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Abstract: An effective method has been developed for the preparation of novel chiral 

chalcone derivatives under mild conditions from the easily accessible starting materials 

nitromethane and chalcone derivatives 2. The corresponding products were obtained in 

moderate yields with excellent enantioselectivities (up to 99%). 

Keywords: chalcone derivatives; enantioselective catalysis; chiral cinchona alkaloid 

squaramides; addition reaction 

 

1. Introduction 

Chalcones are not only excellent scaffolds for synthetic manipulations but also possess multiple 

biological and medicinal properties as antioxidant [1], antibacterial [2–4], antifungal [5],  

anti-Alzheimer’s disease [6], anticancer [7], antitumor [8], antimalarial [9], antiproliferative [10],  

anti-inflammatory [11], and anti-HIV-1 agents [12]. Research laboratories worldwide are focusing on 

the synthesis of different chalcone analogues for the development of novel and potent drugs [13]. 

Asymmetric catalysis has proven its potential in numerous demanding applications which have been 
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reported and developed for the direct asymmetric addition reactions of chalcones in the past. Lu et al. 

reported a highly diastereoselective and enantioselective conjugate addition of phthalide derivatives to 

chalcones, leading to the formation of chiral phthalides bearing vicinal quaternary and tertiary stereogenic 

centers [14]. Previous work using chiral squaramide-based organ catalysts in similar enantioselective 

Michael additions have been reported [15,16], and asymmetric cyclopropanation of chalcones using 

bromomalonates as the nucleophiles in a Michael-Initiated Ring Closing reaction was developed by 

Waser [17]. The reaction performed well for electron neutral and electron deficient chalcones, giving 

the products in yields of up to 98% and with enantiomeric ratios up to 91:9. Surprisingly, the use of 

chiral squaramide catalysts and nitromethane to facilitate addition reactions was described only a few 

times. Based on this concept and the knowledge gathered therein we surmised that some catalyst 

structures Q1–Q4 might be efficient in the direct addition reactions between nitromethane (1) with 

chalcone derivatives 2 (Figure 1). Herein we described our work toward preparation of such interesting 

chiral moieties in the presence of a variety of known chiral cinchona alkaloid squaramides (Scheme 1). 

Figure 1. The catalysts surveyed in the work. 

 

Scheme 1. Synthesis of Chiral Chalcone Derivatives 3a–i. 

 

2. Results and Discussion 

2.1. Chiral Catalysts Screening 

As shown in Figure 1, various catalysts including cinchona alkaloids Q1 and Q2, and cinchona 

alkaloid-derived squaramides Q3 and Q4 were developed and surveyed in the reaction. All the 
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catalysts surveyed in the work ubiquitously formed the chiral product 3g (R1 = 4-Cl, R2= 6-Me). The 

results are summarized in Table1. (E)-1-(4-Chlorophenyl)-3-(4-((6-methylquinazolin-4-yl)oxy)phenyl)  

prop-2-en-1-one (2g) and nitromethane (1) were adopted as the starting materials for the initial 

exploration of the asymmetric addition reaction. The reaction was carried out in dichloromethane in 

the presence of 10 mol % catalyst at room temperature for 72 h. Using catalyst Q1, the product 3g was 

obtained in 60% ee (Table 1, entry 1). As for the other catalysts, Q2 and Q3 afforded lower yield and 

moderate enantioselectivity (Table 1, entry 2 and entry 3, 45% and 70% ee, respectively) in the same 

solvent. Higher ee values were obtained in dichloromethane with catalyst Q4 (Table 1, entries 4, 96%). 

Cinchona alkaloid-derived squaramide Q4 gave excellent enantioselectivity with moderate yield. 

Table 1. Catalyst screening studies [a]. 

Entry Catalyst Solvent Yield [%] [b] ee [%] [c] 

1 Q1 CH2Cl2 20.2 60 
2 Q2 CH2Cl2 35.0 45 
3 Q3 CH2Cl2 37.2 70 
4 Q4 CH2Cl2 46.0 96 

[a] Unless otherwise indicated, all reactions were conducted with 1 (0.9 mmol), 2g (0.45 mmol) and the 

catalyst (10 mol %, 0.045 mmol) in dichloromethane (4 mL) at room temperature for 72 h. [b] Isolated yield 

after chromatographic purification. [c] Determined by HPLC analysis (ChiralpakAD-H). 

Table 2. Optimization studies [a]. 

