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ABSTRACT

Pyrrolo[3,4- b]quinolines can be formed through the coupling of anilines with N-propargylic substituted heterocyclic aldehydes in the presence
of mild Lewis acid catalysts (Ln(OTf) 3). The coupling proceeds through sequential imine formation and a formal intramolecular aza-Diels −
Alder (Povarov) reaction. This approach was applied in a total synthesis of luotonin A and a formal synthesis of camptothecin.

Aza Diels-Alder reactions constitute one of the most
convenient routes to the synthesis of N-heterocycles.1 One
variant, originally developed in the laboratories of Povarov,2

are the reactions between electron-deficient Schiff bases and
electron-rich alkenes (Scheme 1). The tetrahydroquinoline3

obtained through the Povarov reaction can be viewed as
being formed through either a concerted hetero Diels-Alder

reaction or via a stepwise Mannich reaction followed by an
intramolecular electrophilic aromatic substitution. The Po-
varov reaction can be protic or Lewis acid catalyzed and
has attracted considerable recent attention because it allows
the construction of tetrahydroquinolines in a multicomponent
fashion.4

Despite the large number of natural products that have
tetrahydroquinoline, dihydroquinoline, or quinoline rings
embedded in their structures, there have been only a few
other examples of the use of the Povarov reaction in total
synthesis.5-7 Our group recently reported the application of
the Povarov reaction in the first total synthesis of the alkaloid
martinelline, which has a hexahydropyrrolo[3,2-c]quinoline

† This paper is dedicated to Prof. Ed. Piers for his contributions to the
field of organic synthesis.
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Scheme 1. Formation of Tetrahydroquinolines from the
Povarov Reaction
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core (Figure 1).5 We were interested in further showcasing
this useful reaction in other alkaloid syntheses and more
specifically in developing intramolecular variants. We now
report a concise intramolecular Povarov strategy for the
formation of pyrrolo[3,4-b]quinolines that has been applied
in a formal synthesis of camptothecin, as well as a total
synthesis of luotonin A (Figure 1).

Pyrrolo[3,4-b]quinoline-based alkaloids have attracted
significant interest due to their intriguing structures and
biological activity. The most well-known example is camp-
tothecin, a novel alkaloid isolated from the stem wood of
the chinese tree,Camptotheca acuminata, which has potent
antitumor activity. Since its isolation in 1966 and its structure
elucidation by Wall and co-workers,8 the compound has been
the subject of numerous syntheses,9-14 in part, because of
its relationship to the antineoplastic chemotherapeutic drugs
irinotecan and topotecan, which are camptothecin analogues.
Luotonin A is a structurally related cytotoxic alkaloid first
isolated in 1997 from the aerial parts ofPeganum nigellas-

trum Bunge.15 This plant has a history of use in Chinese
traditional medicine for the treatment of various conditions,
including rheumatism and inflammation. Luotonin A is active
in vitro against the murine leukemia P-388 cell line at a
concentration of 1.8µg/mL13 and has been the subject of
several syntheses.7,16 Particularly noteworthy is an inter-
molecular Povarov route to the synthesis of luotonin A,
reported by Stevenson and co-workers.7

We envisaged an intramolecular Povarov reaction17,18could
form the key ring-forming reaction in a general approach to
the syntheses of these alkaloids and their analogues (Figure
2). This disconnection would employ an intramolecular aza-

Diels-Alder reaction of an imine derived from the aniline
2, heterocyclic aldehyde3, and propargylic halide4. The
resultant dihydroquinoline ring could then be oxidized to the
quinoline ring present in both camptothecin and luotonin A.
This modular approach should also provide a convenient
method for analogue synthesis.

Our initial goal was the synthesis of camptothecin, which
would require a pyridone precursor. Pyridone5 was con-
structed in a one-pot protocol using commercially available
pyruvic acid dimethylacetal, dimethylacetamide dimethyl-
acetal, and cyanoacetamide.19,20Despite various attempts to
optimize the reaction, the yield for this transformation
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Figure 1. Pyrroloquinoline alkaloids.

