This article was downloaded by: [Malmo Hogskola]
On: 19 December 2011, At: 23:28

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Asian Natural Products
T Research
m“ Neterol Publication details, including instructions for authors and
ucts PSR o
Ressarch subscription information:
E! , http://www.tandfonline.com/loi/ganp20
g "'.-a;:{.ﬁ Trans-dimer D, a novel dimeric

Mo i 30 sesquiterpene with a bis-bisabolene

skeleton from a Hainan sponge Axinyssa
g Ay variabilis

Shui-Chun Mao 2 , Yue-Wei Guo ® , Rob van Soest ¢ & Guido Cimino
d

& Department of Pharmacy, Nanchang University, Nanchang,
330006, China

® State Key Laboratory of Drug Research, Shanghai Institute of
Materia Medica, Chinese Academy of Sciences, Shanghai, 201203,
China

¢ Zoological Museum, University of Amsterdam, NL-Amsterdam,
The Netherlands

4 Istituto di Chimica Biomolecolare-CNR, 1-80078, Napoli, Italy
Available online: 13 Jul 2011

To cite this article: Shui-Chun Mao, Yue-Wei Guo, Rob van Soest & Guido Cimino (2011): Trans-dimer
D, a novel dimeric sesquiterpene with a bis-bisabolene skeleton from a Hainan sponge Axinyssa
variabilis , Journal of Asian Natural Products Research, 13:8, 770-775

To link to this article: http://dx.doi.org/10.1080/10286020.2011.588949

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,



http://www.tandfonline.com/loi/ganp20
http://dx.doi.org/10.1080/10286020.2011.588949
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Malmo Hogskola] at 23:28 19 December 2011

demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.




Downloaded by [Malmo Hogskola] at 23:28 19 December 2011

Journal of Asian Natural Products Research
Vol. 13, No. 8, August 2011, 770-775

Taylor & Francis
Taylor & Francis Group

Trans-dimer D, a novel dimeric sesquiterpene with a bis-bisabolene
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A novel bisabolene sesquiterpene dimer named frans-dimer D (1) and its
diastereoisomer trans-dimer C (2) reported in our previous work have been isolated
as an inseparable mixture in a ratio of 1.5:1 from the South China Sea sponge Axinyssa
variabilis. The structure of 1 was determined on the basis of extensive spectroscopic
analysis and by comparison of its NMR spectral data with those of structurally related
compounds. Compound 1 represents the fourth example of a sesquiterpene dimer with a

bis-bisabolene skeleton.
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1. Introduction

Marine sponges of the genus Axinyssa
(order: Halichondrida, family: Halichon-
driidae) have proved to be a rich source of
secondary metabolites with unusual struc-
tures as well as interesting biological
activities. The metabolite pattern of the
Axinyssa sponge was extensively charac-
terized by a variety of sesquiterpenes,
exhibiting an array of skeletal types [1],
and with a few exceptions, the nitrogen-
containing group such as an isothiocya-
nate, formamide, isonitrile, and thiocya-
nate functionality, as the only hetero
function present in the molecule [2-6].
Biological activities such as antihelmintic
[7], antimicrobial [7,8], and cytotoxic
[9,10] properties have been ascribed to
some of these nitrogen-containing sesqui-
terpenes, although the most significant
results have been described in the anti-
fouling [11] and antimalarial [12] areas.

In the course of our ongoing research on
the biologically active substances from
Chinese marine invertebrates [13-16],
we have recently examined the sponge
Axinyssa variabilis, collected off the
Lingshui Bay, Hainan Province, China,
resulting in the discovery of two unprece-
dented cis-dimeric sesquiterpenes, cis-di-
mers A and B [17], and two uncommon
nitrogenous sesquiterpenes [18]. Our con-
tinuing studies on the minor constituents of
the same specimen led to the isolation of
two additional trans-dimeric sesquiterpenes
trans-dimers D (1) and C (2) (Figure 1) as
an inseparable mixture of diastereoisomers
in a ratio of approximately 1.5:1. Trans-
dimer C (2) was obtained from a different
isolate of Lipastrotethya ana in an earlier
work from our laboratory [17]. To the best
of our knowledge, trans-dimer D represents
the fourth example of a sesquiterpene
dimer with a bis-bisabolene skeleton.
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Figure 1. Chemical structures of trans-dimers D (1) and C (2).

