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Diels–Alder adducts from flavonoid
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Abstract—A quinoflavonoid was synthesized from commercially available products over three steps. The quinoflavonoid turned out
to be an excellent dienophile in Diels–Alder reaction. Reactions were easily performed in dichloromethane, and after evaporation of
the solvent, expected products were obtained in good yields.
� 2007 Elsevier Ltd. All rights reserved.
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As a part of an ongoing screening program to find new
proteinfarnesyltransferase (PFTAse) inhibitors, we have
discovered a new series of meroterpene derivatives, of
which compound 1 is an example (Fig. 1).

These compounds formally are Diels–Alder adducts of
labdane-dienes with a quinone derived from a flavonoid.
The originality of the structures and the hitherto rare
observation of quinoflavonoids prompted us to investi-
gate the total synthesis of such molecules. To know if
such a compound as 1 might be obtained from a
Diels–Alder reaction between a quinoflavonoid and a
diene, we have decided to evaluate this approach by
using a model reaction drawn in Scheme 1.
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Meroterpene derivative.
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Scheme 1. Retrosynthetic pathway.
The synthesis of the target quinoflavonoid 3 is outlined
in Scheme 2. Esterification of the commercially available
2,4,5-trimethoxybenzoic acid 4 with dimethylsulfate in
the presence of potassium carbonate in acetone gave
the desired ester 5 in good yield (80%). Compound 5
was then reacted with ketone 6 in a Claisen-type conden-
sation reaction using LiHMDS as a base.1 After simple
extractive work-up, the diketone was directly used in the
next step without any further purification. The ring-
closure reaction was performed under acidic conditions
using 0.5% sulfuric acid in acetic acid to provide penta-
methoxyflavone 7 in good yield (83% over two steps).
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Table 1. Synthesis of Diels–Alder adducts from quinoflavonoid 3

Entry Diene Conditions Product (yield %)

1

10.0 equiv 

50 �C, 17 ha

8

(99) 

proportion of regioisomer
83:17
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4.4 equiv 

rt, 22 h
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1.0 equiv 

OSiMe3

rt, 92 h
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4

1.0 equiv

OSiMe3

OMe

rt, 15 min

11

(87)
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OSiMe3

MeO

5b

1.0 equiv

rt, 41 h

12

(88)
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6

1.0 equiv

MeO2C

rt, eight
days then
50 �C, 70 ha

No reaction

a The reaction was conducted in an ace pressure tube.
b For synthesis of the diene, see Ref. 4
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Scheme 2. Synthesis of the quinoflavonoid 3. Reagents and conditions:
(a) Me2SO4, K2CO3, acetone, reflux, 80%; (b) (i) 6, LiHMDS 1 M
THF, anhydrous THF, argon; (ii) AcOH, H2SO4, reflux, 83% (for the
two steps); (c) AgO, HNO3 6 N, acetone, dioxane, rt, 24%.
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Oxidative demethylation of 7 was carried out in a mix-
ture of acetone–1,4-dioxane 1:1 in the presence of AgO
and 6 N HNO3 at room temperature.2 The desired quino-
flavonoid 3 was finally obtained after silica gel column
chromatography in 24% yield.3,6

Quinoflavonoid 3 was then engaged in Diels–Alder reac-
tions with different dienes (Table 1). All the reactions
were performed in CH2Cl2. The progress of the reac-
tions was monitored by HPLC (disappearance of quino-
flavonoid 3). After completion of the reactions, the
volatiles were removed by evaporation under reduced
pressure to yield practically pure Diels–Alder adducts.

The reaction with isoprene (entry 1) was initially per-
formed at room temperature with only 1 equiv of diene.
The reaction was not complete, even when further
amounts of isoprene were added during the reaction.
By using an ace pressure tube and heating at 50 �C, an
essentially quantitative yield of the expected product
was achieved. Thus, the reaction was repeated using
the conditions described in entry 1. This approach led
to compound 8 in an excellent yield.6 The NMR
spectrum indicated the presence of two regioisomers
differing in the position of the methyl group on the
carbon–carbon double bond. Structure of the major
product is represented in Table 1. In entry 2, the
Diels–Alder reaction was performed at room tempera-
ture with also an excess of 2,3-dimethylbutadiene and
in a very good yield. Indeed, the reaction was initially
started with 1 equiv of diene and 3.4 additional equiva-
lents were added over 22 h to complete the reaction.
Entries 3 and 4, with only 1 equiv of diene introduced,
showed that the mesomeric (+M) effect of the methoxy
group greatly increased the kinetics of the reaction. In
both cases, the NMR spectra indicated the presence of
only one regioisomer with good yields. However, with
the commercially available Danishefsky’s diene (entry
4),5 the NMR spectrum was contaminated by a small
amount of the ketone derivative that was initially
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present in the starting material (10%). Even with 1 equiv
of a sterically hindered diene as used in entry 5, the
Diels–Alder reaction worked well and gave only one
regioisomer in a good yield. Finally, in entry 6 there
was no reaction with 1 equiv of the desactivated diene
methylsorbate. Even when the reaction was performed
in an ace tube pressure for three days, the HPLC indi-
cated that the two starting materials were still present.

In conclusion, we report a three step entry into a so far
little-known family of products, the quinoflavonoids
with 16% overall yield. Their Diels–Alder reaction with
a variety of dienophiles was performed in a very simple
procedure (CH2Cl2 as solvent, monitoring with HPLC,
evaporation of volatiles) and under mild conditions
(room temperature or 50 �C at maximum, neutral envi-
ronment, no catalyst). Expected products were obtained
in very good yields and with an excellent regioselectivity.
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