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Chemical investigations of the soft coral Sinularia gyrosa resulted in the isolation of six new norcembr-
anolides, gyrosanolides A-F (1-6), a new norcembrane, gyrosanin A (7), and 11 known norditerpenoids
8-18. The structures of the isolated compounds were elucidated through extensive spectroscopic data
and by comparison with reported data in the literature. Compounds 1-3, 7-9, 12, and 13 at concentration
of 10 pM did not inhibit the COX-2 protein expression, but significantly reduced the levels of the iNOS
protein (55.2 +14.6%, 18.6 £6.7%, 10.6 £4.6%, 66.9 £5.2%, 10.2 +5.1%, 17.4+7.2%, 47.2+11.9%, and
56.3 + 5.1%, respectively) by LPS stimulation. Compound 8 showed significant antiviral activity against
HCMV (human cytomegalovirus) cells with an ICsg of 1.9 pg/mL.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Soft corals belonging to the genus Sinularia (Alcyoniidae) have pro-
ven to elaborate a rich harvest of unique C-4 norcembranoids and
their derivatives.'~> A number of these macrocyclic norcembraniods
were recently shown to exhibit an array of bioactivities such as anti-
fungal® and cytotoxic properties.®!%-!3 The continuing search for bio-
active constituents urged us to investigate the secondary metabolites
of the soft coral Sinularia gyrosa (Tixier-Durivault, 1970), which was
collected by hand using SCUBA along the coast of the Dongsha Atoll
off Taiwan. We have succeeded in the isolation of seven new norcem-
branoids, gyrosanoids A-G (1-7), and 11 previously characterized
norcembranoids 8-18'2°19-14 from the acetone-soluble of the organ-
ism. The details of isolation and structural elucidation of these iso-
lated norcembranoids are discussed. Compounds 1-6 and 8-18
were evaluated in vitro for cytotoxicity against P-388 (mouse lym-
phocytic leukemia), A-459 (human lung carcinoma), and HT-29 (hu-
man colon adenocarcinoma) cancer cell lines, antiviral activity
against HCMV (human cytomegalovirus) cells, anti-inflammatory
activity using RAW 264.7 macrophage cells, and antibacterial activity
against five bacterial strains, comprising Enterobacter aerogenes
(ATCC13048), Salmonella enteritidis (ATCC13076), Serratia marcescens

* Corresponding author. Tel.: +886 7 5252000x5036; fax: +886 7 5255020.
E-mail address: yihduh@mail.nsysu.edu.tw (C.-Y. Duh).

0968-0896/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmc.2010.04.012

(ATCC25419), Shigella sonnei (ATCC11060), and Yersinia enterocolitica
(ATCC23715).

2. Results and discussion

By a series of column chromatography using normal-phase sil-
ica and reversed-phase C;g gel columns in combination with re-
versed-phase C;g HPLC, the acetone extracts of the soft coral S.
gyrosa resulted in the purification of six new norcembranolides,
gyrosanolides A-F (1-6), a new norcembrane, gyrosanin A (7),
and 11 known norditerpenoids 8-18 (see Section 3).