Table 1. The '"H (400 MHz) and "*C (100 MHz) NMR spectral data of trans-dimers D (1) and C (2)
(CDCly).

1 2
No. Sy (mult., J in Hz) O¢ (mult.) Oy (mult., J in Hz) OS¢ (mult.)
1 1.90-2.20 (m), 1.90-2.20 (m)  30.5(t) 1.90-2.20 (m), 1.90-2.20 (m)  30.6 (t)
2 5.40 or 5.39 (br. s) 120.8 (d) 5.40 or 5.39 (br. s) 120.8 (d)
3 - 133.7(s) - 133.7 (s)
4 1.90-2.20 (m), 1.90-2.20 (m)  30.6 (t) 1.90-2.20 (m), 1.90-2.20 (m)  30.8 (t)
5 1.49-1.70 (m), 1.49-1.70 (m) 279 () 1.49-1.70 (m), 1.49-1.70 (m) 28.2 (1)
6 2.15 (m) 43.1 (d) 2.15 (m) 43.2 (d)
7 - 1403 (s) - 140.4 (s)
8 5.81 (d, J = 10.6) 124.0 (d) 5.81(d, J=10.6) 124.0 (d)
9 6.21 (dd, J = 15.5, 10.6) 1225 (d) 6.21 (dd, J = 15.5, 10.6) 122.5 (d)
10 5.61 (d, J=15.5) 1425 () 5.61(d,J=15.5) 142.5 (d)
11 - 377 (s) - 37.7 (s)
12 1.48-1.62 (m), 1.48-1.62 (m)  33.5() 1.48—1.62 (m), 1.48—1.62 (m)  33.5 ()
Me-13  1.65 (s) 23.5(q) 1.65(s) 23.5(q)
Me-14 172 (5) 148 (q) 1.72(s) 14.8 (q)
Me-15  0.89 (s) 20.8 (@) 0.90 (s) 20.8 (q)
1 1.90-2.20 (m), 1.90-2.20 (m)  30.9 (t) 1.90-2.20 (m), 1.90-2.20 (m)  31.1 (t)
2 5.39 or 5.40 (br s) 121.0 (d) 5.39 or 5.40 (br s) 121.0 (d)
3 - 133.7(s) — 133.7 (s)
4 1.90-2.20 (m), 1.90-2.20 (m)  30.7 (t) 1.90-2.20 (m), 1.90-2.20 (m)  30.8 (1)
5 1.49-1.70 (m), 1.49-1.70 (m)  27.9 () 1.49-1.70 (m), 1.49—-1.70 (m)  27.9 ()
6 2.15 (m) 43.1 (d) 2.15 (m) 43.2 (d)
7! - 1392 (s) - 139.7 (s)
& 4.99 (d, J=9.9) 1242 (d) 499 (d,J=19.9) 124.0 (d)
o 2.82 (brd, J =9.9) 432(d) 2.82(brd,J=9.9) 432 (d)
10/ 5.09 (br s) 1243 (d) 5.09 (brs) 124.3 (d)
1’ - 1326 (s) — 132.5 (s)
12/ 2.01 (m), 1.91 (m) 27.8 (t) 2.0l (m), 1.91 (m) 27.8 (t)
Me-13'  1.65 () 234(q) 1.65(s) 23.5 (q)
Me-14" 1.57 (s) 146 (@ 1.57 (s) 14.6 (q)

Me-15"  1.65 (s) 23.4(q) 1.65(s) 23.5 (q)
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We herewith report the isolation and
structural elucidation of this uncommon
new compound.

2. Results and discussion

Freshly collected animals were immedi-
ately put at —20°C and kept frozen until
used. Frozen material was extracted
exhaustively with acetone, and the acetone
extract was then partitioned between
diethyl ether and water. The organic-
soluble extract was repeatedly chromato-
graphed by silica gel and Sephadex LH-20
column chromatography (CC) followed by
reversed-phase HPLC to afford the mix-
ture of trans-dimer D (1) and trans-dimer
C(2).