Entry Temperature [°C] Solvent Yield [%] [b] ee [%] [c] 

1 rt CH2Cl2 46.2 96 
2 rt EtOH 30.0 50 
3 rt PhCH3 40.9 67 
4 60 PhCH3 60.2 55 
5 0 CH2Cl2 46.0 79 
6 40 CH2Cl2 50.2 85 
7 rt [d] CH2Cl2 40.2 88 
8 rt [e] CH2Cl2 55.2 97 

[a] Unless otherwise indicated, all reactions were conducted with 1 (0.9 mmol), 2g (0.45 mmol) and Q4 

catalyst (10 mol-%, 0.045 mmol) in the different solvents (4 mL) at different temperatures for 72 h.  
[b] Isolated yield after chromatographic purification. [c] Determined by HPLC analysis (Chiral pakAD-H).  
[d] Reaction time: 42 h. [e] Reaction time: 100 h. 

2.2. Optimization Studies 

To optimize the reaction regime, the synthesis of chiral compound (−)-3g was carried out under 

several conditions. The effects of different solvents, reaction time and temperature were investigated 

using Q4 as catalyst; the results are shown in Table 2. From the data presented in the table it can be 

concluded that dichloromethane appeared to be the best solvent to obtain high ee values; other solvents 

provided much poorer enantioselectivities ranging between 50%–67% ee (Table 2, entry 1, entry 2 and 

entry 3). Moreover, the effects of reaction temperature and time on the addition reaction were also 

investigated (Table 2, entries 5–7). When the reaction time was prolonged from 42 to 72 h, the ee 
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value of (−)-3g was increased from 88% to 96% (Table 2, entries 4 and 6). Extending the reaction time 

up to 100 h resulted in only a tiny improvement of the ee value (97%, Table 2, entry 8) if compared 

with that obtained after 72 h of reaction (96%, Table 2, entry 4). As for the reaction temperature, it 

could be observed that when the reaction temperature was increased from 0 °C to room temperature 

and 40 °C, the ee values of (−)-3g were 79%, 96% and 85%, respectively (Table 2, entries 1, 5–6). 

Hence, the optimal reaction conditions were selected as following: CH2Cl2 as a solvent, room 

temperature, 72 h reaction time, Q4 as a catalyst. 

2.3. Synthesis of Chiral Chalcones Derivatives (−)-3a–i 

The optimized protocol was then expanded to a wide variety of chalcone derivatives and the results 

are summarized in Table 3. The relationships of the enantioselectivity to different R1 and R2 values  

were observed.  

Table 3. Synthesis of chiral chalcones derivatives (‒)-3a–i [a]. 

Compounds R1 R2 Yield [%] [b] ee [%] [c] 

(−)-3a H 8-Me 45.7 81.4 
(−)-3b 2,4-diCl 8-Me 40.0 91.5 
(−)-3c H 6-Me 40.0 86.0 
(−)-3d 2,4-diCl 6-Me 38.0 91.8 
(−)-3e 4-Cl H 35.0 99.0 
(−)-3f 4-MeO H 42.2 92.0 
(−)-3g 4-Cl 6-Me 46.1 95.9 
(−)-3h 2-Cl 6-Me 40.3 96.0 
(−)-3i 2-F 6-Me 42.5 92.5 

[a] Unless otherwise indicated, all reactions were conducted with 2a–i (0.45 mmol), 1 (0.9 mmol) and the Q4 

catalyst (10 mol-%, 0.045 mmol) in CH2Cl2 (4 mL) at room temperature for 72 h. [b] Isolated yield after 

chromatographic purification. [c] Determined by HPLC analysis (Chiralpak AD-H).  

The data indicated that compounds (−)-3e, (−)-3g, and (−)-3h exhibited higher enantioselectivity 

than other compounds, with ee values of 99.0%, 95.9%, and 96.0%, respectively. When R1 was H,  

2-Cl, 4-Cl or 2-F and R2 was H or 6-Me the corresponding target chiral chalcones exhibited excellent 

enantioselectivity. The strongest enantioselectivity was observed when R1 was 4-Cl, 2-Cl and R2 was 

substituted with H, 6-Me- groups. Compared with (−)-3h, the target compounds (−)-3b, (−)-3d, (−)-3f, 

and (−)-3i also displayed good enantioselectivity, with ee values of 91.5%, 91.8%, 92.0% and 92.5%, 

respectively. The presence of 4-Cl or 2-Cl atoms in a benzene moiety and 6-Me group or H-atom in a 

quinazoline ring of chalcones 2 did not significantly affect the reactivity and enantioselectivity of the 

reaction. An H atom as R1 and 6-Me or 8-Me as R2 in substrates 2 had some effect on the 

enantioselectivity of the addition reactions; compounds (−)-3a and (−)-3c afforded moderate 

enantioselectivity with ee values of 81.4% and 86.0%, respectively. 
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3. Experimental Section 

3.1. General Information 

Unless otherwise stated, all the reagents and reactants were purchased from commercial suppliers; 

melting points were uncorrected and determined on a XT-4 binocular microscope (Beijing Tech 

