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Abstract — A new briarane-type diterpenoid, 12-epi-briacavatolide B (1), along
with its known epimer, briacavatolide B (2), were purified from an octocoral
identified as Briareum stechei. Spectroscopic approaches were used to reveal the

structure of new briarane 1.

Octocorals are invertebrates extensively distributed in coastal waters, especially the coasts of tropical and
subtropical Indo-Pacific Ocean regions. The creatures have been shown to be rich sources of an array of
diterpenoid derivatives with characteristic carbon skeletons that have various bioactivities.'?> The
octocorals belonging to genus Briareum (phylum: Cnidaria, sub-phylum: Anthozoa, class: Octocorallia,
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order: Scleralcyonacea, family: Briareidae),® distributed in the Indo-Pacific Ocean, are comprised of four
characterized species, B. cylindrum, B. hamrum, B. stechei, and B. violaceum,* and different groups of
diterpenoids, including briarane (3,8-cyclized cembranoid) and eunicellin (2,11-cyclized cembranoid)
diterpenoids, have been obtained from these fascinating marine invertebrates of potential medicinal use.>®
We have conducted extensive investigations in previous years on Briareum stechei (Kukenthal, 1908)
(synonyms Briareum excavatum),* from which a new briarane, 12-epi-briacavatolide B (1) and its known
epimer briacavatolide B (2),” were isolated (Figure 1). In this article, we summarized the processes of

purification and structural identification of 1 and 2.

OAc OH
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-OH, R?=0Ac
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Figure 1. Structures of 12-epi-briacavatolide B (1), briacavatolide B (2), and briavioid B (3)

12-epi-Briacavatolide B (1) was isolated as colorless oil that gave an [M + N]* ion peak at m/z 621.21529
in the positive mode HRESIMS indicating the molecular formula CzsH3zsO14 (calcd for C2sHzsO14 + Na,
621.21538) requiring 10 sites of unsaturation. The IR absorptions were observed at vmax 3500, 1779, and
1732 cm2, suggesting the presence of hydroxy, y-lactone, and ester groups in 1, respectively. From the *C
NMR data (Table 1), together with DEPT and HSQC spectra, illustrated the presence of 28 carbons in 1,
including five ester carbonyls (dc 171.6, OAc-16; 170.6, OAc-2; 170.5, C-19; 169.6, OAc-14; 168.4, OAc-
9), two olefin carbons (dc 144.5, C-5; 126.4, CH-6), and ten oxygen-bearing carbons (dc 75.6, CH-14; 74.6,
C-11; 74.2, CH-2; 73.8, CH-12; 73.4, CH-7; 70.3, C-8; 69.2, CH-4; 68.6, CH»-16; 67.4, CH-9; 66.0, C-17),
as well as seven methyls, two aliphatic sp® methylenes, one aliphatic sp® methine, and one aliphatic sp® non-
protonated carbon. Analysis of the 'H (Table 1), **C, and HSQC spectra confirmed that 1 possessed a
tetrasubstituted epoxide (dc 70.3, C-8; 66.0, C-17), a trisubstituted carbon-carbon double bond (dc 144.5,
C-5; 0n 5.55, 1H, br d, J = 8.4 Hz/oc 126.4, CH-6), four acetoxy groups (dn 2.25, 2.09, 2.03, 1.97, each 3H
x sloc 21.3, 21.0, 21.5, 21.2, 4 x acetate methyls; oc 168.4, 171.6, 169.6, 170.6, 4 x acetate carbonyls), and
three hydroxy protons (6w 3.13, 1H, d, J = 0.4 Hz, OH-11; 2.85, 1H, d, J = 9.6 Hz, OH-12; 2.70, 1H, br s,
OH-4), which in conjunction with carbons presented in the molecular formula, suggesting a diterpenoid

molecule possessing four rings.
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Table 1. *H (400 MHz, CDCls3) and *C (100 MHz, CDCls) NMR data for briaranes 1, 2, and briacavatolide
B

