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Chemical constituents of the soft corals
Sinularia vanderlandi and Sinularia gravis from
the coast of Madagascart

Marie Pascaline Rahelivao,® Margit Gruner,? Tilo Liibken,? Daut Islamov,’ Olga
Kataeva,*® Hanta Andriamanantoanina,® Ingmar Bauer,* Hans-Joachim Knélker+?

The crude extracts of the Madagascan soft corals Sinularia vanderlandi and Sinularia
gravis (Alcyoniidae) showed activity against Plasmodium falciparum which led us to
study their chemical constituents. The new cadinane-type sesquiterpenoid
vanderlandin (1) has been obtained from S. vanderlandi along with 24-methylene-
cholesterol (2). Four new compounds, the spatane-type diterpenoid gravilin (3), the
monoalkylmonoacylglycerol 4, the dihomoditerpenoid ketone 5, and isodecaryiol (9),
along with the three known compounds, (+)-(S)-geranyllinalool (6), (-)-(R)-nephthenol
(7), and 11,12-epoxysarcophytol A (8), have been isolated from the methanol extract
of S. gravis. The structures were elucidated based on extensive spectroscopic
methods, in particular various 2D NMR techniques. The structure of isodecaryiol (9)

including its absolute configuration could be confirmed by X-ray diffraction.

Introduction

Soft corals of the genus Sinularia have been shown to contain
intriguing chemical components biological
activities. Sheu et al. isolated the cembrane-type diterpenoids
manaarenolide A-I from Sinularia manaarensis with some
representatives showing moderate cytotoxic activity against
Hepa59T/VGH, KB, Hela, and Med cancer cell lines.! A series
of oxygenated cembranoids, gibberosenes A—G, has been
obtained from the Formosan soft coral Sinularia gibberosa.*
The soft corals Sinularia querciformis™* and Sinularia granosa
have also been identified as source of oxygenated cembranoids,
some of them with anti-inflammatory activity. A sulfur-
containing biscembranoid was obtained from the Formosan soft
coral Sinularia flexibilis.’ The cadinane-type sesquiterpenes
scabralin A and B from Sinularia scabra have been described
by Sheu and coworkers.® Lin et al. isolated asteriscane-type
sesquiterpenoids from the soft coral Sinularia capillosa.” Soft
corals from the coast of Madagascar have only rarely been
investigated concerning their secondary metabolites.>'® This
fact and the only very few reports on the chemical constituents
of Sinularia vanderlandi and Sinularia gravis (Alcyoniidae)
(see ref."'~'?) prompted us to initiate the present study.

with various

3
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Results and Discussion
Sinularia vanderlandi

Samples of S. vanderlandi were minced, homogenized, and
extracted with methanol. In an anti-malaria assay, the crude
methanol extract of S. vanderlandi showed an ICs, value of
26.88 + 4.83 pg/mL for the inhibition of the FCM29 strain of
Plasmodium falciparum which corresponds to a low activity
against this pathogen. After concentration of the crude
methanol extract in vacuo, the residue was repeatedly extracted
with diethyl ether. The diethyl ether extract was then subjected
to column chromatography on silica gel using pentane—diethyl
ether (4:1) as eluent. Further purification by a second column
chromatographic step under the same conditions led to the
isolation of the new cadinane-type sesquiterpenoid'*'®
vanderlandin (1) along with 24-methylenecholesterol (2)

(Fig. 1).
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and 24-

Structures  of
methylenecholesterol (2).

Fig. 1 vanderlandin (1)

Vanderlandin (1) [biogenetic (germacrane) numbering is
used according to ref.'®] was isolated as a colorless solid with a
melting point of 57-58 °C and a specific optical rotation of
[oc]é0 =-3.8 (¢ 0.1, MeOH). The EI mass spectrum (m/z = 237
[M—OH]") in combination with the number and intensities of 'H
and *C NMR signals allowed for the determination of the
molecular formula of C;sH,s0; which is indicative for three
double bond equivalents. A broad IR absorption at v = 3407
cm™! revealed the presence of hydroxyl groups. The 'H and "*C
NMR spectra in combination with the DEPT spectrum
displayed signals for four methyl groups, four methylene
groups, and three methine groups (Table S1). In total,
resonances for 15 carbon atoms could be detected in the '*C
NMR spectrum including those for three oxygenated quaternary
carbon atoms at dc = 83.46, 89.10, and 90.27 ppm. One double
bond was identified by '*C NMR signals at ¢ = 124.33 and
148.05 ppm and a singulet for a vinylic proton at oy = 6.12
ppm. Complete assignment of the proton signals to the
corresponding 3C NMR signals was achieved by HSQC and
HMBC measurements. A series of HMBC long-range
led to the identification of  the
octahydronaphthalene backbone which is also in agreement

correlations

with the three double bond equivalents according to the
molecular formula. Characteristic HMBC correlations to
establish the bicyclic skeleton include the interactions of C-1
with H-20, H-2B, H-30, H-38, H-5, H-9a, and H-9B, of C-4
with H-2a, H-2B, H-3p, and H-5, of C-6 with H-2a, H-2f3, H-
3a, H-38, and H-5, and of C-10 with H-2f3, H-5, H-8a, H-8,
H-9a, and H-9p (Table S1). In addition, C-7 correlated with H-
5, H-8a, H-8B, H-9a, and H-9B and C-8 exhibited HMBC
cross-peaks with H-5, H-9a, H-9B, and H-10. The primary
carbon atoms in 1 displayed signals at 6c = 17.03 ppm for C-12
and C-13, 13.40 ppm for C-14, and 19.84 ppm for C-15,
respectively. According to "H-"H COSY measurements, H;-12
and H;-13 correlated with H-11 suggesting the presence of an
isopropyl group. The location of the isopropyl group at C-7 was
determined by HMBC correlations of H-8a, H-8p, H-9a, H-98,
H-11, H5-12, and H;3-13 with the quaternary carbon C-7 and, in
addition, of H-11 with C-5 and C-8. The attachments of the Me
groups at C-10 and at C-4 were confirmed by HMBC
correlations of H3-14 with C-9, C-10 and C-1, and of Hs-15
with C-4 and C-3, respectively.

2]J. Name., 2012, 00, 1-3

Fig. 2 Characteristic NOE correlations of vanderlandin (1) shown
at a computer-generated model (MM2 force field).

Analysis of proton coupling constants and NOE correlations
in combination with MM2 molecular modeling studies led to
the assignment of the relative configuration of 1 (Table S1, Fig.
2). The pseudoaxial B position of the Me group at C-10 in a
twist-boat-like B-ring was indicated by a strong NOE
interaction of H;-14 with H-9B but not with H-9a. NOE
correlations of similar intensity of H-10 with both H-9a and H-
9B suggesting a pseudoequatorial position of H-10 are in
support of this assignment. The absence of any NOE correlation
of protons of the isopropyl group with H-9a(ax) most likely
accounts for a pseudoequatorial position of this group in cis-
relationship to the Me group at C-10. The cis-arrangement of
the 1-OH group and the Me group at C-10 was derived from the
absence of NOE correlations of H;-14 with H-2a, H-23, H-3a,
and H-3B. In case of a presumed frans-arrangement of the 1-
OH group and the Me group at C-10, a much closer proximity
of H;-14 to the protons at C-2 and C-3 would be expected
which should give rise to pronounced NOE interactions. The
configuration of the Me group at C-4 was derived from a strong
NOE correlation of H;-15 with H-3a(eq) and only a very weak
interaction with H-3B(ax). This is in agreement with a
pseudoaxial a position of the Me group at C-4 in the preferred
half-chair conformation of the cyclohexene ring (Fig. 2). A
twist-boat-like conformation with a pseudoaxial Me group at C-
4 in B-position, which would equally explain the observed
NOESY results, is energetically disfavored according to
molecular modeling studies (MM2 force field). Thus, most
likely, the Me group at C-4 adopts a trans-configuration with
respect to the alkyl substituents at C-7 and C-10. Based on
these arguments, compound 1 was assigned as (—-)-
(1S/R,4S/R,7R/S,108/R)-cadin-5-ene-1,4,7-triol, a new
representative of the cadinane-type bicyclic sesquiterpenes
which we name vanderlandin. Similar di- and trihydroxylated
cadinane sesquiterpenes have been isolated for example from
Hayata,”** the alga
Dictyopteris divaricata,** and more recently, from the rhizome

