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ABSTRACT. O-Alkyl vanillines and methyl cyclopropyl ketone reacts under Claisen-
Schmidt conditions yielding corresponding enone derivatives, dehydrozingerone 
analogues with cyclopropane ring fragment, (E)-1-cyclopropyl-3-(4-alkoxy-3-
methoxyphenyl)prop-2-en-1-ones. All new compounds were well characterized by IR, 1H 
and 13C NMR spectroscopy and physical data. 
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INTRODUCTION 
 

Chalcones and its derivatives exhibit various pharmacological and biological activities. 
They show good antimicrobial (OPLETALOVA, 2000; YAYLI et al., 2006; TRIVEDI et al., 

2008), antifungal (MOSTAHAR et al., 2007; LAHTCHEV et al., 2008; BAG et al., 2009), 
antioxidant (VOGEL et al., 2008; SIVAKUMAR et al., 2010; VASILʼEV et al., 2010), 
antiprotozoal (LUNARDI et al., 2003), antitrichomonal (OYEDAPO et al., 2004), antimalarial 
(MOTTA et al., 2006; LIM et al., 2007; AWASTHI et al., 2009), anti-inflammatory (HERENCIA et 
al., 1998; ZHANG et al., 2010) and anticancer activity (ROMAGNOLI et al., 2008; ECHEVERRIA 

et al., 2009; SZLISZKA et al., 2009; ILANGO et al., 2010). It is well known that free phenolic 
group in aromatic ring at position 4- was key factor important for strong antibacterial activity 
of numerous natural products (CHEN et al., 1997; TSUKIYAMA et al., 2002), beside of nature, 
position and number of substituent on aromatic rings. 

Ginger root is excellent source for many kinds of active compounds. From ginger 
extracts have been isolated dehydrozingerone 1, zingerone 2, gingerols 3, shogaols 4, paradols 
5 and their derivatives, with expressed bioactivity, such as anticancer, antioxidant, 
antimicrobial, anti-inflammatory, antidiabetic, anti-allergic (NAKAMURA and YAMAMOTO , 
1983; DUGASANI et al., 2010; SEMWAL et al., 2015). Those compounds, similar to the 
chalcones, in their structure contains vanillin fragment. 
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Conjugate enone system which is presented in the dehydrozingerone is structurally 
different from chalcones; instead of the aryl group to the carbonyl is attached the methyl one. 
Their enone system could be easily transformed into some usable heterocyclic derivatives 
(ABDEL-RAHMAN et al., 2007; KALIRAJAN  et al., 2009). 

It is therefore, not surprising that many synthetic methods have been developed for the 
preparation of heterocycles starting from chalcone precursors that have been tested for their 
antimicrobial activities. 

Knowing that cyclopropane ring is present in a huge number of natural isolated 
molecules (such as terpenes, fatty acids, alkaloids, steroids…) it is not a surprise that many of 
them show different biological activities, from enzyme inhibition of herpes proteases (PINTO 

et al., 1996; WITVROUW et al., 1999) to antibiotic, herbicidal, antitumor, and antiviral 
properties (BOGER et al., 2001; FAUST, 2001; YOSHIDA et al., 2004). Well known are 
chrysanthemic acid, pyrethrin and pyrethroid derivatives, compounds related to natural and 
synthetic insecticides, with good insecticidal activities (SAKAGUCHI et al., 1998; CONCELLON 
et al., 2007). 

Starting from our previous results in dehydrozingerone derivatives transformation 
(RATKOVIĆ et al., 2016), we want to prepare some dehydrozingerone analogues with alicyclic 
cyclopropane ring fragment. The first step was alkylation of free phenolic group in vanillin 6 
and second one was Claisen-Schmidt condensation of obtained O-alkyl derivatives 7a-f with 
methyl cyclopropyl ketone, Scheme 1. Compounds 8a-f, (E)-1-cyclopropyl-3-(4-alkoxy-3-
methoxyphenyl)prop-2-en-1-ones were synthesized. 

All new products were characterized by their spectral data (IR, 1H NMR and 13C 
NMR). 
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MATERIALS AND METHODS 

 
General remarks 

 
All starting chemicals were commercially available and used as received, except that the 

solvents were purified by distillation. Chromatographic separations were carried out using 
silica gel 60 (Merck, 230-400 mesh ASTM) whereas silica gel on Al plates, layer thickness 
0.2 mm (Merck), was used for TLC. IR spectra were recorded on a Perkin-Elmer One FT-IR 
spectrometer with a KBr disc, ν in cm cm-1; NMR spectra were recorded on a Varian Gemini 
200 MHz spectrometer (200 MHz for 1H and 50 MHz for 13C), using CDCl3 as solvent and 
TMS as the internal standard. 1H and 13C NMR chemical shifts were reported in parts per 
million (ppm) and were referenced to the solvent peak; CDCl3 (7.26 ppm for 1H and 76.90 
ppm for 13C). Multiplicities are represented by s (singlet), d (doublet), t (triplet), q (quartet) 
and m (multiplet). Coupling constants (J) are in Hertz (Hz). 

