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Abstract - Very efficient Michael addition reactions of amines, 

thiophenol and methyl acetylacetate to chalcone, and epoxidation of 

chalcone derivatives with NaOCI, in a water suspension medium have 

been developed as completely organic solvent-free reactions. 

Introduction 

The Michael addition reaction is very useful for carbon-hetero atom and carbon-carbon bond 

formations, and epoxidation is also very important in organic synthesis. We report organic 

solvent-free Michael addition and epoxidation reactions of chalcones which are carried out in 

a water suspension medium containing a syrfactant. The reaction product can be collected 

just by filtration. This method has a big advantage, since no organic solvent is necessary 

during the reaction and separation of the product, and since the water medium containing 

surfactant can be recycled, no polluted material is produced. Furthermore, although Michael 

addition reaction of amines to chalcones in organic solvents does not give the addition 

1 product in a pure state because of its reversibility in solution, the reaction in a water 

suspension medium gives the pure addition product in high yield because of the absence of 

this reversibility in the solid state. 
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Results and Discussion 

Michael Addition Reactions o f  Amines to  Chalcones in a Water Suspension. As 

a typical example, a suspension of powdered chalcone (1 a) in a small amount of water 

containing nBuNH2 (2 e) and the surfactant hexadecyltrimethylammonium bromide (3 a) was 

stirred at room temperature for 4 h. The reaction product was filtered and air dried to give the 

Michael addition product (4 e) as a colorless powder in 98% yield. The filtrate, containing 3 a 

and small amounts of 2e and 4 e, can be used for the next identical reaction. By the same 

procedure, Michael addition reactions of the various amines (3a-q) to (1 a) were carried out 

and pure amine-chalcone adducts were obtained in good yields (Table 1). The solubility of 

the amines in water is not related to the efficiency of the reaction. Amines (2h-k) which are 

poorly soluble in water reacted with 1 a in the water suspension as effectively as the water 

soluble amines (Table 1). These Michael adducts cannot be obtained in a pure state through 

reaction in organic solvents. For example, when a solution of 1 a and 2 e in toluene was 

stirred at room temperature, and solvent evaporated below 40 "C in vacuo, a mixture of 4 e  

and 1 a was obtained as an oily material which contained 4 e in only 38% yield ( I  H NMR 

analysis in CDCI3). Furthermore, due to the equilibrium in solution, it is difficult to isolate 4 in 

a pure state from the mixture. For example. H NMR spectral analysis showed that a solution 

of pure 4 e (0.1 g) in toluene (1 mL) consists of 53% of 4 e and 47% of 1 a. As far as we are 

aware, only 4 n has been prepared previously in a pure crystalline state by the reaction of 1 a 

and 2 n  in a sealed tube at 100 " c . ~  
Pure crystalline samples of 4e, 4h-k, 4 n  and 4p-q are all much more stable in the solid 

state than in solution. However, even in the solid state, these were gradually decomposed at 

room temperature and were completely degraded to chalcone and amine after about one 

week. 

During the Michael addition reaction in water suspension medium, the surfactant plays an 

important role. In its absence, powdered 1 a coagulates and is not dispersed in water. 

Therefore the relationship between the structure of the surfactant and efficiency of the reaction 

was studied. As summarized in Table 2, hexadecyltrimethylammonium bromide (3 a) and 

chloride (3 b), and bis(dodecyl)dimethylammonium bromide worked very well, and therefore 

most reactions were carried out by using the surfactant (3 a) or (3 b). A plausible interpretation 
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Table 1. Michael Addition Reactions of Amines (2) to Chalcone (la) in a Water 
Suspension Medium Containing 3a as a Surfactant 

Amine 2 Product 
Reaction time (h) 

R' R2 yield (%) 

a' Isolated yields. 

b, No reaction occurred 
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Table 2. Effect of Surfactant on Michael Addition Reactions of 2e to l a  in a Water 
Suspension Medium 

Surfactant Reaction time (h) Yield (%) 

(Me(CH,),),N+ - Br- 

(Me(CH2),),N+ SCN- 

C6&N+Me3 B i  

CQHlQN+Me3 . I- 
C,&,N+Me, - T 

C16H33N+Me3 * Br- (38) 

C16H33NCMe3 . CI- (3b) 

