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Abstract—The reaction between polygodial dimethylhydrazone and haloquinones under an air atmosphere is described. The
terpene moiety undergoes a degradative oxidation to an 11-norsequiterpene ketone containing a quinolinequinone skeleton.
© 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

It is a well known fact that unsaturated drimanic
dicarbonyl compounds such as polygodial (1) and war-
burganal (2) show remarkable biological activities,
associated with the ability of the unsaturated dicar-
bonyl system to form a pyrrole ring by addition of the
amino group of aminoacids.1 Several other substances
containing sesquiterpene drimane and quinone moieties
also show important bioactivities, like several cytotoxic

and anti-tuberculosis compounds structurally related to
puupehedione (3).2,3

As part of a search for new synthetic biologically active
heterocyclic quinones, we were interested in synthesiz-
ing compounds combining a drimane skeleton with an
azaquinone, as in general structure 4 (Scheme 1). Com-
pound 4 can be disconnected from a retrosynthetic
point of view into two fragments: 5, an azadiene related
to the naturally occurring sesquiterpene polygodial (1),

Scheme 1.
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and 6, a simple 2-haloquinone,4 via a Diels–Alder reac-
tion as the key step.5

The first example of a hetero-Diels–Alder reaction of a
1-aza-1,3-diene was reported in 1982 by Ghosez et al.6 The
hetero-Diels–Alder reaction of �,�-unsaturated N,N-
dimethylhydrazones and quinones has been successfully
applied to the synthesis of azaanthraquinones.7,8 How-
ever, there were no previous examples of a complex
asymmetric azadiene like 5. A useful precedent was the
use of �-haloquinones as dienophiles, that couple
efficiently and regioselectively with 1-azadienes.8 The tacit
aromatization step was reported to occur spontaneously
after elimination of hydrogen halides and dimethyl-
amine.6

Herein we report the first example of a drimane-derived
N,N-dimethylhydrazone used as a diene in hetero-Diels–
Alder cycloaddition reactions.

2. Results and discussion

Treatment of 1,1 obtained from the hexanes extract of the
bark of South American ‘Winter’s bark’ tree (Drymis
winteri Forst.) with N,N-dimethylhydrazine in CCl4 in the
presence of anhydrous MgSO4 at 0°C afforded hydrazone
5 (89% yield), as a white solid.9 In a preliminary assay, a
Diels–Alder reaction of 5 and benzoquinone was
attempted. Unfortunately, we were unable to get any
reaction product even under forcing conditions, conduct-
ing to decomposition of the starting materials. As a way
to increase the reactivity of the system, it was decided to
try the same reaction with some simple 2-haloquinones.8

2-Bromonaphthoquinone (7) and 3-bromojuglone (8)
were prepared according to a reported procedure.10,11

2-Bromo-6-O-methyl-1,4-benzoquinone (9) was pre-
pared from vanillin, by a bromination,12 followed by a
Bayer–Villiger oxidation, and in situ oxidation to the
quinone.13 4,6-Dichloroquinoline-5,8-dione (10) was pre-
pared following a previously reported procedure14

(Scheme 2).

The regiochemistry of the final products of type 12 was
assumed to be as shown under the basis of the previous
observation done by Fillion et al.,5 that the nucleophilic
end of azadienes of type 5 attacks exclusively the
unbrominated carbon atom of bromoquinones. Further-
more, bidimensional NMR studies of compounds 12
revealed the existence of long-range 1H–13C HMBC
couplings between H-6 and C-5� or C-9�, confirming the
proposed structure and allowing a full assignment of the
NMR spectra.19

When azadiene 5 was reacted with haloquinones 7–10
(Scheme 3) in the presence of NaHCO3 and under
nitrogen, an unseparable mixture of the aldehydes 11,
epimeric at C-9, and the decarbonylated product 12, was
obtained. In order to accelerate the formation of 12, and
for characterization purposes, this crude mixture was
submitted to oxidation with Ag2O, thus affording an
11-norsesquiterpene-quinone of type 12.15,16 To our
delight, when the reactions were performed under air, in
open vessels, solid products of type 12 were directly
obtained. The results of these reactions are summarized
in Table 1.19

