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Eight different chalcone-1,5-diketone derivatives (5a-h) were prepared by the reaction of chalcone
derivatives (3a-h) with cyclohexanone under the solvent-free phase transfer catalyst condition with
modarate to high yields. The mechanistic pathway of the reaction can be explained by the Michael-type

addition of cyclohexanone to chalcone derivatives (3a-h).
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Introduction

Chalcones, either natural or synthetic, are known to exhibit various biological activities,' such as antioxidant,?
antiinflammatory,® antimalarial,* antileishmanial,® anticancer®and antitumor.” In addition, chalcones are
very important compounds as a Michael acceptor in organic syntheses. The Michael addition reaction is
one of the most fundamental C-C bond-forming reactions in the synthesis of 1,5-dicarbonyl compounds.
1,5-Diketones are extremely important synthetic intermediates in their own right and are desirable starting
materials for generating many heterocyclic®? and polyfunctional compounds.'®:!!

The solid-state Michael additions have performed well recently.'?!3 For example, Liu et al. have
reported the addition of acetophenone to ferrocenylchalcone as Michael acceptor under the solvent-free
condition' in which excess amount of acetophenone and NaOH as the catalyst are used. However, there
are a few examples related to the addition of cyclic ketones to chalcone derivatives.'®'6 Herein this kind
of reaction is described. It is shown that the 1,5-diketones (5a-h) containing chalcone can be prepared in
considerable yield by Michael-type addition of cyclohexanone to chalcone derivatives (3a-h) under solvent-

free phase transfer catalyst condition.

*Corresponding author
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Results and Discussion

The general synthetic strategy employed to prepare the chalcone derivatives (3a-h) was based on Claisen-
Schmidt condensation, which was reported previously.!” As shown in Scheme 1 and Table 1, a series of 8
chalcone derivatives (3a-h)'®~27 were prepared by base catalyzed condensation of appropriately substituted
acetophenone with benzaldehyde in yields of 69%-97% (Scheme 1). The structures of all the 8 chalcone
derivatives (3a-h) synthesized in this research were established on the basis of IR, "H-NMR, and '*C-NMR,

spectral data.
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Scheme 1

The synthesized chalcones derivatives (3a-h) were submitted to the Michael addition reaction. A
series of 8 chalcone-1,5-diketones (5a-h) was prepared by base catalyzed addition of cyclohexanone to
chalcones (3a-h) under solvent-free phase transfer catalyst condition. In this reaction, chalcone 3 (1 mole),
cyclohexanone 4 (2 mole), KOH (6% mole) and PTC (benzyltriethylammonium chloride) (6% mole) were
used. After the purification of the crude products, the chalcone-1,5-diketones (5a-h) were obtained in yields
of 40%-83% (Scheme 2, Table 1). The advantages of this method are neat conditions, less reaction times,

usage of catalytic amount of base.
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Scheme 2

It is observed that the Michael-type addition of cyclohexanone to chalcone derivatives (3a-h) can be
easily carried out and gives product 5 in satisfactory yield. However, the position of substituents affects the
reaction yields. While the high yields were achieved in m- and p-substituted 5a, c, d, g, h, the low yields
were observed to o-substituted 5b, e, and f as seen in Table 1. It is assumed that the low yields could be
attributed to the steric hindrance of o-substituents.

In this series, compounds 5a?3, 5d%® and 5h?° are known in the literature. The structures of other
1,5-diketones (5b, c, e, f and g) were determined on the basis of spectral data (1H-, *C-NMR, IR, MS,
and elemental analysis). In the 'H-NMR spectrum of 5a-h, the protons of PA\COCH, gave an AB system
that is characteristic signals for these compounds. While, part A of the AB system is shown as a doublet
of doublet at § = 3.50 -3.42 (J = 15.7-16.7, 3.9-4.5 Hz) and that of part B as a doublet of doublet at § =
3.23-3.15 (J = 15.7-16.7,9.5-9.6 Hz). In addition, all spectral data are consistent with the titled compounds.