C,,H,,N+Me, . I- 
Cl6H,,N+nPr3 . B i  

(C12H2,)2N+Me2 . Br' 

(CrMe3N+CH2CH2COOCH2 ) 2 . 2H20 

a) A mixture of l a  (0.2 g, 0.96 mmol), 2e (0.077 g, 1.1 mmol), the surfactant (0.024 
mmol) and water (2 mL) was stirred at room temperature, and the reaction product 
(4e) was filtered and dried. 

b' Reaction did not occur and l a  was recovered unchanged. 

for the role of sutfactant is aformation of a micelle in which molecules of reactant and reagent 

aggregate in the best position to cause efficient reaction. In order to form the best micelle for 

the reaction, the surfactant (3) which has a hexadecyl chain would be the best. Formation of 

inclusion crystals of onium salts such as ammonium and phosphonium with various kinds of 

alcohol and phenol guest compounds has been r e p ~ r t e d . ~ ' ~  However, inclusion crystalsof 

I a and 3 have not yet been isolated. Nevertheless, the formation of the micelle is not 

essential for the solvent-free Michael addition reaction, because simple mixing of 1 a with 2 in 

the absence of water and 3 also gave 4 in good yield. In this case, however, the reaction 

product (4) should be washed with water in order to remove excess amine. For example, 

when a mixture of powdered 1 a with 2 ewas stirred at room temperature for 10 min, the 

mixture first liquidized and then gradually solidified. The solidified product was washed with 
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water and air dried to give 4 e as colorless powder in quantitative yield. 

We have published many solid state organic reactions so far, however, organic solvents are 

finally necessary for isolation of the product by However, the Michael addition 

reaction in the water suspension is completely free from organic solvent both during the 

reaction and isolation of the product. 

Michael addition of thiophenol (5) to p-methoxychalcone ( I f )  also proceeded efficiently in a 

water suspension medium. For example, when a mixture of 1  f ,  5,  K2C03, 3 band water was 

stirred for 24 h at room temperature and the reaction product was filtered and air dried, the 

addition product (6) was obtained in 92% yield. Although similar Michael addition reactions 

can be carried out in so~ut ion ,~  the procedure of the solid state reaction is rather simple, 

economical and free from polution problems involving organic solvents. 

The Michael addition reaction in a water suspension medium is also applicable to carbon- 

carbon bond formation. A mixture of 1  a, methyl acetylacetate (7).  3 a, and water was stirred 

for 5 h at room temperature and the reaction product filtered and dried to give the addition 

product (8) in 98% yield. Although a similar solvent-free Michael addition reaction of 1  a with 

diethyl malonate at 60 "C has been reported, organic solvent was still necessary to isolate the 

product from the reaction m i x t ~ r e . ~  

Epoxidation of Chalcones with NaOCl in a Water Suspension. Furthermore, the 

water suspension method can also be applied to epoxidation reactions of chalcones with 

NaOCI. A mixture of 1  a, 3 a, and commercially available 11% aqueous NaOCl was stirred at 

room temperature for 24 h. The reaction product was filtered and dried to give 9 a in 

quantitative yield. This procedure was applied to various kinds of chalcone derivatives, and 

I  b-i were oxidized efficiently giving the corresponding epoxides (9b-i), respectively, in good 

yields (Table 3). In the case of 1  hand 1  i, the oxidation reaction proceeds very fast. This 

organic solvent-free reaction procedure is much more simple and convenient in comparison 

with usual epoxidation reaction with NaOCl in organic solvent.1° Ca(OC1)2 can also be used 

for this epoxidation reaction in water suspension (Table 3). In the case of I  g and I  h, the 

reaction proceeds extremely fast. However, here the reaction product should be isolated from 

water insoluble Ca(OC1)2 by extraction with organic solvent. Furthermore, in the case of I d - f  

and 1  j, the reaction products did not require extraction with ether from the reaction mixture 

(Table 3). 
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Table 3. Epoxidation Reactions of Chalcones in a Water Suspension Medium 
Containing 3a as a Surfactant 

Reagent 

Chalcone Product NaOCl a) Ca(CIO), b, 

Reaction time (day) yield (YO) Reaction time (day) vield (%) 

a) Commercially available 11% aqueous solution was used and products were 
collected by filtration. 

b, Commercially available powder was used and products were collected by 
extraction with ether. 