Gyrosanolide A (1) was obtained as a colorless oil. Its HRESIMS
(m/z371.1472, [M+Na]") and NMR spectroscopic data (Tables 1 and
2) established the molecular formula C;9H»406, implying the exis-
tence of eight degrees of unsaturation. The UV spectrum Jmax
(MeOH) value at 223 nm together with the IR absorptions at
1734 and 1643 cm™! of 1 revealed the presence of a conjugated
y-lactone moiety, which was further indicated from the 'H NMR
signals at 6y 6.43 (1H, dd, J=12.0, 5.2 Hz, H-13), 4.60 (1H, s, H-
11), and 4.73 (1H, t, J = 3.6 Hz, H-10) as well as '3C NMR signals
at ¢ 168.6 (qC, C-19), 131.8 (qC, C-12), 147.4 (CH, C-13), 714
(CH, C-11), and 83.0 (CH, C-10).'? A strong IR spectrum absorptions
at 1718 and >C NMR signals at éc 205.5 (qC, C-3) indicated the
presence of a ketone functionality. In addition, the "H NMR signals
at oy 6.39 (1H, s, H-7) and '3C NMR signals at ¢ 200.5 (qC, C-6),
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Table 1
TH NMR spectroscopic data of compounds 1-3
H# 1? 2? 3?
1 3.09 m 3.03m 2.97 m
2 1.96 m a: 2.38 dd (16.8, 1.6); b: 2.56 dd (16.8, 10.0) 227 m
4 a:2.09 dd (16.8, 6.4)° a:2.92 m a: 2.85m
b: 3.16 dd (16.8, 2.0) b: 3.02 dd (17.6, 4.4) b: 3.08 dd (16.0, 2.8)°
5 4.36 dd (6.0, 2.0) 4.29 t (4.0) 3.90 dd (7.6, 2.8)
7 6.39 s 6.15s 6.66 s
9 a: 2.56 dd (13.6, 3.2) a: 2.48 dd (13.6, 1.6) a: 2.51 dd (14.0, 3.6)
b: 2.87 dd (13.6, 3.6) b: 2.87 dd (13.6, 5.2) b: 2.88 m
10 4.73 t(3.6) 4.69d (5.2) 4.70 t (3.6)
11 4.60 s 461 s 4.57 s
13 6.43 dd (12.0, 5.2) 6.64 dd (104, 6.4) 6.46 dd (11.6, 4.8)
14 a: 2.22 dt (13.6, 4.8) a:2.14m a:2.23 m
b: 3.53 td (13.6, 3.6) b: 3.55 ddd (13.6, 10.4, 5.2) b: 3.54 ddd (14.0, 11.6, 4.0)
16 a:4.42s;b:4.85s a:4.72s;b: 482 s a: 447 s; b: 485 s
17 1.82s 1.78 s 1.79 s
18 2.33d(0.8) 220s 223d(1.2)
5-OMe 341s
@ Spectra were measured in CDCl; (400 MHz).
b Jvalues (in Hz) are in parentheses.
Table 2
13C NMR spectroscopic data of compounds 1-7
C# 1° 2? 32 4° 52 6° 7
1 39.1 (CH)* 39.9 (CH)" 39.8 (CH)" 41.1 (CH)" 38.0 (CH)" 38.2 (CH)" 39.0 (CH)"
2 42.5 (CHy) 45.5 (CHy) 45.2 (CHy) 45.7 (CHy) 45.6 (CHy) 48.0 (CHy) 45.1 (CHy)
3 205.5 (qC) 205.4 (qC) 203.3 (qC) 206.9 (qC) 204.9 (qC) 208.3 (qC) 208.4 (qC)
4 47.4 (CHy) 47.0 (CHy) 45.1 (CHy) 48.1 (CHy) 45.1 (CHy) 44.3 (CHy) 43.5 (CHy)
5 74.1 (CH) 72.4 (CH) 82.4 (CH) 71.5 (CH) 76.4 (CH) 77.3 (CH) 75.4 (CH)
6 200.5 (qC) 200.4 (qC) 199.0 (qC) 200.1 (qC) 214.5 (qC) 211.4 (qC) 214.2 (qC)
7 124.2 (CH) 123.9 (CH) 124.0 (CH) 124.4 (CH) 49.4 (CHy) 51.0 (CHy) 44.2 (CHy)
8 153.9 (qC) 152.9 (qC) 151.0 (qC) 156.4 (qC) 78.9 (qC) 79.6 (qC) 78.8 (qC)
9 42.7 (CHy) 42.2 (CHy) 43.2 (CHy) 42.4 (CHy) 46.5 (CHy) 41.7 (CHy) 41.5 (CHy)
10 83.0 (CH) 83.8 (CH) 83.2 (CH) 79.7 (CH) 78.1 (CH) 79.1 (CH) 64.2 (CH)
11 71.4 (CH) 72.0 (CH) 71.8 (CH) 148.3 (CH) 149.1 (CH) 153.0 (CH) 62.7 (CH)
12 131.8 (qC) 131.5 (qC) 130.6 (qC) 134.9 (qC) 132.9 (qC) 130.5 (qC) 65.0 (qC)
13 147.4 (CH) 147.4 (CH) 145.0 (CH) 21.4 (CHy) 19.8 (CH>) 66.9 (CH) 73.4 (CH)
14 27.2 (CHy) 30.8 (CHy) 29.9 (CHy) 30.3 (CHy) 25.9 (CHy) 39.3 (CHy) 34.3 (CHy)
15 145.4 (qC) 147.3 (qC) 144.5 (qC) 145.4 (qC) 146.5 (qC) 147.4 (qC) 148.3 (qC)
16 111.0 (CHy) 110.6 (CHy) 110.3 (CHy) 113.3 (CHy) 111.6 (CHy) 112.1 (CHy) 110.4 (CH,)
17 22.4 (CH3) 21.2 (CH3) 23.3 (CH3) 18.8 (CHs) 21.0 (CH3) 19.1 (CHs) 22.2 (CH3)
18 23.6 (CH3) 22.5 (CH3) 24.3 (CHs) 22.5 (CH3) 26.6 (CH3) 28.0 (CH3) 27.3 (CH3)
19 168.6 (qC) 167.5 (qC) 166.2 (qC) 173.0 (qC) 173.2 (qC) 172.8 (qC) 167.2 (qC)
5-OMe 58.1 (CHs)
19-OMe 52.5 (CHs)

@ Spectra were measured in CDCl; (100 MHz).
b Spectra were measured in CDCl; (125 MHz).
¢ Multiplicities are deduced by HSQC and DEPT experiments.

124.2 (CH, C-7), and 153.9 (qC, C-8) exhibited the presence of an
o,B-unsaturated ketone, which was further identified by a strong
IR spectrum absorptions at 1667 cm~'. Two secondary hydroxyls
were recognized as being present in 1 from its '"H NMR signals at
oy 4.36 (1H, dd, J=6.0, 2.0 Hz, H-5) and 4.60 (1H, s, H-11), '3C
NMR signals at é¢c 74.1 (CH, C-5) and 71.4 (CH, C-11), as well as a
broad IR absorption at 3418 cm~!. Moreover, the NMR signals [dy
4.42 (1H, s, H-16a) and 4.85 (1H, s, H-16b); ¢ 145.4 (qC, C-15)
and 111.0 (CH,, C-16)] assigned a 1,1-disubstituted double bond
in 1. The above functionalities also account for seven of the eight
degrees of unsaturation, suggesting a macrocyclic 14-membered
ring in 1.