Trans-dimers D (1) and C (2) were
obtained as an inseparable mixture of
diastereomeric dimer in a 1.5:1 ratio as
determined from the 'H and '*C NMR
spectra (Table 1). Exhaustive efforts to
separate the mixture using CC and HPLC
employing different stationary and mobile
phase were unsuccessful in even partially
resolving the diastereoisomers. However,
the minor diastereoisomer, trans-dimer C
(2), was solely obtained as a pure
compound from a different sponge L. ana
in our earlier work [17]; thus, structure
elucidation of the major diastereoisomer
trans-dimer D (1) could be independently
performed on the 1/2 mixture.

The NMR data for the minor diaster-
eoisomer, trans-dimer C (2), were unam-
biguously assigned in our previous
publication, so only the data of the major
diastereoisomer trans-dimer D (1) are
described in detail here. Trans-dimer D
(1) was shown to be a hydrocarbon with the
molecular formula C39Hy4 on the basis of
its HR-EI-MS at m/z 404.3445 [M]", an
isomer of trans-dimer C (2) [17],
suggesting nine degrees of unsaturation.
The presence of a trisubstituted conjugated
diene moiety was evident from an UV
absorption maximum at 225nm. The 'H
and '3C NMR spectral data of 1 were

almost identical to those of 2. The '*C
NMR and DEPT spectra of 1 revealed the
presence of 30 carbon signals, including 6
methyl groups, 8 methylene units, 10
methine units (7 sp2 carbons), and 6
nonprotonated carbons (5 sp®). Like 2, the
"H NMR spectrum of 1 also showed three
broad singlets at 8 5.40 or 5.39 (H-2), 5.39
or 5.40 (H-2), and 5.09 (H-10") assignable
to olefinic protons on three endocyclic
trisubstituted double bonds, three olefinic
proton signals at 6y 5.81 (d, J = 10.6 Hz,
H-8),6.21(dd,J = 15.5,10.6 Hz, H-9), and
5.61 (d, J = 15.5Hz, H-10) attributed to
the protons of a typical conjugated diene
moiety, and six methyl groups at oy 1.72
(3H, s), 1.65 (9H, s), 1.57 (3H, s), and 0.89
(3H, s). In addition, four isolated proton
spin—spin systems corresponding to the
Me-14/H-8/H-9/H-10, Me-14'/H-8'/H-
9'/H-10//H-12'/H-12, H-1'/H-2'/Me-13/,
and H-1/H-2/Me-13 subunits of structure
1 were established on the basis of '"H—'H
COSY data and confirmed by HMBC
correlations (Figure 2). Consideration of
the above observations led to the con-
clusion that trans-dimer D (1) has the same
planar structure as trans-dimer C (2). Thus,
they had to be stereoisomers.

The relative stereochemistry of 1 was
established by a ROESY experiment
(Figure 3) running on the 1/2 mixture.
The E geometry of three double bonds at
A7® A1 and A7) on two alkyl chains,
analogous to 2, was inferred by the high-
field-shifted carbon values of two vinyl
methyls Me-14 (8¢ 14.8) and Me-14' (8¢
14.6) and the large olefinic proton coupling
constant (Jio/m-10 = 15.5 Hz). Biogenetic
considerations allowed us to assume the
same configuration at C-6 and C-6' as 2;
thus, the differences between them
occurred only in the stereochemistry at
the other one or two chiral centers (C-9'
and/or C-11). The relative stereochemistry
at C-9’ and C-11 in 1 was determined to be
trans, analogous to 2, by significant
ROESY correlations between Me-15 and
H-8 and from H-10 to H-9'. These
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Figure 2. Selected '"H-'H COSY and HMBC correlations for frans-dimer D (1).

observations upon 1 indicated that Me-15
was «-orientated, while H-9' was B-
orientated. Consequently, the structure of
trans-dimer D was depicted as 1, with the
configuration at both C-6 and C-6' the same
as the co-occurring sesquiterpene, theonel-
line [19], and a frans relative stereochem-
istry at C-9" and C-11.