Taiwania  cryptomerioides brown

of Acorus calamus L%

This journal is © The Royal Society of Chemistry 2012
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Sinularia gravis

A specimen of the soft coral S. gravis collected in the inner reef
of Mahambo, Madagascar, was minced and extracted with
methanol. The anti-malaria assay of the crude methanol extract
of S. gravis exhibited an ICsq value of 30.81 + 9.09 pg/mL for
the inhibition of the FCM29 strain of Plasmodium falciparum.
The combined methanol extracts were partitioned between
water and diethyl ether. After removal of the solvent in vacuo,
the diethyl subjected to
chromatography on silica gel with pentane—diethylether (10:1

ether extract was column
and 4:1) as mobile phase to provide four new compounds,
gravilin (3), the monoalkylmonoacylglycerol 4, the ketone 5
(Fig. 3), and isodecaryiol (9) (Fig. 5). In addition, the four
known compounds 24-methylenecholesterol (2) (Fig. 1),'”*!
(+)-(S)-geranyllinalool (6) (Fig. 3),>>® and the cembranoids (-
)-(R)-nephthenol (7)*"* and 11,12-epoxysarcophytol A (8)
(Fig. 5),%*° were isolated.

@)

11" 12

14" 158 17" 19

Fig. 3 Structures of gravilin (3), monoalkylmonoacylglycerol 4,
ketone 5 and (+)-(S)-geranyllinalool (6) isolated from S. gravis.

The novel spatane diterpenoid gravilin (3), the least polar
component of the S. gravis extract, was isolated as a colorless
solid with a specific optical rotation of [oa]éo = +46.0 (c 0.8,
MeOH) and a melting point of 100-101 °C. The ESI-MS
showed peaks at 289 and 306 mass units for [M + H]" and [M +
NH,]" ions, respectively. The derived monoisotopic mass of
288 in combination with the number and intensities of 'H and
BC NMR signals led to the molecular formula C,yH3,0. Signals
for four methyl groups, seven methylene groups, and six
methine groups were identified by 'H NMR, *C NMR, and
DEPT measurements. Complete proton to carbon assignment
was achieved by HSQC and HMBC measurements (Table S2).

This journal is © The Royal Society of Chemistry 2012
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On interpretation of the NMR data, it soon became clear that
the structure resembles that of spatol, a tricyclic diterpene
isolated from the brown seaweed Spatoglossum schmittii.’' The
spatane backbone was established on the basis of long range
HMBC correlations. Characteristic interactions are those of C-4
with H-3a, H-3B, H,-5, H-6f, H-8, and H-10, of C-8 with H-9
and H-10, of C-9 with H-2a, H-30, H-33, and H-10, and of C-
10 with H-2p, H-3a, H-3B, H,-5, H-8, and H-9. In place of the
methyl group at C-1 in spatol, a methylene group was identified
in 3 by vinylic signals at oy = 4.70 (s, H-11a), 4.73 ppm (s, H-
11b), and Jc = 103.76 ppm (C-11). The attachment of the
methylene moiety at C-1 was established based on HMBC
correlations of H-1la and H-11b with C-9 and C-2. On the
other hand, the methylene group at C-13 in spatol was replaced
by a methyl group resonating at dy = 0.85 ppm (d, J = 6.8 Hz,
H-14) and 6c = 17.87 ppm (C-14). Other than in spatol, the
position C-5 is not oxygenated exhibiting a multiplet at oy =
1.52 ppm. It was assigned based on the HSQC correlation with
the *C NMR signal at dc = 42.19 ppm (C-5). The 17,18-
epoxide function was identified by the low-field shift of the '*C
signals at dc = 64.70 and 58.31 ppm, respectively. HMBC
correlations of H-15a, H-15b, H-16a, H-16b, H3-19, and H;-20
with C-17 and H-16a, H-16b, H-17, H3-19, and H;-20 with C-
18 have been used to assign the position of the epoxy oxygen
atom. In contrast to spatol, no second epoxide function is
present. The positions 15 and 16 represent methylene groups
with "H NMR signals at d; = 1.49 (m, H-15a), 1.18-1.22 (m,
H-15b), 1.63 (m, H-16a), and 1.31-1.37 ppm (m, H-16b) and
with *C NMR signals at dc = 32.10 (C-15) and 26.43 ppm (C-
16). In agreement with other spatane derivatives,’™ a
cis,anti,cis-configuration of the tricyclic 5-4-5 ring system was
assigned based on NOESY experiments (Table S2, Fig. 4). The
cis-fusion of the C-ring was supported by NOESY cross-peaks
between H-8 and H;-12. The cis-arrangement of the Me group
at C-4 relative to the cyclopentane A-ring was proven by NOE
correlations of H3-12 with H-2a. and H-30. Therefore, the two
cyclopentane moieties must adopt an anti-arrangement relative
to each other at the central cyclobutane ring. In contrast to the
common trans-orientation of the side chain at C-7 with respect
to H-8 and the Me group at C-4, we found a cis-orientation for
this substituent. This stereochemical arrangement of the side
chain was unambiguously supported by the NOE correlation
between H-7 and H-9 and of H-8 with H-13. Only recently, Lin
and coworkers isolated the spatane diterpenoid leptoclalin A
from Sinularia leptoclados with the same spatane backbone and
the same relative configuration at C-7.>> The NMR data of
gravilin (3) and leptoclalin A are in good agreement with
respect to the chemical shifts for the skeletal carbon and proton
signals (Table S3). This is also true for the signals of H-13 and
C-13, thus confirming the uncommon a-configuration of the
side chain. The related compounds lobophytumin E and F with
the spatane backbone but an opposite
configuration at C-7 have been isolated from Lobophytum

same relative

cristatum.>® Their 'H and '*C NMR data are generally also in

good agreement with those of 3 but show a significant deviation
for the signals of H-13 and C-13 due to the different

J. Name., 2012, 00, 1-3 | 3
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configuration at this position (see NMR data of lobophytumin F
in Table S3). The configurations at C-13 and C-17 of
compound 3 remain to be established as well as the absolute
configuration. We assume that the spatane skeleton exhibits the
same absolute stereochemistry (see Fig. 3) as determined for
many other spatane diterpenoids.’’**°* It is worth noting that
gravilin (3), leptoclalin A, and lobophytumins E and F are rare
examples of spatane diterpenoids isolated from soft corals.

Most of the spatanes have been found in brown algae.

Fig. 4 Characteristic NOE correlations of gravilin (3) shown at a
computer-generated model (MM2 force field).

Compound 4 (Fig. 3) was isolated as colorless oil. ESI-mass
spectrometry performed in positive and negative mode
provided peaks for the [M + H]" ion at m/z = 631.7, [M + NH,]"
at m/z = 648.7, [M + Na]" at m/z = 653.8 and [M + OAc] at m/z
= 689.4. The resulting monoisotopic mass of 630.7 in
combination with the number and intensities of 'H and '*C
NMR signals suggested a molecular formula of C4;H7404. The
'H NMR, "“C NMR and DEPT spectra displayed signals for
two methyl and nine methine groups (Table S4). The number of
29 methylene groups was deduced from the '"H NMR spectrum
taking the molecular mass into account. The low-field shifted
3C NMR signals at 8, = 65.50, 68.87, 71.37, and 71.78 could
be assigned to the oxygenated carbon atoms C-1, C-2, C-3 and
C-1", respectively. In addition, one 3C NMR signal for a
carbonyl group was detected at dc = 173.68 ppm. These signals
were in agreement with a monoalkylmonoacylglycerol structure
bearing a free hydroxyl group. The proton signal of the
hydroxyl group was identified at oy = 2.45 ppm (d, J = 4.5 Hz).
In this regard, HMBC correlations allowed for the assignment
of the hydroxyl group to position C-2 by strong correlations of
the OH proton signal with C-1, C-2, and C-3. Further support

