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An expedient synthesis of (+)-quinolactacin A2
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Abstract—An expedient synthesis of quinolactacin A2 from N-methylisatoic anhydride and N-Boc-(2S,3S)-isoleucine has been
achieved. The key step involves the Friedländer-type annulation of isatoic anhydride and b-ketoester derived from isoleucine.
� 2004 Elsevier Ltd. All rights reserved.
Quinolactacin A, B, and C containing a novel pyr-
rolo[3,4-b]quinolone skeleton were isolated from the fer-
mentation broth of the fungal strain, Penicillium sp.
EPF-6.1 The structure of quinolactacins is unique in that
a quinolone skeleton is conjugated with a c-lactam ring.
While a series of quinolactacins exhibited very weak
anti-microbial activity, quinolactacin A showed inhibi-
tory activity against tumor necrosis factor production
induced by murine peritoneal macrophage. More
recently, two diastereomeric quinolactacin A1 and A2,
as shown in Figure 1, were isolated from solid-state fer-
mentation of Penicillium citrinum 90684.2 It has been
reported that quinolactacin A2 exhibited 14 times higher
anti-acetylcholinesterase activity than its diastereomer
quinolactacin A1, and selective inhibitory activity for
acetylcholinesterase against butyrylcholinesterase.
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Quinolactacin A : R1 = Me, R2 = H

Quinolactacin B : R1 = H, R2 = H

Quinolactacin C : R1 = Me, R2 = OH
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Figure 1. Structures of quinolactacin A–C and diastereomeric quino-

lactacin A1 and A2.
The first biomimetic synthesis of quinolactacin B sug-
gests that quinolactacins might be biologically synthe-
sized from three components, amino acids, anthranilic
acid, and acetic acid.3 This synthesis enlightens a general
route to the many quinolactacin analogs. Recently, the
enantioselective syntheses of (+)-quinolactacin A2 and
(+)-quinolactacin B have been made through Winter-
feldt oxidation of the Pictet–Spengler adducts starting
from tryptamine and the corresponding aldehydes.4

It has been known that isatoic anhydride 1 is susceptible
to nucleophilic attack, normally at the �acid� 4-carbon.5

In case ofmalonates, the reaction proceeds with concomi-
tant removal of alcohol to afford quinoline-2,4-dione 2A
(route A, Scheme 1). Whereas, b-ketoesters react with 1
and further undergo ring closure by enamine formation
with the b-keto group to produce 4-oxoquinoline 2B
(route B). We envisioned that a Friedländer-type annu-
lation of isatoic anhydride and b-ketoesters derived
from amino acids would offer the most concise synthetic
route to quinolactacins. Here we would like to report an
expedient synthesis of quinolactacin A2.

The required isoleucine derivative 3 was prepared from
N-Boc-(2S,3S)-isoleucine according to the reference
procedure.6 After activation of its carboxyl group to
the corresponding imidazolide (CDI, THF, 2h), fol-
lowed by the treatment with ethyl lithioacetate (EtOAc,
LiHMDS, �78 �C, THF)7 afforded the known
b-ketoester 38 in 81% yield. Next, we evaluated the
Friedländer-type annulation of the readily available
N-methylisatoic anhydride 1 with the b-ketoester 3 to
secure the 4-oxoquinoline 4, as shown in Scheme 2.
After examining a number of bases commonly employed
in such cyclization,9 we found that DBU was the base of
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Figure 2. Epimerization of quinolactacin A2 into quinolactacin A1.
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Scheme 2. Reagents and conditions: (a) DBU, molecular sieves 3Å, CH2Cl2, 20h, 42%; (b) Et2O/H2O/TFA, 2h, 87%.
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choice and the yield was improved by adding molecular
sieves 3Å as a dehydrating agent. In this way, the
desired 4-oxoquinoline 410 was realized in 42%
yield without the formation of quinoline-2,4-dione.
Unfortunately, we could not avoid the regeneration of
N-methylanthranilic acid during the reaction. Finally,
N-Boc amino ester 4 was subjected to deprotection of
N-Boc group under acidic conditions (Et2O/H2O/TFA)
and which in turn spontaneously cyclized to give the
tricyclic compound 5 (87%) and its diastereomer at the
ratio of �8:1. The compound 511 was matched with
(+)-quinolactacin A2 in the spectral and optical data
reported in the literatures; ½a�21D +20.5 (c 0.26, DMSO)
[lit. ½a�25D +17.9 (c 0.13, DMSO)1b and ½a�20D +19.5 (c
0.7, DMSO)4].

While an expedient synthesis of (+)-quinolactacin A2
from N-Boc-(2S,3S)-isoleucine had been achieved, it
was prone to epimerized to its diastereomer with pro-
longed contact time with silica gel, protic solvents, and
acidic media and vice versa (Fig. 2). To evaluate the epi-
merization of (+)-quinolactacin A2, the diastereomeric
mixture was isolated by chiral HPLC (Chirex (R)-
NGLY and DNB (4 · 250mm)).12 The epimer was
totally matched with 1H NMR and 13C NMR data of
quinolactacin A1 and thus identified as C-3 diastereo-
mer to (+)-quinolactacin A2. This result clearly
suggested that quinolactacin A2 and A1 are C-3
diastereomers each other.
In summary, we have achieved the expedient synthesis
of (+)-quinolactacin A2 from isatoic anhydride and
N-Boc-(2S,3S)-isoleucine utilizing Friedländer-type
annulation. This route described herein may offer highly
efficient approach to the total synthesis of quinolactacin
family and analogs. Currently, a similar chemistry is
ongoing to establish the absolute configurations of
quinolactacins, which have not been clearly determined.
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