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ABSTRACT: The asymmetric condensation/amine addition cascade sequence of 2-aminobenzamides and aldehydes catalyzed by 
chiral spirocyclic SPINOL-phosphoric acids was realized.  SPINOL-phosphoric acid 1j was found to be a general, highly enantiose-
lective organocatalyst for such cascade reactions at room temperature, affording 2,3-dihydroquinazolinones in excellent yields (up 
to 99%) with good to excellent ees (up to 98%).  The best level of stereocontrol was obtained for aromatic aldehydes with an ortho 
substituent.                                   

The 2,3-dihydroquinazolinone family of compounds dis-
plays extensive important pharmacological activities such as 
antitumor, analgesic, antifibrillatory, antibiotic, antispermato-
genic, and vasodilatory efficacy.1 In addition, it has been re-
ported that their enantiomers have different bioacitivity.1a, 2 
Consequently, the development of new methodologies for 
asymmetric synthesis of 2,3-dihydroquinazolinones has been 
an intense focus. In this context, a few methods have been 
documented.3 The first suxxess in the field was reported by 
List et al. who applied chiral BINOL-phosphoric acids4,5 as the 
catalysts in the asymmetric synthesis of 2,3-
dihydroquinazolinones (limited to aliphatic aldehydes, 72-94% 
yields and 50-98% ees, -45 oC).3a Simultaniously, Rueping et 

al. also reported the corresponding enantioselective synthesis 
using the same class of phosphoric acids (limited to aromatic 
aldehydes without an ortho substituent, 73-93% yields and 80-
92% ees).3b Tian et al. recently developed a new method for 
the BINOL-phosphoric acid-catalyzed asymmetric synthesis 
of 2,3-dihydroquinazolinones from imines and 2-
aminobenzamides with substrate diversity (limited to the use 
of preformed imines, 54-90% yields and 83-97% ees, -20 
oC).3c More recently, Kesavan et al. described the first Sc(III)-
inda-pybox-catalyzed enantioselective version (limited to ar-
omatic aldehydes without an ortho substituent and aliphatic 
aldehydes, 80-97% yields and 80-98% ees, -20 oC – rt ).3d  
Despite these elegant examples, a general, efficient and mild 
enantoselective protocol has yet to be described and would be 
of a great value due to the importance of optically active 2,3-
dihydroquinazolinones. 

Our group has great interest in the development of chiral 
1,1’-spirobiindane-7,7’-diol (SPINOL) based spirocyclic 
phosphoric acids 1 (Figure 1) and derivatives as novel organo-
catalysts for asymmetric reactions, and has showed their ex-
cellent catalytic reactivity as chiral Brønsted acid catalysts.6-8 
These previous successes led us to envision that SPINOL-
phosphoric acids might be highly enantioselective catalysts for 

the asymmetric condensation/amine addition cascade sequence 
of 2-aminobenzamides and aldehydes. Herein, we present our 
preliminary results on this subject. 

 

Figure 1. Chiral SPINOL-phosphoric acids 

Table 1. Catalyst Investigation.
a
 

 

entry catalyst yieldb (%) eec (%) 

1 1a 96 72 

2 1b 99 73 

3 1c 97 70 

4 1d 96 70 

5 1e 98 66 

6 1f 97 23 

7 1g 96 82 

8 1h 98 74 

9 1i 98 59 

10 1j 98 88 

aReaction conditions: catalyst 1 (10 mol%)), 2a (0.05 mmol), 3a (0.055
mmol), CHCl3 (1.0 mL), molecular sieves (3Å, 75 mg), rt, 24 h. bIsolated
yields; c Determined by chiral HPLC. 
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The initial studies were carried out using the reaction of 2-
aminobenzamide (2a) and 4-bromobenzaldehyde (3a) as the 
model substrates with 10 mol% of catalyst in chloroform at 
room temperature in the presence of powdered 3Å molecular 
sieves. We first investigated the influence of catalyst. A series 
of chiral SPINOL-phosphoric acids (S)-1a–j were screened, as 
shown in Table 1. Indeed, the reaction proceeded to afford the 
desired optically active 2,3-dihydroquinazolinone 4a in excel-
lent yields using catalyst (S)-1. The screening of SPINOL-
phosphoric acids (S)-1a–j showed that the 6,6’-substituents on 
the SPINOL backbone remarkably affected the enantioselec-
tivity. The catalyst (S)-1j (Ar = 9-anthracenyl) revealed the 
highest enantioselectivity at room temperature to afford 2,3-
dihydroquinazolinone 4a in 98% yield with 88% ee (entry 10, 
Table 1). 

Table 2. Optimization of the Reaction Conditions.
a
 

 
entry solvent yieldb (%) eec (%) 

1 THF 77 11 

2 Toluene 88 43 

3 ClCH2CH2Cl 89 58 

4 CH2Cl2 98 58 

5 CCl4 60 61 

6 CHCl3 98 88 

7d CHCl3 97 69 

8e CHCl3 79 73 

9f CHCl3 97 (95) 88 (88) 

aGeneral conditions: catalyst 1j (10 mol%), 2a (0.05 mmol), 3a (0.055 
mmol), solvent (1.0 mL), 3Å MS ( powdered, 75mg), rt, 24 h. bIsolat-
ed yields; cDetermined by chiral HPLC; dAmberlite CG50 (50 mg) 
was added; e48h at 0 oC; f1.0-mmol scale experiment, data in parenthe-
ses was obtained using the recovered catalyst 1j. 