Instrument Co., Beijing, China). The 1H-NMR and 13C-NMR spectra were recorded on an ECX 500 

NMR spectrometer (JEOL, Ltd., Tokoy, Japan) at room temperature operating at 500 MHz for  
1H-NMR and 125 MHz for 13C-NMR, using CDCl3, or DMSO-d6 as solvents and TMS as an internal 

standard; infrared spectra were recorded in KBr on a VECTOR 22 spectrometer (Bruker Ltd., 

Ettlingen, German); mass spectral studies were conducted on an Agilent 5973 organic mass 

spectrometer (Agilent Technologies Inc., Santa Clara, CA, USA). The course of the reactions was 

monitored by TLC; analytical TLC was performed on silica gel GF254 plates; column chromatographic 

purification was carried out using silicagel. The enantiomeric excess was determined by HPLC using a 

Chiral pak AD-H column. 

3.2. Preparation of Chiral Catalyst Q4 

3-(3,5-Ditrifluoromethylphenylamino)4-methoxybutane-3-en-1,2-dione (1.0 mmol) was slowly 

added with stirring to a mixture of dichloromethane (4 mL) and 9-aminodeoxyquinine (1.02 mmol). 

After completion of the addition, the stirring was continued for 12 h at room temperature. The mixture 

was concentrated, and the crude product was purified by preparative TLC with a mixture of petroleum 

ether and ethyl acetate (V:V = 1:5) as developing solvent to give chiral catalyst Q4. Yield, 56.8%;  

m.p. 170–171 °C, [α]25 
D  = +70.2 (c = 0.52, DMSO) (lit. [18,19], m.p. 181–183 °C, [α]25 

D  = +65.1  

(c = 0.55, DMSO)).  

3.3. Preparation of Intermediates 2 

4-Hydroxychalcone (3 mmol), 4-chloroquinazoline (3 mmol), K2CO3 (6.3 mmol), and acetone  

(15 mL) were added to an oven-dried one-neck 50 mL round-bottom flask equipped with a magnetic 

stirring bar. The resulting mixture was stirred at 40 °C for 10 h, poured into ice water (40 mL), and 

then separated. The aqueous phase was acidified with 10% HCl to pH 5–7 and then filtered. The 

residue was dried and recrystallized from ethanol to obtain compounds 2a–i as white solids [20]. 

3.4. Preparation of Title Chiral Compounds (−)-3a–3i 

To a well stirred solution of nitromethane (0.9 mmol) and chalcone derivative 2 (0.45 mmol) in  

4 mL of dichloromethane, Q4 (0.045 mmol) was added. The resulting mixture was stirred at room 

temperature and monitored by TLC. After stirring for 72 h, the mixture was concentrated, and the 

crude product was purified by preparative TLC with a mixture of petroleum ether and ethyl acetate 

(V:V = 2:1) as developing solvent to give title chiral compounds (−)-3a–3i. 

(−)-3-(4-((8-Methylquinazolin-4-yl)oxy)phenyl)-4-nitro-1-phenylbutan-1-one [(−)-3a]: Light brown 

solid; yield 45.7%, m.p. 133–135 °C; [α]25 
D  = −62.4 (c = 1.01, CHCl3); IR (KBr, cm−1) ν: 3442.8 (C-H, 
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Qu-N=CH-N=C), 1681.3 (C=O), 1610.8 (C=N), 1592.3–1485.4 (C=C, benzene and Qu-ring);  
1H-NMR (DMSO-d6, ppm): δ 8.74 (s, 1H, Qu-2-H), 8.18 (d, 1H, Qu-7-H, J = 9.05 Hz), 7.98 (d, 2H, 

Ar'-6-H, J = 7.45 Hz), 7.89 (d, 1H, Qu-5-H, J = 6.85 Hz), 7.66 (t, 2H, Ar-2-H, Ar-6-H, J1 = 8.00 Hz,  

J2 = 7.45 Hz), 7.56–7.51 (m, 4H, Ar'-3-H, Ar'-4-H, Ar'-5-H, Qu-6-H),7.29 (d, 2H, Ar-3-H, Ar-5-H,  

J = 8.60 Hz), 5.06–4.91 (m, 2H, -CH2-NO2), 4.17–4.11 (m, 1H, CH), 3.69–3.55 (m, 2H, -CH2-CO), 

2.68 (s, 3H, CH3);13C-NMR (DMSO-d6, ppm): δ 197.92, 167.01, 153.57, 151.85, 150.64, 138.08, 

136.88, 136.31, 134.92, 134.02, 129.69, 129.32, 128.52, 128.10, 122.60, 121.45, 116.00, 80.18, 41.74, 
39.18, 17.68. MS (ESI) m/z: 428.3 ([M+H]+), 450.3 ([M+Na]＋); 81.42% ee as determined by HPLC 

(Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow rate 1.0 mL/min, λ = 254 nm), tR(minor) = 

33.16 min, tR(major) = 37.68 min. 

