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Short Report

A SARS-Coronovirus 3CL Protease Inhibitor Isolated from the Marine Sponge Axinella cf.
corrugata: Structure Elucidation and Synthesis
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Dois derivados cumarinicos, o ester metilico do acido 4-esculetinocarboxilico (1) e o éster
etilico do 4cido 4-esculetinocarboxilico (2), foram isolados da esponja marinha Axinella cf.
corrugata. A determinacdo estrutural dos compostos isolados foi realizada pela andlise de seus
dados espectroscépicos e pela sintese do composto 2. Estes sdo os primeiros derivados
cumarinicos isolados de uma esponja marinha. O éster etilico 2 apresentou atividade in vitro
contra a SARS 3Cl-protease e de inibicdo de células Vero infectadas com o SARS coronavirus,
em concentracdes que nio provocaram citotoxicidade.

Two coumarin derivatives, esculetin-4-carboxylic acid methyl ester (1) and esculetin-4-
carboxylic acid ethyl ester (2), have been isolated from the marine sponge Axinella cf. corrugata.
Structure determination included analysis of spectroscopic data and total synthesis of compound
2. These are the first coumarin derivatives isolated from a marine sponge. The ethyl ester 2 was
found to be an in vitro inhibitor of SARS 3CL-protease and an effective inhibitor of SARS-CoV

replication in Vero cells at non-cytotoxic concentrations.
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Introduction

In 2002 and 2003, several cases of a life-threatening
respiratory disease that was ultimately named “severe
acute respiratory syndrome” (SARS) were reported from
Guangdong Province in mainland China, Hong Kong,
Canada, and Vietnam.! The etiological agent responsible
for SARS was quickly found to be a novel coronavirus
(SARS-CoV). Among the viral gene products are several
large polyproteins that must be proteolytically processed
to generate the individual proteins required for viral
replication to occur. Two viral proteases, PL2P and
3CLP™, are involved in degrading the large polyproteins.?

*e-mail: rgsberlinck @igsc.usp.br

The viral protease 3CLP™ is considered the most
important of the two because it is responsible for the
release of the key replicative proteins of the virus,
including the viral RNA polymerase and helicase
proteins. The central role of 3CLr™ in SARS-CoV
replication has made it a high profile target for
developing antiviral drugs to treat SARS.> Recently, a
novel fluorescence resonance energy transfer (FRET)-
based assay to screen for 3CLP™ inhibitors has been
developed in one of our laboratories.? As part of a
screening of crude marine sponge extracts and pure
compounds isolated from the marine sponges using this
assay, we have found that the new natural product
esculetin-4-carboxylic acid ethyl ester (2) isolated from
Axinella cf. corrugata collected in Brazil is a an effective
inhibitor of 3CLP® in vitro.



Vol. 18, No. 2, 2007

In our current search for new biologically active
marine natural products,*® we decided to investigate the
MeOH crude extract of the sponge Axinella cf. corrugata,
which displayed cytotoxic activity against breast MCF-
7 and colon B16 cancer cell lines. Although the cytotoxic
activity was lost during the crude extract fractionation,
photodiode array detection-HPLC analysis of the
chromatographic fractions obtained indicated the
presence of metabolites with UV absorptions at A_ 207,
239, 271 and 375 nm, an absorption profile not found in
MARINLIT database. Further separation and purification
yielded the new metabolites esculetin-4-carboxylic acid
methyl ester (1) and esculetin-4-carboxylic acid ethyl
ester (2), probably as artifacts of isolation of the herein
reported new coumarin derivative esculetin-4-carboxylic
acid with MeOH and EtOH, used in the extraction
procedure. The pure compounds 1 and 2 were
subsequently screened in a panel of biological assays
resulting in the discovery that compound 2 was an
inhibitor of 3CLP™.? Herein we present details of the
isolation, structure determination of 1 and 2, along with
the total synthesis of compound 2 in order to confirm
the structure proposal.

