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Chemical investigations on the sea whip gorgonian coral Junceella juncea have led to the isolation of five new
8-hydroxybriarane diterpenoids, junceols D—H (1—S5). The structures of briaranes 1—5 were determined on the
basis of spectroscopic methods and the methylenecyclohexane rings were found to exist in boat form in these new
diterpenoids. Junceols D (1) and F—H (3—S5) exhibited cytotoxicity toward CCRF-CEM and DLD-1 tumor cells
and junceols E—H (2—5) displayed weak inhibitory effects on superoxide anion generation by human neu-

trophils.
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Previous chemical investigations on the gorgonian coral
Junceella juncea (Ellisellidae) have yielded a series of inter-
esting new natural products including briarane-type diter-
penoids,''? steroidal glycosides,'*'¥) glycerol,'¥ and sphin-
golipid derivatives.'” In continuation of our search for anti-
inflammatory and cytotoxic natural products from the inver-
tebrates collected off Taiwanese waters, we have further iso-
lated five new 8-hydroxybriaranes, junceols D—H (1—5),
from the gorgonian coral J juncea. Briarane-type natural
products are found only in marine organisms and mainly
from octocorals.'®!” The compounds of this type are sug-
gested to be originally synthesized by host corals,'!” and
proven to possess various activities.'®!” In this paper, we de-
scribe the isolation, structure determination, and biological
activity of the above new briaranes. The structures, including
the relative configurations of briaranes 1—5 were elucidated
mainly by spectroscopic methods.