56



Preparation of 1,5-Diketones by Addition of Cyclohexanone to..., M. CEYLAN, H.  GEZEGEN

Table 1. Prepared 1,5-diketones.

Reagents Products Yield (%)* mp (°C)
0 0 I o)
0 <0 OIS
3a 5a
0 0 l 0
IC SO0 G
cl cl
3b 5b
0 0 l 0
O Z O O O 75 107-109
Cl 3¢ Cl 5¢
0 0 l 0
T I e
cl ad cl 54
0 0 l o)
O % O O O 63 120-122
Br Br
3e 5e
0 0 l 0
O = O O O 40 108-111
OCH OCHj
3f 5f
0 0 l 0
O 0 o
59
OCHs OCHs
0 0 l 0
= 78 128-130

&
W

HaCO
¢ 3h

5h

“Isolated yield.
®Lit.'6, 148-149 °C.
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Experimental

'H and '*C-NMR spectra were recorded with a Varian Gemini 200 MHz and an AC Bruker 400 MHz. As
internal standards served TMS (6 0.00) for 'H-NMR and CDCl; (§ 77.0) for 13 C-NMR spectroscopy Jvalues
were given in Hz. IR spectra were recorded on a Jasco FT/IR-430 spectrometer. Mass spectra were taken
with a Thermofinnigan Trace GC/Trace DSQ/A1300, (E.I Quadrapole, 70 eV) equipped with a SGE-BPX5
MS capilary column (30 m x 0.25 mm i.d., 0.25 pm). Elemental analyses were obtained using a LECO CHNS

932 elemental analyzer. Melting points were measured on an Electrothermal 9100 apparatus.

General procedure for preparation of 1,5-diketones 5a-h

To a mixture of chalcone 1a (10 mmol) and cycylohexanone 4 (20 mmol) solid KOH (0.6 mmol) and PTC
(0.6 mmol) were added and stirred for 3 or 4 h at room temperature. Then, the mixture was extracted with
CHCI35(20 mL) and dried over NasSO4. After the solvent removed in vacua, the product was precipitated
in CCly/hexane (3:1).

2-(3-0x0-1,3-diphenylpropyl) cyclohexanone (5a): Yield: 83%; colorless solid; mp 146-148 ° C
(CCly-hexane, 3:1) (Lit.'6 148-149 ° C). 'H-NMR (200 MHz, CDCl;): & = 7.93-7.89 (m, 2H), 7.55-7.41 (mn,
3H), 7.37-7.13 (m, 5H), 3.78-3.68 (m, 1H), 3.50 A part of AB system (dd, 1H, J= 16.2, 4.1 Hz), 3.23 B part
of AB system (dd, 1H, J= 16.2, 9.5 Hz), 2.75- 2.68 (m, 1H), 2.53-2.32 (m, 2H), 2.01-1.94 (m, 1H), 1.79-1.51
(m, 4H), 1.49-1.24 (m, 1H). BC-NMR (50 MHz, CDCl;): § = 215.6, 200.8, 144.1, 139.1, 134.8, 130.4 (2C),
130.4 (2C), 130.3 (2C), 130.2 (2C), 128.6, 57.8, 46.2, 44.3, 43.1, 34.5, 30.5, 26.1. IR (KCl): 3056, 33025,
2039, 2918, 2854, 1708, 1683, 1596, 1446, 1340, 1216, 746, 696, 567 cm~—'. MS m/z (relative intensity):
306.5 (M*, 1), 287.5 (3), 209.3 (7), 187.2 (98), 105.0 (100), 77.0 (79). Anal. Calcd for Ca;HasO,(306.40):
C 82.32, H 7.24: found: C 81.98, H 7.22.