1 2 briacavatolide B¢
Position on (J in Hz) oc (mult.) 6u (Jin H2) oc(mult)  on(JinH2) oc (mult.) Adc®
1 47.2,C 474,C 474,C (0.0
2 4.93d (9.2) 74.2,CH 4.87d(8.8) 74.2,CH 4.88d (8.4) 74.2,CH (0.0)
3a 2.05m 39.2,CH; 2.05m 394,CH, 2.02m 39.3,CH;> (0.1)
B 2.80dd (15.2, 12.0) 2.81dd (15.6, 12.0) 2.81dd (15.2,12.0)
4 4.10dd (12.0, 5.6) 69.2,CH 4.10dd (12.0,5.2) 68.8, CH 4.15dd (12.0,5.2) 69.2,CH (-0.4)
5 1445, C 1450, C 145.3,C (-0.3)
6 5.55brd (8.4) 126.4,CH 5.47d (8.8) 124.7,CH 5.53d(8.8) 125.4, CH (-0.7)
7 5.75d (8.4) 73.4,CH 5.81d(8.8) 73.4,CH 5.81d(8.8) 73.3,CH (0.1)
8 70.3,C 70.5,C 70.5,C  (0.0)
9 5.86s 67.4,CH 5.78d(1.2) 67.0, CH 5.79.d (3.6) 67.0,CH (0.0)
10 2.21brs 445,CH 2.09d(1.2)° 48.9, CH 2.10m 49.0,CH (-0.1)
11 74.6,C 78.1,C 78.1,C (0.0
12 3.57ddd (9.6,2.8,2.8) 73.8,CH 3.71dd (12.8, 4.0) 73.2,CH 3.72dd (12.4,4.0) 73.3,CH (-0.1)
13a 2.00~2.19 m? 27.5,CH; 2.01m 30.2,CH, 2.04td (12.4,2.0) 30.2,CH, (0.0)
B 1.66 ddd (12.4, 12.4, 2.0) 1.68 m
14 4.93dd (3.2,3.2) 75.6,CH 4,81dd (2.8, 2.8) 74.8, CH 4.83dd (2.4,2.00 747,CH (0.1)
15 1.28s 146, Me 1.24s 14.4, Me 1.26s 145, Me (-0.1)
16a 4.56 d (13.6) 68.6, CH, 4.63d (14.0) 67.9,CH, 4.61d (10.0) 68.3, CH2 (-0.4)
b 4.70 dd (13.6, 1.6) 4.78 dd (14.0, 1.2) 4.75dd (10.0, 1.6)
17 66.0, C 66.3, C 66.3,C  (0.0)
18 1.82s 10.3,Me 1.77s 10.3, Me 1.79s 10.3, Me (0.0)
19 170.5,C 170.3,C 170.2,C (0.1)
20 1.17s 22.5,Me 1.14s 17.0, Me 1.16s 17.0,Me (0.0)
OH-4 2.70brs n.o.
OH-11  3.13d (0.4) n.o.c
OH-12 2.85d (9.6) n.o.c
OAc-2 170.6, C 170.3,C 170.4,C (-0.1)
1.97s 21.2,Me 198s 21.3, Me 2.00s 21.4,Me (-0.1)
OAc-9 168.4,C 168.4,C 168.3,C (0.1)
2.25s 21.3,Me 224s 21.3, Me 2.26s 21.3,Me (0.0)
OAc-14 169.6, C 170.6, C 170.6,C (0.0)
2.03s 21.5,Me 1.97s 21.1, Me 1.98s 21.1, Me (0.0)
OAc-16 171.6,C 1715, C 1715,C (0.0
2.09s 21.0,Me 2.095sP 21.0, Me 2.10s 21.0, Me (0.0)

2 The signals for a- and B-protons are overlapped. ° Signals overlapped, the coupling constant (J = 1.2 Hz) for H-10 in 2 was
assigned by its vicinal coupling with H-9. ¢ n. 0. = not observed. ¢ Data were reported by Yeh et al., please see ref. 7. ¢ Adc = éc
(2) — dc (briacavatolide B).