(−)-1-(2,4-Dichlorophenyl)-3-(4-((8-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-one [(−)-3b]: 

Light yellow solid; yield 40.0%, m.p. 65–67°C; [α]25 
D  = −86.4 (c = 0.96, CHCl3); IR (KBr, cm−1) ν: 

3445.2 (C-H, Qu-N=CH-N=C), 1697.4 (C=O), 1614.4 (C=N), 1581.6–1497.4 (C=C, benzene and  

Qu-ring), 771.53 (C-Cl) cm−1; 1H-NMR (DMSO-d6, ppm): δ 8.76( s, 1H, Qu-2-H), 8.19 (d, 1H, Ar'-3-H, 

J = 8.00 Hz), 7.89 (d, 1H, Ar'-3-H, J = 7.45 Hz), 7.70 (s, 1H, Qu-7-H), 7.67 (d, 2H, Ar'-5-H, Qu-6-H,  

J = 8.05 Hz), 7.57 (d, 1H, Qu-5-H, J = 6.85 Hz), 7.49 (d, 2H, Ar'-2-H, Ar'-6-H, J = 8.60 Hz), 7.29 (d, 

2H, Ar-3-H, Ar-5-H, J = 8.00 Hz), 5.04–4.92 (m, 2H, -CH2-NO2), 4.08–4.03 (m, 1H, CH), 3.52 (d, 2H,  

-CH2-CO, J = 6.85 Hz), 2.69 (s, 3H, CH3); 13C-NMR (DMSO-d6, ppm): δ 199.45, 167.06, 153.57, 

151.96, 150.71, 137.46, 137.23, 136.83, 136.31, 134.91, 131.68, 131.68, 131.22, 130.64, 129.72, 128.17, 

128.10, 122.66, 121.46, 115.92, 79.84, 45.59, 39.29, 17.69. MS (ESI) m/z: 496.2 ([M+H]+), 518.2  

([M+Na]+); 91.45% ee as determined by HPLC (Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow 

rate 1.0 mL/min, λ = 254 nm), tR(minor) = 24.49 min, tR(major) = 27.49 min. 

(−)-3-(4-((6-Methylquinazolin-4-yl)oxy)phenyl)-4-nitro-1-phenylbutan-1-one [(−)-3c]: White solid; 

yield 40.0%, m.p. 190–102 °C; [α]25 
D  = −78.4 (c = 0.78, CHCl3); IR (KBr, cm−1) ν: 3450.2 (C-H,  

Qu-N=CH-N=C), 1685.8 (C=O), 1653.0 (C=N), 1588.1–1498.7 (C=C, benzene and Qu-ring);  

1H-NMR (DMSO-d6, ppm): δ 8.66 (s, 1H, Qu-2- H), 8.13 (s, 1H, Qu-4-H), 7.98 (d, 2H, Qu-7-H,  

Qu-8-H, J = 8.05 Hz), 7.91–7.87 (m, 2H, Ar'-2-H, Ar'-6-H), 7.66 (t, 1H, Ar'-4-H, J1 = 6.90 Hz,  

J2 = 7.40 Hz), 7.56–7.52 (m, 4H, Ar'-3-H, Ar'-5-H, Ar-2-H, Ar-6-H), 7.29 (d, 2H, Ar-3-H, Ar-5-H,  

J = 6.90 Hz), 5.06–4.91 (m, 2H, -CH2-NO2), 4.16–4.10 (m, 1H, CH), 3.68–3.55 (m, 2H, -CH2-CO), 

2.56 (s, 3H, CH3); 13C-NMR (DMSO-d6, ppm): δ 197.46, 166.30, 153.57, 151.81, 150.17, 138.54, 

138.06, 137.05, 136.88, 134.02, 129.69, 129.32, 128.51, 127.84, 122.58, 122.53, 115.99, 80.18, 41.74, 

39.18, 21.70. MS (ESI) m/z: 428.3 ([M+H]+), 450.2 ([M+Na]+); 86.0% ee as determined by HPLC 

(Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow rate 1.0 mL/min, λ = 254 nm),  

tR(minor) = 8.02 min, tR(major) = 8.95 min. 

