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Structures and Anatomical Distribution of Oxygenated
Diterpenes in the Australian Nudibranch
Chromodoris reticulata

Suciati,™® Lynette K. Lambert,© and Mary J. Garson™®
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CCentre for Advanced Imaging, The University of Queensiand, Brisbane,
Qld 4072, Australia.
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The structures and stereochemistry of six new diterpenes (1—6), two of which contain cyclic imine functionality, have been
deduced by 2D NMR spectroscopy. The anatomical distribution of these, and of 17 other diterpenes (7-23) that were also
isolated, has been investigated. The kmown compound aplyroseol-2 (14) was the major compound in the mantle tissue
along with some dialdehydes, while the linear furan ambliofuran (7) was the only ditcrpenc found solely in the internal
organs. The presence of lactone-acetal-hemiacetal functionality in many of the isolated compounds is a consequence of the
reactive dialdehydes present in the mollusc.

Manuscript received: 21 January 2011,
Manuscript accepted: 10 March 2011,

introduction

Nudibranchs from the order of Opisthobranchia (Mollusca:
Gastrapoda) are shell-less manne molluscs which lack physical
defences sgainst predation; and thus, may employ chemical
defences to deter predators. They may be protected by meta-
bolites obtained from dietary sources, commonly sponges, or
from de novo biosynthesis.® ! For example, a predator—prey
interaction has been determined for Glossodoris atromarginaia
and its sponge diet that involves sesterterpene metabolites.””!
Additionally, isotope-feeding studies have revealed the capa-
bility of dorid nudibranchs such as Dendrodoris limbata

to produce terpenoids from mevalonic acid via de novo
biosymhcsis.""‘]

Numerous diterpenes have been reported from chromodond
m.uiibm.ﬂchs,["2"’l and some of these metabolites show pro-
nounced biological activity.!”*'®"* Molinski and Faulkner
isolated the aromatic norditerpenes macfarlandins A and B4
closely related to aplysulfurin from Aplysilla sulfurea !> and
macfarlandins C—E, related to metabolites found in Dendrilla
sp.''"! from Chromodoris macfarlandi. Their findings saongly
suggested that C. macfarlandi may prey on two different
sponges.!'™ The Golgi-modifying properties of macfarlandin

Professor Mary Garson is a Professor of Cheristry at The Univerity of Queensland. She graduated from The University of
Cambridge, UK with a Ph.D. (1977) and MA {1978), after which she undertook postdoctoral studies funded by a Royal Society
of London Overseas Research Fellowship at the Universita Catiolica, Rome (1975). She then returned to Cambridge as a
college research fellow and tutor ar New Hall (since rencmed as Murray Edwards Cellege) wizhin the university. Next she
worked as a medicinal chemist in the UK pharmaceutical industry before emigrating 10 Australia following the award of a
Queen Elizabeth Il Research Feliowship at James Cook University of North Queensland (1983-1936). Prior w0 joining The
University of (Jueensland as a lecturer in 1990. she held a lecturing position at The University of Wollongong in NS W_In her
academic research, Professor Garson has made distinguished contributions to the fields of terrestrial and marine natural
products, biosynthesis, and chemical ecology over a 30-vear period. She is widely recognized for her collaborative research
with colleagues from South-East Asian countries, including Thailand, Indonesia, and the Philippines. Professor Garson has
been Chair of the International Relations Commitiee, as well as President of the Queensland branch, of the Rayal Australiar:
Chemical Institute. She was Executive Secretary of the team organizing the World Chemistry Congress in Brisbane in 2001, and
is currently co-chair of the organizing committee for the 27th International Symposium on the Chemisiry of Natural Producis.
From 2002 to 2004, she was chair of Australian Science Innovations (previously known as the Ausiralian Science Olympiads).
She is currently a Titular member, and honorary Secretary, of Division III (organic and biomolecular) of IUPAC, and the
Division proposes to appoint ker as Vice President (2012-13) succeeding to the Division Presidency in 2014-2015. An unusual
form of professional recognition is tha @ new specizs of marine flatworm that she first collecied ai Heron Isiand has been named
Maritigrella marygarsonae.

© CSIRO 2011 10.1071/CH11036 0004-9425/1 1/060757
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R, R, Ry
1 OAc CHy H
10H CHy H
11 H H OAc
20H CHOH

Fig. 1.

E and of a synthetic analogue in which the hydroazuleno moiety
is replaced by a feri-buty! gooup bave been reported 1'% Cell
biological studics of the dynamics of Golgi organization are
providing fundamental insight into how these organelles play a
key role in protein modification within the cell. An intriguing
question to address is how this biological activity may relate to
the ecological roles of macfarlandin E in both the mollusc and its
dietary spouge.

We report six new diterpenes (1-6) together with 17 knowa
diterpenes (7-23) (Fig. 1) isolated from two specimens of
Chromodoris reticulata. The anatomical distribution of
the diterpene compounds within the various tissue types of the
mollusc, was explored by dissection and analysis of one of the
twu specimens. The data are compared with our study” on a
specimen of a Chromodoris mollusc (specics taxonomy possibly
reticulata) which had earlier provided the two diterpenes 19 and

Suciati, L. K. Lambert, and M. J. Garson

-

12 R, = OAc; R, = OAc
13 R, =OH. Ry=H

Structures of diterpenoid metabolites isoiated in the custent study on the nudibranch Chromodoris reticulata.

24, along with the four known metabolites 10, 14, 18, and 25
(Figs 1 and 2).

Results and Discussion

Two large specimens of Chromodoris reticulata were collected
by SCUBA from the Gneerings Reef, offshore from Mooloo-
laba, in South East Queensland. One nudibranch was extracted
with accione to investigate the total chemistry and gave a
terpene-rich organic extract that was fractionated by silica flash
chromatography (hexanes/EtOAc), followed by normal phase
HPLC (NP-HPLC) using hexanes/EtOAc. Using these separa-
tion protocols, three new (1-3) and 15 known metabolites were
obtained. The known metabolites were identified by comparison
of NMR data with the literature; these were ambliofuran
(MNP S aplysulfurin (8)"'"  membranolide (9),29
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28 R=H
30 R = 0OAc

Fig. 2. Structures of diterpenoid metabolites isolated in earlier sponge or nudibranch studies, or from synthetic transformations.

spongian-16-one (10),"*] 7a-acetoxy-spongian-16-one (11),*%
dorisenone D (12),1"*)  1iB-hydro ngi-12-en-16-one
(13),%9 aplyroseols-2, 3 and 5 (14-16),1>***7 dendrillol-2
(17, aplyrosecl-9 (=7c:-acc(oxydmd:illoi—32 (18),%%) the
aldehydes 19°" and 20,*" and deadrillol-1 (21).'%! Diterpenes
i0, 14, and 18 were isolated 1n our earlier study on an uniden-
tified chromodorid nudibranch.”"! The second nudibranch was
dissected to separate the mantle tissue from the internal organs
in order to probe the distribution of individual metabolites.
Extraction of the mantle tissue using the same procedure as for
the first sample resulted in the isolation of three new diterpenes
(4—6), while two additional compounds, namely spani-lZ-cn-
11,16-dione (22)?* and 12-deacetyl-aplysillin (23),"*% were
identified by companson with literature data. All compounds
isolated from the first specimen were aiso isolated from the
second specimen.

Diterpene 1 displayed a sodiated molecular ion peak in the
HR-ESI MS at m/z 385.2345, corresponding to the molecular
formula Cy,H1404. Inspection of the NMR spectra (Tables 1
and 2) confirmed the presence of four methyl singlets (8 0.93,
0.91, 0.86, 0.82), and an acetate methyl (8 2.01), while two
oxymethylene protons (8 4.31) were linked by HSQC to a
carbon at 8¢ 67.6, and showed HMBC correlations to a carbonyl
at 8¢ 180.8. These data suggested 2 spongian-16-one substituted
with an acetate group, but when compared with 7a-acetoxy-
spongian-16-one {11),'* the shift of the oxymethi..e proton g{;
5.17 for H11 in 1 compared with 8y 4.92 for H7 of 117
supported a different substitution pattern. The 11-OAc was
deduced by HMBC correlations from H9 and Hi2« to Cl11,
and confirmed by 1D TOCSY and COSY experiments. A boat
conformation was inferred for ring C, since H13 at 8y 2.90
showed a large coupiing (J | 1.5 Hz) to HI12B and so was axially-
orientated. Additionally, Hi4 and HI13 were eclipsed, also
showing an 11.5 Hz coupling; while an NOE between HI128
and Me-17 supported the proposed conformation.?%2%31] Iy an
alternative ‘flattened’ chair conformation, there would not
be a large coupling between the equatorial HI3 and cither
H12 proton, nor would an NOE between H128 and Me-17 be
expected. Although such data must be used with care, an NOE
between HY and H14, but no equivalent NOE between H11 and

H13, suggested that the 11-OAc was x-oriented. NOEs berween
H11/Mc-20 and between H11/H1 agreed with this interpreta-
tion. The B orientation of H11 was consistent with 2 Jof 5.0Hz
between H11 and H9; a dihedral angle of 127 3° was suggested
by molecular modeiling (Chem Bio 3D Ultra 12.0 (Cambridge))
using 2 MM2 force field for ensrgy minimization to an RMS of
0.100). The data for 1 differed with the parual data reporied
for the synthetic 26 (with a B-0OAc), prepared b?r hydrogenation
of a diterpene isolated from S~ongia officinalis.[*®) Although we
named 1 25 | la-acetoxyspongian-16-one in view of its relation-
ship to the known 10, we note that the ‘spongianone’ nomencla-
ture prevalent in the literature for such lactones is unsatisfactory.