The gross structure of 1 was determined by 2D NMR studies including COSY, HSQC, and HMBC
experiments. From the *H NMR coupling information contained in the COSY spectrum of 1 enabled
identification of the separate spin systems from H-2/H.-3/H-4, H-6/H-7, H-9/H-10, and H-12/H,-13/H-14
(Figure 2a). These data, together with the key HMBC correlations between protons and non-protonated
carbons were observed in the HMBC spectrum, such as H-2, H-3p, H-9, H-10, H-14, H3-15/C-1; H>-3, H-
4, H-6, H-7, H2-16/C-5; H-9, H-10, Hs-18/C-8; H-9, H-10, OH-11, H»-13, H3-20/C-11; H-9, H3-18/C-17;
and H-7, Hz-18/C-19 (Figure 2a), permitted elucidation of the 6/10/5 tricyclic ring system of a briarane-
type diterpenoid. The HMBC correlations from Hz-15/C-1, C-2, C-10, C-14; H3-18/C-8, C-17, C-19; and
H3-20/C-10, C-11, C-12, indicated that Me-15, Me-18, and Me-20 were placed at C-1, C-17, and C-11,
respectively. An acetoxymethyl at C-5 was confirmed by the HMBC correlations from H»-16/C-4, C-5, C-
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6. The hydroxy groups at C-4 and C-12 were substantiated by COSY correlations between H-4 (Jn
4.10)/OH-4 (0w 2.70); and H-12 (6w 3.57)/OH-12 (0w 2.85) (Figure 2a). Furthermore, in the HMBC
spectrum, H-2 (on 4.93), H-9 (0w 5.86), H-14 (o1 4.93), and H2-16 (on 4.70 and 4.56) were correlated with
the acetate carbonyls at oc 170.6, 168.4, 169.6, and 171.6, indicating that these four acetoxy groups were
placed at C-2, C-9, C-14, and C-16, respectively.

13 of the 14 oxygen atoms in the molecular formula accounted for the presence of one y-lactone, four esters,
one epoxy, and two hydroxy groups. Thus, the remaining one oxygen atom had to be positioned at C-11 as
a hydroxy group and this finding was supported by the HMBC correlations of a hydroxy proton resonating
at on 3.13 (1H, d, J = 0.4 Hz) with C-11 and C-20, respectively.

(b)
Figure 2. (a) Key COSY and HMBC correlations and (b) stereoview of 1 and calculated distances (A)

between particular protons that have crucial NOESY correlations

Stereochemical analysis of 1 was performed via a 2D NMR spectroscopic method using a NOESY
experiment (Figure 2b) and by vicinal *H-'H coupling constant analysis. In the NOESY experiment, H-2
and H-10 were concluded to be located on the same face of the molecule, as these two protons were
correlated together, while not correlated with Hz-15. As a result, they were assigned as o protons, since Me-
15 was a B-substituent at C-1. Due to H-14 being correlated with Hz-15, this proton was of a B-orientation
at C-14. The C-13 methylene protons displayed coupling with H-12 (J = 2.8, 2.8 Hz) and H-14 (J = 3.2,
3.2 Hz), respectively, indicating that both H-12 and H-14 should be positioned on the B-equatorial direction
in the six-membered ring of 1. Furthermore, Hs-20 showed a correlation to H-12 and the absence of a cross-
peak with H-10, suggesting a -oriented methyl group at C-11. As one of the C-3 methylene protons (Jn
2.80) exhibited a correlation to H-7, and not to H-2, suggesting the B-orientations of this proton and H-7 by
modeling study, and the other was assigned as H-3a (o1 2.05). A correlation was found between H-4 and
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H-3a, a greater coupling constant (J) of 12.0 Hz was noted between H-4 and H-3f, showing that the plane
between H-4 and H-3p have a dihedral angle of about 180° and demonstrating the a-orientation of H-4. A
correlation between H-6 and a proton of the C-16 methylene (on 4.70), but not with H-7, as well as a large
coupling constant between H-7 and H-6 (J = 8.4 Hz) suggested that the dihedral angle between H-7 and H-
6 was nearly 130°, revealing the Z-geometry of A°. Also, no coupling was found between H-9 and H-10,
indicating that the dihedral angle between these two protons was 90°, suggested that H-9 had an a-
orientation. Hs3-18 was found to be associated with H-9, suggesting that the C-18 methyl in the y-lactone
moiety had a B-orientation. Therefore, based on the above findings the relative configurations of the
stereogenic centers of 1 were elucidated as 15*,2S5* 4R*,75*,85*,9S*,10S*,11S*,12R*,14S* 17R*.
Compound 1 seemed to be very similar to briacavatolide B, which was previously isolated from the
octocoral Briareum excavatum,” and was also obtained in this study and presented as compound 2 (Figure
1). It was clear that 1 was found to be the 12-epi-compound of 2. However, we found that the **C NMR
data and specific rotation value for briacavatolide B differed slightly from those of 2 reported in this article.
The 3C NMR data of C-4 (dc 69.2), C-5 (6c 145.3), C-6 (6c 125.4), and C-16 (Jc 68.3) (Table 1) and
rotation value ([o]5 —57.8 (¢ 0.1, CHCI5)) for briacavatolide B’ were different by comparison with those of
2 (6c 68.8, C-4; 145.0, C-5; 124.7, C-6; 67.9, C-16) ([a]5 —6.1 (c 0.09, CHCI3)). The structure of
briacavatolide B is not in question; we suggested that the differences in the 3C NMR data and rotation
values were arose from conformational flexibility 81!