4] J. Name., 2012, 00, 1-3

was obtained from NOE correlations of OH with H-1a, H-1b,
H-2, H-3a, and H-3b. '"H and 'C NMR signals for eight
methine groups could be attributed to four double bond systems
in a skipped arrangement (C-5', C-6', C-8', C-9’, C-11', C-12/,
C-14', and C-15"). HMBC correlations (C-1'/H,-2', C-2'/H,-3’,
C-3'/H,-4', C-4'/H-5") connected the skipped double bond
systems with the carbonyl group at C-1’. Towards the methyl
terminus, 'H and '3C NMR signals for four remaining
methylene groups could be clearly assigned by sequential
HMBC correlations starting from the vinylic position C-15'.
The configurations of the double bonds in 4 were determined
by NOESY measurements. NOE correlations of H,-4' with H,-
7" and of H,-13" with H,-16' indicated a Z-configuration of the
A%~ and A'*-double bonds. Assuming also a Z-configuration of
the A¥- and A'"-double bonds, an arachidonic side chain was
suggested as acyl the
monoalkylmonoacylglycerol ~which was confirmed by
comparison of the 'H and '*C NMR data with literature
values.®® Thus, the fully saturated second side chain must be

component of

attached to the glycerol core by an ether linkage. The length of
this side chain (C;g) was determined taking the intensity of the
proton NMR signals and the molecular mass into account. The
location of the acyl chain at C-1 of the glycerol moiety was
assigned based on HMBC correlations of C-1" with H-1a and
H-1b. Analogously, HMBC correlations of C-1"" with H-3a and
H-3b indicated the attachment of the alkyl chain at C-3 of the
glycerol unit.

In view of the spectroscopic data, compound 4 was assigned
as 2-hydroxy-3-(octadecyloxy)propyl (5Z,8Z,11Z,14Z)-icosa-
5,8,11,14-tetraenoate or 1-O-arachidonoyl-3-O-stearylglycerol
with an unknown configuration at the stercogenic center C-2
(Fig. 3). This monoalkylmonoacylglycerol isolated from S.
gravis from Madagascar has been reported for the first time.
The respective 1-alkyl-2-acyl-sn-glycerol isomer with the
arachidonoyl chain attached to the central position of the
glycerol moiety, thus having a primary hydroxyl group, has
been identified by Myher and Kuksis during their GC analysis

of mixtures of diradylglycerols obtained from the
corresponding glycerophospholipids.®"*? The
monoalkylmonoacylglycerol 4 may be derived from

monoalkyldiacylglycerol precursors by hydrolytic processes.
The latter are well-documented components of soft coral lipids,
in particular also in Sinularia species.®***

Compound 5 (Fig. 3) was isolated from the pentane—diethyl
ether (4:1) fraction of S. gravis as a colorless solid. The 'H
NMR, *C NMR, and DEPT spectra displayed signals for five
methyl groups, eight methylene groups, five methine groups,
and four quaternary carbon atoms (Table S5). Assignment of all
3C NMR signals to the respective '"H NMR signals could be
achieved by an HSQC measurement. The '*C NMR spectrum
displayed one signal for a carbonyl group at dc = 213.13 ppm
(C-5). Signals for eight vinylic protons and eight vinylic carbon
atoms could be identified in the 'H and *C NMR spectra and
assigned to two trisubstituted double bonds and two equivalent
monosubstituted terminal double bonds. The connectivity of all
groups, and thus the constitution of compound 5, could be

This journal is © The Royal Society of Chemistry 2012
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unambiguously established by analysis of the HMBC spectrum.
For example, the attachment of the methyl groups at C-2, C-6,
C-10, and C-14 was suggested by HMBC correlations of C-2
with H3-1 and Hs-17, of C-6 with H;3-18, of C-10 with H;-19,
and of C-14 with H3-20. This assignment was supported by the
corresponding HMBC cross-peaks of the '*C signals for the
methyl groups with adjacent protons, namely of C-1 with H-3
and Hs-17, C-17 with Hs-1 and H-3, C-18 with H-6, H-7a, and
H-7b, C-19 with H,-9 and H-11, and C-20 with H-15/H-21. The
location of the carbonyl group at C-5 was assigned based on the
HMBC correlations of H,-4, H-6, and H-7b with C-5. A strong
NOE correlation of H;-19 with H,-12 confirmed the E-
configuration of the A'’-double bond. The analytical data
allowed to identify compound 5 as (£)-2,6,10,14-tetramethyl-
14-vinylhexadeca-2,10,15-trien-5-one (Fig. 3) which has not
been described before. It exhibits a geranylgeranyl backbone
with two additional carbon atoms in form of a vinyl group
attached to the branching position of the terminal isoprene unit.
A similar branching motif has been reported for a series of
botryococcenes.® ® The compound is also reminiscent of
geranylgeranylacetone (GGA) which is applied as drug for the
treatment of gastric ulcers.”” GGA and its derivatives have also
been investigated for the treatment of neurodegenerative
diseases including paralysis.”

Compound 6 was isolated from the pentane—diethyl ether
(10:1) fraction of S. gravis as colorless oil with a specific
optical rotation of [oc]zD0 = 4+23.8 (¢ 0.07, MeOH). The CD
spectrum (MeOH) of 6 showed molar circular dichroism values
of Ae = +1.94 (202 nm) and +0.12 (247 nm). Based on the data
obtained from 'H NMR, COSY, HSQC, HMBC, and NOESY
experiments and by comparison of the *C NMR chemical
shifts with those reported in the literature’' (Table S6) the
structure of 6 was unambiguously eclucidated as (+)-
(3S,6E,10F)-3,7,11,15-tetramethylhexadeca-1,6,10,14-tetraen-
3-ol [(+)-(S)-geranyllinalool] (Fig. 3). The
configuration had been determined earlier by Svato§ and
coworkers total of both
Geranyllinalool has been isolated before from various plants

absolute

via synthesis enantiomers.>

such as from the oleoresin of the Norwegian spruce Picea

. 2731 28,29
abies™" It

and from South African Helichrysum species.
has been identified as component of various essential oils, for
example from pequi fruits collected from the Brazilian Cerrado
ecosystem,*® and as ingredient of many fragrances.’® Thus, it
plays a decisive role in the fragrance of jasmine.?**%** Whilst
the laevorotatory (R)-enantiomer has been described frequently,
the dextrorotatory (S)-enantiomer is rare. It has been found in
jasmine 0il*® and in the freshwater aquatic plant Potamogeton

. 33
pectinatus.

In the course of the present study, (+)-(S)-
geranyllinalool (6) was isolated for the first time from a soft
coral (S. gravis).

Compound 7 was also isolated from the pentane—diethyl
ether (10:1) fraction of S. gravis as a colorless oil with a
specific optical rotation of [oc]zD0 = -359 (¢ 1.0, MeOH) and
molar circular dichroism values of A¢ = —7.78 (207 nm) and
+0.94 (240 nm). Analysis of the 1D and 2D NMR data and the

mass spectra led to the structure of (—)-(R)-nephthenol (7) (Fig.

This journal is © The Royal Society of Chemistry 2012
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5). Comparison of the analytical data including '"H and "“C
NMR and EI-MS with those reported for a synthetic sample by
Pfander et al.*® proved the identity of the compound also with
respect to
determined before by chemical degradation.”® In addition, there
is a full agreement of the '*C NMR data of (-)-(R)-nephthenol
(7) from S. gravis with those from a sample isolated from the
soft coral Litophyton arboreum® (Table S7). (-)-(R)-

Nephthenol (7) has been isolated first from Nephthea sp.>’ and
42,43

the absolute configuration which had been

later also from Lithophyton arboreum, Lobophytum
pauciflorum,® Sarcophyton decaryi,**** and Sinularia erecta.*®
It is noteworthy that (+)-(S)-nephthenol has also been isolated
from natural sources, namely a Caribbean gorgonian octocoral
Eunicea species.*' Herein we describe the first isolation of (-)-

(R)-nephthenol (7) from S. gravis.

Fig. 5 Structures of (-)-(R)-nephthenol

(@,
epoxysarcophytol A (8) and isodecaryiol (9) isolated from S.
gravis and decaryiol (10).