Results and Discussion

Junceol D (1) was obtained as a white powder. From HR-
ESI-MS, the molecular formula of 1 was determined to be
C;5sHs0O,; with m/z 701.3154 (Caled for C,3H;,O;Na,
701.3149), indicating 11 degrees of unsaturation. The IR ab-
sorptions of 1 showed the presence of 3453, 1775, and
1744 cm™", consistent with the presence of hydroxy, y-lac-
tone, and ester groups. From the *C-NMR data of 1 (Table
1), the presence of a trisubstituted olefin and an exocyclic
carbon—carbon double bond were deduced from the signals
of four carbons resonating at 8. 146.9 (s, C-11), 144.6 (s, C-
5), 123.3 (d, CH-6), 115.6 (t, CH,-20), and further supported
by three olefin proton signals at 8, 5.68 (1H, ddd, /=10.0,
1.2, 1.2 Hz, H-6), 5.26 (1H, s, H-20a), 5.11 (1H, s, H-20b) in
the '"H-NMR spectrum of 1 (Table 2). Furthermore, in the
BC-NMR spectrum, six carbonyl resonances appeared at &
176.3 (s), 175.6 (s), 172.2 (s), 170.1 (s), 170.1 (s), and 169.3
(s), confirming the presence of a y-lactone and five esters in
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1. In the "H-NMR spectrum, three acetyl methyls (&, 2.21,
1.98, 1.94, each 3HXs), an isobutyryl group (o, 1.17, 3H,
d, J=72Hz 1.16, 3H, d, J=7.2Hz; 2.50, 1H, septet,
J=7.2Hz), and an isovaleryl group (Jy 0.95, 3H, d,
J=6.8Hz; 0.95, 3H, d, J=6.8 Hz; 2.07, 1H, m; 2.19, 2H, d,
J=17.6 Hz) were observed. The 'H-NMR spectrum of 1 also
showed the presence of a vinyl methyl (6 2.21, 3H, d,
J=12Hz, H,;-16), a secondary methyl (6, 1.13, 3H, d,
J=7.2Hz, H;-18), a tertiary methyl (Jy 1.12, 3H, s, H;-15),
two aliphatic methines (8 3.32, 1H, d, J=3.6Hz, H-10;
2.55, 1H, q, J=7.2 Hz, H-17), six oxymethines (&, 5.57, 1H,
d, /=10.0Hz, H-7; 5.54, 1H, d, J=3.6Hz, H-9; 5.12, 1H,
ddd, /=14.0, 5.6, 1.2Hz, H-4; 5.02, 1H, dd, /=6.4, 6.0 Hz,
H-13; 5.02, 1H, s, H-14; 4.88, 1H, d, /=6.0 Hz, H-2), and
two aliphatic methylenes (dy 2.83, 1H, dd, J/=14.0, 14.0 Hz;
1.93, 1H, m, H,-3; 2.58, 1H, dd, J=13.6, 6.4Hz; 2.31, 1H,
dd, /=13.6, 6.0 Hz, H,-12) in the '"H-NMR spectrum of 1.
From the "H-"H COSY spectrum and coupling constants
analysis of 1, it was possible to establish the separate spin
systems between H-2/H,-3; H,-3/H-4; H-4/H-6 (by allylic
coupling); H-6/H-7; and H-9/H-10 (Fig. 1). These data, to-
gether with the HMBC correlations between H-2/C-1, -4; H,-
3/C-1, -4, -5; H-4/C-5, -6; H-6/C-4; H-7/C-5, -6, -8; H-9/C-
7, -8; and H-10/C-1, -8 (Fig. 1, Table 3), established the con-
nectivity from C-1 to C-10 within the 10-membered ring. A
vinyl methyl attached at C-5 was confirmed by the allylic
coupling between H;-16 and H-6 (J=1.2Hz) and by the
HMBC correlations between H-4/C-16; H-6/C-16; and H,-
16/C-4, -5, -6. The methylenecyclohexane ring, which is
fused to the 10-membered ring at C-1 and C-10, was estab-
lished by the HMBC correlations between H-9/C-11; H-
10/C-11; H,-12/C-10, -11, -13, -20; H-13/C-12; and H-14/C-
10, -12, -13. The exocyclic carbon—carbon double bond,
which is attached to the six-membered ring at C-11, was elu-
cidated by the HMBC correlations between H-10/C-11; H,-
12/C-11, -20; and H,-20/C-10, -11, -12. The ring junction C-
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Table 1. 'C-NMR Data for Diterpenoids 1—5%
Position 1 2 3 4 5
1 477 ()P  47.5(s) 474 (s) 46.1 (s) 46.9 (s)
2 71.3 (d) 71.4 (d) 71.3 (d) 73.0 (d) 72.9 (d)
3 37.6 (1) 38.1 (1) 383 (1) 30.6 (1) 304 (v
4 72.2 (d) 72.8 (d) 72.9 (d) 29.1 (v 28.9 (v
5 144.6 (s) 144.6(s) 144.6(s) 145.7(s) 1457 (s)
6 1233 (d) 123.8(d) 123.8(d) 119.7(d) 119.7(d)
7 77.2 (d) 76.9 (d) 77.2 (d) 78.1 (d) 78.1 (d)
8 82.2(s) 83.0 (s) 83.0 (s) 81.8 (s) 81.8 (s)
9 71.8 (d) 71.1(d) 71.0 (d) 71.5(d) 71.7 (d)
10 41.8 (d) 42.3 (d) 42.3 (d) 414 (d) 414 (d)
11 1469 (s) 151.2(s) 1513(s) 147.0(s) 146.9(s)
12 357V 257 (1) 25.6 (t) 349 (1) 35.0 (1)
13 68.3 (d) 27.4 (1) 273 (1) 68.6 (d) 68.2 (d)
14 73.1 (d) 73.9 (d) 74.0 (d) 73.8 (d) 73.9 (d)
15 146(qQ 152(q 152(q) 154(q 15.7(q)
16 26.0 (q) 26.1 (q) 26.1 (q) 26.3 (q) 26.4 (q)
17 43.1(d) 424 (d) 42.4 (d) 43.1(d) 43.2(d)
18 6.4 (q) 6.4 (q) 6.4 (q) 6.6 (q) 6.6 (q)
19 175.6 (s) 1759(s) 176.4(s) 1757(s) 175.8(s)
20 115.6 (t) 112.9 (t) 112.9 (t) 115.6 (t) 115.5(t)
Acetyl 21.6(q) 21.8(qQ) 219(q9) 21.7(9) 21.7(q)
groups 169.3 (s) 169.4 (s) 169.4 (s) 169.4 (s) 169.4 (s)
20.9 (q) 21.2(q) 21.2(q) 21.0 (q) 21.0 (q)
170.1(s)  170.2(s) 1702(s) 170.2(s) 170.2(s)
209(9  212(p  212(q)  209(9)  20.9(q)
170.1(s)  170.1(s)  170.1(s) 1703(s)  170.3 (s)
Isobutyryl 18.9 (q) 18.9 (q) 19.1 (q)
groups 18.2 (q) 18.5 (q) 18.2 (q)
34.0 (d) 34.0 (d) 34.0 (d)
1763 (s)  176.2(s) 176.3 (s)
Isovaleryl 22.4(q)
group 22.3(q)
25.7(d)
434 (1)
172.2 (s)
2-Methylbutanoates 11.6 (q) 11.5(q)
26.1 (1) 258 (1)
164 (q) 16.1(q)
41.2(d) 41.0 (d)
1759 (s) 1754 (s)

a) Spectra measured at 100 MHz in CDCI; at 25°C.  b) Multiplicity deduced by
DEPT and HMQC spectra and indicated by usual symbols.