Additionally, as briaranes 1 and 2 were isolated along with a known briarane, excavatolide M,*? from the
same target organism, B. stechei, and the absolute configuration of excavatolide M was determined by a
single-crystal X-ray diffraction analysis.'® Therefore, it is reasonable on biogenetic grounds to assume that
briaranes 1 and 2 had the same absolute stereochemistry as that of excavatolide M. Based on the above
findings, the configurations of the stereogenic centers of 1 and 2 were elucidated as 1S,2S,4R,7S,8S,9S,10S,
11S,12R,14S,17R and 1S,2S,4R,7S,8S,9S,10S,11S,12S,14S,17R, respectively.

Based on the past reports, Briareum spp. showed a promising anti-inflammatory effect.>* Therefore, in in
vitro study of anti-inflammatory activity, upregulation of pro-inflammatory inducible nitric oxide synthase
(iNOS) protein expression in LPS-stimulated RAW 264.7 macrophage cells were evaluated using
immunoblot analysis. Unfortunately, at a concentration of 10 uM, briaranes 1 and 2 were found to be
inactive to reduce the level of iNOS in related to control cells stimulated with LPS only (Table 2). Using
trypan blue staining to measure the cytotoxic effects of the compounds, it was observed that 1 and 2 did not
induce cytotoxicity in RAW 264.7 macrophage cells. However, we observed that a known briarane,
briavioid B (3) (Figure 1),* which was found to be the 16-deacetyl derivative of 2, had higher activity than
2 in terms of reducing iNOS production from RAW 264.7 cells, indicating that the anti-inflammatory
activity of these two compounds is largely dependent on the functional groups at C-16; the hydroxy group
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at C-16 might enhance the activity.

Table 2. Effect of briaranes 1-3 (10 uM) on LPS-
induced  pro-inflammatory  iNOS  protein
expression in macrophages

Compounds iNOS Expression (% of LPS)
control 1.66 +0.48 2.40 £ 0.478
vehicle 100.00 £0.80  100.00 £ 0.00?
1 96.25+1.72

2 97.31+£3.92

3 80.24 + 1.922
Dexamethasone 48.05 + 2.46 41.36 + 2.132

Cells treated with LPS only were used as the reference to
normalize the briarane-treated cells. Dexamethasone-treated
(10 uM) cells were employed as a positive control. Data are
shown as the mean £ SEM (h = 3~6). @ Data were reported
by Huynh et al., please see ref.!®