By interpretation of 'H-'H COSY correlations, it was possible to
establish four partial structures of consecutive proton systems
extending from H,-2 to H-13 through H-1 and H,-14, from H,-4
to H-5, and from H,-9 to H-10, as well as long-range COSY correla-
tions between H,-16/Hs-17, H3-18/H-7, and H,-9/H-7 (Fig. 1).

Moreover, the long-range 'H-'3C correlations observed from
H,-16 to C-1 and C-17; from H3-17 to C-1, C-15, and C-16; from
H,-2 to C-1, C-3, C-14, and C-15; from H,-14 to C-1, C-2, C-12,
and C-13; from H-13 to C-11; from H-11 to C-9, C-10, C-13, and
C-19; from Hs-18 to C-7, C-8, and C-9; from H-7 to C-6, C-9, and
C-18; from H,-4 to C-3, C-5, and C-6 led the connectivities of these
partial structures (Fig. 1). Accordingly, the planar structure of gyro-
sanolide A (1) was determined unambiguously.

The relative stereochemistry of 1 assigned by NOESY spectrum
was compatible with those of 1 offered by computer modeling, in
which the close contacts of atoms calculated in space were consis-
tent with the NOESY correlations (Fig. 2). The NOESY correlations be-
tween H-7/H-9b (éy 2.87), H3-18/H-9a (dy 2.56), and H-11/H-13
indicated that the geometries of the two double bonds at C-7/C-8
and C-12/C-13 were assigned as E and Z, respectively. The absence
of NOESY correlation between H-7 and H-11 suggested the s-trans
geometry of the conjugated enone. The relative configurations of
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Figure 2. Key NOESY correlations and computer-generated perspective model using MM2 force field calculations for 1, 2, and 7.

C-1, C-5,C-10, and C-11 in 1 were elucidated as 15* 5S* 10R*, and
11R* by the following NOESY correlations between H-1/H-14a
(oy 2.22), H-14b (6y 3.53)/H-13, H-13/H-11, H-11/H5-18, H3-18/H-
9a, H-10/H-9a, H-10/H-9b, H-11/H-9b, and H-7/H-5, as shown in a
computer generated 3D drawing. Thus, gyrosanolide A (1) was
unambiguously formulated as (15*5S*,10R*,11R*7E,12Z)-5,11-
dihydroxy-1-isopropenyl-3,6-dioxocyclotetradec-7,12,15(16)-tri-
en-10,12-carbolactone.

The molecular formula of 2 was identical to that of 1 as indi-
cated by HRESIMS. Comprehensive analysis of 2D NMR data,
including the results of 'H-'H COSY, HMQC, and HMBC experi-
ments, enabled the complete planar structure of gyrosanolide B
to be assigned, as in 1, to a C-4 norcembranoid skeleton. Compar-
ison of the overall NMR spectroscopic data (Tables 1 and 2) indi-
cated that 1 and 2 were isomers and exhibited significant
variations in the "H NMR chemical shifts for H-7 and Hs-18. Fur-
thermore, the crucial NOESY correlations (Fig. 2) between H-7
and H-11 proved the s-cis geometry of the conjugated enone. Addi-
tionally, the calculated torsion angle formed by C=0, C-6, C-7, and
C-18 is 19.8°, further suggesting that the s-cis conformation of the
conjugated enone moiety.'® The key NOESY correlations between
H-1/H,-2, H-1/H-17, H-16a (éy 4.72)/[H-2a (éy 2.38), H-13/H-11,
H-11/H-10, H-11/H5-18, H-7/H-5, H-10/H,-9, Hs-18/H-9b (dy
2.87), H-7/H-9a (y 2.48) indicated that 2 possessed the same rel-
ative configurations as 1 at the C-1, C-5, C-10, and C-11 stereocen-
ters. Based on the aforementioned findings, it was concluded that
gyrosanolide B (2) was a geometric isomer of 1.

Gyrosanolide C (3) gave a formula of C;oH»606, from the inter-
pretation of its HRESIMS and '>C NMR spectroscopic data (Table
2). The complete analysis of COSY, HMBC, and HSQC spectra per-
mitted us to assign all the spectroscopic signals and to propose
the planar structure for 3. The NMR features (Tables 1 and 2) of
3 were analogous to those of 2 with the exception that the reso-
nances due to the secondary hydroxyl at C-5 [éy 4.29 (1H, ¢,
J=4.0Hz) and 6c 72.4 (CH)] were replaced by those due to a

