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Facile synthesis of c-alkylidenebutenolides†
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In this paper, a novel route to c-alkylidenebutenolides (c-AIBs) by way of stereoselective vinylogous
aldol reaction of the unactivated butenolide in simple and general conditions is reported.

Introduction

c-Alkylidenebutenolides (c-AIBs) are an important class of or-
ganic compounds, e.g., rubrolides 1 (Fig. 1), existing in natural
products.1-3 Most of them exhibit various interesting biological
activities, such as antibacterial, anticancer, antibiotic, phospho-
lipase A2 inhibition activity and so on.2,4 Over the past few
decades, great attention has been attracted to the development
of efficient synthetic strategies towards the c-AIBs, which were
reviewed comprehensively by Rao,3 Negishi and Kotora,5 and
Bruckner.5 The structural arrangement is available via three major
routes: (1) alkylidenation of five-membered heterocycles, such as
2-oxyfuran,6,7 c-lactones6,8 and maleic anhydrides9 (Fig. 2); (2)
cyclization of c-hydroxy and c-oxoacids or their equivalents,10 such
as c-oxoacylpalladium complexes;11 (3) lactonization reactions of
alk-4-ynoic and alk-4-enoic acids.12 The efficiency of the first two
strategies depends on the accessibility of suitable precursors (espe-
cially when more complex substitution on the desired butenolide
is required), and a number of the methods are non-stereoselective,
affording a mixture of E/Z isomers of the target c-AIBs.10,13 Selec-
tive control has been achieved,10,14 for example, through the prepa-
ration of diastereopure c-(1-heteroalkyl)-substituted butenolide,
and subsequent stereospecific anti-elimination of a leaving group

Fig. 1 Rubrolides 1.

Fig. 2 Alkylidenation of five-membered heterocycles can give c-AIBs.
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located at C-1 of the alkyl moiety. The third strategy has become
increasingly popular in recent years.15 However, this approach
does not allow a single-step construction of c-AIBs. Besides, the
reaction conditions are comparatively harsh and not suitable for
application to the synthesis of andrographolide derivatives and
digoxin derivatives containing the c-AIB moiety.

Andrographis paniculata is extensively used as traditional Chi-
nese medicine. The extracts and the isolated constituents are
reported to possess a wide spectrum of biological activities.16

2, 4 and 3f are natural diterpene constituents isolated from A.
paniculata, all of which contain an a-substituted-c-butenolide. Our
group implemented a program aimed at the preparation of c-AIBs,
analogues of 3f, from andrographolide derivative 2. Most of them
have selective a-glucosidase inhibition activity. Among them, 3c is
a good a-glucosidase inhibitor (IC50,16 lM).17

Digoxin is one of the constituents of digitalis, which has
been utilized medicinally in the treatment of cardiac diseases for
centuries.18 The synthesis of its analogues and the pharmacological
action have attracted some researchers’ attention.19 The structure
of digoxin contains a b-substituted-c-butenolide. Digoxin substi-
tuted at the butenolide moiety probably regulates the intercellular
Na+ concentration.20

Results and discussion

As a research of the direct vinylogous aldol condensation,
and in order to develop new drugs, our group developed an
efficient method for the construction of c-AIBs. Andrographolide
derivatives and digoxin derivatives containing c-AIB were stere-
oselectively synthesized which revealed that the conditions were
simple and general.

Our strategy involves the investigation of the effects of bases
and solvents in the aldol condensation of 2 with acetone and
benzaldehyde, respectively, at room temperature monitored by
TLC. At first, bases such as pyridine, 1,2-diaminoethane, DMAP,
NaHCO3, K2CO3 and Na2CO3 were used. Na2CO3 proved to
be more effective in promoting the aldol condensation. The
catalyst 1,2-diaminoethane could also promote the reaction of
andrographolide derivatives with ketones. Solvents such as CHCl3,
CH3CN, THF and methanol were also investigated, which,
excepting methanol, proved to be ineffective in promoting the
aldol reaction. Interestingly, the desired (Z)-c-AIBs (3, 5, 7, 9)
(Scheme 1, Table 1) were obtained as single isomers based on the
analysis of the NMR and NOE spectra. The stereoproperties of
3e, 3g and 11b, which were obtained as mixtures of isomers in
3 : 1, 3 : 1, and 2 : 1 ratio respectively, were not confirmed. After
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Table 1 Reactions of andrographolide derivatives with aldehydes and ketones

Entry Butenolides Carbonyl comps. Time/h c-AIBs Yield (%)

1 6 90

2 6 82

2 2 6 93

3 2 5 87

4 7 95

5 4 5 90

6 5 80

7 5 77

8 2 16 60(mix. 3 : 1)

9 2 10 85

10 2 10 77(mix. 3 : 1)

11 8a 95

12 10 8a 85(mix. 2 : 1)

Reagents and conditions: methanol, Na2CO3, butenolide : aldehyde or ketone: 1 : 1.5–3, reflux. a Methanol, NH2CH2CH2NH2, butenolide : ketone: 1 :
1.5–3, reflux.

1248 | Org. Biomol. Chem., 2007, 5, 1247–1250 This journal is © The Royal Society of Chemistry 2007



Scheme 1 Synthesis of 15-idene andrographolide.

extensive study, we found that the a-substituted butenolides (2, 4,
6, 8, 10) could react easily with most of the aldehydes and ketones
concerned. Following the aldol reaction, most of the products
could precipitate from the reaction solution.

In order to fully reveal the performance of the vinylogous
aldol reaction under these conditions, the aldol condensation
of digoxin to aldehydes or ketones concerned was investigated.
Fortunately, the aldol condensations of digoxin to aldehydes were
smoothly carried out in the conditions optimized above. After
chromatography, 13a–e were obtained as single isomers based
on the analysis of NMR in excellent yield (Scheme 2, Table 2).
Based on the andrographolide derivatives and the steric interaction
of the b-substituted group in the butenolide moiety, 13a–e were

assumed to be (Z)-c-AIBs. However, the desired products of the
digoxin to ketone condensations were not obtained under these
conditions; this could be caused by the high steric hindrance of
the b-substituted group in the butenolide moiety and low reactivity
of the ketone.

Conclusions

The andrographolide derivatives and digoxin derivatives contain-
ing a- or b-substituted-c-AIBs were successfully synthesized in
a simple and general manner, providing a valuable way for the
synthesis of a- or b-substituted-c-AIBs.

Scheme 2 Synthesis of 21-idene digoxin.

Table 2 Reaction of digoxin with aldehydes

Entry Butenolide Carbonyl comps. Time/h c-AIBs Yield (%)

1 7 88

2 12 7 80

3 12 10 65

4 12 5 90

5 12 5 75

Reagents and conditions: methanol, Na2CO3, butenolide : aldehyde: 1 : 1.5–3, reflux.
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