15 methyl group was positioned at C-1 from the HMBC cor-
relations between H-2/C-15; H-10/C-15; and H,;-15/C-1, -2,
-10, -14. In addition, the carbon signal appearing at & 172.2
(s) was correlated with the signals of the methylene and me-
thine protons at 6y 2.19 and 2.07, respectively, in the HMBC
spectrum and was assigned as the carbon atom of isovalerate
carbonyl. The isovaleroxy group attached at C-4 was con-
firmed by the connectivity between H-4 (d 5.12) and the
carbonyl carbon (6. 172.2) of isovaleroxy group. The ace-
toxy groups positioned at C-9, C-13, and C-14 were con-
firmed from the HMBC correlations between dy 5.54 (H-9),
5.02 (H-13), 5.02 (H-14) and the acetate carbonyl carbons
resonating at 8. 169.3 (s), 170.1 (s), 170.1 (s), respectively.
Furthermore, the carbon signal appearing at . 176.3 (s) was
correlated with the signals of an aliphatic methine (Jy 2.50),
two methyls (8;; 1.17, 1.16), and an oxymethine (Jy 4.88, H-
2), in the HMBC experiment of 1, indicating that the isobuty-
roxy group should be attached at C-2. Thus, the remaining
hydroxy group had to be positioned at C-8, an oxygenated
quaternary carbon resonating at 6. 82.2 (s). These data, to-
gether with the HMBC correlations between H-9/C-17; H-
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17/C-8, -18, -19; and H;-18/C-8, -17, -19 unambiguously es-
tablished the molecular framework of 1.

In previous studies, all the naturally occurring briarane-
type natural products have the C-15 methyl group which is
trans to H-10."%') The relative stereochemistry of 1 was de-
duced mainly with a NOESY experiment and by vicinal
"H-'H coupling constant analysis. In the NOESY experiment
of 1 (Fig. 2), H-10 gives NOE correlations to H-2 and H-9,
but not to H;-15, indicating that H-2, H-9, and H-10 are lo-
cated on the same face of the molecule and assigned as «-
protons, since C-15 methyl group is the B-substituent at C-1.
H;-15 was found to exhibit NOE correlations with H-13 and
H-14, showing that the acetoxy groups at C-13 and C-14
were a-oriented, respectively. A proton of C-3 methylene (Jy
2.83, H-3B) showed NOE responses with H;-15 and H-7
which reflected the S-orientation of H-7. The Z-configuration
of C-5/6 double bond was elucidated by an NOE response
between C-6 olefin proton and C-16 vinyl methyl. H-4 exhib-
ited an NOE interaction with H;-16, and the coupling con-
stants 14.0 and 5.6 Hz were found between H-4 and C-3
methylene protons, indicating that the isovaleroxy group at-
taching at C-4 was (-oriented. Furthermore, H-9 was found
to exhibit NOE responses with H-17 and H;-18, and H-17
correlated with H-7. From consideration of molecular mod-
els, H-17 was found to be reasonably close to H-7 and H-9,
thus it was concluded that H-17 should be placed on the 8
face in y-lactone moiety. Due to the signal for hydroxy pro-
ton not being observed in the 'H-NMR spectrum of 1, the
stereochemistry of C-8 hydroxy group cannot be determined
by NOESY experiment.

In the configuration of methylenecyclohexane ring of 1, a
proton of C-20 methylene (dy 5.26, H-20a) was found to ex-
hibit NOE correlations with H-9 and H-10, but not with H;-
15; H;-15 showed an NOE correlation with a proton of C-12
methylene (S 2.58, H-12); and H-120¢ (8 2.31) correlated
with H-20b (& 5.11), but not with H-10, indicating that the
methylenecyclohexane ring of 1 should be presented as a
boat rather than a chair conformation for 1. Based on the
above observations, the structure of 1 could be similar to that
of a known 8-hydroxybriarane derivative, junceol A (6),
which was proven to possess a methylenecyclohexane moiety
with boat conformation.'” By comparing the *C-NMR data
of C-8in 1 (J.. 82.2, s) with those of 6 (J 82.9, s), it was re-
vealed that the C-8 hydroxy group in 1 must be o-oriented
and all the chiral centers of 1 are assigned as 1.5%, 25*, 4R*,
5Z,78*, 8R*, 98*, 108*, 135*, 14R*, and 17R*.

