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Sinularectin, a new diterpenoid from the soft coral Sinularia erecta
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Abstract—A new norcembrane, designated sinularectin 3, was isolated from the Kenyan soft coral Sinularia erecta. Sinularectin is a
chlorinated highly oxygenated norcembrane with an unprecedented functionalisation of the cembrane isopropyl group. The struc-
ture of sinularectin was elucidated by interpretation of the HRESMS results as well as 1D and 2D NMR spectra.

© 2006 Elsevier Ltd. All rights reserved.

As part of our continuing program to discover bioactive
compounds from marine invertebrates, we examined the
Kenyan soft coral Sinularia erecta (Tixier-Durivault,
1945, family Alcyoniidae). Sinularia is among the most
abundant soft coral genera on many soft coral reefs
and it tends to form large monospecific ‘carpets’ of up
to several square meters."> Previously, we investigated
S. erecta samples collected from the Northern Red
Sea’ and the lagoon of Mayotte, in the Indo-Pacific.*
The latter two samples, differing in the composition of
their isoprenoids, afforded several sesquiterpenes, cem-
branoids and C-4 norcembranoids. Variations in the
chemical composition within specific soft corals is well
known, yet the reason for this phenomenon is
speculative’.

The ethyl acetate/MeOH/H,0, 10:10:1, extract (750 mg)
of the freeze-dried soft coral (15 g)® was solvent parti-
tioned” and the CH,Cl, fraction was separated by chro-
matography on Sephadex LH-20 (eluting with hexane/
CH,Cl,/MeOH, 2:1:1) to afford decaryiol 1® (6 mg),
scabrolide A 2° (4 mg) and a new compound designated
as sinularectin (3, 8 mg) (Fig. 1). Sinularectin'® was ob-
tained as a colourless oil. Its CIMS exhibited pseudomo-
lecular ions at m/z 443/445 (3:1) consistent with the m/z
442/444 (3:1) peaks observed in the EIMS, thus suggest-
ing a molecular formula of C,yH»3;09Cl. However, the
HRESMS, together with the *C NMR data, established
a formula of CyyH,50,9Cl with eight degrees of unsatu-
ration. The ESMS spectrum exhibited peaks at 483.1033
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decaryiol 1

Figure 1.

[M-+Na]" (calcd 483.1034) and 943.2170 [2M+Na], both
in a cluster of peaks which are in full agreement with the
calculated cluster for the suggested formula. The '*C
NMR spectrum of 3 contains two methyl groups, six
methylenes, five methines and seven non-protonated
carbon atoms, together accounting for 20 carbon atoms
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Figure 2. C;; Segment with key HMBC correlations.

and 23 protons. Two additional protons, belonglng to
two hydroxyl groups, were observable in the 'H NMR
spectrum taken in DMSO-dg (6 5.48 d and 5.94 s). Ana-
lyzing the 1D and 2D NMR spectra, revealed a domi-
nant part of the molecule comprising a C;;H;,05 unit
as shown in Figure 2. The latter C;;-unit includes a ke-
tone (6 214.2 s), incorporated in a trisubstituted 3-oxo-
THEF ring, and a lactone (4 169.7 s) that is, a butanolide.
The latter butanolide incorporates an epoxy group, the
chemical shifts of which (Table 1) were quite different
from the ones known for an isolated epoxy moiety but
are in full agreement with a 2,3-epoxybutanolide.'!
The 3-oxo-THF ring was found to be connected to the
epoxybutanolide moiety via a methylene group (C-9).
The entire C;;-unit was unequivocally determined from
the HMBC correlations (Fig. 2 and Table 1) and was
found to be identical to the same moiety in the C-4 nor-
cembranoid scabrolide D.° Vicinal to the epoxybutano-

lide moiety is a secondary alcohol group (C-13) as
established by CH correlations (Fig. 2 and Table 1).!2

The 'Jey coupling constants of the various methinoxy
groups of 3 were very helpful in the structure elucida-
tion. The 125 Hz value for alkane-sp carbon atoms in-
creases with oxygen substitution and a decrease in the
ring size.!? Characteristic values for alcoholic, lactone,
methinoxy a- to carbonyl, anomeric and epoxy methin-
oxy groups are around 135, 140, 155, 170 and 180 Hz,
respectively.'>!* Values of 155, 141, 197 and 135 Hz
were measured for C-5, C 10, C 11 and C-13, respec-
tlvely The epoxy 197 Hz 'J-value is very large, however,
it is in agreement with the value measured for 2,3- -epoxy-
butanolide (J = 202 and 198 Hz).!> The various incre-
ments affecting the 'J-values are additive, increasing
with the type and number of oxygen atoms and decreas-
ing size of the ring. Searching the literature for natural
compounds with the above C;;-unit, we found several
C-4 norcembranoids®'? suggesting that 3 is also a nor-
cembranoid, a notion that was further supported by
the isolation from the soft coral of scabrolide A 2—a
compound that can be looked upon as a norcembranoid
derivative. COSY and HMBC correlations (Fig. 2,
Table 1) expanded the C;;-unit by a methylene group
on both sides of the segment [CH,(4) and CH(14)]. A
methoxycarbonyl group and a —CH,CI functionality
were readily identifiable from the MS and mainly from
the NMR data. The remaining atoms and residual
degree of unsaturation, to complete the structure of 3,
required an extra ring, in the absence of a double bond.