(−)-1-(2,4-Dichlorophenyl)-3-(4-((6-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-one [(−)-3d]: 

White solid; yield 38.0%, m.p. 142–144 °C; [α]25 
D  = −51.8(c = 0.85, CHCl3); IR (KBr, cm−1) ν: 3450.0 

(C-H, Qu-N=CH-N=C), 1699.3 (C=O), 1653.0 (C=N), 1581.8–1423.5 (C=C, benzene and Qu-ring), 

781.2 (C-Cl); 1H-NMR (DMSO-d6, ppm): δ 8.67 (s, 1H, Qu-2-H), 8.14 (s, 1H, Qu-5-H), 7.91–7.86 (m, 

2H, Ar'-3-H, Ar'-6-H), 7.74 (d, 1H, Qu-7-H, J = 2.30 Hz), 7.67 (d, 1H, Qu-8-H, J = 8.05 Hz), 7.58–7.56 
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(m, 1H, Ar'-5-H), 7.49 (d, 2H, Ar-2-H, Ar-6-H, J = 8.55 Hz), 7.29 (d, 2H, Ar-3-H, Ar-5-H, J = 8.60 Hz), 

5.04–4.92 (m, 2H, -CH2-NO2), 4.10–4.03 (m, 1H, CH), 3.52 (d, 2H, -CH2-CO, J = 6.90 Hz); 13C-NMR 

(DMSO-d6, ppm): δ 199.47, 166.32, 153.57, 151.92, 150.18, 138.54, 137.43, 137.23, 137.04, 131.62, 

136.90, 131.20, 130.62, 129.73, 128.16, 127.85, 122.64, 122.55, 116.00, 79.83, 45.60, 39.29, 21.70. 

MS (ESI) m/z: 496.2 ([M+H]+), 518.2 ([M+Na]+); 91.8% ee as determined by HPLC (Daicel Chiralpak 

AD-H, hexane/ethanol = 50:50, flow rate 1.0 mL/min, λ = 254 nm), tR(minor) = 6.31 min,  

tR(major) = 6.78 min. 

(−)-1-(4-Chlorophenyl)-4-nitro-3-(4-(quinazolin-4-yloxy)phenyl)butan-1-one [(−)-3e]: White solid; 

yield 35.0%, m.p. 146–148 °C; [α]25 
D  = −56.2 (c = 0.88, CHCl3); IR (KBr, cm−1) ν: 3450.3 (C-H,  

Qu-N=CH-N=C), 1683.9 (C=O), 1653.0 (C=N), 1589.3–1489.1 (C=C, benzene and Qu-ring), 700.1 

(C-Cl) cm−1; 1H-NMR (DMSO-d6, ppm): δ 8.72 (s, 1H, Qu-2-H), 8.35 (d, 1H, Qu-8-H, J = 8.00 Hz), 

8.04 (t, 1H, Qu-7-H, J1 = 8.60 Hz, J2 = 6.85 Hz), 8.00 (t, 3H, Qu-5-H, Ar'-2-H, Ar'-6-H, J1 = 3.45 Hz,  

J2 = 8.60 Hz), 7.79 (t, 1H, Qu-6-H, J1 = 7.70 Hz, J2 = 7.15 Hz), 7.61 (d, 2H, Ar'-3-H, Ar'-5-H,  

J = 8.10 Hz), 7.51 (d, 2H, Ar-2-H, Ar-6-H, J = 8.60 Hz), 7.30 (d, 2H, Ar-3-H, Ar-5-H, J = 8.60 Hz), 

5.04–4.89 (m, 2H, -CH2-NO2), 4.14–4.10 (m, 1H, CH), 3.67–3.55 (m, 2H, -CH2-CO); 13C-NMR 

(DMSO-d6, ppm): δ 197.14, 166.68, 154.43, 151.75, 151.65, 138.99, 138.21, 135.52, 135.26, 130.46, 

129.70, 129.43, 128.67, 128.05, 123.93, 122.63, 116.16, 80.13, 41.75, 39.12. MS (ESI) m/z: 448.2 

([M+H]+), 470.2 ([M+Na]+); 99% ee as determined by HPLC (Daicel Chiralpak AD-H,  

hexane/ethanol = 50:50, flow rate 1.0 mL/min, λ = 254 nm), tR(major) = 9.61 min. 