 
 
Experimental procedure 

 
1. Chemistry 
 
Starting from vanillin 6, set of its O-alkyl derivatives, compounds 7a-f, was prepared by 

alkylation of free phenolic group with corresponding alkyl halides, following the previously 
described literature procedures, (OYEDAPO et al., 2004; KATRITZKY et al., 2006; TATSUZAKI  et 
al., 2006). O-Alkyl vanillines and methyl cyclopropyl ketone reacts under basic conditions 
(Claisen-Schmidt condensation) yielding corresponding enone compounds, (E)-1-
cyclopropyl-3-(4-alkoxy-3-methoxyphenyl)prop-2-en-1-ones, 8a-f in good yield, Scheme 1. 
Compounds 8a-f was prepared following previously described procedure (FRINGUELLI et al., 
1994, 1995) and to slightly modified procedure (HAMADA and SHARSHIRA, 2011). 

 

Compounds 8a and 8f are known compounds and their chemical synthesis was 
published earlier (COGNACQ, 1978; KUMAR and DHAR, 1995), while compounds 8b-e are new 
compound and their structure and spectral data are given. 

 
2. Chemical synthesis 
 
2.1. General procedure for synthesis of (E)-1-cyclopropyl-3-(4-alkoxy-3-

methoxyphenyl)prop-2-en-1-one, 8a-f 
 
NaOH (3 g) was dissolved in 20 mL of water and cooled to 15 °C and 15 mL of ethanol 

was added. Into a cold solution, with intensive stirring, methyl cyclopropyl ketone (10 mmol 
in 5 mL of ethanol) was added dropwise during 30 min. Reaction mixture was kept at 
temperature under 20 °C. Corresponding O-alkyl vanillin (10 mmol) was dissolved in a 10 mL 
of ethanol and added dropwise into a reaction mixture and stirred for next 6 h. Then mixture 
is left overnight in refrigerator. Product crystallize from 60% ethanolic solution as white 
powder. 

The separated solid was filtered, washed with water, dried and recrystallized from 
ethanol. 

In some cases, products do not separate as solid. Following procedure was applied to 
isolate them: ethanol from reaction mixture was evaporated under reduced pressure while 
product remains as oily residue. Products were extracted with CH2Cl2 (3×50 mL); organic 
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layer was washed with water and dried over anhydrous Na2SO4. Solvent was distilled off and 
products crystallize in some cases on standing or from ether. 

 
2.1.1. Synthesis of (E)-1-cyclopropyl-3-(3,4-dimethoxyphenyl)prop-2-en-1-one, 8a 
 

Yield: 78.2% (1.81 g); m.p. 89-90 °C 
1H NMR  (CDCl3): 0.91-0.99 (m, 2H), 1.12-1.19 (m, 2H), 2.19-2.31 (m, 1H), 3.92 (s, 

3H), 3.93 (s, 3H), 6.77 (d, J = 16 Hz, 1H), 6.88 (d, J = 8.3 Hz, 1H), 7.09-7.18 (m, 2H), 7.58 
(d, J = 16.2 Hz, 1H); 13C NMR  (CDCl3): 11, 19.4, 55.9, 56.0, 109.8, 111.1, 122.9, 124.6, 
127.7, 142, 149.3, 151.2, 199.8; IR  (KBr) : 3435, 2969, 2938, 2838, 1639, 1621, 1597, 1513, 
1467, 1439, 1425, 1394, 1269, 1203, 1164, 1141, 1020, 985, 910, 875, 812, 802 cm-1 

 
2.1.2. Synthesis of (E)-1-cyclopropyl-3-(4-ethoxy-3-methoxyphenyl)prop-2-en-1-one, 8b 
 

Yield: 76.8% (1.89 g); m.p. 77-78 °C 
1H NMR  (CDCl3): 0.91-0.99 (m, 2H), 1.11-1.19 (m, 2H), 1.49 (t, J = 7 Hz, 3H), 2.19-

2.31 (m, 1H), 3.91 (s, 3H), 4.14 (q, J = 7 Hz, 2H), 6.76 (d, J = 16 Hz, 1H), 6.87 (d, J = 8 Hz, 
1H), 7.10-7.15 (m, 2H), 7.57 (d, J = 16.2 Hz, 1H); 13C NMR  (CDCl3): 10.9, 14.6, 19.3, 55.9, 
64.3, 110.1, 112.2, 122.8, 124.4, 127.4, 142, 149.4, 150.6, 199.7; IR  (KBr) : 3435, 3011, 
2981, 2923, 2874, 1645, 1620, 1596, 1512, 1471, 1425, 1392, 1314, 1265, 1231, 1204, 1177, 
1165, 1149, 1034, 983, 904, 869, 800 cm-1 

 
2.1.3. Synthesis of (E)-1-cyclopropyl-3-(3-methoxy-4-isopropoxyphenyl)prop-2-en-1-

one, 8c 
 

Yield: 74.6% (1.94 g); m.p. 56-57 °C 
1H NMR  (CDCl3): 0.91-1.00 (m, 1H), 1.12-1.19 (m, 1H), 1.40 (d, J = 6Hz, 6H), 2.17-