11,12-

Compound 8 was obtained from the pentane—diethyl ether
(4:1) fraction of S. gravis as yellow solid with a melting point
of 68-70 °C and a specific optical rotation of [oc]éo = +220 (c
0.1, MeOH). Based on the spectroscopic data (IR, EI-MS, 'H
NMR, "C NMR, DEPT, COSY, NOESY, HSQC, and HMBC),
compound 8 could be unambiguously identified as 11,12-
epoxysarcophytol A (Fig. 5). The '"H NMR and '>*C NMR data
of compound 8 isolated from S. gravis were in full agreement
with those of 11,12-epoxysarcophytol A obtained from
Sinularia gibberosa (Table S8).2 The optical rotation value of 8
with [a])) = +220 (¢ 0.1, MeOH) is consistent with that
reported by Bowden et al.** with [o] = +229 (c 0.95) and also
with that of the synthetic product described by Li and
coworkers®® with [a]?) = +218 (¢ 0.35, CHCI;). The total
synthesis of 11,12-epoxysarcophytol A (8) by Li et al. allowed
to elucidate its absolute configuration as depicted in Fig. 5.%°
11,12-Epoxysarcophytol A (8) has been isolated from several
soft coral species, first from Lobophytum sp.** and subsequently
also  from Cladiella
Sarcophyton sp.,** and

Sarcophyton  trocheliophorum,*®

. 47 . . . 2
kashmani,”"  Sinularia gibberosa,

Sarcophyton ehrenbergi.® This is the first report on the

J. Name., 2012, 00, 1-3 |5
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isolation of 11,12-epoxysarcophytol A (8) from the soft coral S.
gravis.

In addition to 8, the chromatographic separation of the
pentane—diethyl ether (4:1) fraction of S. gravis afforded also
compound 9 as colorless crystals with a melting point of 94.0—
94.5 °C and a specific optical rotation of [oc]zD0 =+14.0 (¢ 0.1,
MeOH). EI- and ESI-MS displayed peaks at m/z = 306 [M]"
and m/z = 307 [M + HJ", respectively. In combination with the
number and intensities of the 'H and '*C NMR signals a
molecular formula of C,yH;,0, was concluded. Extensive 1D
and 2D NMR experiments, in particular COSY, HSQC, and
HMBC measurements (Fig. 6), led to a structure with the same

384073778 3 cembranoid which has

framework as decaryiol (10),
been isolated first from Sarcophyton decaryi by Kashman and
coworkers.*® In particular, the 13C NMR shifts were almost
identical (Table S9). The '"H NMR data were also similar but
differed in certain aspects (Table S10). For example, H-1 in
compound 9 gives a triplet of triplets (J = 11.6, 1.9 Hz;
theoretically, the triplets are doublets of doublets with identical
coupling constants) with one large coupling constant to vicinal
protons instead of a doublet of doublets of triplets (J = 11.5,
3.0, 2.0 Hz) with one large and two small coupling constants in
compound 10. Slightly different coupling constants were also
observed for H-5b and H-6b. In addition, the chemical shifts of
H-6b, H-9a, H-9b, and H-10b differ significantly. Most
striking, however, was the fact that the value for the optical
rotation of +14.0 (¢ 0.1, MeOH) and the melting point of 94.0—
94.5 °C of 9 were not in agreement with those reported for
decaryiol (10) (m.p. 126-128.5 °C,** 123-125 °C;"* [a]}} = +69
(¢ 1.3, CHCL),”® [a], = +65 (¢ 1.1),” [a]} = +72 (CHCI3),”*
[oc]zD3 = +67.4 (¢ 1.0, CHCI3)"®). A detailed analysis of the 'H
NMR coupling constants and NOE correlations revealed a
different relative stereochemistry of 9 as compared to 10. The
proton at C-3 of compound 9 [dy = 4.20 (dt, J = 11.7, 5.9 Hz)]
(just as the corresponding proton of 10) adopts an axial position
in the pyran ring according to the large coupling constant of
11.7 Hz with the vicinal axial proton H-2a and a small coupling
constant of J = 5.9 Hz with the equatorial proton H-2f. In
contrast to 10, H-1 in 9 [dy = 1.58 (tt, J = 11.6, 1.9 Hz)] also
occupies an axial position as indicated by two large axial—axial
coupling constants with the adjacent protons H-2a and H-14b.
This accounts for a cis-relationship between H-1 and H-3 in the
pyran ring and consequently also between the hydroxyl group
at C-3 and the macrocyclic substituent at C-1. Strong NOE
correlations between H-1 and H-3 confirm this assignment
(Figs. 7 and 8). The relative configuration at C-4 was obtained
from the NOESY spectrum. NOE correlations from H-3 to H-
6b and H-5a suggest a cis-arrangement of H-3 and the
macrocyclic side chain at C-4. In support of this, the NOE
interaction between H-3 and H;-18 is only weak. Consequently,
compound 9 has the opposite configuration at the stereogenic
centers C-3 and C-4 relative to C-1 as compared to decaryiol
(10). Therefore, we propose for compound 9 the name
isodecaryiol.

6 | J. Name., 2012, 00, 1-3

P
— COSY H C “*Jy_cHMBC

Fig. 6 Characteristic COSY and HMBC correlations of 9.

Fig. 7 Characteristic NOE correlations of 9 (structure from X-ray
analysis).

This journal is © The Royal Society of Chemistry 2012
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(10) inhibits the growth of human cancer cell lines HMO02
the G2/M phase.”” TIsodecaryiol (9)
constitutes a new representative of cembranoid diterpenes.

selectively during

Most likely, the compound isolated from Nephthea sp., which
Wright and coworkers described as decaryiol (10),”® was in fact
isodecaryiol (9). The optical rotation value of [oc]ZDO =+27.2 (c
0.01) reported by Wright e al.”® is more close to the value of
[oc]ZDO = +14.0 (¢ 0.1, MeOH) we found for isodecaryiol (9)
rather than to the values commonly reported in the literature for
decaryiol (10), which are in the range of [a] = +65-72 (see
above). In addition, the chemical shifts for H-6b, H-9a, and H-
9b in the '"H NMR spectrum (Table S10) as well as the NOE
interactions described by Wright et al’® fit better to the
structure of isodecaryiol (9). However, these authors mentioned
an agreement of the '"H NMR data of their natural product with
those data reported by Kashman et al. for decaryiol (10),>® but
they gave a configuration at C-3 (orientation of the hydroxyl
group) which is different from decaryiol (10).”®

The stereochemistry of isodecaryiol (9) has been
unequivocally confirmed by an X-ray crystal structure
determination (Fig. 9). The unit cell of the crystal has an
extremely high number of 12 symmetry-independent molecules
(Z' = 12; see Fig. S71) which represents a rare case.” The
chirality of the natural product contributes to this high Z'
value.” The individual molecules have minor conformational
differences in the 14-membered ring system and via hydrogen
bonds they form tetramers with a cyclic arrangement (Fig. 10).
The packing of the molecules in the unit cell is shown in Fig.
11. The absolute configuration of isodecaryiol (9) was
determined by the anomal dispersion (Flack parameter®: y =
0.08(4)). The symmetry-independent molecules have an
identical relative and absolute stereochemistry (1R,3S,4R). The
R-configuration at C-1 is in agreement with the original
assignment for decaryiol (10) by the group of Kashman which
was based on chemical correlation with (-)-(R)-nephthenol.*®
The S-configurations at C-3 and the R-configuration at C-4 of 9
confirm our assignment based on 'H coupling constants and
NOE correlations (see above). 3,4-Epoxynephthenol has been
suggested as biogenetic precursor of decaryiol (10).**7 Price et
al. observed that 3,4-epoxynephthenol, isolated from the eggs
of Lobophytum microbulatum, is readily transformed to
decaryiol (10) under acidic conditions or during prolonged
chromatography on silica gel.” Considering the absolute
configuration, (1R,3R,4R)-3,4-epoxynephthenol should be the
biogenetic precursor which is transformed into decaryiol (10)
by nucleophilic opening of the epoxide ring. Accordingly,
isodecaryiol (9) would derive from (1R,35,4S5)-3,4-
epoxynephthenol having the opposite orientation of the oxirane
ring. The isolation of decaryiol (10) has been reported several
times from various soft corals (Sarcophyton decaryi,’®
Lobophytum microlobulatum,” Sclerophytum sp.,”* Sinularia

erecta,’”’® Nephthea sp.,”® and Lobophytum sp.””). Decaryiol

This journal is © The Royal Society of Chemistry 2012

Fig. 9 Molecular structure of isodecaryiol (9) in the crystal
(thermal ellipsoids at 50% probability level).