C)Reaction products were not extracted with ether from reaction mixture. 

EXPERIMENTAL 

Measurement of IR and H NMR Spectra. IR spectra were measured as Nujol mulls 

'H NMR spectra were measured in CDCI3. 'H NMR spectra of unstable 4a-I in CDCI3 
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were measured at a concentration of 0.02 g pure sample in 0.5 mLof CDCI3 immediately after 

preparation of the solution, which are contaminated by 10-20% of 1 a-l  through equilibrium. 

Chalcones. Chalcones (1 a-I) were prepared by base-catalyzed condensation reaction of 

benzaldehyde with the appropriate acetophenone derivative according to the reported 

procedures. 1 amp 53-55 OC (lit..ll 57-58 OC); 1 b mp 58-60 "C (lit..12 59-60 OC); 1 c mp 92- 

96 "C (lit.,I396.5 "C); 1 d mp 112-115 "C (lit.,I4 114-115 "C); 1 emp 123-127 OC (lit.,I5 127- 

128 OC); I f  mp 70-73 "C (lit.,I6 77.5 "C); 1 g mp 74-76°C (lit.,I3 77 "C); 1 h mp 94-96 OC 

(lit.,'' 94-95'C); 1 imp  103-105 "C (lit.,I7 104-105 "C); 1 j mp 103-107 "C (lit.,18 107 "C); 1 k 

mp 127-129 OC (lit.,'' 127.5-129 "C) ans 1 l mp 154-156 "C (lit.,20 155-157 "C). 

Michael Addition Products of Amines to  Chalcones (4e). Representative example; 

a suspension of powdered 1 a (0.2 g, 0.96 mmol), 3 a (8.5 mg), 2 e (77 mg, 1 . I  mmol) and 

water (2 mL) was stirred at r t  for 4 h. The reaction product was filtered and air dried to give 

4 eas colorless powder (0.27 g, 98%, mp 61-63 "C). IR: 3315 (NH) and 1682 cm-I (GO); H 

NMR 60.84-0.94 (m, 3H, CH3), 1.28-1.40 (m, 4H, CH2), 1.66 (s, lH ,  NH), 2.36-2.54 (m, 2H, 

CH2), 3.23-3.39 (m, 2H, CH2), 4.27-4.30 (q, J= 4.8 Hz, 1 H, CH) and 7.23-8.04 (m, IOH, Ph). 

Anal. Calcd for ClgH23NO: C, 81.10; H, 8.24; N, 4.68. Found: C, 81.27; H, 8.32; N, 4.68. By 

the same procedure, the following addition products were obtained. 

4h. colorless powder (98% mp 45-47 "C). IR:3315 (NH) and 1670 cm-I (C=O); IH NMR 6 

0.82-0.87 (m, 3H, CH3), 1.23-1.25 (m, 4H, CH2), 1.40-1.45 (t, J=7.5 Hz, 2H, CH2), 1.83 (s, IH, 

NH), 2.37-2.49 (m, 2H, CH2), 3.19-3.36 (m, 2H, CH2), 4.26-4.30 (m, IH,  CH) and 7.23-8.01 

(m. 1 OH, Ph). Anal. Calcd for C20H25NO: C, 81.31 ; H, 8.53; N, 4.74. Found: C, 81 . lo;  H, 

8.74; N, 4.92. 

4i. colorless powder (96%, mp 48-50 OC). IR:3300 (NH) and 1665 cm-I (GO);  H NMR 6 

0.82-0.88 (m, 3H, CH3), 1.23-1.43 (m, 8H, CH2), 1.69 (s, IH, NH), 2.41-2.46 (m, 2H, CH2), 

3.27-3.32 (m, 2H. CH2), 4.26-4.30 (q, J6.O Hz, 1 H. CH) and 7.22-8.02 (m. IOH, ~ h ) .  Anal. 

Calcd for C21 HZ7NO: C, 81.51 ; H, 8.79; N, 4.53. Found: C, 81.25; H, 8.90; N, 4.60. 

4j. colorless powder (93%, mp 46-48 "C). IR:3305 (NH) and 1680 cm-I (GO);  IH NMR 6 

0.84-0.89 (t, J=6.9 Hz, 3H, CH3), 1.14-1.43 (m, 12H, CH2), 1.82 (s, lH,  NH), 2.35-2.53 (m, 2H, 

CH2), 3.24-3.40 (m, 2H, CH2), 4.26-4.31 (q, J=4.8 Hz, IH, CH) and 7.23-8.04 (m, IOH, Ph). 

