 1 95 

5 3e CH2Cl2 70 >99 : 1 89 

6 3f CH2Cl2 81 >99 : 1 96 

7 3g CH2Cl2 93 65 : 1 56 

8 3d DMF 88 >99 : 1 52 

9 3d MeCN 93 >99 : 1 96 

10 3d iPrOH 89 >99 : 1 97 

11 3d CHCl3 91 >99 : 1 98 

12 3d THF 83 >99 : 1 97 

13 3d 1,4-dioxane 89 >99 : 1 96 

14 3d Isopropether 95 >99 : 1 98 

15 3d PhMe 97 >99 : 1 99 

16 3d xylene 84 >99 : 1 97 

17 3d PhCF3 92 >99 : 1 97 

aUnless otherwise stated, the reaction was conducted by stirring in solvent 
(0.5 mL) using 1a (0.1 mmol) and 2a (0.3 mmol) with 20 mol% catalyst 3 
and 20 mol% PhCO2H 4a at room temperature for 24 h. After purification, 
5a and DCM (2 mL) were added to a mixture of PCC (3 equiv.) with 
CH3CO2Na (3 equiv.) at room temperature under vigorous stirring. bYield 
of isolated 1a. cThe dr ratio of trans-6 to cis-6 or ee value of trans-6, 
determined by HPLC analysis on a Chiralcel AS-H.  

   

   Under optimized reaction conditions, a series of experiments was 

performed to investigate the substrate scope for this reaction. N-

COCF3-2-(E)-(2-nitrovinyl)aniline 1a smoothly reacted with a wide 

array of aldehydes 2 to afford the expected adducts 5 (5a–5p) in high 

to excellent yields (70% to >99%) (Table 2). After further oxidation 

and deprotection at room temperature, the desired chiral products 3, 

4-dihydro-2(1H)-quinolinones 6a–6p were smoothly obtained in 

moderate to good yields (50% to 87%), excellent 

diastereoselectivities (>99:1 dr), and excellent enantioselectivities 

(92% to >99% ee). Structural variations in the (2i), alkene (2j), 

trifluoromethyl (2k), cyano (2l), and ester (2m–2o) are possible. 

Interestingly, the sterically demanding branched aldehyde  

Table 2. Scope of the asymmetric Michael-
hemiaminalization/oxidation reactiona 

PCC,   
CH3CO2Na

DCM, RTNH

NO2

OF3C

N

OF3C

OH
N
H

O

Catalyst  3d

PhCO2H 4a

1a                  2                                               5                                                  6

O

R1
PhMe, RT

R2

R1

R2

R1
R2

NO2
NO2

 
 

entry R1/R2/2 
5/yield 

(%)b 

6/yield 

(%)b 
drc ee (%)c 

1 H/CH2CH3/2a 5a/97 6a/87 >99:1 99 
2 H/CH3/2b 5b/81 6b/61 >99:1 >99 

3 H/(CH2)2CH3/2c 5c/86 6c/63 >99:1 98 

4 H/(CH2)3CH3/2d 5d/98 6d/78 >99:1 >99 

5 H/(CH2)4CH3/2e 5e/87 6e/74 >99:1 >99 

6 H/(CH2)5CH3/2f 5f/99 6f/76 >99:1 98 

7 H/CH(CH3)2/2g 5g/96 6g/77 >99:1 95 

8 
H/CHCH3(CH2)2CHC 

(CH3)2/2h 
5h/91 6h/73 >99:1 >99 

9 H/CH2C6H5/2i 5i/92 6i/75 >99:1 95 

10 H/CH2CH=CH2/2j 5j/94 6j/73 >99:1 98 

11 H/CH2CF3/2k 5k/93 6k/70 >99:1 92 

12 H/CN/2l 5l/85 6l/67 >99:1 >99 

13 H/CH2CO2CH3/2m 5m/97 6m/68 >99:1 95 

14 H/(CH2)2CO2CH3/2n 5n/>99 6n/66 >99:1 >99 

15 H/(CH2)3CO2CH3/2o 5o/>99 6o/70 >99:1 96 

16 CH3/CH3/2p 5p/70 6p/50 -- >99 

aUnless otherwise stated, the reaction was conducted by stirring in PhMe (0.5 
mL) using 1a (0.1 mmol) and 2 (0.3 mmol) with 20 mol% catalyst 3d and 20 
mol% PhCO2H 4a at room temperature for 24 h. After purification, 5 and 
DCM (2 mL) was added to a mixture of PCC (3 equiv.) with CH3CO2Na (3 
equiv.) at room temperature under vigorous stirring. In the case of racemic 
samples, 50 mol% DL-proline were used in DMSO. bYield of isolated 1a. c 
The dr ratio of trans-6 to cis-6 or ee value of trans-6, determined by chiral-
phase HPLC. dFor 48 h. 