J. Name., 2012, 00, 1-3 | 7
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Fig. 10 View of the cyclic tetrameric arrangement of isodecaryiol
(9) in the crystal via hydrogen bond assembly (only the protons
of the hydroxyl groups are shown; all other hydrogen atoms are
omitted for clarity).

Fig. 11 Fragment of the crystal packing of isodecaryiol (9)
viewed along the c-axis.

Conclusions

Previously, the Madagascan soft corals Sinularia vanderlandi
and Sinularia gravis were investigated only very scarcely.
From the crude extracts of these species, we have isolated five
new natural products: vanderlandin (1), gravilin (3), the

8] J. Name., 2012, 00, 1-3
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monoalkylmonoacylglycerol 4, the dihomoditerpenoid ketone
5, and
isodecaryiol (9) has been unequivocally confirmed by an X-ray

isodecaryiol (9). The absolute configuration of
crystal structure determination. Moreover, for the first time (+)-
(S)-geranyllinalool (6) has been isolated from a soft coral.
Vanderlandin (1), gravilin (3), and isodecaryiol (9) represent
interesting and challenging targets for total synthesis. A
detailed study of the biological activities of the new natural
products (1, 3-5, and 9) still remains.

Experimental
General methods

Thin layer chromatography was performed on aluminum plates
from Merck (60 F,s4) coated with silica gel. For visualization,
the plates were analyzed under UV light or treated with a
solution of 0.5 g vanillin dissolved in 100 mL of 80/20 (v/v)
sulfuric acid/ethanol and subsequently heated. Column
chromatography was performed using silica gel from Acros
Organics (0.035-0.070 mm). Melting points were measured on
a Gallenkamp MPD 350 melting point apparatus. Optical
rotations were determined on a Perkin Elmer 341 polarimeter at
a wavelength of 589 nm (sodium D line) using a 1.0-decimeter
cell with a total volume of 1.0 mL. CD spectra were measured
on a JASCO J-815 CD spectrometer. UV spectra were recorded
on a Perkin Elmer Lambda 25 UV-Vis

Fluorescence spectra were measured on a Varian Cary Eclipse

spectrometer.

fluorescence spectrometer. IR spectra were recorded on a
Thermo Nicolet Avatar 360 FT-IR spectrometer using the ATR
technique (attenuated total reflectance). NMR spectra were
recorded on a Bruker AVANCE III 600 spectrometer. The
chemical shifts J are reported in ppm using the solvent signal as
internal standard (‘H: 8y 7.250 ppm CHCls; *C: dc 77.00 ppm
CDCl;). The following abbreviations have been used: s: singlet,
d: doublet, t: triplet, q: quartet, quint: quintet, sept: septet, m:
multiplet, and br: broad. Assignment of the 'H NMR and "*C
NMR signals was achieved using the 2D NMR methods COSY,
HSQC, HMBC, and NOESY. The mass spectra were measured
by GC-MS coupling with an Agilent Technologies 6890 N GC
system equipped with a 5973 Mass Selective Detector (electron
impact, 70 eV). ESI-MS were recorded on a Bruker-Esquire
mass spectrometer with an ion trap detector; positive and
negative ions were detected. X-ray single crystal structure
analysis: X-ray diffraction data were collected on a Bruker
AXS Kappa APEX Duo diffractometer with microfocus tube,
Cu K, radiation (A = 1.54184 A). Programs used: data
collection APEX2}?' data reduction SAINT,* absorption
SADABS 2.10,%
SIR2002.%* structure refinement by full-matrix least-squares

correction version structure  solution
against F? using SHELXL.% Hydrogen atoms were placed into
calculated positions and refined as riding atoms at carbon
atoms. The hydrogen atoms of hydroxyl groups were refined
using AFIX 148 constraints. The figures were generated using

the programs ORTEP-IIL* POV-Ray 3.7, and Mercury 3.1.%7

This journal is © The Royal Society of Chemistry 2012
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Natural Sources: The soft corals S. vanderlandi and S. gravis
were collected in March 2006 by hand using scuba in a depth of
5—6 m at the inner reef of Mahambo, located in the Tamatave
province at the east coast of Madagascar. The species were
Shirley Parker-Nance (Nelson Mandela
Metropolitan University, Port Elizabeth, and South African

assigned by Dr.
Institute for Aquatic Sciences, Grahamstown, South Africa).
Extraction and lIsolation: After collection, the sample of S.

(280 g wet weight) then
homogenized, and extracted with methanol. The combined

vanderlandi was minced,
extracts were concentrated in vacuo and the residue (8 g) was
extracted with diethyl ether. The diethyl ether extract (1.26 g)
was subjected to column chromatography on silica gel using
pentane—diethyl ether mixtures of increasing polarity as mobile
phase. The fraction (184 mg) eluting with pentane—diethyl ether
(4:1) was further purified by column chromatography with
pentane—diethyl ether (4:1) to yield 4.8 mg of compound 1 and
77.2 mg of 24-methylenecholesterol (2).

A specimen of the soft coral S. gravis (595 g wet weight)
was minced and extracted with methanol. After removal of the
solvent under reduced pressure, the residue (25 g) was
suspended in water and extracted with diethyl ether. The diethyl
ether extract was dried with anhydrous Na,SO, and, after
removal of the solvent in vacuo, the residue (7.8 g) was
subjected to column chromatography on silica gel and cluted
with pentane—diethyl ether mixtures (10:1 and 4:1) to give two
fractions. Fraction 1 (1 g) was further separated by column
chromatography on silica gel with pentane—diethyl ether (10:1)
to afford three subfractions (1-1, 1-2, and 1-3). Subfraction 1-1
(17 mg) was submitted to repeated column chromatography on
silica gel with pentane—dichloromethane (9:1) to give 3 mg of
compound 3. Subfraction 1-2 afforded 51 mg of (+)-(S)-
geranyllinalool (6). Subfraction 1-3 (65 mg) was further
purified by column chromatography on silica gel with pentane—
diethyl ether (10:1) to give 43 mg of (-)-(R)-nephthenol (7).
Fraction 2 (1.24 g) was separated by column chromatography
on silica gel using pentane—diethyl ether (4:1) as mobile phase
to give four subfractions (2-1, 2-2, 2-3 and 2-4). Subfraction 2-
1 (46 mg) was submitted to repeated column chromatography
on silica gel with pentane—diethyl ether (17:3) to give 22 mg of
the monoalkylmonoacylglycerol 4. Purification of subfraction
2-2 (58 mg) by silica gel column chromatography eluting with
pentane—diethyl ether (17:3) followed by a second column
chromatography with dichloromethane afforded 3 mg of (E)-
2,6,10,14-tetramethyl-14-vinylhexadeca-2,10,15-trien-5-one
(5). Subfraction 2-3 (538 mg) was subsequently subjected to
column chromatography on silica gel with pentane—diethyl
ether (4:1) to give three subfractions (2-3-1, 2-3-2 and 2-3-3).
Subfraction 2-3-1 (194 mg) and fraction 2-4 (84 mg) afforded
278 mg of 24-methylenecholesterol (2). Subfraction 2-3-2 was
purified by gel
dichloromethane to give 2 mg of 11,12-epoxysarcophytol A (8).

silica column chromatography with

Finally, 10 mg of isodecaryiol (9) were isolated after
purification by column chromatography of subfraction 2-3-3

with pentane—diethyl ether (4:1).

This journal is © The Royal Society of Chemistry 2012
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Antimalaria Assay: The antiplasmodial activity against the
FCM29 strain of Plasmodium falciparum was determined by
using the microfluorimetric assay previously reported (see
ESI).?¥° Results are given as ICs, values in pg/mL. Quinine
(ICsp = 3.5 pg/mL) was used for positive and the solvent
(methanol) for negative control.

Molecular Modeling: minimization of the
conformations for vanderlandin (1) (Fig. 2) and gravilin (3)

Energy

(Fig. 4) was achieved by repeated molecular dynamics
calculations using the MM2 force field implemented in the
Chem3D software (Version 15.0.0.106).