(−)-1-(4-Methoxyphenyl)-4-nitro-3-(4-(quinazolin-4-yloxy)phenyl)butan-1-one [(−)-3f]: White solid; 

yield 42.2%, m.p. 144–146 °C; [α]25 
D  = −49.8 (c = 0.88, CHCl3); IR (KBr, cm−1) ν: 3450.3 (C-H,  

Qu-N=CH-N=C), 1683.9 (C=O), 1653.0 (C=N), 1589.3-1489.1 (C=C, benzene and Qu-ring);1H-NMR 

(DMSO-d6, ppm): δ 8.73 (s, 1H, Qu-2-H), 8.35 (d, 1H, Qu-8-H, J = 7.40 Hz), 8.03 (t, 1H, Qu-7-H,  

J1 = 8.60 Hz, J2 = 6.85 Hz), 8.00 (d, 1H, Qu-5-H, J = 8.05 Hz), 7.96 (t, 1H, Qu-6-H, J1 = 8.00 Hz,  

J2 = 6.85 Hz), 7.51 (d, 2H, Ar'-3-H, Ar'-5-H, J = 8.60 Hz), 7.30 (d, 2H, Ar-2-H, Ar-6-H, J = 8.60 Hz), 

7.05 (d, 2H, Ar-3-H, Ar-5-H, J = 8.60 Hz), 5.05–4.90 (m, 2H, -CH2-NO2), 4.15–4.09 (m, 1H, CH), 

3.85 (s, 3H, CH3), 3.61–3.46 (m, 2H, -CH2-CO); 13C-NMR (DMSO-d6, ppm): δ 196.21, 166.80, 

154.44, 151.71, 151.62, 138.99, 138.21, 135.52, 135.26, 130.46, 129.70, 129.43, 128.67, 128.05, 

123.93, 122.63, 116.16, 80.13, 41.75, 39.12. MS (ESI) m/z: 444.3 ([M+H]+), 466.2 ([M+Na]+); 92.0% 

ee as determined by HPLC (Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow rate 1.0 mL/min,  

λ = 254 nm), tR(minor) = 14.50 min, tR(major) = 15.20 min. 

(−)-1-(4-Chlorophenyl)-3-(4-((6-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-one [(−)-3g]:White 

solid; yield 46.1%, m.p. 210–212 °C; [α]25 
D  = −9.8 (c = 1.20, CHCl3); IR (KBr, cm−1) ν: 3444.9 (C-H, 

Qu-N=CH-N=C), 1678.1 (C=O), 1589.3 (C=N), 1548.9–1496.8 (C=C, benzene and Qu-ring), 814.0 

(C-Cl); 1H-NMR (DMSO-d6, ppm): δ 8.66 (s, 1H, Qu-2-H), 8.14 (s, 1H, Qu-5-H), 8.00 (d, 2H, Ar'-2-H, 

Ar'-6-H, J = 4.00 Hz), 7.88 (s, 2H, Qu-7-H, Qu-8-H), 7.62 (d, 2H, Ar'-3-H, Ar'-5-H, J = 12.60 Hz), 

7.51 (d, 2H, Ar-2-H, Ar-6-H, J = 4.55 Hz), 7.28 (d, 2H, Ar-3-H, Ar-5-H, J = 4.60 Hz), 5.04–4.90 (m, 

2H, -CH2-NO2), 4.17–4.08 (m, 1H, CH), 3.67–3.55 (m, 2H, -CH2-CO), 2.57 (s, 3H, CH3); 13C-NMR 

(DMSO-d6, ppm): δ 197.39, 166.39, 153.57, 151.82, 150.16, 138.99, 138.54 , 137.87, 137.08, 135.56, 
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130.80, 129.19, 127.84, 122.65, 122.53, 120.06, 116.13, 79.68, 42.01, 39.54, 21.71. MS (ESI) m/z: 462.2 

([M+H]+), 484.2 ([M+Na]+); 95.9% ee as determined by HPLC (Daicel Chiralpak AD-H, hexane/ethanol 

= 50:50, flow rate 1.0 mL/min, λ = 254 nm), tR (minor) = 9.15 min, tR(major) = 10.43 min. 

(−)-1-(2-Chlorophenyl)-3-(4-((6-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-one [(−)-3h]: White 

solid; yield 40.3%, m.p. 67–69 °C; [α]25 
D  = −32.8.4 (c = 0.97, CHCl3); IR (KBr, cm−1) ν: 3442.9 (C-H, 

Qu-N=CH-N=C), 1699.3 (C=O), 1653.0 (C=N), 1580.5–1498.7 (C=C, benzene and Qu-ring), 752.2 

(C-Cl) cm−1; 1H-NMR (DMSO-d6, ppm): δ 8.67 (s, 1H, Qu-2-H), 8.14 (s, 1H, Qu-5-H), 7.92–7.87 (m, 

2H, Qu-6-H, Ar'-6-H), 7.59 (d, 1H, Qu-7-H, J = 8.05 Hz), 7.56–7.53 (m, 2H, Ar'-3-H, Ar'-5-H), 7.49 

(d, 2H, Ar-2-H, Ar-6-H, J = 8.60 Hz), 7.47–7.44 (m, 1H, Ar'-4-H), 7.29 (d, 2H, Ar-3-H, Ar-5-H,  