2-(3-(2-chlorophenyll)-3-oxo-1-phenylpropyl) cyclohexanone (5b): Yield: 65%; colorless
solid; mp 121-124 °C (CCly-hexane, 3:1). 'H-NMR (200 MHz, CDCl3): § = 7.43-7.11 (m, 9H), 3.71-
3.59 (m, 1H), 3.46 (dd, 1H, J= 16.6, 4.5 Hz), 3.23 (dd, 1H, J= 16.6, 9.5 Hz), 2.72-2.60 (m, 1H), 2.55-1.22
(m, 8H). 3C-NMR (50 MHz, CDCl3): § = 215.2, 203.8, 143.7, 141.5, 132.7, 133.3, 132.2 (2C), 130.9, 130.5,
130.4 (2C), 128.7, 128.6, 57.7, 50.2, 44.2, 43.0, 34.2, 30.4, 26.0. IR (KCI): 3058, 3026, 2933, 2918, 2854,
1705, 1691, 1431, 1369, 1122, 1072, 983, 750, 721, 567 cm~'. MS m/z (relative intensity): 340.7 (M™, 2),
322.5 (6), 293.4 (15), 243.3 (100), 187.3 (81), 139.0 (61), 77.1 (3). Anal. Caled for Ca; Ha; Cl05(340.84):
C 74.00, H 6.21; found: C 73.74, H 6.23.

2-(3-(3-chlorophenyll)-3-oxo-1-phenylpropyl) cyclohexanone (5c¢): Yield: 75%; colorless solid;
mp 107-109 ° C (CCly-hexane, 3:1). 'H-NMR. (200 MHz, CDCl3): § = 7.87-7.79 (m, 2H), 7.50-7.14 (m,
7H), 3.72-3.62 (m, 1H), 3.50 (dd, 1H, J= 16.1, 3.9 Hz), 3.17 (dd, 1H, J= 16.1, 9.6 Hz), 2.79-2.66 (m, 1H),
2.55-2.39 (m, 2H), 2.02-1.98 (m, 1H), 1.83-1.52 (m, 4H), 1.28-1.22 (m, 1H). 3C-NMR (50 MHz, CDCl3): &
= 215.5, 199.4, 143.8, 140.6, 136.7, 134.7, 131.8, 130.5 (2C), 130.3, 130.2 (2C), 128.7, 128.3, 57.7, 46.5, 44.4,
43.2, 34.6, 30.6, 26.3. IR (KCI): 3066, 3030, 2041, 2022, 2850, 1707, 1683, 1413, 1363, 1226, 1215, 1124,
700, 569 cm . MS m/z (relative intensity): 340.7 (M*, 1), 322.5 (3), 293.3 (10), 243.3 (62), 187.2 (100),
139.1 (40), 77.1 (3.5). Anal. Caled for Ca;Hai C105(340.84): C 74.00, H 6.21; found: C 73.86, H 6.25.

2-(3-(4-chlorophenyll)-3-oxo-1-phenylpropyl) cyclohexanone (5d): Yield: 72%; colorless
solid; mp 113-116 °C (CCly-hexane, 3:1). 'H-NMR (200 MHz, CDCl3): § = 7.94-7.83 (m, 2H), 7.42-
7.29 (m, 2H), 7.27-7.12 (m, 5H), 3.68-3.61 (m, 1H) ,3.54 (dd, 1H, J= 15.8, 4.0 Hz,), 3.15 (dd, 1H,J= 15.8,
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9.6 Hz), 2.74-2.66 (m, 1H), 2.52-2.35 (m, 2H), 1.99-1.84 (m, 1H), 1.82-1.57 (m, 4H), 1.54-1.21 (m, 1H).
I3C-NMR (50 MHz, CDCl3): § = 215.7, 199.6, 143.7, 141.2, 137.4, 131.6 (2C), 130.7 (2C), 130.5 (2C),
130.3 (2C), 128.7, 57.8, 46.4, 44.5, 43.4, 34.7, 30.6, 26.3. IR (KC1): 3057, 3024, 2939, 2918, 2852, 1707, 1685,
1589, 1446, 1398, 1215, 1095, 982, 816, 696, 57 cm ' MS m/z (relative intensity): 340.6 (M*, 1), 322.5 (1),
293.0 (6), 243.3 (60), 187.2 (100), 139.0 (49), 77.1 (2). Anal. Calcd for CayHy;Cl05(340.84): C 74.00, H
6.21; found: C 73.68, H 6.26.