Figure 2. Proposed retrosynthesis of the pyrrolo[3,4-b]quinoline
core1 of Camptothecin and Luotonin A.
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remained low. Alkylation using propargyl bromide, following
a modified Ricoh procedure21 used previously by Curran and
co-workers,22 provided the N-alkylated pyridone in 91%
yield. Cleavage of the acetal was achieved using HCl/AcOH/
H2O, to give the desired pyridone aldehyde6 in three steps
with an overall yield of 25% (Scheme 2).

Optimized conditions for the key Povarov reaction between
aldehyde6 and aniline involved heating it at 50°C for 16 h
in the presence of 10 mol % Dy(OTf)3 to afford the desired
quinoline 7a in 71% yield after recrystallization from hot
methanol (Scheme 3). The corresponding dihydroquinoline

intermediate was not observed in the presence of Dy(OTf)3,
with oxidation to7a presumably occurring in situ. When
the reaction was performed at room temperature for the same
length of time, imine8a was obtained in 84% yield.
Treatment of8a at 50 °C for 16 h in the absence of Dy-
(OTf)3 led to a mixture of7a and the corresponding 1,2-
dihydroquinoline. The formation of7a constitutes a formal
synthesis of camptothecin.23 Reaction of6 with p-anisidine

using Dy(OTf)3 under the same conditions gave7b in 64%
yield, a compound that could be used as a topotecan
precursor.

The synthesis of luotonin A using an analogous approach
requires the use of an quinazolinone aldehyde precursor.
Ring-opening of commercially available isatoic anhydride
with propargylamine gave 2-amino benzamide9 in 65%
yield.24 N-Acylation of 9 with acetoxyacetyl chloride pro-
ceeded to give10 in 68% yield. Both of these reactions can
be carried out on a multigram scale. Various methods were
investigated in order to obtain the quinazolinone ring system.
Treatment of10 with sodium carbonate25 resulted in side
reactions, whereas no reaction occurred in the presence of
TMSCl.26 We turned our attention to work done indepen-
dently by Snider27 and Ganesan28 on the synthesis of
fumiquinazolines. They employed chemistry developed by
Mazurkiewicz on the synthesis and rearrangement of 4-imino-
4H-3,1-benzoxazines.29 Reaction of10 with triphenylphos-
phine and iodine in the presence of Hu¨nig’s base afforded
11 in 89% yield. A two-step, one-pot rearrangement of11
using piperidine followed by silica gel gave quinazolinone
12 in 85% yield (Scheme 4).

The final steps in the synthesis of luotonin A involve
removal of the acetate group from12 using 1 M sodium
hydroxide in THF/H2O and subsequent oxidation using
Dess-Martin periodinane to give the aldehyde precursor13
in good yield over the two steps. Intramolecular Povarov
reaction between13 and aniline occurred in the presence of
10 mol % Dy(OTf)3 in acetonitrile for 24 h to give luotonin
A (Scheme 5). Again, oxidation of the initially formed 1,2-
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Scheme 2. Synthesis of Pyridone6

Scheme 3. Intramolecular Povarov Reaction to Form
Camptothecin and Topotecan Precursor7

Scheme 4. Synthesis of Quinazolinone12 from Isatoic
Anhydride
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dihydroquinoline presumably occurred in situ, with isolation
of luotonin A in 51% yield after purification by column
chromatography. Interestingly, this reaction had to be

conducted at room temperature, since significant decomposi-
tion occurred at 50°C.

In conclusion, an intramolecular Povarov reaction ap-
proach has been demonstrated in syntheses of the pyrrolo-
quinoline[3,4-b] core of both camptothecin and a total
synthesis of luotonin A. These syntheses underline the power
of inverse-electron demand hetero Diels-Alder reactions for
alkaloid synthesis, particularly when conducted in an in-
tramolecular fashion. Further applications of this concise and
convergent approach will be reported in due course.
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Scheme 5. Intramolecular Povarov Route to the Synthesis of
Luotonin A
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