Junceol E (2) had the molecular formula C,,H,,0,, (HR-
ESI-MS, m/z 601.2628, Calcd for C,,H,,0,,Na, 601.2625),
and its IR absorptions at 3448, 1777, and 1734 cm™!, typical
for hydroxy, y-lactone, and ester functionalities. Both the
13C- and 'H-NMR data of 2 (Tables 1, 2) indicated three ac-
etates (0. 21.8, 21.2, 21.2, 3Xq; oy 2.25, 2.05, 1.89, each
3HXs; 8. 169.4, 170.2, 170.1, 3Xs) and an isobutyrate ester
(6 2.49, 1H, septet, J=6.8 Hz; 1.15, 3H, d, J=6.8 Hz; 1.12,
3H, d, J=6.8Hz; 6. 34.0, d; 18.9, 18.5, 2Xq; 176.2, s). Be-
sides the above ester carbonyls, the carbon signal at §. 175.9
(s, C-19) was assigned to a 7y-lactone ring along with an
oxymethine (dy4 5.59, 1H, d, J=10.0Hz; § 76.9, d, CH-7).
The two proton singlets at d;; 5.02 and 4.87 correlating to the
methylene signal at 8. 112.9 (t) were ascribed to an exo-
cyclic carbon—carbon double bond. The tertiary methyl sin-
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Table 2. 'H-NMR Data for Diterpenoids 1—5%
Position 1 2 3 4 5
2 4.88 d (6.0)” 4.80dd (5.6, 1.6) 4.81dd (5.6, 1.6) 4.92brs 4.92brs
3o 1.93m 1.94m 1.81 m 1.78 m 1.79 m
B 2.83 dd (14.0, 14.0) 278 ddd (15.2,12.8,1.6) 2.78 ddd (15.2,12.8,1.6) 2.37m 2.36m
4o 5.12ddd (14.0,5.6,1.2) 5.16ddd (12.8,6.0,1.2)  5.19ddd (12.8, 6.0, 1.2) 2.07 m 2.05m
B 2.61m 2.60 m
6 5.68 ddd (10.0,1.2,1.2) 5.80ddd (10.0, 1.2, 1.2)  5.81ddd (10.4, 1.2, 1.2) 5.53dd (5.2, 1.2) 5.52ddd (9.2, 1.2,1.2)
7 5.57.d (10.0) 5.59d (10.0) 5.59d(10.4) 529d(5.2) 5.30d(9.2)
9 5.54d(3.6) 525d(5.2) 5.24d(5.6) 5.54d4.4) 5.56 d (6.0)
10 3.32d(3.6) 335d(5.2) 3.36d(5.6) 3.44d4.4) 3.45d (6.0)
120 2.31dd (13.6, 6.0) 2.15m 2.15m 2.68dd (13.2,7.2) 2.68dd (13.2,7.2)
B 2.58dd (13.6, 6.4) 227m 225m 2.34m 2.36m
Ba 1.79 m 1.82m
B 5.02 dd (6.4, 6.0)79 2.02m 2.04 m 5.03ddd (7.2,7.2,3.6) 5.03ddd (7.2,7.2,2.8)
14 5.02 59 4.62dd (5.2,1.2) 4.60d (4.4) 4.99d (3.6) 5.00d (2.8)
15 1.12s 1.11s 1.11s 1.16 s 1.16s
16 221d(1.2) 224d(1.2) 2.24d(1.2) 2.03d(1.2) 2.02d(1.2)
17 2.55q(7.2) 2.48 q (6.8) 247q(7.2) 2.50q(7.2) 2.52.q(6.8)
18 1.13d(7.2) 1.12.d (6.8) 1.13d(7.2) 1.15d(7.2) 1.15d(6.8)
20a 526s 5.02s 5.02s 520s 520s
b 5.11s 4.87s 4.87s S5.11s S5.11s
OH-8 n.0.2 n.o. n.o. 2.13s 2.18's
Acetyl groups 221s 2.25s 2.25s 2.20s 2.20s
1.98 s 2.05s 2.05s 1.97 s 1.97s
1.94s 1.89s 1.89s 195s 1.95s
Isobutyryl groups 1.17d(7.2) 1.15d(6.8) 1.13d (6.8)
1.16d(7.2) 1.12.d (6.8) 1.10d (6.8)
2.50 septet (7.2) 2.49 septet (6.8) 2.46 septet (6.8)
Isovaleryl group 0.95d (6.8)
0.95d (6.8)
2.07m
2.19d(7.6)
2-Methylbutanoates 0.94t(7.2) 0.91t(7.2)
1.42 m (1H) 1.40 m (1H)
1.67 m (1H) 1.66 m (1H)
1.14d (6.4) 1.12d(7.2)
2.28 m 2.25m

a) Spectra measured at 400 MHz in CDCl; at 25°C.  b) J values (in Hz) in parentheses.
from the coupling patterns and correlations observed between H-13 and C-12 methylene protons.