Diterpene 2 was obtained by NP-HPLC (hexanes/EtOAc, 80/
20) and had the molecular formula of C;3H1405 inferred from
HR-ESI MS (m/z 415.2463 [M+Na]"). The '"H NMR spectrum
showed the presence of three methy! singlets (8y 0.85, 0.83,
0.78), an acetate methyl (8, 2.11), 2 carboxymethyl (8 3.65),
an acetal proton (8y 6.44), and two oxymethyiene protons
(831 3.95, 3.73). The data were similar to those of diterpene 27,
except for the oxymethyleae proton signals instead of signals for
a second acetal moiety **! HMBC correlations from the acetal
proton (8y 6.44) to C7 (8~ 37.4) and the OAc (§c 170.8)
confirmed that the acetate group was attached to Ci7. The
relative configuration of 2 was then explored ***'! A boat
conformation was inferred for ring C since the axial H13 at
83 2.79 Lgain showed a large coupling (J 1Z.3Hz) to H128. A
5.7 Hz couplinz between H13 and H14 matched with a dihedral
angle of approximately 60°,*! while the NOE between H and
HI13 agreed with the measured inter proton distance of 2.2 A.
inspection of molecular models revealed that H17 would show
an NOE to Me-20 irrespective of the C17 configuration. How-
ever, there was a strong NOE from H17 to the HI5 proton
(81 3.73) assigned as B owing to the small coupling (1.7Hz)
with H14 that results from a dihedral angle close to 90°. The B
orientation of H17 was further confirmed by an NOE to H118,
and by the shiftis of H7a and H78 (8y 1.36 and 2.35) that
matched equivalent values in diterpene 27 (8y; 1.39 and 2.54).
This latter metabolite was previously isolated from the nudi-
branch Ceratosoma brevicaudatum **! now considered a spe-
cies of the genus Chromodoris.*!



Table 1. "F NMR data for diterpenes 1-6*

0oL

C 1 y ] 3 4 5 6
8y, m (J in Hz)® 8y, m (J in Hz)? &y, m (J in Hz)® By, m (Jin Hz)" Sy, m (J in Hz)® 8y, m (J in Hz)”
| x0.90m x0.86m 2095t (13.9,1.8) 20.95m 2 1.15m a097m
B143m B 1.64m B1.77Tm B16Tm B1L76m B 1.67 d((13.2,3.3)
2 «1.59m a 1.60m o 1.65m o .63 m «l73m x1.56m
B1.38m B142m B 1.52m B 148 m B165m B14Tm
3 a 1.13td (13.5, 4.0) al.141d (13.3,3.6) 2 1.211d (13.3,4.0) o120 (135, 3.5) 450dd (11.8, 4.8) a1.221d(13.7,3.9)
B138m pf138m B14Tm Bld4dm B 1.38dt(13.7,3.3)
s 0.89 brd (11.5) 0.93dd (12.3,2.3) 1.42dd(11.9, 2.0) 1.39 dd (13.5, 2.5) 1.60d (11.3) 1474 (11.7)
6 a« 1.60m « 1.S6m z 1.96 ddd (14.7, 3.1, 2.0) 2 1.99di(15.0,1.5) 4,26 ddd (11.3, 6.0, 2.6) 4.09 ddd (11.7,4.3,3.0)
Bl4lm Bl15m B 1.56m B1.68Bm
7 a 103 td (12.0,40) « 1.36m 4.601(3.1) 4.751(2.5) 4.95d (2.6) 6.07d (3.0)
B 1.70 dt (12.0, 3.5) B235m
9 1.17d(5.0) 1.40m 1.46dd (11.9,2.3) 1.6dm 1.46dd (13.5,2.9) 1.46 dd (12.3, 2.5)
11 5.17td (5.0, 2.0) x 1.6Im 20.77m x0,98m al45m 1.72m; 1.76 m
Bl4lm B1.66m B1.60m B 198 qd (13.5,4.4)
12 22.17ddd (16.0,8.5, 2.0) 1.83m «1.74m 1.80m 21.58m alflm
B 198 ddd (16.0,11.5, 50} B22lm B239ddd (119,44, 2.4) B 247dq(136,20)
13 290wd (11.5, 8.5) 279481 (123,57 2.72 ddd (12.0, 9.1, 2.6) 2.14m 2.76m 3.29td (5.6, 2.0)
14 23lm 2.3 m 2.92dd{12.0, 6.6) 2.47Tm 276m 2.56 d (5.6)
15 43lm x3.95dd (9.7,6.9) 6.30dd (6.6, 1.3) x4.00 ddd (17.0, 9.0, 2.0) 6.06 m 9.73s
BI173dd (9.7, 1.71) [3.71 ddd (17.0, 6.0, 2.5)
17 0.91s 3H 6448 T99d(1.3) 75Tbts 553d(1.8) 10,00 s
18 0.86s, 3H 0.85s, 3H 0.81s,3H 0.805, IH 1.10s, 3K 1.08s, 3H
19 0.82s, 3JH 0.78s, 3H 0.83s, JH 0.83s, 3H 1.05¢, 3H 0.95s, JH
20 0935, 3H 0.83s, 3H 1.03s,3H 0.89s, 3H 1.01s, 3H 0.85s, 3H
OCOCH, 2.01s, 3H 2.11s,3H 2.16s, 3H 2.118, 3H 2.07s, 3H
COOCH, 3,658, 31 1.67s, 31 1675, 3H
0COCH,CH,CH, 245m 2.38m
OCOCH;CH,CH;3 1.73m 1.68m g
OCOCH,CH,CH, 101 t(7.4), 30 0.95 1 (7.4), 34 2
6-0H 1.44 d (6.0) 1.56" =
17-0H 287d(1.8) 9
=
AChemical shifls [ppm] referenced to CHC; (8y 7.26).
"Data recorded at 500 MHz.
“Data recorded at 750 MHz.
PData recorded at 900 MHz. E
i EDetected in DQFCOSY by comelation to H6, =
]
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Table2. C NMR data for diterpenes 1-6°%
C 1 2 3 4 L] 6
P 5S 5c€ 8.0 P 5cF

1 38.51 39.61 389t 389t 371t 39.1¢
2 18.2¢t 18.61 18.51¢ 184t 23.51 18.7¢
3 421t 4201 4191 42,01t 80.3d 43.41
4 33.5s 33.6s 33.0s 32.8s 378s 334s
5 56.9d 56.9d 48.0d 4874 52.5d 52.0d
6 18.21 20.7¢ 2531 256t 69.9d 6934
7 42.21 374t 73.84d 75.24 77.0d 73.94
8 357s 4963 63.2s 61.7s 520s 53.0s
9 60.6d 50.14 50.24d 46.1d 48.8d 53.0d
10 IR.6s 384s 383s 375s 39.1s 3945
1i 69.0d 15.81 19.8¢ 16.5t 1631 17.6t
12 28.3¢ 19.21 26.1t 20.6t 231t 28.11
13 3384 39.2d 358d 334d 37.5d 41.1d
14 48 5d 500d 41.1d 41.44d 42.6¢ $3.34d
15 57.61 68.21 102.64 63.0t 104.04 20044
16 180.8s 175.8s 179.0s 175.5s 176.8s 173.8s
17 18.0q 98.9d 173.1d 168.24d 103.3d 20z.44d
18 335q 337q 33.0q 33lgq 3059 36.6y
19 21.5q 218q 213q 213gq 1634 2204
20 17.1q 1484 172q 1634 16.6q 171q
OCOCH, 1703 170.8s 170.5s 17045 17125

OCOCH, 21.7q 21.5q 215q 2l4q 21.3q

COOCH, 51.7q 5194 52.4q
OCOCH,CH,CH, 36.61 36.61
OCOCH,CH,CH, 18.81 189t
OCOCH,CH,CH, 11.8q 1399
OCOCH,CH,CH; 174,55 173 85

AChemical shifis [ppm] referenced to CDCl; (8¢ 77.16).
BSome assignm-nts by HMBC expenments.

“Data recorded at 125 MHz.

PData recorded at 188 MHz.