Vanderlandin (1): colorless solid; m.p. 57-58 °C. [oc]zD0 =-3.8
(¢ 0.1, MeOH). UV (MeOH): A = 206, 283 (sh) nm.
Fluorescence (MeOH): A, = 206 nm, Ao, = 303, 363 nm. IR
(ATR): v = 3407 (br), 2925, 2854, 1726, 1712, 1457, 1374,
1173, 1074, 1001, 892, 721 cm™'. "H NMR (600 MHz, CDCl5):
5=0.97 (3H, d, J = 7.2 Hz, H;-12/H;-13), 0.99 (3H, d, J= 6.8
Hz, H;-12/H;-13), 1.06 (3H, d, J = 7.2 Hz, H;-14), 1.41 (1H,
dddd, J=14.1, 5.0, 3.7, 2.9 Hz, H-9p), 1.50 (1H, ddd, J = 14.1,
11.9, 5.7 Hz, H-90), 1.54 (3H, s, H;-15), 1.70 (1H, dddd, J =
14.5, 5.3, 3.8, 0.6 Hz, H-8B), 1.78 (1H, dt, J = 13.4, 8.0 Hz, H-
30), 1.85 (1H, ddd, J = 13.7, 8.8, 3.7 Hz, H-2a), 1.88 (1H, sept,
J=6.9Hz, H-11), 1.89 (1H, ddd, J = 14.7, 11.9, 4.9 Hz, H-8a),
1.90-1.96 (1H, m, H-10), 1.97 (1H, ddd, J = 13.7, 8.9, 7.6 Hz,
H-2B), 2.07 (1H, ddd, J = 13.4, 7.5, 3.7 Hz, H-3p), 6.12 (1H, s,
H-5), 7.38 (1H, s, OH). C NMR and DEPT (150 MHz,
CDClL): & = 13.40 (C-14), 17.03 (C-12, C-13), 19.84 (C-15),
27.91 (C-9), 30.61 (C-8), 34.46 (C-3), 34.57 (C-2), 35.52 (C-
11), 38.50 (C-10), 83.46 (C-7), 89.10 (C-1), 90.27 (C-4),
124.33 (C-5), 148.05 (C-6). MS (EL 70 eV): m/z (%) = 237
[M—OH]" (4), 201 (3), 191 (6), 173 (8), 163 (20), 145 (49), 135
(24), 121 (37), 107 (21), 95 (24), 81 (20), 71 (29), 55 (39), 43
(100).

24-Methylenecholesterol (2): colorless solid; m.p. 129-130
°C. [a]?) = —28.3 (c 0.1, MeOH). CD (MeOH): Ae (1) +1.55
(202 nm), —0.43 (250 nm). UV (MeOH): 2 = 202 nm.
Fluorescence (MeOH): 2, = 202 nm, A.,, = 298 nm. IR (ATR):
v=13416 (br), 2958, 2936, 2868, 2851, 1641, 1458, 1378, 1051,
958, 886 cm™'. '"H NMR (600 MHz, CDCl;): = 0.67 (3H, s,
H;-18), 0.90-0.94 (1H, m, H-9), 0.94 (3H, d, J = 6.4 Hz, H;-
21), 0.96-1.01 (1H, m, H-14), 1.00 (3H, s, H5-19), 1.01 (3H, d,
J = 6.8 Hz, H3-26 or H;-27), 1.02 (3H, d, J = 6.8 Hz, H;-26 or
H;-27), 1.03-1.10 (2H, m, H-1b, H-15b), 1.10-1.19 (3H, m, H-
12b, H-17, H-22b), 1.25-1.30 (1H, m, H-16b), 1.40-1.47 (3H,
m, H-8, H-11b, H-20), 1.47-1.60 (5H, m, H-2b, H-7b, H-11a,
H-15a, H-22a), 1.80-1.90 (4H, m, H-1a, H-2a, H-16a, H-23b),
1.94-2.03 (2H, m, H-7a, H-12a), 2.05-2.11 (1H, m, H-23a),
2.19-2.26 (2H, m, H-4b, H-25), 2.29 (1H, ddd, J = 12.8, 4.9,
1.9 Hz, H-4a), 3.48-3.55 (1H, m, H-3), 4.64 (14, brd, J=1.5
Hz, H-28a), 4.70 (1H, br s, H-28b), 5.33-5.36 (1H, m, H-6).
3C NMR and DEPT (150 MHz, CDCl3): & = 11.85 (CH,),
18.70 (CHs), 19.39 (CH3), 21.07 (CH,), 21.86 (CHj), 21.99
(CHs), 24.28 (CH,), 28.21 (CH,), 30.96 (CH,), 31.66 (CH,),
31.89 (CH,), 31.89 (CH), 33.79 (CH), 34.67 (CH,), 35.75

J. Name., 2012, 00, 1-3 |9
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(CH), 36.49 (C), 37.24 (CH,), 39.77 (CH,), 42.30 (CH,), 42.35
(©), 50.11 (CH), 55.97 (CH), 56.75 (CH), 71.80 (CH), 105.91
(CH,), 121.70 (CH), 140.75 (C), 156.90 (C). MS (EI, 70 eV):
m/z (%) =398 (8, M"), 383 (12), 365 (10), 314 (100), 299 (34),
271 (55), 253 (13), 229 (26), 213 (25), 159 (29), 145 (35), 133
(30), 119 (28), 105 (48), 91 (46), 69 (80), 55 (99), 41 (63). ESI-
MS (+10 V): m/z =416 [M + NH,]", 819 [2M + Na]".