methoxyl [éy 3.90 (1H, dd, J=7.6, 2.8 Hz) and 3.41 (3H, s); Jc
82.4 (CH), and 58.1 (CH3)]. The HMBC correlation (Fig. 1) from 5-
OMe to C-5 indicated that the position of the methoxy group at
C-5. Moreover, H-7 exhibited a NOESY correlation with 5-OMe,
but did not show a NOESY correlation with H-5. The relative con-
figuration of C-5 was assumed to be R* according to the above
NOESY correlations. Based on the similarity of the others NOESY
correlations, the relative configurations at C-1, C-10, and C-11 of
3 were assumed to be identical with those of 2. Therefore, the
structure of gyrosanolide C (3) was definitively established as
(18*,5R*,10R*,11R*,7E,12Z)-11-hydroxy-1-isopropenyl-5-methoxy-
3,6-dioxocyclotetradec-7,12,15(16)-trien-10,12-carbolactone.
Gyrosanolide D (4) was isolated as a colorless oil, which ana-
lyzed for the molecular formula C;9H»405 by HRESIMS coupled
with the DEPT and '3C NMR spectroscopic data (Table 2), indicating
the existence of eight degrees of unsaturation. The IR spectrum
exhibited the presence of conjugated ketone (1699 cm™!), o,p-
unsaturated y-lactone (1745 cm™') and hydroxy (3429 cm™') func-
tionalities. The '>C NMR spectrum showed signals of 19 carbons
differentiated by DEPT into two methyls, five methylenes, six
methaines, and six quaternary carbons. The carbon resonances at
dc 79.7 (CH, C-10), 148.3 (CH, C-11), 134.9 (CH, C-12), and 173.0
(qC, C-19) were assigned to the o,B-unsaturated y-lactone moiety,
which was further supported by the deshielded olefinic proton at
oy 7.06 (1H, s, H-11). The signals appearing at §c 206.9 (qC, C-3)
and 200.1 (qC, C-6) were attributable to carbons of a normal ketone
and o,B-conjugated ketone. Furthermore, the six carbon signals
appearing at ¢ 124.4 (CH, C-7) and 156.4 (qC, C-8), 148.3 (CH, C-
11) and 134.9 (qC, C-12), and 145.4 (qC, C-15) and 113.3 (CH,, C-
16) designated the presence of a trisubstituted double bond, a ter-
minal double bond, and a oxymethine, respectively. Comparison of
the NMR spectroscopic data of 4 with those of 11,8 it was suggested
that 4 had the same norcembrane carbon skeleton as that of 11 but
with an additional trisubstituted double bond at C-7 and C-8. The
location of this double bond was established by the HMBC correla-
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tions from H3-18/ H»-9 to C-7 and C-8, respectively. The relative
configuration of 4 was determined through inspection of the
NOESY spectrum as well as a computer-generated lower energy
conformation using MM2 force field calculations. The relative con-
figuration of C-5 was assumed to be R* according to the absence of
the crucial NOESY correlation between H-7 and H-5. By the assis-
tance of COSY, NOESY, HMQC and HMBC experiments, 4 was surely
deduced as (1S*,5R*,10R*,7E,11Z)-5-hydroxy-1-isopropenyl-3,6-
dioxocyclotetradec-7,11,15(17)-trien-10,12-carbolactone.
(15*,5R*,85%,105*,112)-5,8-epoxy-1-isopropenyl-8-methyl-3,6-
dioxocyclotetradec-11,15(16)-dien-10,12-carbolactone (5) was as-
signed a molecular formula of C;gH,40s, according to its HRESIMS
and NMR spectroscopic data (Tables 2 and 3). By interpretation of
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TH-TH COSY correlations (Fig. 1), it was possible to establish three
partial structures of consecutive proton systems extending from
H,-2 to H,-13 through H-1, H,-14, and H,-13; from H,-4 to H-5;
from H,-9 to H-11 through H-10, as well as long-range COSY cor-
relations between H,-16/Hs-17, H3-18/H-9, and H,-13/H-11. The
HMBC correlations (Fig. 1) from H,-16 to C-1, C-17; from Hs-17
to C-1, C-15, and C-16; from H,-2 to C-1, C-3, C-14, and C-15; from
H,-14 to C-12, C-13, and C-15; from H-13 to C-11 and C-12; from
H-11 to C-10, C-12, and C-19; from H,-9 to C-10, C-11, and C-18;
from Hs3-18 to C-7, C-8, and C-9; from H-7 to C-5 C-6, C-8, C-9,
and C-18; from H,-4 to C-3 and C-5 revealed the connectivity of
the above partial structures. Thus, compound 5 was established
to have the same planar structure as 10, which was isolated from