*Data recorded at 225 MHz

Diterpene 3 was obtained as a colourless oil by NP-HPLC
(hexanes/EtOAc, 60/40), and had a molecular formula of
CaHyNO, inferred from HR-ESI MS (m/z 396.2147
[M+Na] ) The 'H spectrum (Table 1) revealed three methyl
singlets (8y; 1.03, 0.83, 0.81) and an acetate methyl (5 2.16)
signals, which were similar to thosc found in aplyroscol-2
(14),%% but there was only one acetal proton (3 6.30) obscrved.
A downfield signal (85 7.99) linked toa *C signal at 6 173.1 by
HSQC svggested an imine."*?! This was positioned at C17 from
HMBC cross-peaks from 8y; 7.9 to CR (8- 63.2), C14 (5 41.1)
and the acetal at C15 (§¢ 102.6), and from a COSY correlation
between H1S and H17. A 7-OAc group was determined by
COSY (H7.#,6) and HMBC correladons (H7 to C5 and the
acetate carbonyl). The appearance of HI3 dffered from that in
either 1 or 2; there was clearly a 12.0 Hz coupling between H13
and H14, suggesting they were eclipsed. The J value of 9.1 Hz
between H13 and H12p was smalier than that observed in either
1 or 2, but is too large to be anything other than an axial-axial
coupling as evidenced by a coupling between HI3 and the
equatorial H12« of 2.6 Hz. As in 1, but in contrast to 2, there
was no evidence of an NOE between H9 and H13 for which an
inter proton distance of 3.1 A was measured by modelling. The
presentation of the H13 signal was also inconsistent with an
alternative conformation, in which ring C adopts a flattened
chair shape, for which models revealed that HI3 would show
similar-sized couplings to cach of the H12 protons. The NOEs
from H14 to each of H9, H13, and H15, established these protons

on the bottom face of the rigid C-D—E ning system, an NOE from
H17/Me-20 supported the configuration at C8, and NOEs from
H78 to both H17 and H15 confirmed the 7a-0OAc.

The molecular formula of diterpene 4 was Cy3HisNO4 by
HR-ESI MS, with the presence of nitrogen again suggesting an
imine, as in 3. The 'H/'*C NMR and HMBC data aiso revealed a
carbomethoxy group at C13 (as in 2) and an acetate group at C7
(as in 3). Compared with 3, the acetal proton at C15 was replaced
by signals for a diastereotopic methylene (85 4.00,3.71). H158
showed HMBC correlations to C13 and there were alzo HMBC
correlations from H13 and H14 to C15. The Ci7 imine at
8¢ 168.2 had HMBC correlations with H,15 and H9, while
the.c was also a long range COSY correlation from both H1Z
signals to H17 at 8y 7.57. The NOE corrclations obscrved
between H13/H9, H13/H14, H7/H14, H7/H17 confirmed the x
orientations of H13, H14, and the 7-OAc group. To our knowl-
edge, imine functionality, as scen in 3 and 4, has not been
encountered in this class of compound before. Unfortunately
attempts to reduce the imine moiety using Hy/Pd-C gave multi-
ple products that couid not be definitively characterized given
the small amounts of product available. We named the new
diterpenes 3 and 4 as chromoculatimine A snd B, respectively.

Diterpene § was isolated as a colourless oil that gave 2
[M+Na] " ion at m/z 517.2397 in the HR-ESI MS, matching
the molecular formula C,¢H3:0s. The 'H and "*C NMR spectra
showed evidence for three methyl groups (8y 1.10, 1.05, 1.01),
a butyrate ester (8y 2.45, 1.73, 1.01; 8¢ 174.55, 36.6¢, 18.8¢,
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Diterpenes from Australian Nudibranchs

13.8q), an acetate methyl (§y 2.07, 8¢ 21.3), and two acetal
groups (8y 6.06, 5.53; 8. 104.0, 103.3). These structural
features were similar to those seen in the aplyroseol series of
metabolites,!*22*% notably aplyroseol-3 (15),%! except
there was an additional oxymethine signal at &y 4.50 for H3
that appeared as a doublet of doublets (J 11.8, 4.8 Hz) revealing
the axial position of H3, and hence a B orientation for the C3
substituent, that was further confirmed by NOESY correlations
from H3 to Hlx, HS, and Me-18. HMBC, COSY, and 1D-
TOCSY experiments revealed that the acetate, hydroxyl, and
butyrate ester groups were attached to C3, C6, and C7, respec-
tively. The axial H6 at 8y, 4.26 (ddd, J 11.3, 6.0, 2.6 Hz) showed
coupling to H5 (5y 1.60, d, 11.3), the equatorial H7 (8y 4.95, d,
2.6) and an OH (8y 1.44, 4, 6.0). As in aplyroseol-3 (15), NOEs
from H17 to Me-20, H6, and H7 confirmed a 6¢-OH, a 178-OH,
and an x-orientated butyrate group. Additional NOEs were
between H7/H14 and H7/H15.

The HR-EST MS of diterpene 6 displayed a sodiated molec-
ular ion at m/z 473.2508 corresponding to a molecular formula
CasH350-. The 'H and '>C NMR spectra tesembled those of
the known aldehyde 19,/ and included three methyl singlets
(84 1.08, 0.95, 0.85), a carboxymethyl (8y 3.67; 8 52.4), and
two aldehyde protons {8y 10.00, 9.73; 8¢ 202.4, 200.4). How-
ever, there was no acetate group present; instead there was a
butyrate ester (5 2.38, 1.68, 0.98; 6 173.8s, 36.6t, 18.9¢,
13.9q) and a hydroxy group (6 1.56, detected by DQFCOSY).
The hydroxy group and butyrate ester were identified as
attached to C6 {8y 4.09; 8¢ 69.3) and C7 (8y 6.C7; &¢ 73.9).
respectively, by HMBC experiments. As in 13, both aldehydes
were 3 oriented since there were HOESY cross peaks from H15
to H7 and H14, and from H17 to H6, H7, and Me-20. The
a orientations of the butyrate ester and the hydroxy group were
confirmed by NOEs between H6/Me-20, H6/Me-19, H6/H17,
H6/H7, HI/HIS, and HTHIT.

Consistent [z]p trends in this series of highly functionalized
diterpenes are not readily apparent. In our earlier work, metabo-
lite 24 was assigned to the same enantiomeric series as (+ -isc-
agatholactone (28),"**) for which the absolute configuration has
been established based on tota! synthesis from (+)-manool.
In contrast, aplyroscol-1 (29), with the same absotute configura-
tion deduced from an X-ray study, has a negative [a}y, vahue >

Following the careful d'ssection and analysis of the second
Chromodoris specimen, 'H NMR spectra of extracts or fractions
obtained from the mantle and intemal organs were compared.
The mantle tissue extract contained diterpenes 1-6, 9, 11-14,
16, 17, and 20-22, while ambliofuran 7 was found only in the
internal organs. The remaining diterpenes 8, 190, 15, 18, 19, and
23 were found in both iissue types. Aplysulfurin (8) was the
major component in the internal orguns, while aplyroseol-2 (14)
was the major compound in the mantle tissue. As in our previous
study,!*”! dialdehydes such as 19 were concentrated in the
mantle tissue compared with the intemal organs.

Based on the pattern of metabolites from this particular
nudibranch, the dietary origin of these oxidised diterpenes could
be dendroceratid sponges.>" As noted earlier, dialdehyde 19
provides acetal 14 directly on cyclization (Fig. 3):129 conse-
quently new dialdehyde 6 could be the actual source of acetal 15.
Imine 3 may result from formal addition of ammonia (or
equivalent) to dialdehyde 19, while the absence of aldehyde
functionality at C15 in e.g. 20 limits additional cyclization and
leads to diterpene 2 or imine 4, each with a free carbomethoxy
group. In contrast, lactone 18 apparently results from oxidation
of a dialdehyde at C15 and reduction at C17, or alternatively is
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the eventual product of incomplete oxidation of the C17 Me
group in an carlier intermediate on the biosynthetic pathway.
Lactones 1 and 11 may each derive from oxidation and acetyla-
tion of lactone 10, reactions which by analogy with the estab-
lished chemistry of various Glossodoris moliuses®® might be
expected to occur in the moliusc rather than the dietary source.
However a related profile of oxidation-acetylation is also seen
in lactones 12 and 13, structurally related to the known sponge
compound 30.

Conclusion

This study reported six new diterpenes (1-6) along with 17
known metabolites previously isolated from dendroceratid
sponges and from the nudibranch C. obsoleta. Fificen of these
diterpenes were present only in mantle tissue, while seven of the
remaining cight metebolites were present in both mantle and
digestive tissues extracts. The linear furan ambliofuran 7 was the
only diterpene found solely in the internal organs extract. The
presence of lactone-acetal-hemiacetal functionality in many of
the isolated diterpenes is likely related to dialdehyde precursors.

Experimental
Ceneral

Optical rotations were obtained using a Perkin-Elmer 241-MC
polanimeter. 1D and 2D NMR spectra were acquired using
Bruker Avance 500, 750, and 900 insiruments. NMR spectra
were obtained in deuteroctloroform or benzene-d, at room
temperature, and were internally referenced to CHCI, (8 7.26)
or C¢Hs (8y 7.16) and CDCls (8¢ 77.16) or C¢Ds (8¢ 128.06).
Positive ion electrospray mass spectra (LR-ES MS) were
determined using a Bruker Esquire HCT instrument or (HR-ES1
MS) using 2 MicroTof Q instrument each with a standard ESI
source. Samples were introduced into the source using MeOH
as solvent. NP-HPLC was carried out using 2 Waters 515 pump
with a Waters 10y aPorasil 7.8 x 300 mm column and a Gilson
132 senes Rl detector with EtOAc/hexanes as solvent, flow
rate 2mL min~'. Reverse phase HPLC was carried out using a
Shimadzu LC-20AT pump with 2 Phenomenex Gemim 5pu C18
10 x 250 mm column, and a Shimadzu ELSD-LT (low tem-
perature evaporative light scattering detector), using MeOH/
H,O as a solvent at flow rate 1.5 mL min .