Anal. Calcd for C23H31 NO: C, 81.85; H, 9.26; N, 4.15. Found: C, 81.80; H, 9.23, N, 4.18. 

4k. colorless powder (93%, mp 36-38 "C). IR:3320 (NH) and 1675 cm-I (GO); H NMR 6 

1.07-1.70 (m, 1 OH, CH2), 2.04 (s, 1 H, NH), 2.27-2.30 (t, J= 4.8 Hz, 1 H, CH), 3.23-3.28 (m, 2H, 
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CH2), 4.48-4.52 (q, J=5.1 Hz, IH, CH) and 7.22-8.02 (m, IOH, Ph). Anal. Calcd for 

C1 gH23NO: C, 82.04; H, 8.20; N, 4.56. Found: C, 81.90; H, 8.47; N, 4.70. 

4n. colorless powder (93%. mp 87-91 OC, lit.,2a 95-96 "C, lit.,2b 91-92 "C). IR: 1675 cm-I 

(C=O); 'H NMR 6 1.25-1.32 (m, 2H, CH2), 1.47-1.50 (m, 4H, CH2), 2.26-2.46 (m, 4H, 

CH2).3.34-3.61 (m, 2H, CH2), 4.21-4.25 (1, J=6.9 Hz, IH, CH) and 7.20-8.02 (m, IOH, Ph). 

Anal. Calcd for CI gH23NO: C, 81.87; H, 7.90; N, 4.77. Found: C, 81.63; H, 8.10; N, 4.88. 

4p. colorless powder (95%, mp 83-85 "C). IR: 1675 cm'l (GO);  H NMR 6 0.67-0.88 (m, 3H, 

CH3), 1.26-1.97 (m, 7H, CH2 and CH), 2.72-2.82 (q, J=10.2 Hz, 2H, CH2), 3.64-3.77 (m, 2H: 

CH2), 4.22-4.26 (1, J=6.9 Hz, IH. CH) and 7.20-8.04 (m, IOH, Ph). Anal. Calcd for 

CZ1 HZ5NO: C, 82.04; H, 8.20; N, 4.56. Found: C, 81.81 ; H, 8.47; N, 4.33. 

4q. colorless powder (96%, mp 94-96 OC). IR: 1680 cm-I (GO); H NMR 6 0.84-0.86 (d, J= 

5.7 Hz, 3H, CH3), 1.08-2.08 (m, 7H, CH2 and CH), 2.80-2.84 (d, J=11.4 Hz, 2H, CH2), 3.45- 

3.72 (m, 2H, CH2), 4.20-4.25 (t, J=6.0 Hz, 1 H, CH) and 7:20-8.05 (m, IOH, Ph). Anal. Calcd 

for C21H25NO: C, 82.04; H, 8.20; N, 4.56. Found: C, 82.17; H, 8.24; N, 4.32. 

Michael Addition of Thiophenol 5 to pMethoxychalcone (If). A mixture of 

powdered I f  (0.5 g, 2.1 mmol), 5 (0.25 g, 2.3 mmol), 3 b (67 mg), K2C03 (87 mg) and water (5 

mL) was stirred at rt for 24 h. The reaction product was filtered and air dried to give 6 as a 

colorless powder (0.67 g, 92%, mp 71-73 "C). IR: 1680 cm-I (GO): H NMR 6 3.49-3.68 (m, 

2H, CH2), 3.74 (s, 3H,,CH3), 4.91 -4.95 (m, 1 H, CH) and 7.76-7.88 (m, 14H, Ph). Anal. Calcd 

C, 75.83; H, 5.79. Found: C, 75.78; H, 5.95. 