Table 3
TH NMR spectroscopic data of compounds 4-7
H# 4 5° (o 7°
1 1.96 m 2.75 m 2.77 m 295 m
2 a: 2.24 dd (13.0, 7.5)¢ a: 2.35 dd (16.8, 10.0)¢ a: 247 m a:2.78 m
b: 2.50 dd (12.5, 4.5) b: 2.44 dd (16.8, 2.8) b: 2.52 m b: 2.50 dd (13.6, 4.8)°
4 a: 2.76 dd (18.5, 4.0) a: 2.57 dd (17.2, 9.6) 2.58 m a: 3.01 dd (16.8, 3.2)
b: 2.87 dd (18.5, 8.5) b:2.79dd (17.2, 3.2) b: 2.71 m
5 4.65 m 4.54 dd (10.0, 3.2) 4.24 dd (8.8, 4.0)¢ 4.29 br dd (7.2, 3.2)
7 5.96 s a: 2.53d (18.4) a:243d(17.2) a: 2.69 d (18.0)
b: 2.65 d (18.4) b: 2.54 d (17.6) b: 2.35d (18.0)
9 a: 2.63 dd (13.5, 3.0) a: 1.72 dd (14.0, 10.4) a: 2.27 dd (15.2, 2.8) a:2.20m
b: 2.97 dd (13.5, 5.5) b: 2.45 dd (14.0, 5.2) b: 2.64 dd (15.2, 4.4) b: 2.18 m
10 524 m 5.09 m 528 brs 4.37 ddd (10.8, 5.2, 2.0)
11 7.06 s 7.44 d (1.6) 7.36's 3.33d (2.0)
13 231 m a:2.14m 473 br s 3.52 brd (6.4)
b: 2.35 dd (16.8, 10.0)
14 a: 1.70 m a: 1.81 ddd (14.4, 9.6, 4.0) a:1.91m a:2.18 m
b: 1.82 m b: 1.98 m b: 235 m b: 2.15 m
16 a: 4.68 s a:4.70 s a: 4.76 s a: 487 s
b: 483 s b: 487 s b: 480 s b: 474 s
17 1.67 s 1.75s 1.76 s 1.87 s
18 2.20s 1.51s 148 s 135s
19-OMe 3.80s
@ Spectra were measured in CDCl; (500 MHz).
b Spectra were measured in CDCl; (400 MHz).
¢ J values (in Hz) are in parentheses.
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Figure 3. Effect of compounds 1-18 at 10 uM on the LPS-induced pro-inflammatory iNOS and COX-2 protein expression of RAW 264.7 macrophages by immunoblot analysis.
(A) Immunoblot of iNOS; (B) Immunoblot of COX-2; (C) Immunoblot of B-actin. The values are mean + SEM (n = 5). The relative intensity of the LPS alone stimulated group
was taken as 100%. *Significantly different from LPS-stimulated (control) group (P <0.05).
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the soft coral Syntrophomonas erecta.® The signal at é 5.09 (1H, m,
H-10) showed NOESY correlations with 6y 7.44 (1H, d, J=1.6 Hz,
H-11) and 1.51 (3H, s, H-18), suggesting the S* configuration at
C-10 of 5. Meanwhile, a crucial NOESY correlation between
Hs-18 and H-10 (not existing in 10), and chemical shift changes
of H-10, H-11, and Hs-18 (dy 5.14, 7.22, and 1.32, respectively
in CDCl; of 10) indicated that gyrosanolide E (5) is the 10-epimer
of 10.

The HRESIMS and NMR spectroscopic data (Tables 2 and 3) gave
the molecular formula of 6 as C;9H»406, Which was 16 amu greater
than that of 11.% A comparison of the NMR and IR data revealed that
6 differed from 12 solely due to the substitution at C-13, where a
hydroxymethine [y 4.73 (1H, br s) and ¢ 66.9 (CH)] of 6 replaced a
methylene [y 2.18 (1H, m) and 2.40 (1H, m); 6¢ 20.0 (CH,)] of the lat-
ter. The NOESY experiment revealed that 6 possessed the same con-
figurations at C-1, C-5, C-8 and C-10 as in 11. Furthermore, one of
the C-2 methylene protons, H-2a (5y 2.47, m), showed a NOESY corre-
lation with H-1, while the other H-2b (5 2.52, m) was correlated with
H-13. The above result indicated that the hydroxy group at C-13
should be demonstrated the S* configuration. Hence, gyrosanolide F
(6) was unequivocally elucidated as (15*,55%,85*,10R*,135*112)-5,8-
epoxy-13-hydroxy-1-isopropenyl-8-methyl-3,6-dioxocyclotet-
radec-11,15(16)-dien-10,12-carbolactone.

Compound 7 analyzed for CyoH30g from HRESIMS
(m/z 419.1684, [M+Na]") and *C NMR spectroscopic data (Table 2),
indicating seven degrees of unsaturation. The IR spectrum of 7 at
3485 cm~! demonstrated a broad absorption band diagnostic of sec-
ondary hydroxyls, which were further identified by the 'H NMR sig-
nalsatéy4.37 (1H,ddd,J = 10.8,5.2,2.0 Hz, H-10) and 3.52 (1H, br d,
J =6.4Hz,H-13), and '3C NMR signals at 6¢ 64.2 (CH, C-10) and 73.4
(CH, C-13). The NMR spectroscopic data (Tables 2 and 3) indicated
that 7 possesses a 1,1-disubstituted olefins [6y 4.87 (1H, s, H-16a)
and 4.74 (1H, s, H-16b); 6¢c 148.3 (qC, C-15) and 110.4 (CH,, C-16)],
a trisubstituted epoxide [éy 3.33 (1H, d, J=2.0 Hz, H-11); ¢ 62.7
(CH, C-11) and 65.0 (qC, C-12)], and a methyl ester [5y 3.80 (3H, s,
19-OMe); 5c 167.2 (qC, C-19) and 52.5 (CH3, 19-OMe)]. The carbon
resonances appearing at éc 208.4 (qC, C-3) and 214.2 (qC, C-6) were
attributable to carbons of two normal ketones. Although there were
no direct HMBC correlations available, the remaining one unsatura-
tion indicated that an oxygen bridge is probably present between
one oxygenated methine [6y 4.29 (dd, 1H, J=7.2, 3.2 Hz, H-5) and
dc 75.4 (CH, C-5)] and an oxygenated quaternary carbon [5c 78.8
(qC, C-8)]. This assumption was further supported by the NOESY cor-
relation between H-5 and Hs-18 (Fig. 2). The above functionalities
account for six of the seven degrees of unsaturation, suggesting that
7 must consist of a macrocyclic 14-membered ring.
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Correlations deduced from extensive analysis of the "H-'H COSY
correlations of 7 enabled initially the establishment of three partial
structures. The connectivity of the above structural fragments was
subsequently interconnected by the crucial HMBC correlations
(Fig. 1). The computer-modeled structure of 7 was generated by CS
Chem 3D version 11.0 using MM2 force field calculations for energy
minimization (Fig. 2). The result was consistent with the relative ste-
reochemistry of 7 as established mainly by the assistance of the
NOESY experiment. The NOE correlations between H-7a (éy 2.69)/
H-10, H-10/H-9b (éy 2.18), H-11/H-4b (éy 2.71), H-10/H-11, H-11/
H-13, H-11/H-14a (3y 2.18), H-13/H-2a (y 2.78), H-1/H-14b (5y
2.15), H3-17/H-16a (oy 4.87), H-1/H5-17, H-16b (5y 4.74)/H-2a, H-
16b/H-2b (oy 2.50), H-9a (5 2.20)/H3-18, H-7b (64 2.35)/H5-18, and
H-5/H3-18 demonstrated the 1S*, 5R* 8S* 10R*, 11S*, 125*% and
13S* configurations as depicted in Figure 2. Therefore, gyrosanolide
G (7) was fully determined as methyl (15*,5R*85*10R",
115%,125%,135%)-5,8,11,12-diepoxy-10,13-dihydroxy-1-isopropenyl-
8-methyl-3,6-dioxocyclotetradec-15(16)-en-19-carboxylate.