Collection, Extraction, and isolation

Two mollusc specimens were collected from Hanging Rock
dive site, at the Inner Gneerings reef, a group of shoals near
Mooloolaba (Australia), using SCUBA at a depth of 10~-15m
01 5 December 2009. Subs=quert examination revealed their
identity was Chromodoris reticulata®”! The samples were
taken back to the laboratory and stored at —20°C until
extraction.

A specimen of Chromodoris reticulata (wet weight 9.4 g)
was diced and extracted exhaustively with acetone by using
ultrasonic vibration for 30min. The extract was removed,
filtered through cotton, and concentrated under reduced pres-
sure to give an aqueous residue, which was then partitioned with
EtOAc. The organic layer was removed, dried over anhydrous
MgS0O,, and evaporated under reduced pressure o give a brown
crude extract (238 mg). The extract was then subjected to Si0,
flash chromatography with gradient clution (hexanes to EtOAc)
to give 13 fractions. Compounds 7 (0.9 mg), 10 (16.4 mg), and
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14 (74.2 mg) were identified in fractions 2, 6, and 10, respec-
tively. Fraction 7 (31.4 mg) was subjected to NP-HPLC (hexanes/
EtOAc, 80/20) to afford the new compound 2 (1.5 mg) and
diterpenc 8 (6.6 mg). Fraction 8 (10.5mg) was subjected to
reverse phase-HPLC using gradient elution of MeOH/H,0 (70/
30) to 100% MeOH for 40 min, and gave compounds 9 (2.3 mg)
and 11 (1.5mg). A fraction from the reverse phase-HPLC
containing a mixture of compounrds was subjected to NP-HPLC
(hexancs/EtOAc, 75/25), and gave a mixture of compounds 13
and 21 (1.8 mg), the new lactone 1 (<0.3mg), and a mixture
of lactone 11 and aldehyde 20 (1.3mg). Fraction 9 (12mg)
was chromatographed on NP-HPLC {(hexanes/EtOAc, 80/20) to
afford compounds 12 (0.4 mg) and 18 (0.3 mg). Fractions 11 and
12 were combined (19.7mg), and chromatographed on NP-
HPLC (hexanes/EtOAc, §0/40) to give aldehyde 19 (1.9mg), a
mixture of compounds 14 and 15 (6.3 mg), as well as compounds
17 (1.4 mg), 16 (3.1 mg), and the new imine 3 (1.8 mg), in order
of elation.

The second specimen of Chromodoris reticulata (wet weight
7.8 g) was dissected into mantle (wet weight 3.9 g) and internal
organs (wet weight 2.8 g). Each section was extracted using the
same procedure as for the first animal, to give an orange oil
{232 mg) from the mantie and a yellow oily extract {66 mg) from
the internal organs. The mantle extract was subjected to SiO;
flash chromatography vith gradient elution (hexanes to EtOAc)
to give 14 fractions. Fracdon 9 (15.0 mg, hexanes EtOAc, 80/20)
was subjected to NP-HPLC (hexanes/EtOAc, 80/20) to give
iactone 22 (0.3 mg). Fraction 12 {37.0mg. hexanes/EtOAc,
65/35) was subjected to NP-HPLC (hexanes/EtOAc, 60/40) to
afford compound 23 (1.7 mg). Fractions 7 and 8 from the NP-
HPLC of fraction 12 were combined before further NP-HPLC
(hexanes/EtOAc, 70/30) to give dialdehyde 6 (~0.2 mug). Frac-
tion 13 (12.8 mg, hexanes/EtQAc, 60/40) was also subjected
to the same NP-HPLC conditions to give diterpenc § (0.5 mg),
imine 3 (0.9 mg), and imine 4 (0.4 mg), in order of clution.

11a-Acetoxy-spongian-16-one (1)

Colourless oil; [a]p +73 (¢ 0.01 in CHCh): &8s (CDCls,
500 MHz) and 8¢ (CDCly. 125MHz), see Tables 1 and 2;
8y (benzene-ds, S00MHz) 5.17 (1H, td, J 5.0, 2.0Hz, H11),
3.73 (1H, dd, J 10.0, 2.1 Hz, H15B), 3.56 (1H, dd,/ 10.0, 8.1 Hz,
Hi5a).2.35 (1H,td, J11.0, 8.8 Hz, H13),2.23 (1H, ddd, J 16.0,
8.8, 2.1 Hz, H12a), 1.89 (1H, ddd, J i1.0, 4. 8 He, HI2B), 1.70
{3H. s, OCOCH,), 1.51 {1H, m, H14), 1.48 (1H, m, H1B), 1.46
(1H, m, H2a), 1.29 (2H, m, H78, H2B), 1.25 (11, m, H6), 1.09
(1H, dt, J 12.5, 3.5 Hz, H3B), 1.06 (1H, m, H72), 1.01 (1H, m,
H6B), 0.88 (1H, m, Hla), 0.84 (1H, d, /5.0 Hz, H9),0.80 (3H, 5,
Me-18), 0.71 (3H, s, Me-19), 0.6 (1H, dd, J 12.4, 2.5 Hz, H5),
0.60 (3H, s, Me-20), 0.49 (3H, s, Me-17), 0.41 (1H, m, H3a),
assignment of H2 and H6 may be interchanged, 8¢ (benzene-dg,
125 M}z, partial data from HSQC) 68.9(C11), 66.5 (C15),60.5
(C9), 56.8(C5),48.3(C14),42.2(C7),41.6(C3),38.6(C1),33 4
(Me-18), 28.4 (C12), 21.3 (Me-19), 21.1 (OCOCH,), 18.3 (C2),
18.0(C6), 17.4 (Me-17), 16.7 (Me-20). assignment of C2 and C6
may interchanged; HR-ES! MS m/z 385.2345 [M+Na]™; calc.
for Cg;Hyomil 385.2349.

Methyl 15,17-Epoxy-17x-acetoxy-ent-isocopalan-

16-oate (2)

Colourless oil; [a]p +31 (¢ 0.10 in CHCly); 8y (CDCl,,
500 MHz) and 8¢ (CDCls, 125MHz), sec Tables 1 and 2;

s Suciati, L. K. Lambert, and M. J. Garson

HR-ESI MS m/z 415.2463 [M+Na]"; cale. for C;;H;605Na:
415.2455.

Chromoculatimine A (3)

Colourless oil; [a]p — 13 (¢ 0.09 in CHCl,); "HNMR (CDCl;,
500 MHz) and **C NMR (CDCl;, 125 MHz), see Tables | and 2;
HR-ESI MS m/z 396.2147 [M+Na]™; calc. for C2H;NONa:
39A.2145.

Chromoculatimine B (4)

Colourless oil; [a}p —24 (¢ 0.03 in CHCly); 84 (CDCl,,
750 MHz) and 8¢ (CDCl;, 188 MHz), sce Tables | and 2;
HR-ESI MS m/z 412.2467 [M+Na]"; calc. for C,3H3sNO Na:
412.2458.

Aplyraseoi-19 (5)

Colourless oil; [a)p +9 (c 0.03 in CHCL); 8y (CDCls,
500 MHz) and 8¢ (CDCl;, 125MHz), see Tables 1 and 2;
HR-ESI MS mv/z 317.2397 [M+Na]™; calc. for CagH350aNa:
517.2408.

Methyl 6a-Hydroxy-7a-butyryloxy-88, 148-

diformyipodocarpane-13B-carboxylate (6)

Colourless oil; [2]p —19 (¢ 0.01 in CHCl;); 8y (CDClL,,
900 MHz) and 8. (CDCl;, 225 MHz), see Tables 1 and 2;
HR-EST MS m/z 473.2508 (M+Na]™; calc. for C;5H330-Na:
473.2510.