A similar rationale to cis-dimers A and
B led to the tentative assignment of the
absolute stereochemistry of frans-dimers
D (1) and C (2) [17]. Assuming R
configuration at C-6 and C-6' the same as
theonelline, the two diastereoisomers 1

13

Figure 3. Selected key ROESY correlations
for trans-dimer D (1).

and 2 differ in their stereochemistry at C-9’
and C-11 (RR or SS). In conclusion, if the
absolute configuration of 2 is tentatively
assumed to be 6R,6'R,115,9'S (as that
proposed in 2), the stereochemistry of 1
will be 6R,6/R,11R,9R. Of course, the
suggested stereochemistry at C-9' and C-
11 of compounds 1 and 2 can be inverted
(6R,6'R,11R,9R for 2; 6R,6/'R,11S5,9'S
for 1).

Interestingly, we have heretofore iso-
lated four unprecedented diastereomeric
dimers, namely cis-dimers A and B as well
as trans-dimers C (2) and D (1), with a bis-
bisabolene skeleton, from the sponge
A. variabilis. Among them, to the best of
our knowledge, trans-dimer D (1) rep-
resents the fourth example with such a
carbon skeleton. It may be worth to point
out that the secondary metabolites structu-
rally related to these compounds were not
found in the other Axinyssa sponges by our
group. It raises the necessity to check the
correctness of taxonomy of the sponge, as
well as to clarify that if these dimers are
biosynthesized via enzymatic catalysis in
the sponge or they are artifacts formed
during the isolation process of biological
material.
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3. Experimental
3.1 General experimental procedures

Optical rotations were measured with a
PerkinElmer 241 MC polarimeter. UV spec-
tra were recorded by a Varian Cary-300 Bio
spectrophotometer. IR spectra were
recorded using a Nicolet Magna-FT-IR-
750 spectrometer. NMR spectra were run in
CDClI; on a Bruker DRX-400 spectrometer
at 400 MHz for 'H and at 100 MHz for "°C
with residual CHCl; (6g 7.26, 8¢ 77.0) as an
internal standard. The HR-EI-MS spectrum
was measured using a Finnigan MAT-95
spectrometer. CC was performed with silica
gel (200—300 and 400—600 mesh, Qingdao
Marine Chemical Company, Qingdao,
China) and Sephadex LH-20 (Pharmacia
Biotech AB, Uppsala, Sweden). TLC
analysis was carried out on pre-coated
TLC plates with silica gel 60 F,s4 (Yan Tai
Zi Fu Chemical Group Company, Yantai,
China). Detection was achieved by spraying
with 10% H,SO, in H,O followed by
heating. Reversed-phase HPLC was per-
formed using an Agilent 1100 chromatog-
raphy equipped with a VWD-G1314A
detector, using a Develosil ODS-HG-5
column [5wum, 10mm X 25cm, Nomura
Chemical Co., Ltd., Aichi, Japan].

3.2 Biological material

Specimens of A. variabilis, identified by
Prof. Rob van Soest of the Zoological
Museum, University of Amsterdam, were
collected in February 2004 by SCUBA
techniques at a depth of — 10 m off Sanya,
Hainan Province, China in the South China
Sea. A voucher specimen is available for
inspection at the Institute of Materia
Medica, SIBS-CAS, under registration
No. 04LS-146.

3.3 Extraction and isolation

The frozen animals (250g dry weight)
were cut into small pieces and exhaus-
tively extracted with acetone (1L X 3)
at room temperature. The extract was

concentrated under vacuum, and the
resulting residue was extracted with Et,O
(200ml X 3) and BuOH (200ml X 3).
The Et,O-soluble portion (3.5g) was
fractionated by SiO, CC (100-200 mesh)
eluted with light petroleum ether (PE)
with increasing amounts of acetone
(100:0 — 0:100) to afford nine fractions
(A-I) on the basis of TLC analysis.
Fraction B (89 mg) was further subjected
to Sephadex LH-20 eluting with PE—
CHCl3;-MeOH (2:1:1) to yield three
fractions (B1-B3). Fraction B2 was
purified followed by reversed-phase
HPLC using pure MeCN as the mobile
phase (4 ml/min) to afford an inseparable
mixture of trans-dimers D (1) and C (2)
(7mg, tg = 56 min).

3.3.1 Trans-dimer D (1)

Colorless oil. Ry 0.93 (light PE/diethyl
ether: 95:5). [a%“] —15.8 (c =0.40,
CHCI3). UV (MeOH) A« (loge): 225
(3.86)nm. IR (KBr) v (cm™'): 2958,
2916, 2850, 1436, 1375, 1143, 968, 743.
'"H and '*C NMR spectral data (CDCl5):
see Table 1. HR-EI-MS: m/z 404.3445
[M]™ (caled for CoHus, 404.3443).