Compounds 1-18 were tested for their cytotoxicity against the
P-388, A-459, and HT-29 cancer cell lines. Preliminary cytotoxic
screening revealed that 7 displayed cytotoxicity against P-388 cell
line with an EDsq value of 3.6 pug/mL. However, the other tested
compounds were not cytotoxic to P-388, A-549, and HT-29 cells
(>20.0 pg/mL). The anticancer agent mithramycin was used as
the positive control and exhibited EDsq values of 0.06, 0.07, and
0.08 pg/mL against P-388, A-549, and HT-29 cells, respectively.

At a concentration of 1 pg/mL., compound 8 showed significant
antiviral activity against HCMV cells with an ICsq value of 1.9 ng/
mL. With the exception of the above findings, the obtained nega-
tive results showed that the others exhibited no discernible activ-
ity against HCMV cells (EDsg >50 pg/mL). In addition, the
antibacterial activity assays revealed that none of compounds
exhibited any antibacterial activity against E. aerogenes, S. enteriti-
dis, S. marcescens, S. sonnei, and Y. enterocolitica at a concentration
of 100 pg/disk.

Our previous studies have reported that cembrane-type diter-
penoids possess iNOS and COX-2 proteins inhibition,'”~'® which
prompted us to evaluate the anti-inflammatory effect of these iso-
lated compounds 1-18. Stimulation of RAW 264.7 cells with LPS
resulted in up-regulation of the pro-inflammatory iNOS and COX-
2 proteins (Fig. 3). Compounds 1-3, 7-9, 12, and 13 at concentra-
tion of 10 uM did not inhibit the COX-2 protein expression, but sig-
nificantly reduced the levels of the iNOS protein (55.2 + 14.6%,
18.6+6.7%, 10.6+4.6%, 669+52% 102+51% 17.4+7.2%,
47.2+11.9%, and 56.3 +5.1%, respectively) by LPS stimulation.
Moreover, the house keeping protein B-actin was not changed by
the presence of these tested compounds at the same concentration.
Under the same experimental condition, 10 uM CAPE (caffeic acid
phenylthyl ester; Sigma Chemical. Company, St. Louis, MO) reduced
the levels of the INOS and COX-2 protein to 1.5+2.1% and
70.2 + 11.5%, respectively, relative to the control cells stimulated
with LPS. Compounds 3, 8 and 9 were significantly increased pro-
inflammatory protein, COX-2 level in LPS-stimulated macrophage.

3. Experimental
3.1. General experimental procedures

Optical rotations were determined with a JASCO P1020 digital
polarimeter. Ultraviolet (UV) and infrared (IR) spectra were ob-
tained on a JASCO V-650 and JASCO FT/IR-4100 spectrometer,
respectively. The NMR spectra were recorded on a Varian MR
400 NMR spectrometer at 400 MHz for 'H and 100 MHz for '3C
or on a Varian Unity INOVA 500 FT-NMR spectrometer at

500 MHz for 'H and 125 MHz for '3C, respectively. Chemical shifts
are expressed in ¢ (ppm) referring to the solvent peaks dy 7.27 and
dc 77.0 for CDCls, respectively, and coupling constants are ex-
pressed in Hz. ESIMS were recorded by ESI FT-MS on a Bruker APEX
Il mass spectrometer. Silica Gel 60 (Merck, 230-400 mesh) and
LiChroprep RP-18 (Merck, 40-63 um) were used for column chro-
matography. Precoated silica gel plates (Merck, Kieselgel 60 F,s4,
0.25 mm) and precoated RP-18 F,s45 plates (Merck, 1.05560) were
used for analytical TLC analyses. High-performance liquid chroma-
tography (HPLC) was carried out using a Hitachi L-7100 pump
equipped with a Hitachi L-7400 UV detector at 220 nm and a
semi-preparative reversed phase column (Merck, Hibar Purospher
RP-18e, 5 pm, 250 x 10 mm).