Spongi-12-en-11,16-dione (22)

Colourless oil; Fz]D +44 (¢ 0.02 in CHCly), lit. [a]p +34.5 (¢
1.08 in CHCl,);%* 84 (CDCl,, 750 MHz) 6.54 (1H, d, J3.5Hz,
H12),454(1H,t,79.2 Hz, H158), 4.16 (1H, t, J 9.2 Hz, H15x),
3.29 (1H, td, J 9.2, 3.9Hz, 1114), 2.59 (1H, dg, / 12.8, 3.1 Hz,
HIB), 2.11 (1H, s, H9), 1.72 (1H, dq, J 12.7, 3.1 Hz, H7B), 1.66
(1H, td, J 13.7, 3.5 He, H24a), 1.62 (1H, m, H6w), 1.55 (1H, m,
H7a), 1.42-1.41 3H, m, H2B, H6B, H3pg), 1.17 (1H, td, J 13.4,
4.1 Hz, H3a), 1.15 (3H, 5, Me-20), 0.96 (3H, s, Me-17), 0.88
(3H, s, Me-18), 0.86 (1H, dd, J 12.4, 2.1 Hz, HS5), 0.85 (3H, s,
Me-19), 0.81 (1H, m, Hla); 5¢ (CDCls, 138 MHz) 199.4 (C11),
168.8 (C16), 142.6 (C13), 130.4 (C12), 69.1 (C9), 67.1 (C15),
56.4((5),52.6(C14),44.0(CB),42.1(C3),41.3(C7),39.7(C1),
37.8(C10),33.7 (C4 and Me-18), 21.9 (Me-19), 18.3 (C2),17.7
(C6), 16.2 (Me-20), 15.7 (Me-17}; HR-ESI MS m/z 339.1927
{M-+Na]™; calc. for CyoH,505iNa: 339.1931.

Accessory Publication

The Accessory Publication ccatains copies of representative
NMR spectra, including the 'H spectra of metabolites (1-6) in
CDCls, together with HMBC and NOESY data. The Accessory
Publication is available on the Journal’s website.
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Diterpenes from Australian Nudibranchs

Table 2. *SC NMR data for diterpenes 1-6*

£ = 2 3 : 5

% ECC_ &C 6&‘“ 5‘!&{“
: e s 1w T ETAT 5
2 man 18.6¢ 18.5¢ 18.4¢ 23.5¢ 1871
3 2m 2.1 4] 9: 4201 s03F 4285
4 3358 3365 I3 328s 378 3ias
5 5694 56,9870 48, 6 4874 s2.5d 5204
6 1821 207 253t 2561 6994 693d
7 2.2 374t 7384 Bt 77.0d 73dd-
8 3575 3963 6325 6175 520s 330%
9 60.64d 5014 5024 LR $58d 5304
0 R ECR HY 3. LB i W
1 69.0d 3.8t .81 1651 1761
12 2831 19267 26,0t 2061 2311 281t
13 3384 392d 358d 3844 31.54 Ay
14 4854 s0.0d ETR TS 3134 264 s3%4d
15 67.61 6821 102.6d 63.01 104.0d 2.4 d
16 180 &s 17585 17905 17555 17%68s 17385
17 120qg° 98.9d 173.4d 16824 103354 1244
18 335y 337g 3ifq 3ilg W05q 3h6g
i 21 ig 21 Ka 213y 24 3g Ih}:{s} Noa
20 1T.Hg 148q 17.2q 163y nbq 171q
OCOCH, 17035 17085 1705« 1704 17128
OUOCH, 217q 215§ 2i.5q 2144 213gq
COOCH, 517g Siug 524
OCOCH,CHUH, 3661 36.61
OCOCHCHAOCY, 1SNt 189t
OCOCHA ML H, 1338q livq
OCOCH,CH,CH, 17455 1738%s

shifts [ppm] referenced w0 CDCY; (8, 77.16),

Datz recorded at 188 MHz.
“Data recorded at 225 MHz

Diterpene 3 was obtained s a colouriess oii by NP-HPLC
(hexanes’F10Ac, 60'30). and had a molecular formula of
CaMyNO, inferred from HR-ESE MS (m= 396.2147
[M+Na] ") The 'H spectrum (Table 1) revealed three methyl
singlets (8 1.03, 0.3, 0.81) and an aceiate methyl (5, 2.16)
signals, which were similar 10 those found in aplyroseol-2
(14),7 but tiere was only one acetal proton (84 6.30) observed.
A downfield signal (8 7.99) linked toa C signal at 6 173.1 by
HSQC suggested an imine. ™! This was positioned at C17 from
HMBC cross-peaks from 8y, 7.99 10 C8 (8- 63.2). 14 (5. 41.1)
aridd thie docial at Ti5 {6¢ 162.0). abd fivin a TOSY coiiciabon
between HI5 and HI7. A 7-0Ac group was determined by
COSY (H7H.6) and HMBC correlations (H7 10 C5 and the
acetate carbonyl). The appearance of H13 differed from that in
either 1 or 2: there was clearly a 12.0 Hz coupling between H13
and H14, suggesting they were echipsed. The J value of 9.1 Hz
berween Fit3 ana £ 12 was smatler than that observed m esmer
1 or 2. but is too large to be anvthing other than an axial-axial
coupling gs evidenced by a coupling between HI3 and the
equatorial H12x of 2.6 Hz. As in 1, but in contrast 1o 2, there
was no evidence of an NOE between H9 and H13 for which an
inter proton distance of 3.1 A was measured by moedelling. The
presentation of the HI3 signal was also inconsistent with an
altcrnmivc conformation, in which rirlg C adopts a flatiened

ahaie ohams Fac bl abh e o Fale e oA At s B40T ool d ~Loas
S SAGPC. WG WLl THouds TV catcd that HIZ woald show

similar-sized couplings to cach of the HI12 protons. The NOEs
from H14 to each of H9. H13. and H15. established these protons

on the bottom {ace of the rigid C--D-E ring system. an NOE from
H17Me-20 supported the configuration at C8. and NOEs from
H7E 10 both F117 and H15 confirmed the 7x-OAc.

The molecular formula of diterpene 4 was CasH:NO, by
HR-ESI MS, with the presence of nitrogen again suggesting an
imine. as in 3. The "H/'*C NMR and HMBC data also revealed 2
carbomethoxy group at C13 {as in 2) and an acetate group at C7
{as in 3). Compared with 3, the acetal proton at C15 was replaced
by signals for a diastereotopic methylene (85, 4.00, 3.71). HI5B
showed HMBC correlations to C13 and there were also HMBC
corfeisiions from Hi53 and Hid o Ti5 The CI7 wnine al
3¢ 168.2 had HMBC correlations with H;15 and HY, while
there was also a long range COSY correiation from both Hi3
signals to HI7 at &, 7.57. The NOE correlations observed
between HI37HY, H13:H 4. H7/H 4. H7/H17 confirmed the 2
onentztions of HI3. H14, and the 7-OAc group. To our knowl-
eage, \mme Tunctionaiity, as seen in 3 and 4, has not been
encounterad in this class of compound before. Unfortunatcly
attempts 1o reduce the imine moiety using H-PA-C gave muln-
ple products that could not be definitively charactenized given
the small amounts of product available. We named the new
diterpenes 3 and 4 as ghromsoculatimine A and B, respectively.

Diterpene $ins isolated a5 a colourless oil that gave o
[M+Na]" ion at m/z 517.2397 in the HR-ES] MS. matching

Hon mnbas s Foent 0o, Tholuaza lJr\'mu S
LT MSWChArsamnia U sof . SR il e ]

showed evidence for three methyl groups (8,. .10, L.O5, 1.01),
a butyrate ester (3y 2.43. 1.73. 1.01: 8¢ 174.5s. 36,61, 1881,
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Drerpenes from Ausiralian Nudibronehs

[3.8q), an acetate methyl (83 2.07. §¢ 21.3), and two acetal
groups (3 6.06, 3.53; 5. 104.0, 1033). These structural

fanturse il 3,

metaboiites ! fotably apiyroseol-3 (15) except
there was an additional oxymethine signal at 8y 4.50 for H3
that appeared as a doublet of doublets (/11.8, 4.8 Hz) revealing
the axial position of H3, and hence a B orientation for the €3
substituent, that was further confirmed by NOESY correlations
from H3 w Hlx, HS. and Me-18. HMBC, COSY, and 1D-
TOCSY experiments revealed that the acetate, hydroxyl, and
butyrate esier aroups were attached 10 C3. C6, and C7. respec-
tively, The axial H6 ar §,, 4 26(ddd, / 11.3, 6.0. 2.6 Hz} showed
coupling to H5 (8, 1.60. d, 11.3), the equatorial H (8,,4.95, 4,
2.0)and an OH (3y, 1.44, d. 6.0». As in apiyroseoi-3 (i5). NOFs
fiom H17 10 Me-20, H6. and H7 confirmed a 65-OH. a 1 78-OH.
and an a-orientated butyrate group. Additional NOEs were
between H7'H 14 and H7/H 15,

The HR-ESI MS of diterpene 6 displayed a sodiated molcc-
ular ios at mez 473.2508 corresponding 10 2 moleenlar fommula
CasHyx0r. The “H and “C NMR spectra resembled those of
the known aldehyvde 19.°% and included three methyl singlets
& 108,095 085y ¢ 5243 and
two aldehyde protons (3, 10,00, 9.73: 8, 202.4. 200.4). How.
ever, there was no acerate zroup present: instead there was a
buiyrate ester (Hy 2.38, 168 0.98: 8¢ 17385, 36.61. 189¢,
13.9q)and a hydroxy group i3, 1.56, detected by DOFCOSY ;.
The hydroxy group and butyrate ester were identified as
ailaciicg iv OO 1oy +.0%. o B3 et C7 Oy 6.07. 85 3.5
respectively, by BMBC experiments. As in 19, both aldehydes
were B oriented since there were NOESY cross neaks from H13
0 H7 and Hi4, and from HI7 1o H6, H7, and Me-20, The
2 orientations of the butyrate ester and the hydroxy group were
confirmed by NOEs between HéMe-20, H6/Me-19, Ho/H L 7.
H6/H7. HT/H15, and H7/H17.