2-(3-(2-bromophenyl)-3-oxo-1-phenylpropyl) cyclohexanone (5e): Yield: 63%; colorless solid;
mp 120-122 ° C (CCly-hexane, 3:1). 'H-NMR. (200 MHz, CDCl3): § = 7.53-7.49 (m, 1H), 7.31-7.09 (m,
8H), 3.72-3.60 (m, 1H), 3.46 (dd, 1H, J= 16.7, 4.4 Hz), 3.21 (dd, 1H, J= 16.7, 9.5 Hz), 2.73-2.32 (m, 1H),
9.55-2.32 (m, 2H), 1.98-1.83 (m, 1H), 1.80-1.49 (m, 4H), 1.32-1.22 (m, 1H). BC-NMR (50 MHz, CDCl;):
§ = 215.2, 204.5, 143.6, 143.6, 135.5, 133.3, 130.5 (2C), 130.5 (2C), 130.3, 129.2, 128.7, 120.6, 57.6, 49.9,
44.2, 42,9, 34.2, 30.4, 26.0. IR (KC1): 3055, 3026, 2933, 2918, 2854, 1705, 1693, 1404, 1369, 1122, 1030,
983, 750, 698, 567 cm~—L. MS m/z (relative intensity): 384.4 (M*, 0.5), 366.5 (3), 289.3 (61), 287.2 (74),
986.3 (26), 187.1 (100), 185.1 (70), 183.1 (55), 77.0 (5.5). Anal. Calecd for Ca;Ha BrO(385.29): C 65.46,
H 5.49; found: C 65.03, H 5.93.

2-(3-(2-methoxyphenyl)-3-oxo-1-phenylpropyl) cyclohexanone (5f): Yield: 40%; colorless
solid; mp 108-111 ° C (CCly-hexane, 3:1). 'H-NMR (200 MHz, CDCl3): § = 7.43-7.41 (m, 2H), 7.38-7.12
(m, 5H), 6.95-6.85 (m, 2H), 3.83 (s, 3H), 3.80-3.68 (m, 1H), 3.38-3.34 (m, 2H), 2.72-2.28 (m, 3H), 1.95-1.24
(m, 6H). BC-NMR (50 MHz, CDCls): § = 215.4, 203.23, 160.1, 144.5, 134.9, 132.1, 130.9, 130.6 (2C),
130.2 (20), 128.3, 122.5, 113.3, 57.9, 57.5, 50.8, 43.8, 42.6, 33.8, 30.3, 25.6. IR (KCI): 3058, 3026, 2925,
9854, 1703, 1666, 1483, 1433, 1284, 1242, 1022, 752, 698, 567 cm~'. MS m/z (relative intensity): 336.6
(M*, 0.5), 318.5 (41), 239.3 (42), 187.3 (12), 135.0 (100), 77.0 (9). Anal. Caled for CasHz405(336.42): C
78.54, H 7.19; found: C 78.15, H 7.48.