Scheme 2. Further investigation of the substrate scopea, b, c 
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aThe reaction was conducted by stirring in PhMe (0.5 mL) using 1 (0.1 
mmol) and 2 (0.3 mmol) with 20 mol% catalyst 3d and 20 mol% PhCO2H 4a 
at room temperature for 24 h. After purification, then 5 and DCM (2 mL) was 
added to a mixture of PCC (3 equiv.) with Na2CO3 (3 equiv.) at room 
temperature with vigorous stirring. In the case of racemic samples, 50 mol% 
DL-proline were used in DMSO. bYield of isolated 1. c The dr ratio of trans-6 
to cis-6 or ee value of trans-6, determined by chiral-phase HPLC. 
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component including long-chain alkyl (2a–2f), branched alkyl (2g–

2h), as well as functionalized aromatic ring alkyl (2p) was 

accommodated with little effect on diastereoselectivity or 

enantioselectivity but high effect on yield (entry 16).  

   Further studies showed that various electrophiles 1 with different 

substituents on phenyl were effective substrates (Scheme 2). Results 

showed that nucleophiles 2 can be used to form 5 in excellent yields 

(up to >99%). After further oxidation and deprotection with PCC 

and Na2CO3 in CH2Cl2 at room temperature, the desired products 

6q–6u were furnished in excellent diastereoselectivities (up to >99:1 

dr) and enantioselectivities (up to >99% ee) with good yield (66% to 

78%).11 And the proposed structure of the products, including the 

absolute configuration, could be assigned by X-ray crystal structure 

analysis of 6q.12 

 

 
Figure 2. X-ray crystal structure of 6q. 

 

   A one-pot operation was further investigated. Considering that 

the first Michael–hemiaminalization reaction and second oxidation 

reaction systems are both alkaline, these systems should not interfere 

with each other if the proper reaction conditions are used. Thus, the 

one-pot procedure followed. The Michael–hemiaminalization 

reaction of 1a and 2a proceeded in the presence of 20 mol% of 3d 

and 4a in toluene over 24 h. The toluene solvent was then replaced 

with DCM, and PCC with CH3CO2Na was added at room 

temperature under vigorous stirring. Compound 6a was obtained in 

81% yield with trans selectivity in excellent diastereoselectivity 

(>99:1 dr) and enantioselectivity (99% ee) (Scheme 3). The 

operation can also be performed successfully on gram-scale to obtain 

1.9 g of 6a (81% yield) with the same diastereoselectivity and 

enantioselectivity under modified conditions (Scheme 3). 

 

Scheme 3. One-pot preparation of 6a 

10 mmol scale
2.60 g

NH

NO2

OF3C N
H

O

1. 3d, 4a, PhMe, RT

2. PCC, CH3CO2Na, DCM, RT

1a 2a

O

NO2

6a
1.90 g, 81% yield
> 99:1 dr
99% ee     

 

   In summary, we described a concise synthesis of highly 

functionalized 3,4-disubstituted dihydro-2(1H)-quinolinones with 

excellent diastereoselectivities (up to >99:1 dr) and high to excellent 

enantioselectivities (up to >99% ee) by sequential organocatalytic 

Michael–hemiaminalization/oxidation reactions under mild reaction 

conditions. Notably, functionalized 3,4-disubstituted dihydro-2(1H)-

quinolinones bearing two trans contiguous stereogenic centers were 

obtained with good yields and stereoselectivity. Further studies on 

the expansion of the substrate scope and the application of this 

methodology to other heterocycle syntheses are currently underway 

in our laboratory and will be reported in due course. 
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Experimental  

Solvent (0.5 mL) was added to a mixture of nitroolefins 1 (0.1 

mmol) with aldehydes 2 (0.3 mmol) in the presence of 20 mol% 

catalyst 3d and 20 mol% PhCO2H 4a at room temperature 

under vigorous stirring. After 1 day, the reaction mixture was 

extracted with DCM, washed with water, dried, and 

concentrated. The residue was purified by flash 

chromatography on silica gel (ethyl ether/petroleum ether = 1:4 

as eluent) to yield products 5. Then, 5 and DCM (2 mL) was 

added to a mixture of PCC (3 equiv.) with CH3CO2Na (3 

equiv.) or Na2CO3 (3 equiv.) at room temperature under 

vigorous stirring. After reaction completion, the residue was 

purified by flash chromatography on silica gel (ethyl 

ether/petroleum ether = 1:2 as eluent) to yield products 6. 

Enantiomeric ratio was determined by HPLC analysis on a 

chiral column. 
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