Consistent {], trends in this series of highly funciionalized
ditzrenss are not madily apporent fn onreardier work matahn.
lite 24 was assigned 10 the same enantiomeric SEIes as -+ F1so-
agatholacione (28).* for which the absolute configuration has
been established based on 1ol synthesis from ( + Fmanool,
In contrast. aplyroscol-1 (29). with the same absolute configura-
tion deduced from an X-ray study. has a negative [ valoe. !

Fellowing the careful disscetion and analysis of the second
Chromodoris specimen. "H NMR spectra of extracts or fractions
obiained from the mantle and internal organs were compared.
The manile tissue extract contained diterpemes 1-6. 9, 11-14.
16, 17, and 20-22, while ambliofuran 7 was found only in the
nternai organs. The remaining diterpenes 8, 19, i3, i8, 19 and
23 were found in both tissue types. Aplysalfurio (8} was the
major component in the internal organs, while aplyroseol-2 114)
was the major compound in the mantle tissue, A< it our previous
stwdy.™ Gialdehydes such as 19 were concentrated in the
mantle tissue compared with the internal organs.

Based on the pattern of metaboltes trom this particular
nudibranch. the dietary ori%in of these oxidised diterpenes couid

" taldehyde 10
m

cathaxymoetk) (8. 147 5
valGURyInTLaYI Oy 257 5

be dendroceratid sponges| y
provides acetal 14 dircetly on cyclization (Fig. 33 conse.
quently new diaidehyde 6 could be the actual souree ofacetal 15,
Imine 3 may result from formal addition of ammonia {or
equivalent) to dialdehyde 19, while the absence of aldehyde
fumctionality at €15 in e.g. 20 limits additional cyciization and
reads fo diicipenc 2 ui Faue . Cach withy a fiee »d:'u'-iik:i:w.\,v
group. In contrast. lactone 18 apparently results from oxidation
of a dialdehyde at C15 and reduction at C17. or altematively is

) :
' As noted earlier 4
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the eventual product of incomplete oxidation of the C17 Me
group in an earlier intermediate on the biosynthetic pathway.
Lactones 1 and 17 mav sach dorive from oxidarion and acenda.
tion of lactone 10. reactions which by analogy with the estab-
lished chemistry of various Glossadoris moltusest®™ might be
expected to ocewr in the molluse rather than the dictary source.
However a related profile of oxidation-acetylation is also scen
m lactones 12 and 13, structurally related to the known spouge
compound 30,

Cundiusion

This study reported six new diterpenes (1-6) along with 17
Kiown mciaboiiics previousiy isolaled gom dendioceratid
sponges and from the nudioranch C obsolera. Fifteen of these
diterpenes were present only in mantle tissue. while seven of the
remaining eight metabolites were present in both mantle and
digestive tissues exiracts. The lincar furan ambliofuran 7 wasthe
only diterpene found solely in the internal organs extract, The
presence of lactone-acetal-henuacetal funcionahity 1n many of
the isolated diterpencs is likely related 1o dialdehvde precursors.

Experimental

General

Optical rotations were obtained using & Perkin—Elmer 24 1-MC
polarimeter. 1D and 2D NMR spectra were acquired using
Bruker Avance 30i. 73, ami g msirsnns. NvK specia
were obtained in dewrerochloroform or benzene-d, at room
fempermture. and were intemally referenced 10 CHCL (5, 7 261
or CaH,, () 7.16) and CDCL (8¢ 77.16) or CoDg (6¢ 128.06).
Positive jon electrospray muass spectrt (LR-ES MS) were
determined uising 2 Bruker Esquire HCT instrument or (HR-ESI
MS) using a MicroTof Q instrument cach with a sancard EST
source. Samples were introduced into the source using MeOH
as sabvent, MNP HPL O yae Aavdoat aow wsing 2 Water: 518 pumn
witha Waters 10y pPorasil 7.8 = 300 mm cotumn and a Gilson
132 seres RI detector with Froace heXanes as solvent, Now
ate 2ml min ' Reverse phase HPLC was carried ot using a
Shimadzu LC-20AT pump with 1 Phenomenex Gemini 5p Ci8
10 < 250 mm column, and a Shimadzu ELSD-LT (low tem-
perature evaporative light scattering detector), using MeOH/
H»>0 as @ solvent at flow rate 1.5 mb min

Collection, Extraction, and soiation

Two iliise speciimens weie Collecied fioin Hanging Roik
dive site. at the Inner Goeenings reef, a group of shoals near
Mooloolaba {Australia), using SCUBA ar a depth of 10-15m
on 5 December 2009. Subsequent examination revealed their
wentity was Chromodoris reticulans 7 The samples were
taken back to the laborstory and stored at --20°C umtil
extraction.

A specimen of Chromodoris reticuldta fwet weight 9.4 g)
was diced and evirmoted exhouctively wirh ssetans by nuing
altrasonic vibration for 30min. The exiract was removed,
filtered through cotion, and concentrated under reduced pres-

sure to give attAgueons residie. which was then partitioned with
EtOAc. The organic layer was removed, dried over anhydrous
MgSO,, and evaporated nader reduced pressure to give a brown

CreAdS vt (V0 el T i T sen micdhen atnd b CIOY
SruLe onhmat (22800 TR extmot woas then subjected o S0,

fash chromatography with gradient elution (hexanes to E10Ac)
to give 13 fractions. Compounds 7 (0.9 mgl 10 (16.4 mg). and




14 (74.2 mg) were identified in fractions 2, 6, and 10, respec-
tively. Fraction 7 (31.4 mg) was subjected to NP-HPLC {hexancs
E10Ac, 80201 o atfard the new comgioind 2 {1 Sma) and
ditcrpene 8 (6.0 mg). Fraciion B (10.3 mg) was subjected to
reverse phase-HPLC using gradient elution of MeOHHA0 (70/
301 to 100% MeOH for 40 min. and gave compounds 9 (2.3 mg)
and 11 (}.5mg). A fraction from’ the reverse phase-HPLC
containing a mixture of compounds Was subjected o NP-HPLC
{(hexanesEYQA, 75:25), and gave a mixture of compounds 13
and 21 (1.8 mg). the new lactone 1 (<0.3mg). and a mixture
of lactone 11 and aldehvde 20 (1.3 mg). Fraction 9 (12me)
was chromatographed on NP-HPLC (hexanes’E1OAc, 86:20) 10
afford compounds 12 (0.4 mg) and 18(0.3 mg). Fractions 11 and
2 were combined 11v.0 mg), and chromatographed on NE-
HPLC (hexanes’EtOAc, 60:40) 1 give aldehyde 19 (1.9 mg). ¢
mixture of compounds 14 and 15 (6.3 mg), as well as compounds
17 (L4 mg). 16 (3.1 mg). and the new inine 3 (1.8 mg). in order
of elution.

The second specimen of Chromodoris reticulasa (wet weight
7.8 g) was dissected i mantle (wet weight 3.9 g) and mternal
organs {wet weight 2 X ¢). Each section was exlmcted using lhc
SEMC PRKE
(232mg) from rm manm and a yellow mh extract (66 mg) from
the imernal organs. The mantie exiract was subjected to Si0-
flash chromatography with gradient elution {hexanes to F1OAc)
1o give 14 fractions Fraction Y (15.0 mg, hexanes EtOAc. 8020}
was subjected to NP-HPLC (hexanesEtOAc, $020) to give
lavivee 22 400 Mgs §tavion 12 (7.0 [TTIVRR {TEP NPT S0 - Vi
65/35) was subjected 1o NP-HPLC (hexanes'FiDAc. 60'40) 1o
afford compound 23 {1.7 mg). Fractions 7 and 8 from the NP-
HPLC of fraction 2 were combined before further NP-HPLC
(hexanes EiOAc, 70030) to give dialdchyde 6 (—0.2mg). Frac-
tion 13 (12.8mg. bexanesEtOAc, 60/40) was also subjected
to the same NP-HPLC conditions 1o give diterpene 5 (0.5 mg),
imine 3 (0.9mg). and imine 4 (0.4 mg). in order of elution.