3.2. Animal materials

The soft coral S. gyrosa was collected by hand using scuba tech-
niques at the Dongsha Atoll off Taiwan, in April 2007, at a depth of
8-10m, and was stored in a freezer for two months until extrac-
tion. This soft coral was identified by one of the authors (C.-F.D.).
A voucher specimen (TS-19) was deposited in the Department of
Marine Biotechnology and Resources, National Sun Yat-sen
University.

3.3. Extraction and isolation

The frozen specimen of S. gyrosa (2.0 kg) was chopped into
small pieces and extracted with fresh acetone for 24 h at room
temperature. The quantity of solvent used for each extraction
(2.0L) was at least three times the amount of the soft coral mate-
rial used. The combined acetone extracts were concentrated to a
brown gum, which was partitioned between H,0O and EtOAc. The
resulting EtOAc partition (30.0 g) was subjected to column chro-
matography on silica gel using n-hexane-EtOAc and EtOAc-MeOH
mixtures of increasing polarity for elution to furnish 40 fractions.
Fraction 20 (0.48 g) eluted with n-hexane-EtOAc (1:10) was sub-
jected to column chromatography on silica gel using n-hexane-
EtOAc mixtures of increasing polarity for elution to give 12 sub-
fractions. A subfraction 20-6 (161 mg) eluted with n-hexane-
EtOAc (2:1) was further subjected to column chromatography on
silica gel using n-hexane-EtOAc (2:1) for elution to separate 11
subfractions. Then, the subfraction 20-6-6 (45 mg) was purified
by RP-18 HPLC using MeOH-H,0 (53:47) to afford 10 (2 mg), 11
(3mg), 12 (4 mg), and 18 (2 mg). Similarly, subfractions 20-6-7
(49 mg) and 20-6-11 (16 mg) were further purified by RP-HPLC
using MeOH-H,0 (53:47) to afford 5 (1 mg) and 15 (3 mg). Frac-
tion 22 (1.50 g) eluted with EtOAc-MeOH (90:1) was subjected
to a silica gel column using n-hexane-EtOAc gradient (4:1-
0:100) for elution to give 12 subfractions. In turn, a subfraction
22-4 (378 mg) eluted with n-hexane-EtOAc (1:4) was chromato-
graphed on a silica gel column using n-hexane-EtOAc (1:3) for elu-
tion to separate 8 subfractions. Subsequently, a subfraction 22-4-3
(115 mg) was purified by RP-18 HPLC using MeOH-H,0 (45:55) to
afford 3 (1 mg), 8 (28 mg), 9 (51 mg), 13 (3 mg), 16 (1 mg), and 17
(1 mg), respectively. Fraction 30 (0.16 g) eluted with EtOAc-MeOH
(10:1) was applied to column chromatography on a RP-18 gel col-
umn eluting with 45% MeOH in H,0O to provide a mixture that was
further separated by RP-18HPLC using 45% MeOH in H,O to pro-
vide 14 (8 mg) and a mixture. Then, the mixture was purified by
column chromatography using n-hexane-EtOAc (1:5) to give 6
(3 mg). Fraction 33 (0.30 g) eluted with EtOAc-MeOH (4:1) was
subjected to a silica gel column using EtOAc-MeOH (40:1) for elu-
tion, to separate 9 subfractions. A subfraction 33-3 (31 mg) was ap-
plied to column chromatography on a RP-18 gel column eluting
with 45% MeOH in H,O0 to afford a mixture that was further sepa-
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rated by RP-18 HPLC using MeOH-H,0 (45:55) to give 1 (3 mg), 2
(5mg), 4 (1 mg), and 7 (1 mg).

3.3.1. Gyrosanolide A (1)

Colorless, viscous oil; [¢]% —72 (c 0.1, CHCl5); UV (MeOH) /imax
(loge) 223 (3.69) nm; IR (KBr) vmax 3418, 2920, 1734, 1718,
1667, 1643, 1373, 1183, 1073 cm™'; '"H NMR and '3C NMR data,
see Tables 1 and 2; ESIMS my/z 371 [M+Na]*; HRESIMS my/z
371.1472 [M+Na]" (calcd for C;9H»406Na, 371.1471).

3.3.2. Gyrosanolide B (2)

Colorless, viscous oil; [oc]zDS —64.0 (c 0.1, CHCI3); UV (MeOH) Amax
(log €) 225 (3.88) nm; IR (KBr) vmax 3422, 2922, 2855, 1738, 1701,
1622, 1418, 1375,1178,1077 cm™'; "TH NMR and '*C NMR data, Ta-
bles 1 and 2; ESIMS m/z 371 [M+Na|*; HRESIMS m/z 371.1472
[M+Na]* (calcd for C19H,406Na, 371.1471).

3.3.3. Gyrosanolide C (3)

Colorless, viscous oil; [oc}és —78 (c 0.1, CHCl3); UV (MeOH) Amax
(loge) 226 (3.97) nm; IR (KBr) vmax 3425, 2924, 2852, 1745,
1696, 1643, 1616, 1376, 1179, 1095, 1034, 893, 734cm™!; 'H
NMR and 3C NMR data, see Tables 1 and 2; ESIMS m/z 385
[M+Na]*; HRESIMS m/z 385.1625 [M+Na]" (calcd for C,gH,60¢Na,
385.1627).