Acknowledegments

This research work was financially supported
by the National Science & Technology Major
Projects (Nos. 20092X09301-001 and
2009ZX09103-060), the Natural Marine ‘863’
Project (2011AA090071-2), the Natural
Science Foundation of China (Nos. 30730108
and 21021063), the EU 7th Framework
Program-IRSES Project (2010-2014), the
STCSM International Cooperation Project
between SIMM/China and ICB/Italy (No.
10540702900), the NSFC-TRF International
Cooperation Project (No. 20911140471), and
the Foundation of Chinese Academy of
Sciences (Grant KSCX2-YW-R-18).

References
[1] W.J. Lan, HP. Wan, G.X. Li, HJ. Li,

Y.Y. Chen, C.Z. Zhu, and J.W. Cai,
Helv. Chim. Acta 91, 426 (2008).



Downloaded by [Malmo Hogskola] at 23:28 19 December 2011

Journal of Asian Natural Products Research 775

[2] H.Y. He, J. Salva, R.F. Catalos, and D.J.
Faulkner, J. Org. Chem. 57, 3191 (1992).

[3] R.S. Compagnone and D.J. Faulkner,
J. Nat. Prod. 58, 145 (1995).

[4] A.D. Patil, AJ. Freyer, R. Reichwein,
M.F. Bear, L. Faucette, R.K. Johnson,
R.C. Haltiwanger, and D.S. Eggleston,
J. Nat. Prod. 60, 507 (1997).

[5] M.J. Garson and J.S. Simpson, Nat. Prod.
Rep. 21, 164 (2004).

[6] C.J. Wegerski, R.N. Sonnenschein,
F. Cabriales, F.A. Valeriote, T. Matai-
naho, and P. Crews, Tetrahedron 62,
10393 (2006).

[7]1 K.A. Alvi, L. Tenenbaum, and P. Crews,
J. Nat. Prod. 54, 71 (1991).

[8] N.K. Gulavita, E.D. De Silva, M.R.
Hagadone, P. Karuso, P.J. Scheuer, G.D.
Van Duyne, and J. Clardy, J. Org. Chem.
51, 5136 (1986).

[9] N.V. Petrichtcheva, C. Duque, A. Dueias,
S. Zea, N. Hara, and Y. Fujimoto, J. Nat.
Prod. 65, 851 (2002).

[10] A.T. Pham, T. Ichiba, W.Y. Yoshida,
P.J. Scheuer, T. Uchida, J. Tanaka, and
T. Higa, Tetrahedron Lett. 32, 4843
(1991).

[11] H. Hirota, T. Okino, E. Yoshimura, and
N. Fusetani, Tetrahedron 54, 13971
(1998).

[12] A.D. Wright, H. Wang, M. Gurrath,
G.M. Konig, G. Kocak, G. Neumann,
P. Loria, M. Foley, and L. Tilley, J. Med.
Chem. 44, 873 (2001).

[13] S. Qin, H. Huang, and Y.W. Guo, J. Asian
Nat. Prod. Res. 10, 1075 (2008).

[14] S.H. Chen, H. Huang, and Y.W. Guo,
J. Asian Nat. Prod. Res. 10, 965 (2008).

[15] S.C. Mao, Y.W. Guo, and X. Shen,
Bioorg. Med. Chem. Lett. 16,2947 (2006).

[16] J.Z. Sun, K.S. Chen, H.L. Liu, R. van
Soest, and Y.W. Goo, Helv. Chim. Acta
93, 517 (2010).

[17] S.C. Mao, E. Manzo, Y.W. Guo,
M. Gavagnin, E. Mollo, M.L. Ciavatta,
R. van Soest, and G. Cimino, Tetrahedron
63, 11108 (2007).

[18] S.C. Mao, Y.W. Guo, R. van Soest, and
G. Cimino, Helv. Chim. Acta 90, 588
(2007).

[19] H. Nakamura, J.I. Kobayashi, and
Y. Ohizumi, Tetrahedron Lett. 25, 5401
(1984).