Gravilin (3): colorless solid; m.p. 100-101 °C. [oc]éo =+46.0 (¢
0.8, MeOH). UV (MeOH): 4 = 206, 300 (sh) nm. Fluorescence
(MeOH): ey = 206 nm, Aom = 286 nm. IR (ATR): v = 2923,
2855, 1739, 1659, 1457, 1377, 1121, 1085, 961, 879 cm™'. 'H
NMR (600 MHz, CDCl;): 6= 0.85 (3H, d, J = 6.8 Hz, H;-14),
0.97 (3H, s, H3-12), 1.10-1.15 (1H, m, H-13), 1.18-1.22 (1H,
m, H-15b), 1.24 (3H, s, H5-20), 1.29 (3H, s, H3-19), 1.31-1.37
(1H, m, H-16b), 1.49 (1H, m, H-15a),* 1.51 (1H, m, H-6a),*
1.52 (2H, m, H,-5),* 1.54 (1H, m, H-8),* 1.58 (1H, m, H-3B),*
1.62 (1H, m, H-7)," 1.63 (1H, m, H-16a)," 1.80 (1H, dd, J =
13.3, 7.9 Hz, H-3a), 1.86-1.92 (1H, m, H-6B), 2.28 (1H, dd, J =
15.1, 7.9 Hz, H-2p), 2.32 (1H, t, J = 7.5 Hz, H-10), 2.42 (1H,
dd, /= 6.9, 3.9 Hz, H-9), 2.48-2.56 (1H, m, H-2a), 2.66 (1H, t,
J = 6.4 Hz, H-17), 4.70 (1H, s, H-11a), 4.73 (1H, s, H-11b) [*
Chemical shift derived from the HSQC spectrum]. *C NMR
and DEPT (150 MHz, CDCl;): §= 17.87 (C-14), 18.69 (C-20),
21.55 (C-12), 24.91 (C-19), 26.43 (C-16), 27.22 (C-3), 29.93
(C-6), 32.10 (C-15), 33.75 (C-2), 36.38 (C-13), 42.19 (C-5),
43.14 (C-4), 45.77 (C-10), 48.04 (C-9), 55.22 (C-7), 55.29 (C-
8), 58.31 (C-18), 64.70 (C-17), 103.76 (C-11), 157.33 (C-1).
MS (EI, 70 eV): m/z (%) = 288 (0.1), 255 (1), 207 (5), 189 (16),
161 (15), 147 (10), 135 (8), 121 (58), 107 (25), 91 (27), 81
(100), 67 (12), 59 (16), 41 (33). ESI-MS (+10 V): m/z =289 [M
+HJ", 306 [M + NH,4]".
1-O-Arachidonoyl-3-O-stearylglycerol (4): colorless oil. UV
(MeOH): 4 = 205, 276 (sh) nm. Fluorescence (MeOH): A, =
205 nm, Agn = 285 nm. IR (ATR): v = 3455 (br), 3011, 2922,
2853, 1740, 1650, 1464, 1392, 1236, 1173, 1119, 720 cm™'. 'H
NMR (600 MHz, CDCl3): 6= 0.87 (3H, t, J= 7.2 Hz, H3-18"),
0.88 (3H, t, J = 6.8 Hz, H5-20"), 1.24 (24H, br s, H,-5"-H,-
16"), 1.26-1.32 (10H, m, H,-18', H,-19", H,-3", H,-4", H,-17"),
1.32-1.37 (2H, m, H,-17"), 1.53-1.58 (2H, m, H,-2"), 1.71 (2H,
quint, J = 7.5 Hz, H,-3"), 2.04 (2H, q, J = 7.2 Hz, H,-16"), 2.11
(2H, q, J = 7.3 Hz, H,-4"), 2.35 (2H, t, J = 7.5 Hz, H,-2'), 2.45
(1H, d, J = 4.5 Hz, OH), 2.80 (4H, q, J = 5.6 Hz, H,-7', H,-13"),
2.83 (2H, t, J = 6.0 Hz, H,-10"), 3.41 (1H, dd, J = 9.8, 6.4 Hz,
H-3b), 3.42-3.46 (2H, m, H,-1"), 3.48 (1H, dd, /= 9.8, 4.5 Hz,
H-3a), 3.96-4.01 (1H, m, H-2), 4.11 (1H, dd, J = 11.7, 6.4 Hz,
H-1b), 4.16 (1H, dd, J=11.7, 4.1 Hz, H-1a), 5.29-5.42 (8H, m,
H-5', H-6', H-8', H-9", H-11", H-12', H-14', H-15"). '3C NMR
and DEPT (150 MHz, CDCly): & = 14.07 (C-20"), 14.11 (C-
18"), 22.57 (C-19"), 22.69 (C-17"), 24.75 (C-3"), 25.61-25.63
(C-7", C-10', C-13"), 26.08 (C-3"), 26.53 (C-4"), 27.22 (C-16"),
29.32 (C-17"), 29.47 (C-4"), 29.58-29.66 (C-2", C-5"-C-15"),
31.52 (C-18"), 31.92 (C-16"), 33.53 (C-2'), 65.50 (C-1), 68.87
(C-2), 71.37 (C-3), 71.78 (C-1"), 127.53 (C-14'), 127.86,
128.13, 128.25, 128.86, 128.93 (C-6', C-8', C-9', C-11', C-127),
128.59 (C-5"), 130.50 (C-15"), 173.68 (C-1'). ESI-MS (+10 V):
m/z = 648.7 [M + NH,4]". ESI-MS (+25 V): m/z = 631.7 [M +
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H]", 648.8 [M + NH,]". ESI-MS (+75 V): m/z = 653.8 [M +
Na]*. ESI-MS (=50 V): m/z = 689.4 [M + OAc] .
(E)-2,6,10,14-Tetramethyl-14-vinylhexadeca-2,10,15-trien-
5-one (5): colorless solid. UV (MeOH): 1 =207, 218, 284 (sh)
nm. Fluorescence (MeOH): A, = 218 nm, A, = 308 nm. IR
(ATR): v = 3490 (br), 2967, 2927, 2858, 2056, 1710, 1652,
1454, 1375, 1110, 996, 918 cm . "H NMR (600 MHz, CDCls):
5=1.05 (3H, d, J = 6.8 Hz, H;-18), 1.27 (3H, s, H3-20), 1.27—
1.30 (1H, m, H-7b), 1.30-1.34 (2H, m, H,-8), 1.56 (3H, s, Hi-
19), 1.57-1.61 (3H, m, H-7a, H,-13), 1.61 (3H, s, H;-17), 1.74
(3H, s, Hs-1), 1.93 (2H, t, J = 7.1 Hz, H,-9), 2.02-2.07 (2H, m,
H,-12), 2.48-2.58 (1H, m, H-6), 3.12 (2H, d, J = 6.8 Hz, H,-4),
5.05 (2H, d, J = 10.9 Hz, H-16b, H-22b), 5.07-5.14 (1H, m, H-
11), 5.20 (2H, d, J= 17.3 Hz, H-16a, H-22a), 5.30 (1H, br t, J =
7.2 Hz, H-3), 5.90 (2H, dd, J = 17.3, 10.9 Hz, H-15, H-21). '*C
NMR and DEPT (150 MHz, CDCl;): & = 15.84 (C-19), 16.44
(C-18), 18.07 (C-17), 22.65 (C-12), 25.45 (C-8), 25.72 (C-1),
27.88 (C-20), 32.52 (C-7), 39.55 (C-9), 41.00 (C-4), 42.05 (C-
13), 45.64 (C-6), 73.45 (C-14), 111.70 (C-16, C-22), 116.09 (C-
3), 124.45 (C-11), 135.23, 135.39 (C-2, C-10), 145.00 (C-15,
C-21), 213.13 (C-5). MS (EL 70 eV): m/z (%) = 288 (2), 219
(5), 201 (4), 151 (21), 139 (19), 121 (33), 109 (34), 93 (93), 81
(100), 69 (83), 55 (71), 41 (90).

(+)-(S)-Geranyllinalool (6): colorless oil. [a]}) = +23.8 (c
0.07, MeOH); lit.: [a]) = +18.2 (¢ 0.06, CHCL3),” [a], =
+14.5.2° CD (MeOH): Ae (1) +1.94 (202 nm), +0.12 (247 nm).
UV (MeOH): 4 = 211, 280 (sh) nm. Fluorescence (MeOH): 1.
=211 nm, A,m = 305 nm. IR (ATR): v= 3414 (br), 2965, 2924,
2855, 1724, 1447, 1376, 1109, 995, 919 cm™'. 'H NMR (600
MHz, CDCl3): 6 = 1.27 (3H, s, H3-17), 1.54-1.58 (2H, m, H,-
4), 1.58 (3H, s, H5-19), 1.59 (6H, s, H3-18, H;-20), 1.67 (3H, q,
J = 1.3 Hz, H;-16), 1.94-1.99 (4H, m, H,-8, H,-12), 1.99-2.03
(2H, m, H,-5), 2.02-2.08 (4H, m, H,-9, H,-13), 5.05 (1H, dd, J
= 10.5, 1.1 Hz, H-1b), 5.07-5.11 (2H, m, H-10, H-14), 5.13
(1H, tq, J = 7.2, 1.4 Hz, H-6), 5.21 (1H, dd, J = 17.3, 1.1 Hz,
H-1a), 5.91 (1H, dd, J = 17.3, 10.9 Hz, H-2). >*C NMR and
DEPT (150 MHz, CDCl3): & = 16.00 (C-19), 16.03 (C-18),
17.69 (C-20), 22.71 (C-5), 25.69 (C-16), 26.55 (C-9), 26.75 (C-
13), 27.90 (C-17), 39.69 (C-8), 39.71 (C-12), 42.06 (C-4),
73.49 (C-3), 111.67 (C-1), 124.09 (C-10), 124.19 (C-6), 124.38
(C-14), 131.27 (C-15), 135.05 (C-11), 135.61 (C-7), 145.05 (C-
2). MS (EI, 70 eV): m/z (%) = 290 [M]" (0.4), 272 (1), 257 (1),
229 (1), 203 (4), 189 (4), 161 (8), 147 (7), 135 (10), 121 (12),
107 (28), 93 (40), 81 (44), 69 (100), 55 (20), 41 (51). ESI-MS
(+10 V): m/z=291 [M + H]", 308 [M + NH,]".
(9)-(R)-Nephthenol (7): colorless oil. [a]}’ = -35.9 (¢ 1.0,
MeOH) (lit.: [a]?) = =39.6 (¢ 1.11, CHCl3),” [a]? = =35 (¢ 1.0,
CHCI3)*). CD (MeOH): Ae (1) —7.78 (207 nm), +0.94 (240
nm). UV (MeOH): 4 = 205, 284 (sh) nm. Fluorescence
(MeOH): A¢x = 205 nm, Aep, = 288 nm. IR (ATR): v= 3414 (br),
2924, 2855, 1740, 1725, 1665, 1473, 1440, 1379, 1130, 973,
932, 883, 837 cm '. '"H NMR (600 MHz, CDCl;): §=1.15 (1H,
s, OH), 1.19 (6H, s, Hs-16, H3-17), 1.25-1.28 (1H, m, H-14b),
1.29-1.35 (1H, m, H-1), 1.55 (3H, s, H3-20), 1.55-1.57 (6H, m,
H;-18, H3-19), 1.61-1.67 (1H, m, H-14a), 1.85-1.92 (1H, m, H-
2b), 1.97-2.04 (2H, m, H-9b, H-13b), 2.05-2.16 (8H, m, H-2a,
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H,-5, H-6b, H-9a, H,-10, H-13a), 2.16-2.24 (1H, m, H-6a),
4.93 (1H, br t, J = 6.0 Hz, H-7), 4.99 (1H, br t, J = 6.4 Hz, H-
11), 5.08-5.12 (1H, m, H-3). >*C NMR and DEPT (150 MHz,
CDCly): &= 15.30 (C-19), 15.56 (C-18, C-20), 24.00 (C-10),
24.65 (C-6), 27.50 (C-17), 27.65 (C-16), 28.27 (C-14), 28.44
(C-2), 37.70 (C-13), 38.82 (C-5), 39.40 (C-9), 48.45 (C-1),
73.97 (C-15), 124.98 (C-11), 125.76 (C-7), 125.94 (C-3),
133.06 (C-8), 133.37 (C-4), 134.04 (C-12). MS (EIL, 70 eV): m/z
(%) =290 [M]" (1), 272 (26), 257 (15), 229 (14), 202 (12), 189
(19), 175 (12), 161 (25), 147 (26), 136 (37), 121 (74), 107 (78),
93 (99), 81 (84), 67 (96), 59 (100), 41 (69). ESI-MS (+10 V):
m/z=291 [M + H]", 308 [M + NH,]".