2-(3-(3-methoxyphenyl)-3-oxo-1-phenylpropyl) cyclohexanone (5g): Yield: 78%; colorless
solid; mp 89-92 ° C (CCly-hexane, 3:1). 'H-NMR (200 MHz, CDCl3): 6§ = 7.55-7.43 (m, 2H), 7.42-7.01
(m, TH), 3.81 (s, 3H), 3.78-3.66 (m, 1H), 3.50 (dd, 1H, J= 16.1, 4.0 Hz), 3.20 (dd, 1H, J= 16.1, 9.6 Hz),
9.79-2.55 (m, 1H), 2.52-2.38 (m, 2H), 1.99-1.56 (m, 5H), 1.28-1.22 (m, 1H). 3C-NMR (50 MHz, CDCl;): §
= 215.5, 200.6, 161.7, 143.9, 140.4, 131.4, 130.5 (2C), 130.4 (2C), 128.6, 122.8, 121.5, 114.5, 57.8, 57.4, 46.4,
44.4,43.3, 34.5, 30.6, 26.2. IR (KC1): 3058, 3028, 2931, 2012, 2852, 1709, 1678, 1581, 1431, 1259, 1049, 987,
700, 573 cm~'. MS m/z (relative intensity): 336.5 (M*, 10), 318.5 (6), 239.4 (100), 187.2 (89), 150.0 (77),
135.1 (71), 77.1 (13). Anal. Caled for CosHayO5(336.42): C 78.54, H 7.19; found: C 78.20, H 7.42.

2-(3-(4-methoxyphenyl)-3-oxo-1-phenylpropyl) cyclohexanone (5h): Yield: 68%; colorless
solid; mp 128-130 ° C (CCly-hexane, 3:1). 'H-NMR (400 MHz, CDCl3): § = 7.91-7.89 (m, as brd., 2H,.J =
8.8 Hz, AA’ part of AA’XX’ system), 7.26-7.23 (m, 2H), 7.18-7.14 (m, 3H), 6.91-6.87 (m, as brd., 2H,.J = 8.8
Hz, XX part of AA’XX’ system),3.84 (s, 3H), 3.75-3.69 (dt, J = 9.8, 4.4 Hz, 1H), 3.42 (dd, 1H, J= 15.7, 4.0
Hz), 3.16 (dd, 1H, J= 15.7, 9.5 Hz), 2.75-2.69 (dt, J = 9.8 5.1 Hz, 1H), 2.55-2.48 (m, 1H), 2.42-2.35 (, 1H),
2.00-1.93 (m, 1H), 1.80-1.72 (m, 2H), 1.68-1.61 (m, 1H), 1.59-1.50 (m, 1H), 1.31-1.26 (m, 1H). 3C-NMR
(100 MHz, CDCl3): § = 213.9, 197.5, 163.5, 142.3, 130.7 (2C), 130.4, 128.7 (2C), 128.6 (2C), 126.8, 113.8
(2C), 56.1, 5.6, 44.1, 42.5, 41.5, 32.6, 28.7, 24.2. IR (KCl): 3057, 3026, 2933, 2852, 1707, 1672, 1603, 1420,
1255, 1167, 984, 816, 698, 565 cm~ 1. MS m/z (relative intensity): 336.4 (M*, 4), 318.5 (2.5), 239.3 (43),
187.2 (5), 150.1 (100), 135.0 (61), 77.0 (2). Anal. Caled for CapHas03(336.42): C 78.54, H 7.19; found: C
78.30, H 7.18.
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Conclusion

In conclusion, the Michael addition of cyclohexanone to chalcone derivatives 3a-h under solvent-free phase

transfer catalyst condition is a fast, mild, cheap and simple method to prepare chalcone-1,5-diketones (5a-h).

Products are isolated by reasonably high yields with simple extraction into organic solvent.

Acknowledgements

The authors are indebted to the Gaziosmanpaga University (Grant BAP-2005-31) and the Scientific and
Technical Research Council of Turkey (Grant TUBITAK-106T103) for financial support of this work. Fur-
thermore, we thank Dr. Cavit Kazaz and Dr. Hamdullah Kilic (Atatiirk University) for NMR, Mass spectra

and elemental analysis.

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.

60

References

M. Satyanarayana, P. Tiwari, B. K. Tripathi, A. K. Sriwastava, R. Pratap, Bioorg. Med. Chem., 12, 883,
(2004).

S. Mukherjee, N. Kumar, A. K. Parasad, H. G. Raj, M. E. Bracke, C. E. Olsen, S. C. Jain, V. S. Parmar,
Bioorg. Med. Chem., 9, 337 (2001).

