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Abstract—A new pentacyclic sulfated hydroquinone, phuklona sulfate, has been isolated from the marine sponge Haliclona sp.
collected near Phuket Island, Thailand. The structure was elucidated by a variety of spectroscopic methods including 1D and 2D
NMR experiments. Phuklona sulfate contains a novel triterpenoid carbon skeleton linked to a sulfated hydroquinone moeity.
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Haliclona sponges have produced metabolites encom-
passing many biosynthetic classes including steroids,!
polyketides,> macrolides,® alkaloids,* and terpenes.’ A
group of bioactive sulfated hexaprenoid
hydroquinones have also been isolated from sponges,
including HIV-1 RT inhibitors from Toxiclona tox-
ius,® a phosphatidylinositol-specific phospholipase C
inhibitor from Callyspongia sp.’ and the kinesin
motor protein inhibitors, adociasulfates, from Adocia®
and Haliclona® sp. Although phuklona sulfate con-
tains a sulfated hydroquinone and appears to be
triterpene-derived, it possesses a novel pentacyclic car-
bon skeleton similar to the polyepoxysqualene-derived
sodwanone triterpenes.'°

The organic extract (2.1 g) of Haliclona sp. collected
in the South Andaman Sea near Phuket Island, Thai-
land, was subjected to a solvent-solvent partitioning
scheme!! that concentrated the anti-HIV activity in
the EtOAc (274 mg) and H,O (882 mg) soluble frac-
tions. EtOH precipitation of the combined fractions
resulted in a filtrate (288 mg) which was chro-
matographed on Sephadex LH-20 (MeOH-H,O 7:3).
Final purification was achieved by reversed-phase
HPLC (Rainin Dynamax, C,g, 1x25 cm) eluting with
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a 20-100% CH;CN/H,O gradient to give 10.0 mg of
phuklona sulfate (1).

36 37 OH

The molecular formula of C;,Hs304S was determined
by HRFABMS of the [M-H+2Cs]* ion at m/z
915.1891 and suggested the presence of a sulfate
group. The *C NMR spectrum (Table 1) contained
resonances for 36 carbon atoms, including six aro-
matic signals and four oxygen bearing sp> carbons.
The 'H NMR spectrum of 1 contained overlapping
resonances in the upfield region for most of the pro-
tons, therefore complete spectral data was obtained in
CD;0D, DMSO-d,, and pyridine in order to com-

T Compound 1: white glass; [¢]p=-17.4° (¢ 0.91, MeOH); UV

(MeOH): A« (log &) 280 (3.25), 209 (4.04), 208 (4.22) nm;
HRFABMS: [M-H+2Cs]* m/z 915.1891, [M—H+2Cs]" caled for

C,6Hs5,Cs,0,S, 915.1876; for 'H and "C NMR data, see Table 1.
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Table 1. NMR spectral data for phuklona sulfate (1) recorded in CD;OD (500 MHz)
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C# é 13C 6 'H mult., J Hz HMBC (H to C#) TOCSY
2 75.7
3 41.8 a 1.54, m 4, 32 5b
b 1.60, m 4,5, 32
4 20.4 a 147, m
b 1.58, m 3,6 3a, 5a, 5b
5 38.8 a 1.49, m 4,7, 11, 33
b 1.88, m 3, 4,6, 33 4b
6 47.4
7 72.7 3.76, dd, J=6.0, 9.0 2, 6,38, 33 8a, 8b, 9a, 9b, 10, 34
8 31.4 a 141, m
b 1.44, m 9
9 29.8 a 1.46, m 8, 10
b 1.36, m 7, 8,10, 11 34
10 339 1.81, m 9, 34 34
11 79.9
12 31.8 a 1.29, m 6, 11 12b, 13a, 14a, 14b, 15a, 15b
b 1.57, m 10, 13
13 42.0 a 0.77, m 14 13b, 14a, 14b, 15a, 15b
b 1.80, m 14, 15
14 19.3 a 1.33, m 12, 13, 15, 16 12b, 13a, 13b, 14b, 15b
b 1.50, m 15, 16
15 37.5 a 0.81, m 13, 14, 35
b 1.66, m 13, 14, 21
16 374
17 28.1 al26,d, J=13.5 16, 18, 19
b 149, d, J=13.5 18
18 75.1
19 44.8 a 1.51, m 20, 21
b 1.88, m 18, 20, 21, 23 19a, 20a, 20b, 21
20 214 a 1.37, m 19, 21, 22
b 1.65, m 18, 19, 22
21 59.8 0.96, t, J=11.5 16, 17, 19, 20, 22, 35 19a, 19b, 20a, 20b
22 40.9
23 63.7 1.56, d, J=5.0 17, 18, 22, 24, 25, 36, 37 24a, 24b
24 27.1 a 2.52, dd, J=6.0, 15.0 22, 23, 25, 26, 30
b 2.79, d, J=15.0 18, 22, 23, 25, 26, 30
25 132.0
26 153.3
27 116.8 6.64, d, J=9.0 25, 26, 28, 29
28 121.0 6.94, dd, J=3.0, 9.0 26, 29, 30
29 146.2
30 125.6 7.09, d, J=3.0 24, 26, 28, 29
31 27.0 1.14, 3H, s 2,3, 32
32 29.0 1.09, 3H, s 2, 3, 31
33 16.8 1.00, 3H, s 56,7, 11
34 16.2 0.86, 3H, d, J=6.5 9,10, 11
35 29.4 0.83, 3H, s 15, 17
36 24.2 1.24, 3H, s 36
37 16.9 0.99, 3H, s 21, 22, 23, 36

plete the NMR assignments. In particular, use of 1D-
TOCSY experiments acquired using a series of different
mixing times allowed for sequential assignment of over-
lapping protons. The NMR spectral data used to illus-
trate the structure elucidation was run in CD,OD
unless otherwise indicated.