2.31 (m, 1H), 3.89 (s, 3H), 4.53-4.67 (m, 1H), 6.76 (d, J = 16 Hz, 1H), 6.89 (d, J = 8.6 Hz, 
1H), 7.10-7.15 (m, 2H), 7.57 (d, J = 16 Hz, 1H); 13C NMR  (CDCl3): 11, 19.4, 22, 56, 71.3, 
110.7, 114.6, 122.7, 124.5, 127.6, 142.1, 149.8, 150.4, 199.8; IR  (KBr) : 3435, 3004, 2983, 
2938, 1645, 1595, 1509, 1461, 1424, 1395, 1385, 1315, 1265, 1232, 1207, 1165, 1152, 1112, 
1087, 1034, 985, 946, 906, 874, 820 cm-1 

 
2.1.4. Synthesis of (E)-1-cyclopropyl-3-(3-methoxy-4-propoxyphenyl)prop-2-en-1-one, 

8d 
 

Yield: 58.5% (1.52 g); m.p. 61 °C 
1H NMR  (CDCl3): 0.91-1.00 (m, 1H), 1.05 (t, J = 7.4Hz, 3H), 1.12-1.19 (m, 2H), 

1.79-1.89 (m, 2H), 2.19-2.31 (m, 1H), 3.91 (s, 3H), 4.02 (t, J = 6.8 Hz, 2H), 6.76 (d, J = 16 
Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 7.10-7.16 (m, 2H), 7.57 (d, J = 16.2 Hz, 1H); 13C NMR  
(CDCl3): 10.3, 11, 11.1, 19.3, 56, 110.3, 112.4, 122.9, 124.4, 127.4, 142.1, 149.6, 150.9, 
199.8; IR  (KBr) : 3436, 2961, 2946, 2932, 2871, 1671, 1606, 1595, 1510, 1466, 1424, 1390,  
1261, 1233, 1196, 1165, 1143, 1100, 1090, 1006, 806 cm-1 

 
2.1.5. Synthesis of (E)-1-cyclopropyl-3-(3-methoxy-4-buthoxyphenyl)prop-2-en-1-one, 

8e 
 

Yield: 58.5% (1.52 g); m.p. 56-57 °C 
1H NMR  (CDCl3): 0.91-1.07 (m, 2H), 0.98 (t, 3H, J = 7.2 Hz), 1.13-1.28 (m, 2H), 

1.41-1.59 (m, 2H), 1.77-1.92 (m, 2H), 2.19-2.31 (m, 1H), 3.90 (s, 3H), 4.06 (t, J = 6.8 Hz, 
2H), 6.76 (d, J = 16 Hz, 1H), 6.87 (d, J = 8 Hz, 1H), 7.10-7.15 (m, 2H), 7.57 (d, J = 16.2 Hz, 
1H); 13C NMR  (CDCl3): 10.9, 13.8, 19.1, 19.3, 31.0, 55.9, 68.7, 110.3, 112.4, 122.9, 124.4, 
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127.4, 142.1, 149.5, 150.9, 199.8; IR  (KBr) : 2961, 2937, 2872, 1647, 1620, 1596, 1512, 
1464, 1425, 1393, 1261, 1230, 1178, 1165, 1143, 1032, 984, 903, 799 cm-1 

 
2.1.6. Synthesis of (E)-1-cyclopropyl-3-(4-benzyloxy-3-methoxyphenyl)prop-2-en-1-one, 

8f 
 

Yield: 80.2% (2.47 g); m.p. 110-111 °C 
1H NMR  (CDCl3): 0.89-0.99 (m, 2H), 1.11-1.18 (m, 2H), 2.17-2.29 (m, 1H), 3.92 (s, 

3H), 5.18 (s, 2H), 6.75 (d, J = 16. Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 7.04-7.11 (m, 2H), 7.29-
7.46 (m, 5H), 7.55 (d, J = 16 Hz, 1H); 13C NMR  (CDCl3): 11, 19.4, 56, 70.8, 110.4, 113.5, 
122.7, 124.7, 127.2, 128, 128.6, 136.5, 141.9, 149.8, 150.3, 199.8; IR  (KBr):  3436, 3064, 
3038, 3000, 2906, 2864, 1636, 1596, 1511, 1468, 1450, 1398, 1349, 1315, 1269, 1230, 1204, 
1167, 1141, 1085, 1022, 971, 908, 807, 744, 732, 697, 565 cm-1. 
 
 

RESULTS AND DISCUSSION 
 

 
Dehydrozingerone analogues, possessing cyclopropyl group attached to carbonyl, 

were synthesized under Claisen–Schmidt conditions, starting from O-alkylated vanillines and 
methyl cyclopropyl ketone, yielding corresponding enone compounds (E)-1-cyclopropyl-3-(4-
alkoxy-3-methoxyphenyl)prop-2-en-1-one, 8a-f in good yield, suitable for further 
transformation. 
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Scheme 1. Synthesis of (E)-1-cyclopropyl-3-(3-alkoxy-4-methoxyphenyl)prop-2-en-1-one, 
8a-f 

 
 