Table 1. '"H NMR (500 MHz), '*C NMR (100 MHz), 'H-'"H COSY, NOESY and HMBC spectral data for sinularectin 3 in DMSO-d

Position Sy, mult (J in Hz) d¢c (mult)? 'H-'H COSY NOESY HMBC
1 2.63 (m) 41.7 (CH) 140, 148, 20, 2B 5, 20, 160, 2B, 14B, 18, 16B 15, 16, 17, 14, 2
20 1.67 (t, 12.8) 42.1 (CH,) 2B, 1 3,18,2B, 1, 13 1,3, 14
28 2.31(dd, 12.8, 6.7) 20, 1 20, 1, 13, 11 1,15
106.2 (C)
4ot 1.67 (t, 13.3) 41.1 (CH») 4B, 5 4B, 5 6,5,3,2
48 2.07 (d, 13.3) 4o, 5 4o, 5, 3 2,3
5 4.04 (d, 11.3) 75.8 (CH) 4o, 4B 18, 2a, 4P, 1, 160, 7P 6,4,3
6 214.8 (C)
7o 2.40 (s) 50.6 (CH,) 18, 7B 90, 6,18,9,8
7B 2.43 (s) 18, 7o 18 6,18,9,8
8 78.2 (C)
9, 2.13 (s) 40.6 (CH») 9B, 18, 10 9B, 10, 11 18,7, 11, 10, 8
98 2.47 (d, 5.4) 90, 10 18, 9B, 10 18, 11, 8
10 4.83(d, 6.1) 78.3 (CH) 90, 9B 14B, 9B 9,11, 12,8, 19
11 4.70 (s) 66.4 (CH) 90, 2B, 130 12, 10, 19, 8
12 61.6 (C)
13 3.37 (m) 67.5 (CH) 140, 14pB 20 12, 19
140 1.40 (td, 10.9, 5.4) 32.4 (CH») 148, 13 148, 13 1,12, 13, 15
148 2.16 (m) 140, 13 140, 16p, 1 12, 1
15 88.2 (C)
160 3.51(d, 11.3) 48.0 (CH») 168 14p, 16B 1,15, 17
16B 3.96 (d, 11.3) 160 16a, 18, 1 1,2,15
17 170.8 (C)
18 1.32 (s) 24.0 (CH3) 901, 7o, 7B 7o, 13, 1, 160, 5 9,7,8
19 169.7 (C)
20 3.73 (s) 53.3 (CHs) 17
(C3)-0H 5.94 (s) 4B, 20 2,3, 4
(C13)-0H 5.48 (d) 13 140 12, 13, 14, 19

# C-atom multiplicity was determined by DEPT and HMQC experiments.
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Figure 3. C; Segment with key HMBC correlations.

The chemical shifts of the remaining atoms, the COSY
and especially the HMBC correlations suggested
another substituted THF ring (Fig. 3), connected to the
Cii-unit via the two terminal CH, groups of the latter
moiety.

The low field resonance of C-3, o to the oxygen of the
second THF ring (6 106.2 s), required an additional elec-
tron-withdrawing group close to it, implying a lactol.
The 88.2 ppm value of the o’ carbon atom proposed a
heavily tetrasubstituted C-atom (C-15). This data indi-
cated that the o carbon carries the CO,CH3 and CH,Cl
groups, a suggestion that was well supported by the
HMBC correlations (Fig. 3 and Table 1). Joining the
two segments created the 14-membered ring as in cem-
branoids and C-4 norcembranoids (as in compounds 1
and norcembrane*). Unique in the structure of 3 is the
methylene chloride group on the five-membered lactol
moiety. The suggested stereochemistry of 3 is based on
NOE measurements (Fig. 4). An outline of a plausible
biogenesis is given in Figure 5.

Sinularectin is a new class of cembranoid-derived diter-
penes and is another example of the many oxidations
and cyclisation modes of cembranoids within the Sinu-
laria genera>*'® with the unprecedented in soft corals,
methylene chloride functionality.

Figure 5. Suggested biogenesis for 3.
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