Fix-Acetoxy-spongian-16-one (1)

Colourless oif; [«fp +73 (¢ 0.01 i CHCiz): 6 (CDCL,
500MHz) and 8 (CDCl;, §25MHz), sce Tables 1 and 2:
Ay (benzenewl,. 300 MHz) 5.17 (1H. td, J 5.0, 2.0 Hz, H11),
373 (IHL AT 10.0.2.) He. HIS8), 3.56 (1 H, dd, J 8.1 He
Hi52), 235 (1H. 1. 71 1.0, 8. 8 Hz. H13), 2.23 {1 H, ddd_.7 16.0.
8.8. 1 Hz Hi2u) 189 (1H, ddd. J 11.0, 4.8 He, H12PB). 1.70
(3H, s, OCOCH;). 151 (JH, m, H14), 1.48 (IH, m, HIB), 1.46
(FH, m, H22), 1.29 (2H, m, H7B. H2B), 1.25(1H, 1, Hb6a), 1.09
{0, di, J B2.5, 3.5 0iz, OB, 106 (10, . H74), GHE"‘“
H6B). Gsﬁ(iH m, Hiz), 0.84(1H, d,75.0 Hz, H9), 0.80 (3H,
Me-18%0.71 (3H, s, Me-19). 0.60 (1H, dd, 7 12.4. 2.5 Hr. HS}
0.60 (; .'s‘, Me-20), 0.49 (3H, s, Me-17). 0.41 (1H, m, H3x).
assignment of H2 and H6 may be interchanged, 8¢ (benzenc-d,.
125 MHz. partial data from HSQC) 68.9(C11), 66.5(C15).60.5
(UYL 308U 49830141422 (C 7L 41.0003), 35.0(01). 55.4
(Me-lS\.ZS-%(ClI!) 21.3 (Me-19), 21.1 (OCOCH), 18.3 (C2).
18.0:C6HY, 17A{L| B 16,7 (Me-200, gq-.:wr;glp-n{n_yfl’_lg!uj(‘lr

may interchanged; HR-ESI MS m/z 385.2345 [MANal ™ calc.
for CaaHy,ONa: 3852349,

ethyl 15, 17-Epoxy- 1 7z-acetoxy-ent-isocopalan-
Ab-oate (2)
Cohuﬂa;s oil: fzlp +31 (¢ 0.10 in CHCL): 8y (%DCL.
SO(‘.‘MH‘.LIL!M 8¢ (CDChy, 125 MHz). see Tables | and 2:

Suciati, LK. Lambert, and M. J, Garson

HR-ESI MS m* 4152463 [M-Na]': cale. for CagHaygOsNa:
4152455,

(erromrx.u!anmme A3 -si
Colourless bil: [71., — 13 (+0.09in CHOL): ‘a NMR (CDCT,,
500 MHz)and *C NMR (CDCly, 125 Miiz), see Tables | and 2;

HR-ESE MSW" 3962147 [M+Na]"; caic. for CaaHs NOyNa:
396.2145.

Chromoculatimine B i4)

Colourless oil: [z]p 24 (c 803 in CHCLY 8, (CDCly.
T50MHz} and 3. (CDCL;, 188 MHz). sec Tables 1'and 2
HREST ME JL 3122407 [Ma-Na] : cale, foF CaslliaNO,Na:
412.2458.

Ap!\,rmtd 19 (5} .

Colourless oil: [zlp +9 (¢ 003 i CHCly): 8y (CDClj,
500MHz) and &.. (CD€L. 125 MHz). see Tables 1 and 2:
HR-ESI MS m= 517. 2397 [“"*'\d} : cale. for CagHixOoNa:
517.2408.

Methyl 6z-Hydroxy-7z-butyrylosy-88, 148-
diformylpodocarmane- 1 33-carbox late i6)

Colourless oil; [x]p ~19 (¢ §:01 in CHChL); 8y, (CDCly,
900 MHz) and & (CDCly, 225 MHz), see Tables | and 2
HR-E31 M5 sz 4522508 i.:i:"'..b\:.l; JRTEPH 177} C:-,”;g(}*.r;u.

473.2510.

Spongi-12sen-11.16-dione (22

cmourlm“a“*f[:}n 4 0.02 in CHUL)L ey +34.5 (¢
108 in CHCL): 3, (CDC15, 750 M) 6.54 (1H. d,J 3.5 Hz,
HI2),4.54 (1. . S92 Hz, HISB) 416 (1H. 1, J 92 Hz, Hi52),
3.29(1H,1d. J 9.2, 3.9Hz, H14), 2.59(1H, dq. J 12.8, 3.1 Hz.
HIBYL 200 (M, s, HY)L D72 (H ageatd 2.4, 5.0 Hz, HTB). 160
{IH, 1. J 13.7, 3.5 H. H29). 1.62 (1H. m, H6o0§78.55 (EH, m.
u'h-.\ ld‘l i.‘t- ;l o ll'?r_)) Ll‘ln ll'lnl I I'YolH,:d )334
4:l Ha, H3), 1.15 (3HZs, Mc-zn),noe (3H, s. Me-17), BiR8
(3H, 5, Me-18). 0.86 (1M, dd. .S 12.4, 2.1 Hz, H5), 0.85 (3H. s,
Me-19). 0.81 (IH, m, Hl=0): 8- (CDCIs, 188 MHz) 199.4 (C11),
168.8 (CI6). 142.6 (C13), 130.4 (C12). 69.1 (C9). 67.1 (C13),
364(€3).526(C14). 440;(‘3) 42.1(C3).41.3(CT.39.7(C 1Ly,

IO LT Y T A ¥ yen ’nn.uu 108 183809 12
Fia U\anp,.f_n T3 Gl MiC-18),

Fhe AP A g, A bt

(C6), 16.2 (Me-20), 15.7 (Me-17); ﬁﬁ-m MS ni/e 339.1927
IMANa}!: cale. for ConHox0aNa: 339.1931.

Accessory Publication

The Accessory Publication comaim comes of representative
NMR spectr. including the "H spectra of metabolites (1-6) in
CDCh. together with Hﬂ!ﬁt and NOESY data. The Accessory
Publication is availuble on the Joumal’s website,
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The structures and stercochemistry of six new diterpenes (1-6). rwo of which comain evelic imine functionality. have been
deduced by 2D NMR spectroscopy. The anatomical distribution of these. and of 17 other diterpenes (7-23) that were also
isolated. has heen investipated. The known compound aplyroscol-2 (143 was the major compound in the mantle tissuc
along with some dialdehydes. while the linear furan ambliofuran (7) was the only diterpene found solely in the internal
argans. The presence of lactone-acetal-hemizcetal funcrionality iy many of the 1solined compounds is a consequence of the
reactive dialdehydes present in the moltusc.

Manusenpt received: 2t January 20t
Manuscript accepted: 16 March 2011

Introduction W produce urgemids from mevalonic acid via de novo
Nudibranchs from the order of Opisthobranchia (Mollusca: biosynthesis.!“

Gastropoda) are shell-less marine molluses which lack phvsical Numerous diterpenes have been reponed from chromedorid
defences against predation; and thus. may employ chemical nudibranchs,” =" and some of these metabolites show pro-
defences o deter predators. They may be protected by meta-  nounced biological activiry.”® ™ ! Molinski and Faulkner

. gz = . - .- . . R . o ~ ¢ - 5 ira
b\llllt‘.\' ooIned rom dictany Sources. COMMOY sponges, or BSOaed (e aromarnge lmrullcl‘;mm‘s maciafandins A and B.‘ !

from de novo biosynthesis!' ¥ For example. a predatorprey closely related to aplysulfurin from Aplysilla sulfrea! ") and

interaction has been detenmined for Glossodorrs atromarginata
and its sponge diet that involves sesterterpene metabolites !
Additionally, isotope-feeding studies have revealed the capo-

macfartandms C-E, related to metabolites found in Dendrilla
sp.! 7! from Chromodoris macfarlandi. Their findings strongly
suggested that C. mwcfarlandi may prey on two different

bility of dorid nudibranchs such as Dendrodoris limbata  sponges!'™ The Golgi-modifying properties of macfarlandin
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E and of a synthetic analogue in which the hydroazuleno moiety
is repluced by a ferbutyl group have been reported '™ Cell
biological studies of the dvnamics of Golgi organization are
providing fundamental insight into how these organelles play a
key role in protein modification within the cell. An intnguing
question 1o address 15 how s bological activity may refate 10
the ecological roles of macfariandin E in both the mellusc and 1ts
dietary sponge

We report six new diterpenes (1--6) together with 17 known
diterperes (7-23) (Fig. 1) isolated from two specimens of
Chromodoris reticulata. The anatomical  distribution of
the diterpene compounds within the varioos tissue types of the
molluse, was explored by dissection and Jn.ﬁ\ms of one of the

g
Tho L TRCITN 200 . .
o :,n.um\,u.u The data aec compas od with our study [T

specimen of a Chromodoris molluse (species taxonomy possibly
reticulata) which had eariier provided the two diterpenes 19 and

SUBCIURES OF CICIPERUNE SUC GV ISHBEed i1 1E CUrrent study 05 the naiibrnch Caronmadoris retcitan.