EXPERIMENTAL

General Experimental Procedures. Optical rotations were determined with JASCO P-2000 digital
polarimeter. IR were obtained with a Thermo Scientific Nicolet iS5 FT-IR spectrophotometer. *H and 3C
NMR spectra were recorded on a spectrometer (Jeol, model #: ECZ-400) in solution in CDCl3 [residual
CHCI3 (on = 7.26 ppm) and CDCl3 (6c = 77.0 ppm) were used as internal standards]. For coupling constants
(J), the results were presented in frequency units (Hz). For positive-mode ESIMS and HRESIMS, the results
were obtained using a Bruker SolariX FT mass spectrometer. Column chromatography was carried out with
silica gel (230~400 mesh particle size, Merck). TLC was performed on plates precoated with silica gel 60
Fas4 (layer thickness 0.25 mm, Merck) and RP-18W/UV2s4 (layer thickness 0.15 mm, Macherey-Nagel),
and visualization of the TCL plates was performed using an aqueous solution of 10% H2SQO4, consequently
heated to show the spots of signals. For normal-phase HPLC (NP-HPLC) separation, a HPLC system
consisting of a pump (Hitachi, L7110) coupled with an injection port (Rheodyne, model: 7725) was used;
the system was equipped with a normal-phase column (YMC-Pack SIL, 250 x 20 mm, 5 um; Sigma-
Aldrich). For reverse-phase HPLC (RP-HPLC) separation, a system that consisted of a pump (Hitachi, L
2130) with a photo-diode array detector (Hitachi, L2455), equipped with a reverse-phase column (Luna, 5
um, C18(2) 1004, 250 x 21.2 mm) was used.

Animal Materials. Specimens of Briareum stechei investigated in this study were collected by hand using
SCUBA apparatus equipment off the coast of Haikou, Pingtung County, Taiwan in June 2020 and stored
at —20 °C until extraction. Identification of the species was performed based on the comparison of its
morphology and micrographs of the coral sclerites with those described in previous descriptions,3#16-18
Extraction and Isolation. Freeze-dried and sliced bodies (wet/dry weight = 7.30/2.92 kg) of the coral

specimens were extracted with EtOAc to give 231 g of crude extract. The EtOAc extract was applied in a
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silica gel column chromatography (Si C.C.) and eluted with gradients of n-hexane/EtOAc (100% n-hexane
—100% EtOAC, stepwise) to furnish 11 sub-fractions A~K. Fraction F was chromatographed by Si C.C. and
eluted with a mixture of n-hexane/acetone (3:2) to obtain 8 sub-fractions F1~F8. Fraction F5 was re-purified
by RP-HPLC using a mixture of MeCN/H-O (40:60; flow rate = 5.0 mL/min) to afford 1 (2.3 mg). Fraction
F8 was separated by NP-HPLC using a mixture of CH2Cl/EtOAc (3:2; flow rate = 3.0 mL/min) to furnish
sub-fractions F8A~F8C. Fraction F8A was re-purified by RP-HPLC using a mixture of MeCN/H»0O (30:70;
flow rate = 5.0 mL/min) to afford 2 (16.7 mg).

12-epi-Briacavatolide B (1): colorless oil; [a]s —38.9 (¢ 0.09, CHCI3); IR (ATR) vmax 3500, 1779, 1732
cmt; 'H (400 MHz, CDCls) and *3C (100 MHz, CDCls) NMR data, see Table 1; ESIMS m/z 621 (M +
Na)*; HRESIMS m/z 621.21529 (Calcd for C2sHzs014 + Na, 621.21538).

Briacavatolide B (2): colorless oil; [o]% —6.1 (¢ 0.09, CHCls) (ref. 7, [a]z —57.8 (c 0.1, CHCI3)); IR (ATR)
Vmax 3455, 1778, 1732 cm™*; *H (400 MHz, CDCls) and *3C (100 MHz, CDCl3) NMR data, see Table 1;
ESIMS m/z 621 (M + Na)®.

In Vitro Anti-Inflammatory Assay. An inflammatory assay that used the RAW264.7 macrophage cell line
as an in vitro model was employed to evaluate the biological activities of briaranes 1 and 2 in relation to

the secretion of iNOS from cells, as reported in previous research.%2°
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