 

Then, the reaction was studied in different reaction condi-
tions, and the results are summarized in Table 2. A solvent 
screen revealed that chloroform gave the corresponding prod-
uct 4a in both the highest yield and enantioselectivity (entries 
1-6, Table 2). While other solvents such as THF, toluene, 
ClCH2CH2Cl, CH2Cl2 and CCl4 also gave the desired product 
with good to excellent yields but poor enantioselectivity (en-
tries 1-5, Table 2). The reaction with Amberlite CG50 as an 
additive led to remarkably lowered enantioselectivity (97% 
yield, 69% ee, entry 7, Table 2). Lowering the temperature to 
0 oC remarkably lowered the yield and enantioselectivity (79% 
yield, 73% ee, entry 8, Table 2). Thus, the optimized reaction 
conditions for the model reaction were established (entry 6, 
Table 2). Furthermore, the scalability of the newly investigat-
ed method was proven with a 1.0-mmol scale experiment (en-
try 9, Table 2). The 2,3-dihydroquinazolinone 4a was 
achieved in 97% yield and 88% ee at room temperature. In 
order to illustrate the recycling of the catalyst (S)-1j, the re-
covered catalyst in the above reaction was then reused directly 
in the next reaction with a 1.0-mmol scale experiment, and the 
same procedure was repeated to exhibit the compared catalytic  

Table 3. Substrate Scope. 
a
 

 

  

  

  

  

  

  

  

  

  
aReaction conditions: catalyst 1j (10 mol%)), 2 (0.05 mmol), 3 (0.055 
mmol), CHCl3 (1.0 mL), 3Å MS (powdered, 75 mg), rt, 24 h. b Isolated 
yields; c Determined by chiral HPLC. 
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activity and  enantioselectivity (95% yield, 88% ee, entry 9, 
Table 2). 

With these reaction conditions identified, our attention 
turned to examination of the scope of catalytic asymmetric 
condensation/amine addition cascade reaction. The reactions 
were carried out using catalyst 1j under the optimized condi-
tions and the results are summarized in Table 3. All reactions 
proceeded in generally excellent yields with good to excellent 
enantioselectivities. The influence of the aldehyde substrates 
was first investigated. Either electron-withdrawing or -
donating substituents (-Br, -NO2, -Cl, -OMe, -OCH2O-) on the 
phenyl group of aromatic aldehydes could be well tolerated, 
affording their desired products 4a-l. It is noteworthy that dif-
ferent position-substituent on the the phenyl group of aromatic 
aldehydes appears to have a remarkably effect on the enanti-
oselectivity. We found that the best level of stereocontrol was 
obtained for aromatic aldehydes with an ortho substituent, 
such as 4b (98%ee), 4d (95%ee), 4f (98%ee), 4g (96%ee) and 
4i (94%ee). The 1-naphthyl bearing substrate also led to prod-
uct 4m in 99% yield and 97% ee, while 2-naphthyl bearing 
substrate only gave product 4n in 89% yield and 89% ee. 
When a cyclohexyl substituent was introduced, the reaction 
ran smoothly, affording the product 4o in 98% yield and 84% 
ee. We further expanded the scope of this cascade reaction to 
substituted 2-aminobenzamide. Reaction of 1-naphthaldehyde 
and ortho-chlorobenzaldehyde with 5-iodo-2-aminobenzamide, 
which can participate in subsequent transformations such as 
cross-coupling reactions, gave the corresponding 2,3-
dihydroquinazolinone 4p and 4q in good yields with excellent 
ees. 

The absolute stereochemistry of product 4c, obtained by us-
ing the catalyst (S)-1j, was determined to be S by comparison 
of its optical rotation with the literature data.3b Thus, a possible 
transition state of this reaction is proposed in Figure 2. It is 
clear that the enantioselectivity is determined by the step of 
intramolecular amidation of imine. SPINOL-phosphoric acid 
(S)-1j as a bifunctional organocatalyst brings together two 
groups (amine and imine) through hydrogen bonding. In this 
model, the amine attacks the imine from the Si face preferen-
tially due to less steric hindrance, resulting in the S-
stereoisomer. 

 

Figure 2. Possible transition state of the reaction 

In summary, we have developed an efficient and practical 
protocol to synthesize optically active 2,3-
dihydroquinazolinones by chiral SPINOL-phosphoric acid-
catalyzed asymmetric condensation/amine addition cascade 
sequence of 2-aminobenzamides and aldehydes. Following 
this methodology, a series of 2,3-dihydroquinazolinones were 
obtained in excellent yields (up to 99%) with good to excellent 
ees (up to 98%) at room temperature. In addition, we found 
that different position-substituent on the the phenyl group of 
aromatic aldehydes appears to have a remarkably effect on the 

enantioselectivity. The best level of stereocontrol was obtained 
for aromatic aldehydes with an ortho substituent. Furthermore, 
the scalability of the newly investigated method was proven 
with a 1.0-mmol scale experiment and the recycling of the 
catalyst was illustrated. 
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