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Amides 11 were synthesized from acids 5, 8, and 10 respectively, in the present of

oxalyl chloride and reacted with pyrrolidine (6) under N2 gas (Scheme 3) and after purified by

column chromatography to give amides 7, 9 and 11 in good yields, respectively (Table 1).
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Scheme 4. Syntheses of spirocyclopentanone–anthracene adducts (12–17).  Reagents and 

Conditions: i) 1.2 equiv LDA, THF, –78°C to 0°C, 2 hr; ii) 1.2 equiv amide 7 or 9 or 11, THF, 

0°C to rt, 3 days; iii) 30% aq. HCl.

Then, the enolate anion of dimethyl itaconate–anthracene adduct (1) was generated by

treated with LDA, at 0 °C for 2 hr and then reacted with amide 7 via tandem Michael

addition–Dieckmann condensation reactions to give the spirocyclopentanone–anthracene

adducts 12 and 13 in 9 % and 12 % yield, respectively (Scheme 4 and Table 2). Also amide

9 was allowed to react with the enolate anion of adduct 1 to give adducts 14 and 15 (in 23

% and 57 %), and adducts 16 and 17 (in 15 % and 15 %) were obtained from amide 11

whose results are shown in Table 2. (Scheme 5).

Scheme 1. Synthesis of spirocyclopentanone adducts via tandem Michael addition–Dieck-

mann condensation reactions.  Reagents and Conditions: i) 1.2 equiv LDA, THF, –78°C to 

0°C, 2 hr; ii) 1.2 equiv piperine (2), THF, 0°C to rt, 3 days; iii) 30% aq. HCl.

Malaria is one of the world's most serious, widespread and common diseases because

of its prevalence, virulence and drug resistance. It is caused by a parasite called

Plasmodium, such as P. falciparum, P. vivax, P. ovale and P. malariae, which is transmitted via

the bites of infected mosquitoes. In the human body, the parasites multiply in the liver, and

then infect red blood cells. According to recent estimates, malaria affects more than 2,400

million people that account for approximately 40% of the world’s population and 300-500

million people suffer from this disease and 2-3 million people die of malaria every year. Thus,

many research groups are interesting to study and synthesize of new class of antimalarial

agents.

Dimethyl itaconate–anthracene adduct (1) was used as starting material and chiral

auxiliaries for synthesize biologically active natural product activities such as sakomycin,

methyl deepoxy-4,5-didehydromethylemomycin A and methyl methylenomycin A. Piperine (2)

is one of a major alkaloids from Piper nigrum it display a variety of pharmacological and

biological such as antifungal, antidiarrheal, insecticidal, nematocidal activity, inhibition of live

metabolism and anti-inflammatory   

Adduct 1 and piperine (2) were reacted via tandem Michael addition–Dieckmann

condensation reactions to give spirocyclopentanone-anthracene adducts 3 and 4 (Scheme 1).

Adducts 3 and 4 exhibited antimalarial activity against the parasite P. falciparum (K1, multi-

drug resistance strain) with IC50 value of 4.7 and 3.4 g/ml respectively. Interestingly,

compounds 3 and 4 displayed non-cytoxicity against human epidermoid catcinima (KB),

human breast cancer cells (BC-1) and vero cells.

Therefore, aim of this work is design and syntheses of novel antimalarial substances,

spirocyclopentanone–anthracene adducts and their derivatives using varied amides.

Introduction

Piperine (2) was hydrolyses with KOH in MeOH : H2O (1 : 2) to give piperic acid in 

excellent yield (Scheme 2). 

Method, Results and Discussion

Amides 7, 9 and 11 could be synthesized from piperic acid (5), methylene-1,3 dioxy

cinnamic acid (8) and cinnamic acid (10) reacted with pyrrolidine (6) in the present of oxalyl

chloride in a good yield. Then, the spirocyclopentanone–anthracene adducts (12–17) could

be synthesized using adduct 1 reacted with amides via tandem Michael addition–

Dieckmann condensation reactions. In the future, all adducts 12–17 will be test antimalarial

activity against the parasite P. falciparum (K1, multi-drug resistance strain) and cytoxicity

against human epidermoid catcinima (KB), human breast cancer cells

(BC-1) and vero cells.
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Conclusions

Scheme 3. Syntheses of amides 7, 9 and 11.  Reagents and Conditions: i) 1.5 equiv (COCl)2, 

0°C,15 min to rt 2 hr; ii) 1.2 equiv NEt3, 0°C 15 min; iii) 1.2 equiv pyrrolidine (6), 0°C to rt, 2 hr.

Table 2. % Yields of the spirocyclopentanone–anthracene adducts from tandem Michael 

addition–Dieckmann condensation reactions

Table 1. % Yields and % conversions of amides 7, 9 and 11

_________

Keywords: Tandem, Michael addition, Dieckmann condensation and Piperine

Scheme 2. Synthesis of piperic acid (5) from piperine (2)

The relative stereochemistries of spirocyclopentanone–anthracene adducts (12–17) were

determined on the basis of their analytical and spectroscopic data e.g. 1H-NMR, 13C-NMR

and NOE experiment.

Entries Compounds Yields (%) Conversions (%)

1
12 9

70
13 12

2
14 23

47
15 57

3
16 15

80
17 15

Entries Compounds Yields (%) Conversions (%)

1 7 70 99

2 9 82 99

3 11 83 85
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