3.3.4. Gyrosanolide D (4)

Colorless, viscous oil; []% —96 (c 0.1, CHCl5); UV (MeOH) /imax
(log £) 218 (3.75), 242 (3.52) nm; IR (KBr) vmay 3429, 2924, 2852,
1745, 1699, 1639, 1407, 1206, 1087, 893 cm~!; '"H NMR and '3C
NMR data, see Tables 2 and 3; ESIMS m/z 355 [M+Na]*; HRESIMS
m/z 355.1525 [M+Na]" (calcd for C;9H,405Na, 355.1521).

3.3.5. Gyrosanolide E (5)

Colorless, viscous oil; [rx]zDs —110 (¢ 0.1, CHCl3); UV (MeOH) Amax
(log £) 212 (3.97) nm; IR (KBr) vmax 3072, 2932, 1749, 1703, 1650,
1445, 1418, 1373, 1267, 1198, 1091, 1038, 893, 730 cm™'; 'H NMR
and 3C NMR data, see Tables 2 and 3; ESIMS m/z 355 [M+Na]*;
HRESIMS m/z 355.1519 [M+Na]* (calcd for C;9H,405Na, 355.1521).

3.3.6. Gyrosanolide F (6)

Colorless, viscous oil; [ac]2D5 —124 (c 0.1, CHCl3); UV (MeOH) Amax
(log €) 214 (3.77) nm; IR (KBr) vmax 3411, 3070, 2926, 2855, 1752,
1730, 1705, 1644, 1454, 1375, 1185, 1109, 1091, 1045, 897 cm™';
'H NMR and '>C NMR data, see Tables 2 and 3; ESIMS m/z 371
[M+Na]"; HRESIMS m/z 371.1472 [M+Na]" (calcd for C;9H,406Na,
371.1471).

3.3.7. Gyrosanin A (7)

Colorless, viscous oil; [¢]2 —22 (¢ 0.1, CHCls); IR (KBr) Viax
3485, 2956, 2923, 1737, 1709, 1645, 1435, 1374, 1246, 1096,
1049, 734 cm~!; 'H NMR and *C NMR data, see Tables 2 and 3;
ESIMS m/z 419 [M+Na]*; HRESIMS m/z 419.1684 [M+Na]* (calcd
for C20H2303Na. 4]91682)

3.4. In vitro cytotoxicity assay

Cytotoxicity was determined against P-388 (mouse lympho-
cytic leukemia), HT-29 (human colon adenocarcinoma), and A-
549 (human lung epithelial carcinoma) tumor cells using a modifi-
cation of the MTT colorimetric method. The provision of the P-388
cell line was supported by J. M. Pezzuto, formerly of the Depart-
ment of Medicinal Chemistry and Pharmacognosy, University of
Illinois at Chicago. These HT-29 and A-549 cell lines were pur-
chased from the American Type Culture Collection. The experimen-
tal details of this assay were carried out according to a previously
described procedure.?%?!

3.5. In vitro antimicrobial activity

Bacterial strains were grown in LB (Luria-Bertani) broth med-
ium for 24 h at 37 °C. Then, 17 mL LB hard agar (1.5% agar) was
poured into sterile Petri dishes (9 cm) and allowed to set. Next,
2.7 mL molten LB soft agar (0.7% agar, 45 °C) was inoculated with
0.3 mL broth culture of the test organism and poured over the base
hard agar plates forming a homogenous top layer. Sterile paper
disks (Advantec, 8 mm) were placed onto the top layer of the LB
agar plates. Ten microliters (2 pg/uL) of compounds 1-6 and 8-
18 were applied on to each the filter paper disks. Ampicillin
(5 pg/uL) and the same solvents were served as positive and neg-
ative controls. All plates were incubated at 37 °C, 24 h prior to anti-
bacterial activity evaluation. The antimicrobial activity of the
tested compounds was tested up to 100 pg/mL against E. aerogenes
(ATCC13048), S. enteritidis (ATCC13076), S. marcescens
(ATCC25419), S. sonnei (ATCC11060), and Y. enterocolitica
(ATCC23715), respectively. All bacterial strains were obtained from
the American Type Culture Collection. The antibiotic activity eval-
uation method was conducted based on previously reports.??23

3.6. In vitro anti-inflammatory assay

Murine RAW 264.7 macrophages were obtained from the
American Type Culture Collection (ATCC, No. TIB-71) and cultured
in Dulbecco’s modified essential medium (DMEM) containing 10%
heat-inactivated fetal bovine serum, at 37 °C in a humidified 5%
C0,-95% air incubator under standard conditions. The in vitro
anti-inflammatory assay was carried out according to the procedure
described previously.242° For statistical analysis, all the data were
analyzed by a one-way analysis of variance (ANOVA), followed by
the Student-Newman-Keuls post hoc test for multiple comparisons.
A significant difference was defined as a P value of <0.05.

3.7. Anti-cytomegalovirus assay

To determine the effects of natural product upon human cyto-
megalovirus (HCMV) cytopathic effect (CPE), confluent human
embryonic lung (HEL) cells grown in 24-well plates will be incu-
bated for 1 h in the presence or absence of various concentrations
of tested natural product. Then, cells will be infected with HCMV at
an input of 1000 pfu (plaque forming units) per well of 24-well
dish. Antiviral activity is expressed as ICso (50% inhibitory concen-
tration), or compound concentration required to reduce virus in-
duced CPE by 50% after sevendays as compared with the
untreated control. To monitor the cell growth upon treating with
natural products, an MTT-colorimetric assay was employed.2®
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