The 'H NMR spectrum in DMSO-d, indicated one
aromatic and two non-aromatic hydroxyl groups,
which along with the sulfate, left one oxygen as an
ether linkage. The 'H and '3*C NMR data indicated the
presence of a 1,2,4-trisubstituted aromatic ring, which

was supported by HMBC correlations, leaving four of
the eight degrees of unsaturation attributed to addi-
tional rings. Methylene proton signals at ¢ 2.79 and
2.52 showed HMBC correlations to C25, C26 and C30
of the aromatic ring as well as C23 and quaternary
carbons at C18 and C22. This attached the methylene
at C25 and an additional HMBC correlation from H23
(0 1.56) to C25 placed the C23 methine adjacent to the
C24 methylene. A hydroxyl group was placed on C26
based on NOE correlations in DMSO-d; to H24b and
the C18 hydroxyl group. The remaining position on the
aromatic ring was substituted with a sulfate group
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based on its '*C chemical shift (6 146.2), which was in
agreement with the literature values reported for the
adociasulfates.®

HMBC and 1D-TOCSY correlations were used to eluci-
date the remaining structure. HMBC correlations from
Me-37 (6 0.99) to C21, C22 and C23 as well as a
correlation from H23 (6 1.56) to C36 allowed the
positioning of the gem-dimethyls at C22. 1D-TOCSY
correlations from H21 to all four protons of the C19 and
C20 methylenes [(6 0.96) to H20a (0 1.37), H20b (0 1.65),
H19a (¢ 1.51) and H19b (¢ 1.88)], along with HMBC
correlations from H21 to C16, C17, and C35 formed an
additional fragment. HMBC correlations from H19b (o
1.88) to C18, and H17a (6 1.26) to C18 and C19 allowed
the two pieces to be joined, forming a bicyclo[2.2.2]octane
ring fused at C18 and C21, which accounted for two of
the remaining four rings and completed the ‘upper’ half
of the structure.

1D-TOCSY correlations from H7 (6 3.76) to H8a (6 1.41),
HS8b (0 1.44), H9a (o 1.46), H9b (o 1.36), H10 (6 1.81)
and Me-34 (0 0.86), along with HMBC correlations from
Me-34 (6 0.86) to C9, C10, and C11, and Me-33 (6 1.00)
to C5, C6, C7, and Cl11 allowed establishment of an
additional six-membered ring. HMBC correlations from
Me-32 (6 1.09) and Me-31 (6 1.14) to C2 and C3, H7 (¥
3.76) to C2, and H3b (6 1.60) to C4, along with a
I1D-TOCSY correlation from H4b (6 1.58) to H5b (6 1.88)
allowed the closing of the last seven-membered ring to
form a cyclohexane—-oxepane system.

A 1D-TOCSY experiment indicated that the remaining
four carbons were joined in a chain which linked the two
halves of the molecule. HMBC correlations from H12a
(6 1.29) to C6 and CI11 and from Hl15a (¢ 0.81) to C35
supported this link. A hydroxyl group was placed on C11
based on HMBC correlations in DMSO-d, from the
hydroxyl proton to C10 and CI12, and the remaining
hydroxyl was placed on C18 based on the chemical shift
of the carbon (6 75.1).

The relative stereochemistry of phuklona sulfate was
elucidated on the basis of difference NOE experiments
obtained in DMSO-d,. Irradiation of the H7 signal caused
an enhancement of H9a and the C11 hydroxyl group,
indicating they were in a cis 1,3 diaxial position relative
to one another, and defining a chair conformation for the
cyclohexane ring. Irradiation of H7 also enhanced the
signal of the H31 methyl group indicating it was on the
same face of the molecule as H7. An enhancement of H10
onirradiation of the H6 methyl signal indicated they were
cis to each other and placed the methyl on C34, and the
adjoining ring at C6, equatorial to the C11 hydroxyl
group. The presence of a large vicinal coupling of H7 to
HS8 supported a trans-fused ring system. On comparison
of the NMR data of the shaagrockols,'> which have a
cis-fused cyclohexane—oxepane system, we found signifi-
cant differences in the chemical shifts and coupling
constants of C6, C7, and C24, which support our
assignment of a trans-fused cyclohexane—oxepane system.
We were unable to assign the relative stereochemistry of
the bicyclo[2.2.2]octane ring due to overlapping proton

resonances which would not allow unambiguous assign-
ments of the observed enhancements by difference NOE
or NOESY experiments in multiple solvents.

Phuklona sulfate showed modest cytoprotection against
HIV in the NCI assay with an ECs, of 30 pg/mL and an
ICs, of 117 pg/mL.
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