Michael Addition of Methyl Acetylacetate (7) to Chalcone (la). A mixtureof 

(5 mL) was stirred at rtfor 5 h. The reaction product was filtered and air dried to give 8 as a 

colorless powder (0.75 g, 98%, mp 124-126 "C). IR: 1740, 1710 and 1680.cm-I (C=O); 'H 

4.15-4.23 (s, IH, CH) and 7.23-8.04 (m, IOH, Ph). Anal. Calcd for C20H2004: C, 74.05: H, 

6.22. Found: C, 74.13; H, 6.41. 

Expoxidation of Chalcones (1 a-I) with NaOCI. Representative example; a mixture of 

l a  (0.2 g, 0.96 mmol), 3 a (0.02 g) and commercially available 11% aqueous NaOCl(2 mL) 

was stirred at rt for 24 h. The reaction product was filtered and air dried to give 9 a (0.215 g, 

1 - . I  loo%, mp 87-89 "C (lit.,21 89-90 "C)). IR: 1690 cm- (C-0), H NMR 6 4.09 (d, J=2.0 Hz, 1 H, 

CH), 4.31 (d, J=2.0 Hz, IH, CH) and 7.26-8.04 (m, IOH, Ph). Anal. Calcd for Cl5HI2O2: C, 
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80.34; H, 5.39. Found: C, 80.07; H, 5.56. By similar treatmentsof 1 b-l with NaOCI, epoxides 

(9b-I) were obtained in the yields shown in Table 3. The structures of 9b- l  were elucidated 

by comparison of their mp with those.of authentic samples and by their elemental analyses. 

9 b  mp 79-81 "C (lit.,21 81-83 "C); Anal. Calcd for Cl 6H1402: C, 80.65; H, 5.92. Founc: C, 

80.59; H, 6.07. 9c: mp 70-72 "C (lit.," 77-78 "C); Anal. Calcd for Cl6HI4O2: C, 80.65; H, 

5.92. Found: C, 80.49; H, 6.02. 9d: mp 66-68 OC (lit.,23 69-70 OC); Anal. Calcd for 

Cl 5Hl102Cl: C, 69.64; H, 4.29. Found: C, 69.45; H, 4.32. 9 e mp 73-75 OC (lit.," 77-78 "C); 

Anal. Calcd for Cl5HI1O2Br: C, 59.43; H, 3.66. Found: C, 59.15; H, 3.36. 9 f  mp 60-62 "C 

(lit.,22 60-63 "C); Anal. Calcd for Cl6HI4o3: C75.58; H, 5.55. Found: C, 75.51; H, 5.55. 9 g  

mp 81-83 "C (lit.,22 84-86 OC); Anal. Calcd for Cl6HI4O2: C, 80.65; H, 5.92. Found: C. 80.52; 

H, 5.98. 9 h  mp 116-118 "C (lit.,24 123 "C); Anal. Calcd for Cl5HI1O2CI: C, 69.64; H, 4.29. 

Found: C, 69.53; H. 4.33. Qi mp 123-125 "C (lit.,25 125 " C); Anal. Calcd for CI5HI1O2Br: C, 

59.43; H, 3.66. Found: C, 59.15; H, 3.36. 9 j  mp 60-62 "C (lit.,26 60-62 "C); Anal. Calcd for 

C1 6H1403: C, 75.58; H, 5.55. Found: C, 75.55; H, 5.44. 9k  mp 98-100 "C (lit.,27 106 "C); 

Anal. Calcd for Cl7HI6o2: C, 80.66; H, 6.36. 91 mp 115-117 "C (lit.,20 120 "C); Anal. Calcd 

for C1 5H1002C12: C, 61.46; H, 3.44. Found: C, 61 .18; H, 3.19. 

Epoxidation of Chalcones (la-I) with Ca(OC1)2. Representative example; a mixture 

of 1 h (0.2 g, 0.826 mmol), Ca(OC1)2 (2 g. 14 mmol), 3 b (0.02 g) and water (10 mL) was stirred 

at rt for 3 h. The reaction mixture was extracted with ether (200 mL) and the ether solution 

was washed with water and dried over MgS04. Evaporation of the solvent gave 9 has  

colorless crystals (0.2 g, 95%, mp 116-118 "C (lit.,24 123 "C)). IR: 1680 cm-' (C=O); H NMR 

6 4.06 (d, Jz1.7 Hz, 1 H, CH), 4.26 (d, J=1.7 Hz, 1 H, CH) and 7.23-7.98 (m, 9H, Ph). These 

spectral data were identical to those of 9 h prepared by the epoxidation of 1 h with NaOCI. By 

the same procedure, 1 a-c, 1 g-i and 1 k-l were also oxidized efficiently with Ca(OC1)2 (Table 

3). 
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