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The synthesis of pyridoacridines related to the ascididemins
can be performed by an intramolecular aza-Diels–Alder
cycloaddition of an a,b-unsaturated hydrazone to a quinone
followed by an unprecedented rearrangement to yield benzo-
or pyrido-[b]acridine-6,11-diones.

Pyridoacridine alkaloids of marine origin, such as amphimedine
and the ascididemins (1a–c),1 have attracted much attention due
to their structural novelty and cytotoxic properties.2,3 Strategies
based on Diels–Alder azacycloadditions are amongst the most
conceptually simple and potentially general approaches for the
synthesis of these heterocycles.2,4 However, the practical
realisation of these schemes has been hampered by the lack of
suitable reactivity of 4-substituted 1-azadienes towards
1,4-quinones.4–6

Herein we report a new approach for the synthesis of
heterocycles 2a–b7,8 related to the ascididemins (1a–c) based
on an intramolecular aza-Diels–Alder reaction of 1-dimethyla-
mino-1-azadienes9 followed by an unprecedented rearrange-
ment which occurs under oxidative conditions. The bond
connectivity achieved between azadiene 34 and 1,4-naph-
thoquinones 4a,b in the cycloaddition–rearrangement is shown
in Scheme 1. This scheme is formally equivalent to an
intermolecular cycloaddition of diene 3 with the corresponding
1,2-naphthoquinones.

The intramolecular cycloaddition of 5a–c was examined as
part of a projected synthesis of the alkaloid meridine1c,10 and
related compounds (Scheme 2). These aminoquinones were
readily available by the addition of the aniline 33 to 4a or 4b in
MeOH at 23 °C the presence of CeCl3·7H2O (0.1 equiv) (70%
for 4a, 48% for 4b).11 On the other hand, a hydroxy group in the
position 4 of quinolinequinone directs the nucleophilic attack of
aniline derivatives allowing the synthesis of adducts 5d–e with
the opposite regioselectivity.12

After much experimentation, the desired cycloadditions were
realised by trifluoroacetylation of the amines of 5a,b (NaH,
TFAA, 3 equiv. each, THF, 23 °C) followed by replacement of
THF by CH2Cl2 and addition of excess TFA (23 °C, 1 h) to
furnish quinones 6a (45%) and 6b (47%),13 respectively. Under
these conditions, the intermediate cycloadducts, which could
not be isolated, suffer elimination of the trifluoroacetamides to
form the quinone chromophores.
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Much to our surprise, 6a was cleanly transformed into
tetracycle 7a14 by heating with acid (1+1 10% aq HCl–
1,4-dioxane, reflux; 94%). Quinone 7a could also be obtained
directly from 5a by thermolysis (xylene, reflux; 55%) or by
treatment with TFA (23 °C; 68%).15 Under these latter
conditions, heterocyclic quinone 7b was similarly obtained
from 5b (66%).13 Scheme 3 suggests a possible mechanism for
these remarkable transformations in which the dimethylhy-
drazine and two carbons are lost under relatively mild
conditions. Accordingly, a 6-endo-trig cyclization of the
trifluoroacetamide (from 6a,b) or the amine (via 6c,d formed in
situ from 5a,b) onto the quinone double bond with concomitant
(or subsequent) transacylation would lead to intermediates 8,
which may undergo aromatization to form a pyridine ring by a
Grob-type fragmentation to give acetylene and the hydrazine
derivative. The first step of this process, nucleophilic addition–
elimination on a quinone, is somewhat reminiscent of the so-
called mitomycin rearrangement.16

According to the hypothetical equilibrium of Scheme 3,
oxidation of intermediate 8 could yield a precursor of
tetracycles related to the ascididemins (1). In the event,
treatment of 6a,b with excess MnO2 in CH2Cl2 at 23 °C
smoothly led to tetracycles 9a,b in quantitative yield as single
isomers. The rearrangement also takes place in the presence of
DDQ or CAN as the oxidants. A trans configuration was
assigned for the alkenyl portion of these derivatives on the basis
of a vicinal coupling constant of 15.5 Hz. However, the
configuration around the enamine nitrogen was not rigorously
assigned. Reaction of 9a,b with NH4Cl and NaOAc in EtOH
under refluxing conditions gave pentacyclic 2a4 (93%) and 2b
(84%).13 After examining several hydrazone and oxime deriva-
tives,17 we found that thermolysis of phenylhydrazone 5c
directly furnished 2a (refluxing xylene, 40%), probably through
intermediate 10a. In fact, related tetracyclic derivative 10b
could be isolated in 54% yield by thermolysis of 5b in
xylene.

In summary, a highly concise synthesis of heterocycles 2a,b
has been developed based on an intramolecular aza-Diels–Alder
cycloaddition followed by a novel rearrangement in which the
aminoaryl formally undergoes a 1,2-shift. 
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