11,12-Epoxysarcophytol A (8): yellow solid; m.p. 68—70 °C
(lit.: m.p. 75-76 °C)**. [a]?) = +220 (¢ 0.1, MeOH) (lit.: [a],=
+229 (¢ 0.95),” [a]] = +218 (c 0.35, CHCl,),” [a]7] = +203.3
(¢ 0.33, CHCly)*). UV (MeOH): A = 217 nm. Fluorescence
(MeOH): Ao = 217 nm, Aoy = 293 nm. IR (ATR): v = 3425 (br),
2961, 2922, 2869, 1724, 1641, 1473, 1453, 1378, 1112, 995,
917, 871, 683 cm™'. "H NMR (600 MHz, CDCl;): §=1.06 (3H,
d,J= 6.8 Hz, H;-16), 1.08 (3H, d, J = 6.8 Hz, H;-17), 1.29 (3H,
s, H3-20), 1.45-1.52 (1H, m, H-10b), 1.58 (3H, d, J = 0.8 Hz,
Hs-19), 1.73 (3H, d, J = 0.8 Hz, H3-18), 1.82—-1.89 (1H, m, H-
10a), 1.97 (1H, dd, J = 15.4, 4.5 Hz, H-13a), 2.04-2.09 (1H, m,
H-9b), 2.10 (1H, dd, J = 15.4, 7.5 Hz, H-13b), 2.13-2.19 (1H,
m, H-5b), 2.21 (1H, br s, OH), 2.22-2.28 (4H, m, H-5a, H-6a,
H-6b, H-9a), 2.66 (1H, sept, J = 6.8 Hz, H-15), 3.18 (1H, t, J =
6.4 Hz, H-11), 4.72 (1H, br t, J = 6.0 Hz, H-14), 5.10 (1H, br t,
J = 6.4 Hz, H-7), 5.75 (1H, br dd, J = 10.5, 1.7 Hz, H-3), 5.98
(1H, d, J = 10.9 Hz, H-2). >*C NMR and DEPT (150 MHz,
CDCly): &= 15.02 (C-19), 17.26 (C-18), 19.44 (C-20), 23.79
(C-17), 24.12 (C-10), 24.22 (C-16), 25.96 (C-6), 27.63 (C-15),
36.45 (C-9), 38.33 (C-5), 42.15 (C-13), 58.60 (C-11), 59.98 (C-
12), 65.76 (C-14), 118.32 (C-2), 119.52 (C-3), 126.90 (C-7),
133.64 (C-8), 136.78 (C-4), 148.45 (C-1).

Isodecaryiol (9): colorless crystals, m.p. 94.0-94.5 °C. [oc]zD0 =
+14.0 (¢ 0.1, MeOH). UV (MeOH): A = 206, 250 (sh) nm.
Fluorescence (MeOH): J., = 206 nm, A.,, = 301 nm. IR (ATR):
v=13336 (br), 2972, 2914, 2856, 1474, 1428, 1378, 1281, 1246,
1195, 1178, 1142, 1119, 1067, 1017, 981, 968, 937, 920, 894,
849, 829, 804, 744 cm™'. "H NMR (600 MHz, CDCl;): 5= 0.89
(1H, ddt, J = 13.3, 11.6, 3.6 Hz, H-14b), 1.10 (3H, s, H3-16),
1.12 (3H, s, H;-17), 1.15 (3H, s, H5-18), 1.23-1.32 (1H, m, H-
2a), 1.27 (1H, OH, br s), 1.28-1.34 (1H, m, H-14a), 1.53 (1H,
ddd, J = 14.4, 6.0, 3.3 Hz, H-5b), 1.55 (3H, s, H3-20), 1.56 (3H,
s, H3-19), 1.58 (1H, tt, J = 11.6, 1.9 Hz, H-1), 1.72 (1H, ddd, J
= 12.5, 5.4, 2.0 Hz, H-2p), 1.81 (1H, ddd, J = 14.5, 11.2, 3.3
Hz, H-5a), 1.88 (1H, dddd, J = 15.4, 7.6, 3.9, 1.9 Hz, H-6b),
1.99-2.03 (1H, m, H-10b), 2.03 (2H, br dd, J = 8.9, 3.7 Hz, H-
13a, H-13b), 2.16 (1H, ddd, J = 14.0, 11.7, 3.8 Hz, H-9b),
2.22-2.29 (1H, m, H-9a), 2.48 (1H, dtd, J = 15.0, 11.4, 3.6 Hz,
H-10a), 2.62 (1H, dddd, J = 15.2, 11.4, 9.9, 3.6 Hz, H-6a), 4.20
(1H, dt, J=11.7, 5.9 Hz, H-3), 4.88 (1H, br d, J = 11.6 Hz, H-
11), 5.24 (1H, br d, J = 9.4 Hz, H-7). '*C NMR and DEPT (150
MHz, CDCl,): § = 14.82 (C-19), 15.20 (C-20), 22.25 (C-17),
23.76 (C-6), 24.22 (C-18), 25.19 (C-14), 25.27 (C-10), 28.93
(C-2), 29.61 (C-16), 36.42 (C-13), 38.06 (C-5), 39.30 (C-9),
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39.97 (C-1), 70.40 (C-3), 75.26 (C-15), 76.79 (C-4), 127.70 (C-
7), 128.08 (C-11), 132.59 (C-8), 133.02 (C-12). MS (EI, 70
eV): m/z (%) = 306 [M]" (4), 288 (10), 273 (3), 263 (4), 205
(3), 192 (4), 175 (5), 161 (7), 151 (13), 136 (24), 123 (20), 107
(30), 95 (32), 81 (55), 69 (74), 55 (430, 43 (100). ESI-MS (+10
V): m/z =307 [M + H]".

Crystal Data for 9: C,oH340,, M = 306.47 g mol ', crystal size:
0.27 x 0.25 x 0.22 mm’, monoclinic, space group C2, a =
24.3170(11) A, b = 13.7760(6) A, ¢ = 67.036(3) A, p =
91.6033(13)°, ¥ = 22447.5(17) A®, Z = 48, 7' = 12, peared =
1.088 gem ™, £ =0.519 mm™', 7= 1002) K, 1 = 1.54178 A, 0
range = 1.98-67.68°, reflections collected 182016 (R, =
0.0214), 2461 refined parameters, R; = 0.0347, wR, = 0.1178 [/
>26(I)]; maximal residual electron density: 0.42 ¢ A~%; Flack
parameter: x = 0.08 (4). The thermal displacement parameters
of the independent molecules A and E (Fig. S71) are indicative
of a disorder, which was impossible to resolve as all the
molecules should be disordered. The disorder resulted in an
alert B in the Hirshfeld test. CCDC-1424360 contains the
supplementary crystallographic data for this structure. These
data can be obtained free of charge from the Cambridge
Data i
www.ccde.cam.ac.uk/data_request/cif.
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