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Synthesis of nitrosporeusines A and B, thioester-bearing alkaloids from the Arctic Streptomyces nitrospo-
reus with exceptional biological activity is disclosed for the first time. In addition, we have prepared
another biologically important natural product, maleimycin, in optically pure form using a gram-scale
enzymatic resolution method.
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One of the dreadful diseases rapidly spreading across the globe
is influenza commonly referred to as ‘the flu’. Influenza spreads
around the world in mostly seasonal epidemics, with an annual
attack rate estimated at 5–10% in adults and 20–30% in children.
This accounts to about 3–5 million cases of severe illness and about
250,000–500,000 deaths per annum.1 The currently existing drugs
in the market to treat influenza viruses are increasingly becoming
ineffective due to constant resistance being developed by viruses2

and hence the discovery of new inhibitors with a novel mode of
action is necessary.3 The natural products have also been used
for the identification of anti-viral compounds with novel scaffolds
so as to overcome the menace of drug resistance.4 One such natural
product family, with very good inhibitory activities against the
H1N1 virus, is the nitrosporeusines, reported by Lin and
co-workers,5 attracted our attention (Fig. 1). According to this
Letter, chemical examination from the sediments of the Arctic
Chukchi Sea actinomycete Streptomyces nitrosporeus resulted in
the isolation of two alkaloids, named as nitrosporeusines A (1)
and B (2), with an unprecedented skeleton containing benzenecar-
bo-thiocyclopenta[c]pyrrole-1,3-dione. Both the compounds 1 and
ivities.
2 are reported to have shown very impressive multiple biological
activities (Fig. 1).5,6 In the light of the extensive and exceptional
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multiple medical applications of nitrosporeusines,7 there is a dire
need to increase the availability of the natural products in
sufficient quantities by way of chemical synthesis, so as to
facilitate further research activity.

Retrosynthetically, the target natural products and their analogs
A are imagined from the functionalized maleimide derivatives
B. The known compound 38 could be functionalized to obtain
the desired B using standard transformations known in the litera-
ture. To begin with, we have explored the Michael reaction on
5,6-dihydrocyclopenta[c]pyrrole-1,3(2H,4H)-dione 3 with a com-
mercially available thioacetic acid 4.9 As expected, the reaction
went smoothly to yield the desired Michael adduct 5 and a more
pleasing outcome was that the reaction could be carried out in
water at room temperature (Scheme 1).

With the success of model reaction, we began efforts toward
actual natural products. Compound 6, previously known in the lit-
erature,8 was prepared using allylic oxidation on 3 with the help of
SeO2 under microwave conditions in moderate yields.10 Alterna-
tively, the same compound can be prepared using the known pro-
tocol (bromination, trifluoroacetylation followed by hydrolysis) in
overall 44% yield.8 The other partner, thioacid 8, was synthesized
from the corresponding p-hydroxybenzoic acid 7 using Lawesson’s
reagent under microwave conditions.11 Having both partners in
hand, compounds 6 and 8 were mixed in water and stirred at
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Scheme 2. Synthesis of racemic nitrosporeusines A and B.
room temperature to furnish the desired racemic nitrosporeusines
A (1) and B (2) in �1:3 ratio, respectively (Scheme 2). Both the
compounds were cleanly separated on a silica gel column as pure
compounds. The spectral data (IR, 1H NMR, 13C NMR and HRMS)
of the synthesized compounds 1 and 2 were compared with those
of isolated nitrosporeusines5 and found that they are identical in
all respects. The next task was to make these compounds in opti-
cally pure form. For this purpose, we needed compound 6 in enan-
tiopure form which was not reported earlier in the literature.12 We
have considered a few options to make this desired compound, and
after a few attempts, we were successful in enzymatic resolution of
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racemic alcohol 6.13 The Amano PS lipase mediated transesterifica-
tion using vinylacetate in THF produced enantiopure alcohol (+)-6
and corresponding acetate (�)-9 in almost equal quantities. The
enantiomeric excess (>98% ee) was determined by using the chiral
HPLC method.14 Also, we have cross checked the enantiopurity by
converting (�)-9 to (�)-6 and (+)-6 to (+)-9 (Scheme 3).15 It is
worth highlighting that the biologically active natural product
maleimycin (+)-6 and its enantiomer were prepared in enantiopure
form for the first time in good scale.

Maleimycin was reported to have shown interesting antibacte-
rial activities like the inhibition of Escherichia coli, Staphylococcus
aureus, and Mycobacterium phlei and anticancer activities in leuke-
mia L-1210 cells.16 Now that we have made this interesting mole-
cule and its enantiomer available through chemical synthesis, they
can be used for further biological evaluation. In addition, we have
assigned the absolute configuration (indirectly) to the natural
maleimycin (+)-6 as (R)-configuration, since we have synthesized
the natural nitrosporeusines of known absolute stereochemistry
starting from (�)-6. Maleimycin (+)-6 synthesized above was taken
toward the natural products in a way similar to that followed for
racemic compounds. To our surprise, we isolated the unnatural
enantiomers of the reported nitrosporeusines A and B.17 So, to
obtain the desired natural nitrosporeusines, compound (�)-6 was
subjected to Michael addition with p-hydroxy thiobenzoic acid 8
to give nitrosporeusines A and B. The spectral data and optical
rotation of synthetically prepared nitrosporeusines A (1) and B
(2) were in agreement with the spectral data and optical rotation
values reported by Lin and co-workers5,18 Thus, we have prepared
all the four enantiomers of nitrosporeusines (Scheme 4). As the
absolute configuration of the hydroxyl group in the two natural
products is known, we could indirectly assign their absolute ste-
reochemistry of (�)-maleimycin as S-configuration and that of
(+)-maleimycin as R-configuration, which were previously
unknown.17 Although nothing much is known about the biogenesis
of nitrosporeusines, based on our findings, it can be surmised that
natural (+)-maleimycin may not be the biogenetic precursor for the
natural nitrosporeusines A and B.

The highlights of the present disclosure include (i) the first
chemical synthesis of nitrosporeusines A and B in both racemic
and enantiopure forms, (ii) scalable route under mild and green
reaction conditions, (iii) gram-scale enzymatic resolution to access
optically pure materials, (iv) synthesis of maleimycin in both enan-
tiomeric forms and (v) determination of absolute stereochemistry
of maleimycin. As the natural products are showing multiple
interesting biological activities, it is expected that the analogs of
nitrosporeusines will be highly useful. Efforts along these lines
are underway and it will be the subject of future publications.
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