Results and Discussion

Esculetin-4-carboxylic acid methyl ester (1)
displayed a molecular ion peak corresponding to its
dimerized sodium adduct at m/z 495 (TOF/ESI-MS). A
high resolution mass measurement at m/z 495.0544
(Calc. 495.0539) indicated the formula C,,H O, Na.
Considering the *C NMR spectrum of 1 which
displayed only eleven carbons, the molecular weight
measurement indicated that either the compound
presented internal symmetry or it was detected as a
dimerized molecular ion. The last assumption has
proven to be true after the total synthesis of compound
2 (see below) and recording the mass spectrum of the
synthetic product, which displayed the same dimerized
molecular ion. Seven carbons of esculetin-4-carboxylic
acid methyl ester (1) were shown to be quaternary sp?
by DEPT "*C NMR (6 164.4, 160.0, 150.9, 148.8, 143.0,
142.5, 107.0). Three of the remaining carbons were
methine sp? (0 113.5, 110.3, 102.9) and one methyl
group (0 53.0). The 'H NMR spectrum of 1 displayed
six singlets. The HSQC experiment indicated that two
of these singlets could be assigned to phenol hydrogens
(0 10.44 and 9.60), three to vinylic and/or aromatic
hydrogens at 0 7.46, 6.80 and 6.60 attached to the
corresponding sp? carbons at 0 110.3, 102.9 and 113.5,
respectively, and one methoxyl group at d 3.91 (6 53.0).
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The 'H-"H COSY spectrum of 1 indicated a very weak
long-range 'H-'H coupling between the singlets at o
7.46 and 6.80, suggesting a 1,4-aromatic relationship
between these hydrogens. Since the HMBC spectrum
displayed correlations of both hydrogens at d 7.46 and
6.80 with carbons at & 150.9 and 148.8, which were
also coupled with both phenolic hydrogens at  10.44
and 9.60, the '"H-'H and '"H-'3C correlation data enabled
us to define the aromatic portion of esculetin-4-
carboxylic acid methyl ester (1) as a 1,2,4,5-
tetrasubstituted benzene ring, with two hydroxyl groups
at vicinal positions. The remaining vinylic hydrogen
at 0 6.60 displayed long range correlations with two
carbonyl groups at 0 164.4 and 160.0. Since the methyl
group at 0 3.91 (s) also presented a long range
correlation with carbonyl at 6 164.4, it was assigned to
a methyl ester group. Considering the number of eight
unsaturations established by half of the molecular
formula as indicated above and the number of sp?
carbons observed in the "C NMR spectrum, the
remaining carbonyl group at 0 160.0 was assigned to a
lactone moiety of a coumarin-like skeleton. The
positions of the hydroxyl groups were assigned to
carbons 6 and 7, as in esculetin (3). The methyl ester
group might be placed at either C-3 or C-4, giving rise
to two possible isomeric structures, 1 or 4, which could
not be distinguished by the long range correlations
observed for the hydrogen at 6 6.60 with both carbonyl
groups, since in both cases these are correlations
through two or three bonds. However, the HMBC
spectrum clearly indicated that hydrogens at  6.60 and
6.80 presented a long-range correlation with the carbon
at o 107.0. Therefore, structure 1 was favoured, in which
the carbon with chemical shift at 6 107.0 was assigned
to C-4, which was *J coupled with the aromatic
hydrogen at & 6.80 and 2J coupled to the vinylic
hydrogen at 0 6.60. Additionally, a hydrogen at C-4
position would present a higher chemical shift, since it
would be at a B-position of an a,B-conjugated double
bond with two carbonyl groups. The two remaining
quaternary sp® carbons at § 142.5 and 143.0 were
assigned to C-9 and C-10, both assignments being
interchangeable.

Esculetin-4-carboxylic acid ethyl ester (2) displayed
a molecular ion peak for its dimerized sodium adduct at
m/z 523. Since the high resolution mass measurement at
m/z 523.0843 (Calc. 523.0852) indicated the formula
C,,H, O, ,Na, and its 'H, "C, and HMBC NMR spectra
indicated the presence of an ethoxy group (6 'H 3.37, q, 7
Hz, 2H; 6 *C 62.0; 6 'H 1.35, t, 7 Hz, 3H; 6 *°C 13.7)
coupled to the C-11 ester carbonyl as the only difference
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to 1, we have assigned the structure of the corresponding
ethyl ester to 2.

In order to confirm our structure proposal, we have
performed the total synthesis of compound 2 in three steps
from 3-hydroxy-4-methoxybenzaldehyde (5) following the
procedure described for the synthesis of scopoletin
(Scheme 1).% The intermediate scopoletin-4-carboxylic
acid ethyl ester (7) was deprotected with using boron
tribromide providing esculetin-4-carboxylic acid ethyl
ester (2) in 27% overall yield.
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Scheme 1. Synthetic route for 2. Reaction conditions: i, m-CPBA, CH,Cl,,
70%; ii, SDO, H,PO,, 46%; iii, BBr,, CH,Cl,, 84%.

The isolation of esculetin-4-carboxylic acid as its
corresponding methyl and ethyl esters is probably due to
the extraction of Axinella cf. corrugata with MeOH and
EtOH. Esculetin-4-carboxylic acid is not known as a
natural product, but it has been synthesized during a survey
for inhibitors of DOPA decarboxylase.” Considering the
small amount isolated of both esculetin-4-carboxylic acid
methyl ester and ethyl ester, it is reasonable to suggest a
microbial origin for such compounds, although the
occurrence of coumarin derivatives in fungi and bacteria
has not been frequently observed.® Metabolites bearing a
coumarin moiety have been isolated from the marine
fungus Trichoderma virens® and from the marine
ascomycete Leptosphaeria oraemaris."’ The isolation of
plant-related metabolites from sponges is rare. Only two
examples are found in the literature: resorcinol derivatives
from Haliclona sp."" and triptophol, an auxin derivative,
from Ircinia spinulosa."

Esculetin-4-carboxylic acid ethyl ester (2) was found
to inhibit recombinant 3CL** in vitro with an ID_ value
of 46 pmol L' It has also been shown that 2 is an
effective inhibitor of SARS-CoV replication in Vero cells
(EC,, = 112 umol L") and that it mediates these effects
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at non-cytotoxic concentrations (2: Vero cell cytotoxicity
IC,, > 800 pumol L").* Further studies on the antiviral
properties of 2 are ongoing and the results will be
reported elsewhere.

Supplementary Information

Experimental details and spectra are given as
supplementary information at http://jbcs.sbq.org.br, as
PDF file.
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