24, along withithe four known metabolites 10, 14, 18, and 25
{Figs 1 and 21

Results and Discussion

Two large specimens of Chromodoris reticuiata were coiiecied
by SCUBA from the Gneerings Reef. offshore from Mooloo-
Iaha, in South Fast Queepstand One nudibranch was eximctod
with acetone to mvestigate the fotal chemistry and gave a
terpene-rich organic extract that was fractionated by silica flash
chromatography (hexanes'EtQAc). followed by nonmal phase
HPLC (NP-HPLQO) using hexanes'EtOAc. Using these separa-

tion protocols, three new (1-3) 4%5 known metabolites were

ﬁ.kn-‘ v tated Tho koo anas .-l--.l T e L P vs e e te e Te]
Htevi S St WO ISl O SUNSHLSE

of 1 EMR daty with the hteraturer these were amblmfur_f:_l
(123 aplysulfurin (8117 membranolide (9124




Diterpenes from Australiun Nudibranchs

Fig. 2.

spongian-16-one (10)." Fr-acetoxy-spongian-1 6-one (11).
donsenone D 1120771 11B-hydroxyspongi-12-en- 16-one
(139 aplyroscols-2. 3 and 5 (14-16).7*777 dendiitiol-2
. aplyroseol-9 (=72 acetoxydendrillol-3) (18)1°% the

e ) 23,
Hold Ditery

10. 14, and 18 were mvl:mu in our carlier stud} onan um-jcn-
tified chromodond nudibranch.® The second nudibranch was
dissected 1o separate the mantle tissue from the internal organs
in order to probe the distribution of individual metabolites.
Extraction of the mantie tissue using the same procedure as for
the first sample resulted i the isolation of three new diterpenes
{4~6), while two additional compounds, namely spnn%;il-en-
P Vasdions (2279 and 12.deacervlantysillin (23307
identified by comparison with literature data. All compounds
wolated from the first speamen were also solated from the
second specimien.

Diterpene 1 displayed a sodiated molecular ion peak in the
HR-ESI MS at mz 385.2345, gorjesponding to the molecular
formula CaaH 14Oy Inspection ofthe NMR spectra (Tables |
and 2) confirmed the presence of four methyl simglets (5 0.93,
0.91, 0.86, 0.82), and an acctate methyl (8y 2.01), while rwo
oxymethylene protons (8 4.31) were linked by HSQC to a
carbon ai 8¢ 67 6. and showed HMBC correlations to a carbonyl
al S¢ 1808, These dula suggested a spongian-16-one subsiituicd
with an acetate group. but when compared with 7x-acetoxy-
spongian-16-one (1117 the shift of the oxymethine proton {8y,
5.17 for HIl in 1 compared with 8y, 492 for H7 of 11
supported a different substitution pattern, The 11-OAc was
deduced by HMBC correlations from H9 and HI2z to C11,
and confirmed by 1L 1UCSY and CUSY experiments. A boat
conformation was inferred for rmg C, since HI3 a1 8, 2.90
showed s large c_l_u__r:'lhm" J11 SHz e P!!')R and so was avinlhve
onenmated. Addittonally. Hi4 and HI3 were echipsed, also
showing an 11.5Hz coupling: while an NOE between H12p
and Me-17 supported the proposed conformation®****" (n an
alternative “flanened” chair conformation, there would not
be a large coupling between the equatorial HI3 and cither

sild Am \nl‘ '\M\n-u l)"!;)‘ oA I‘.q l’7 'I-.-

WOUMWE G4 S STUWTEN e s
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expected. Although such data must be used with care, an NOE
between H? and H 14, but no equivalent NOE between HI 1 and

RESEARCH FRONT

Structures of diterpenod mutabolites isofated n cartier sponge or nudibranch studics, or from svothetic tansformations.

H1 3. suggested that the | 1-OAc was y-onented. NOLs between
H1i/Me-20 and between Hi1'HI§ agreed with this interpreta-
tion, The B oricniation of H1 | was consistent with a JJof 5.0 Hz
bc.auu:n H11 and HY: Mhhedml .mth. of 1"1 37 was m.vcﬂcd

mmg a MM2 force field for encrgy mummization to an RMS of
0.100). The data for 1 differed with the partal duta reponed
for the synthetic 26 {with a B-OAc), prepared by hydrogenation
ofa diterpenc isolated trom Spongia njﬁ(‘iﬂﬂfi\'.rzbl Althcugh we
named 1 as | | z-acciovyspongian- 1 6-one in view of its refation-
ship to the known 10, we noie that the “spongiznone” nomencla-
ture prevalent in the literatare for such laciones isunsatisfactory.
Diternane 2 was ohiained by NP-HPLC thexanesFi0Ac. R/
201 and had the moleculsr formula of CaH 1,05 inferred from
HR-ESI MS (mz $15.2463 [M-=Na] " ). The 'H NMR spegtrum
showed the presence of three methyt singlets (3;; 0.85, 083,
0.78). an acetate melhyl {8y 2.11), a carboxymethyl (3, 3.65),
an acetal proton (S 6.44). and two oxymethviene protons
81y 3.95, 3.73). The dat were similar 1o those of diterpene 27,
except for the otymﬂhylene proton signals instead of signals for
a second acetal moiety.””! HMBC correiations from the acetal
proton {8y 6.44) w0 C7 (8¢ 37.4) and the OAc (5c 170.8)
confirmed that the acetate group was attached to C17. The
ehitive configaiation of 2 was then exprored”™ ™" A boat
conformation was inferred for ring C since the axal HI3 at
&y; 2.77 again showed a large coupling (/ 123 Hzy to HIZB. A
5.7 Hz coupling between 13 and H14 maiched with a dihedral
angle of approximately 60°,""1 whilc the NOE between HY and
H13 agreed with the measured inter proion distance of 2.2 A
inspection of molecuiar modets revealed that £1 7 wouid show
an NOE to Me-20 irrespective of the C17 configuration. How-
ever there was 2 strong NOE from HI7 10 the HIS proton
{8y; 3.73) assigned as B owing to the small coupling [1.7 Hz)
with H14 that results from 2 dihedral angle close 1o 90°. The
orientation of H17 was further confirmed by an NOE to HEIB,
and by the shifis of H7x and H78 (85 1.36 and 2.35) that
matched equivalent values dm-rpcne 27 {8y 1.39 and 2.54).

s mbaend Fw-.-- ‘l.,- ---_A
e e o

now considered a spe-

"'I-‘ ~ J-.u-A_ ot sate s Bina
¥ e eas Moo U Wl

branch Ceratosoma brevicaudatum !
cies of the genus Chromodoris!™
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Table 1. (1 NMR data for diterpenes -6

C - 2 3 4 5 6
b 1 M) Byom (4 in Ha)" By (o 1) B0 1/ In Ha)' B, m bl in H2)" By m (4n Hi)”
I x090m, 86, 1095 1d (13,9, 3.8) IS m 2 115m. 2097m,
8 Oyt B177m. B L6Tn 76 LA AR, 3,3)
2 7 1.6 210m, 217 zl 81';1@'
3 J49d (13,3, 3.0) ZLALNAE 3.5 Odd11.8.4.8) 1224 (13.7, 3,93
B .38m pfl4im 4l Blddm BLIRA(137,1))
5 043 dd 12.3,2.3) 18T .2, 2.0 139 0d (13,5, 2.51 1L60d (1.3} 14740117
6 €1 96ddd (147, 5.1, 2.0) 2 1.99.d1(150,3.5) 4.26ddd (1 83, 6.0, 2.6) 400add (117,43, 1.0
B1.068m
7 D3 1d12.0, 4751023, 4954 ,2.6) 607d(30)
Blaod 120,1.9) &
9 L17d{5.0 140 Lo 1.46dd (13.5,2.9) JA6dd 0123, 25)
1 507 (50,20) x1.63m 1098 m 2 145m L2 L0
B 43m B1.60m A198gd (13,5, 4.4 .
12 % 117 ddd 116.0, 8.5, 2.0) LE¥m 30m 2188 w3 z16Im
B 198 dd1 (16.0, 115, 5.0) AA20dd 139, 4.1, 240 B2ATdq 136, 2.00
i3 29014 (11,5, 8.8) 239 d0(12.3.5.7) 204m ? bm ik had 3200 (56, 20)
14 25tm 23m 292 d4 (12,0, 6.0) 247m 276m 2.56 ¢ (5.6)
15 13m %1.95dd 9.7, 6.9) 6.30dd (6.6, 1.3) 2400 ddd (17.0,9.0,20) .. 6.06m 971
BATIdd97. 1T BATiIddd(17.0,0.0,2.5
17 0.91s, 301, 6445 793d(1LY) T5Thrs ) S.53d(1.8) 10,005
s 0.86s, 301 0858 31 0,813, 3. .80, 3H L10s, 30 1083, 3H,.
19 0.823, 34 0785, M 0835, I 0,835, 211 1,088, 31 0.955.3H:
20 0933, 3 0.3, 31 1,038, 3 0,895, 311 1018, 3H 085531
0cocy, 201s, 311 2008 30 2058, 3H 215 M 2075, 31
Cooc 34830 ) 367,30 3.67s.3H
OCOCHCH;CH; 245m 238m
OUOCH;CHyCH; 1.73m 168N
OCOCILCHCHy 101t (7.4), 30 0.981(7.4), M1
6-01 144 d (6.0 156"
17.0H 2R7d(1.8)

MChemical shifts [ppm| reterenced 1o CHCLy (84 7.26).

"Data rocorded at 500 M1z,
“Data recorded a TR0 M1,
“Duta racorded at 900 M
FDetectad in DQFCOSY by correlation to H6
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