The observation of a carbonyl loss in the presence of air
in a pyridine derivative like 12 is, to the best of our
knowledge, unprecedented. Nevertheless, there was a
previous report on a similar carbon loss suffered by an
�-hydroxy-�,�-diarylacetaldehyde during its treatment
with silica gel in ethyl acetate,17 suggesting the easy
decarbonylation of an �-hydroxycarbonyl derivative,

Scheme 2.

Scheme 3.
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Table 1. Reaction conditions

Solvent, conditions, atmosphere, time ProductEntry Yield (%)Starting material

CH3CN, reflux, air, 24 h1 12a7 62.4
CH3CN, reflux, N2, 24 h 11a7 37.02a

CH3CN, reflux, air, 24 h 12b3 67.68
CH3CN, room temperature, air, 21 h 12c9 29.04
CH3CN, room temperature, air, 120 h5 12d10 50.0

a This reaction was conducted in a previously evacuated flask, flushed several times with anhydrous nitrogen.

Table 2. PM3 orbital coefficients of HOMO for diene 5 and LUMO for quinones 7–10

N atom C-X CH C-7bCompound Energy

−0.29930 −5a –−8.803390 0.36852
−1.7035077 – C-2: −0.35890 C-3: 0.37096 –

– C-2: −0.34120−1.620576 C-3: 0.351028 –
−1.7789949 – C-2: 0.36843 C-3: −0.40312 –

10 −1.871787 – C-6: 0.31715 C-7: −0.32763 –

a Corresponds to the HOMO.
b Normal terpene numbering.

and a detailed mechanism had been proposed for the
air oxidation of phenylmalonate enolates.18 Based on
these precedents, for this reaction we propose the series
of events depicted in Scheme 3. Starting with adduct 11,
an elimination of dimethylamine and of hydrogen
halide and an oxidation of C-9, benzylic and �- to a
carbonyl group, would produce hydroxyaldehyde 13
that, after decarbonylation, should give ketone 12.16,19

The observed regioselectivity of the cycloaddition reac-
tion is in good agreement with the previous observation
that the major cycloadduct arises from the interaction
of frontier orbitals with the largest orbital coefficients
on the diene and dienophile, except for the case of
reaction with quinone 8, where the opposite selectivity
was observed.15 To verify this hypothesis, semiempirical
calculations were performed at PM3 level,20 using the
software package Spartan®.21 The calculation results
are summarized in Table 2. A PM3 calculation on diene
5 shows that the larger orbital coefficient is located on
C-7 (normal terpene numbering). In the case of quinone
8, the semiempirical calculation puts a large orbital
coefficient on C-3, the bromine-bearing atom. However,
in this case, it was shown that a reversal in selectivity
occurs,15 and product 12b is formed. For bromo-
quinone 9, the PM3 calculations result in a large orbital
coefficient located on C-3, i.e. the non-halogen-bearing
carbon atom, leading to product 12c. Finally,
chloroquinone 10 has the larger orbital coefficient on
C-7, the non-chlorinated atom, and forms 12d on reac-
tion with diene 5.

3. Conclusions

In summary, we have described the first synthesis of a
drimane-derived azadiene, and its Diels–Alder reactions
with haloquinones to afford regioselectively 11-nors-
esquiterpene ketones in a fused quinolinequinone skele-
ton. We found very convenient to run the reactions in
an air atmosphere, so allowing the aromatization and
carbonyl loss, and providing solid products of type 12.
PM3 calculations are a useful tool to predict the
regioselectivity of the reactions, which were determined
by a full assignment of the NMR spectra, by the use of
2D NMR techniques.
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