J = 8.60 Hz), 5.05–4.93 (m, 2H, -CH2-NO2), 4.11–4.05 (m, 1H, CH), 3.57–3.47 (m, 2H, -CH2-CO), 

2.57 (s, 3H, CH3);13C-NMR (DMSO-d6, ppm): δ 200.48, 166.39, 153.58, 152.02, 150.18, 138.76, 

138.55, 137.48, 137.05, 133.01, 131.02, 130.12, 129.74, 129.61, 127.96, 127.86, 122.64, 122.64, 116.00, 

79.85, 45.72, 39.31, 21.70. MS (ESI) m/z: 462.2 ([M+H]+), 484.2 ([M+Na]+); 96.0% ee as determined  

by HPLC (Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow rate 1.0 mL/min, λ = 254 nm), 

tR(minor) = 29.56 min, tR(major) = 31.80 min. 

(−)-1-(2-Fluorophenyl)-3-(4-((8-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-one [(−)-3i]:White 

solid; yield 42.5%, m.p. 123–125 °C; [α]25 
D  = −43.9 (c = 0.82, CHCl3); IR (KBr, cm−1) ν: 3442.9  

(C-H, Qu-N=CH-N=C), 1678.1 (C=O), 1608.6 (C=N), 1545.0–1483.3 (C=C, benzene and Qu-ring);  

1H-NMR (DMSO-d6, ppm): δ 8.76 (s, 1H, Qu-2-H), 8.18 (d, 1H, Qu-5-H, J = 8.00 Hz), 7.89 (d, 1H, 

Ar'-6-H, J = 7.45 Hz), 7.82 (t, 1H, Ar'-4-H, J1 = 7.40 Hz, J2 = 7.45 Hz), 7.70–7.65 (m, 2H, Qu-7-H, 

Qu-8-H), 7.51 (d, 2H, Ar-2-H, Ar-6-H, J = 8.55 Hz), 7.39–7.33 (m, 2H, Ar'-3-H, Ar'-5-H), 7.30 (d, 

2H, Ar-3-H, Ar-5-H, J = 8.05 Hz), 5.07–4.94 (m, 2H, -CH2-NO2), 4.16–4.11 (m, 1H, CH), 3.54 (d, 2H, 

-CH2-CO, J = 5.15 Hz), 2.69 (s, 3H, CH3); 13C-NMR (DMSO-d6, ppm): δ 195.83, 167.00, 160.78, 

153.57, 151.85, 150.63, 138.01, 136.31, 135.92, 134.91, 130.80, 129.65, 128.10, 125.40, 122.64, 

121.45, 117.58, 117.40, 116.00, 79.99, 46.21, 39.03, 17.69. MS (ESI) m/z: 446.3 ([M+H]+), 484.2 

([M+Na]+); 92.5% ee as determined by HPLC (Daicel Chiralpak AD-H, hexane/ethanol = 50:50, flow 

rate 1.0 mL/min, λ= 254 nm), tR(minor) = 27.99 min, tR(major) = 29.44 min. 

4. Conclusions 

In summary, we have developed and reported for the first time an efficient approach for 

enantioselective synthesis of (−)-1-phenyl-3-(4-((8-methylquinazolin-4-yl)oxy)phenyl)-4-nitrobutan-1-ones 

by employing an addition reaction catalyzed by a cinchona alkaloid-derived squaramide catalyst. The 

desired products were obtained with high enantioselectivities (81%–99%). 

Acknowledgments 

We are grateful to the National Natural Science Foundation of China (No. 21362004) and 

Collaborative Innovation Center for Natural Products and Biological Drugs of Yunnan for supporting 

the project. 



Molecules 2014, 19 19499 

 

 

Author Contributions 

DYH conceived and designed the experiments. DDX and YX performed the experiments and 

analyzed the data; YX and YD tested all the ee values of the compounds; DYH analyzed the data and 

wrote the paper, JW revised the paper. All authors contributed to this study, read and approved the 

final manuscript.  

Conflicts of Interest 

The authors declare that they have no competing interests  

References 

1. Wu, J.Z.; Cheng, C.C.; Shen, L.L.; Wang, Z.K.; Wu, S.B.; Li, W.L.; Chen, S.H.; Zhou, R.P.;  

Qiu, P.H. Synthetic chalcones with potent antioxidant ability on H2O2-induced apoptosis in PC12 

cells. Int. J. Mol. Sci. 2014, 15, 18525–18539. 

2. Kumar, C.S.C.; Loh, W.S.; Ooi, C.W.; Quah, C.K.; Fun, H.K. Heteroarylchalcones: Design, 

synthesis, X-ray crystal structures and biological evaluation. Molecules 2013, 18, 12707–12724. 