H. K. Hsieh, L. T. Tsao, J. P. Wang, C. N. Lin, J. Pharm. Pharmacol., 52, 163 (2000).
V. J. Ram, A. S. Saxena, S. Srivastava, S. Chandra, Bioorg. Med. Chem. Lett., 10, 2159 (2000).

L. Zhai, M. Chen, J. Blam, T. G. Theander, S. B. Chiristensen, A. Kharazmi, J. Antimicrob. Chemother.,
793 (1999).

R. J. Anto, K. Sukumuran, G. Kuttan, M. N. A. Rao, V. Subbaraju, R. Kuttan, Cancer Lett., 97, 33 (1995).

S. K. Kumar, E. Hager, P. Catherine, H. Gurulingappa, N. E. Davidson, S. R. Khan, J. Med. Chem., 46,
2813 (2003).

Z. S. Arigan, H. Suschitiky, J. Chem. Soc., 2242 (1961).

F. Krohnke, Synthesis, 1, (1976).

E. C. Constable, A. M. W. Cargill, J. Chem. Soc. Dalton Trans., 2947 (1992).

I. R. Butler, S. J. Mcdonald, Polyhedron, 14, 529 (1995).

B. S. Goud, K. Panneerselvam, D. E. Zacharis, G. R. Desiraju, J. Chem. Soc.Perkin Trans., 2, 325 (1995).
X. L. Li, Y. M. Wang, T. Matsuura, J. B. Meng, J. Heterocyc. Chem., 36, 697 (1999).

W. Y. Liu, Q. H. Xu, Y. M. Liang, B. H. Chen, W. M. Liu, Y. X. Ma, J. Organomet. Chem., 637-639, 719
(2001).

A. Hoz, E. D. Barra, F. Langa, S. Merino, A. Rodriguez, P. S. Verdu, Tetrahedron, 53, 34, 11693 (1997).
A. G. Raso, J. G. Raso, B. Campaner, R. Mestres, J. V. Sinisterra, Comunications, 1037 (1982).

S. Wattanasin, W. S. Murphy, Synthesis, 647 (1980).

D. G. Powers, D. S. Casebier, D. Fokas, W. J. Ryan, J. R. Troth, D. L. Coffen, Tetrahedron, 54, 4085 (1998).
Y. Sasson, M. Cohen, J. Blum, Communucations, 359, (1973).



20.

21.
22.
23.
24.
25.
26.
27.
28.
29.

Preparation of 1,5-Diketones by Addition of Cyclohexanone to..., M. CEYLAN, H.  GEZEGEN

D. G. Batt, R. Goodman, D. G. Jones, J. S. Kerr, L. R. Mantegna, C. McAllister, R. C. Newton, S. Nurnberg,
P. K. Welch, M. B. Covington, J. Med. Chem., 36, 1434 (1993).

O. V. Singh, C. P. Garg, R. P. Kapoor, Synthesis, 1025 (1990).

E. J. Corey, F. Y. Zhang, Org. Lett., 1, 1287 (1999).

F. Y. Zhang, E. J. Corey, Org. Lett., 2, 1097 (2000).

N. H. Num, Y. Kim, Y. J. You, D. H. Hong, H. M. Kim, B. Z. Ahn, Eur. J. Med. Chem., 38, 179 (2003).
Y. Hu, X. Liang, J. Wang, Z. Zheng, X. Hu, J. Org. Chem., 68, 4542 (2003).

S. Harada, N. Kumagai, T. Kinoshita, S. Matsunaga, M. Shibasaki, J. Am. Chem. Soc., 125, 2582 (2003).
A. Puschl, H. C. Rudbeck, A. Faldt, A. Confante, J. Kehler, Synthesis, 291 (2005).

J. Wang, H. Li, L. Zu, W. Wang, Adv. Synth. Catal., 425 (2006).

T. G. Nikolaeva, N. V. Petrova, A. P. Kriven’ko, Chem. Heterocycl. Comp., 35, 813 (1999).

61