3. Hamada, N.M.M.; Sharshira, E.M. Synthesis and antimicrobial evaluation of some heterocyclic 

chalcone derivatives. Molecules 2011, 16, 2304–2312. 

4. Nguyen, T.T.N.; Do, T.H.; Huynh, T.N.P.; Tran, C.D.T.; Thai, K.M. Synthesis and antibacterial 

activity of some heterocyclic chalcone analogues alone and in combination with antibiotics. 

Molecules 2012, 17, 6684–6696. 

5. Hassan, S.Y. Synthesis, antibacterial and antifungal activity of some new pyrazoline and pyrazole 

derivatives. Molecules 2013, 18, 2683–2711. 

6. Kang, J.E.; Cho, J.K.; Curtis-Long, M.J.; Ryu, H.W.; Kim, J.H.; Kim, H.J.; Yuk, H.J.;  

Kim, D.W.; Yuk, H.J.; Kim, D.W.; et al. Preparation of substituted pyridines and pyridazines with 

angiogenesis inhibiting activity for pharmaceutical use as antitumor agents. Molecules 2013, 18, 

140–153. 

7. Solomon, V.R.; Lee, H. Anti-breast cancer activity of heteroarylchalcone derivatives.  

Biomed. Pharmacother. 2012, 66, 213–220. 

8. Kumar, D.; Kumar, N.M.; Akamatsu, K.; Kusaka, E.; Harada, H.; Ito, T. Synthesis and biological 

evaluation of indolylchalcones as antitumor agents. Bioorg. Med. Chem. Lett. 2010, 20, 3916–3919. 

9. Domýngueza, J.N.; Charris, J.E.; Loboa, G.; de Domýnguezb, N.G.; Moreno, M.M.; Riggione, F.; 

Sanchez, E.; Olson, J.; Rosenthal, P.J. Synthesis of quinolinylchalcones and evaluation of their 

antimalarial activity. Eur. J. Med. Chem. 2001, 36, 555–560. 

10. Hayat, F.; Moseley, E.; Salahuddin, A.; Zyl, R.L.V.; Azam, A. Antiprotozoal activity of  

chloro-quinoline based chalcones. Eur. J. Med. Chem. 2011, 46, 1897–1905. 

11. Kotra, V.; Ganapathy, S.; Adapa, S.R. Synthesis of new quinolinylchalcones as anticancer and 

anti-inflammatory agents. Ind. J. Chem. 2010, 49B, 1109–1116. 

12. Rizvi, S.U.F.; Siddiqui, H.L.; Johns, M.; Detorio, M.; Schinazi, R.F. Anti-HIV-1 and cytotoxicity 

studies of piperidyl-thienylchalcones and their 2-pyrazoline derivatives. Med. Chem. Res. 2012, 

21, 3741–3749. 



Molecules 2014, 19 19500 

 

 

13. Singh, P.; Anand, A.; Kumar, V. Recent developments in biological activities of chalcones: A 

minireview. Eur. J. Med. Chem. 2014, 85, 758–777. 

14. Luo, J.; Jiang, C.H.; Wang, H.F.; Xu, L.W.; Lu, Y.X. Direct asymmetric Michael addition of 

phthalide derivatives to chalcones .Tetrahedron Lett. 2013, 54, 5261–5265. 

15. Malerich, J.P.; Hagihara, K.; Rawal, V.H. Chiral squaramide derivatives are excellent hydrogen 

bond donor catalysts. J. Am. Chem. Soc. 2008, 130, 14416–14419. 

16. Yang, W, Du, D.M. Highly enantioselective Michael addition of nitroalkanes to chalcones using 

chiral squaramides as hydrogen bonding organocatalysts. Org. Lett. 2010, 12, 5450–5453. 

17. Herchl, R.; Waser, M. Asymmetric cyclopropanation of chalcones using chiral phase-transfer 

catalysts. Tetrahedron Lett. 2013, 54, 2472–2475. 

18. Liu, Y.; Sun, B.F.; Wang, B.M. Catalytic asymmetric conjugate addition of simple alkyl thiols to 

α,β-unsaturated N-acylated oxazolidin-2-oneswith bifunctional catalysts. J. Am. Chem. Soc. 2009, 

131, 418–419. 

19. Ye, Z.; Malerich, P.; Viresh, H. Squaramide-catalyzed enantioselective of diphenylphosphite to 

nitroalkenes. Angew. Chem. Int. Ed. 2010, 122, 157–160. 

20. Xie, Y. Synthesis and Biological Activity of Chalcone Derivatives Containing Quinazoline 

Moiety. Master’s Thesis, Guizhou University, Guiyang, China, 20 June 2013. 

Sample Availability: Samples of the compounds are available from the authors. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open-access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