® 1:Ry=0C(O0)CH(CHs)s, Rs=OC(O)CH,CH(CH),, Rs=OAc
2:R,=0C(O)CH(CHs)». R;=OAc, Ry=H
3:Ry=0C(0)CH(CH,)CH,CHs, R;=OAc, Ry=H
4:R,=OC(O)CH(CHs)CH,CHs, R;=H, Rs=OAc

5:R,=OAG, Ry=H, Rs=OC(O)CH(CHs)s

6:R=OAc, R,=0C(O)CH,CH(CHs),, Rs=H

= 'H-'H cosY

o) —»: HMBC (H—>C)

Fig. 1. The 'H-'H COSY and Selective HMBC Correlations (Protons and
Quaternary Carbons) of 1

glet at 8 1.11 (3H, s) was assigned to H;-15 while the sec-
ondary methyl doublet at 8, 1.12 (3H, d, J=6.8 Hz) was as-
signed to H;-18.

The carbon skeleton from C-1 to C-14 of 2 was estab-

¢) Signals overlapping. ) The coupling constants for H-13 in 1 were deduced
e) n.o.=not observed.

Fig. 2. Selective NOESY Correlations of 1

lished by 2D-NMR studies and mainly by HMBC experiment
(Table 3). The exocyclic double bond attached at C-11 was
elucidated by the HMBC correlations between H,-20/C-10,
-11, -12; H-10/C-11, -20; and H,-12/C-11, -20. Me-15 and
Me-16 groups attached at C-1 and C-5 were deduced from
the HMBC correlations between H;-15/C-1, -2, -10, -14; H-
2/C-15; H-10/C-15; H-14/C-15; and H;-16/C-4, -5, -6; H-
4/C-16; H-6/C-16, respectively. Furthermore, five oxyme-
thines observed at &y 5.59, 5.25, 5.16, 4.80, 4.62 were -
correlated to the carbons o 76.9, 71.1, 72.8, 71.4, 73.9, and
assigned to C-7, -9, -4, -2, -14, respectively. The isobutyrate
ester positioned at C-2 was confirmed from the connectivity
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Table 3. The HMBC Correlations (H—C) for Diterpenoids 1—5
Position 1 2 3 4 5
H-2 C-1, -4, -15, C-1,-3, -4, -10, -15, C-1, -4, -10, -15, 2-Methylbutanoate Acetate carbonyl
isobutryate carbonyl isobutyrate carbonyl 2-methylbutanoate carbonyl
carbonyl
H-3 C-1,-4,-5 C-1,-2,-4,-5 C-1,-2,-4,-5 n.o. n.o.
H-4 C-5, -6, -16, C-3, -5, -6, -16, C-5, -6, -16, C-5 C-5
isovalerate carbonyl acetate carbonyl acetate carbonyl
H-6 C-4,-16 C-4,-16 C-4,-16 C-8,-16 C-4,-16
H-7 C-5,-6,-8 C-5,-6,-8 C-5,-6,-8 C-5 C-5,-6
H-9 C-7,-8,-11,-17, C-7,-8,-10,-11, C-7,-8,-10,-11, C-7,-8,-10,-11, C-1,-7,-8,-10,-11,-17,
acetate carbonyl acetate carbonyl acetate carbonyl acetate carbonyl acetate carbonyl
H-10 C-1,-8,-11,-15 C-1,-2,-8,-9,-11,-12,  C-1,-2,-8,-9,-11,-12,  C-1,-8,-9,-11,-20 C-1,-2,-8,-9,-11, -15, -20
-15,-20 -14, -15,-20
H-12 C-10,-11, -13,-20 C-10, -11, -13, -20 C-10, -11,-20 C-10, -11, -13, -14, -20 C-10, -11, -13, -14, -20
H-13 C-12, acetate carbonyl C-1,-12,-14 n.o. Acetate carbonyl C-12
H-14 C-10,-12, -13, C-1,-2,-10,-12, -13,-15, C-1,-10,-12, -15, C-12, acetate carbonyl C-10, acetate carbonyl
acetate carbonyl acetate carbonyl acetate carbonyl
H-15 C-1,-2,-10,-14 C-1,-2,-10,-14 C-1,-2,-10,-14 C-1,-2,-10,-14 C-1,-2,-10,-14
H-16  C-4,-5,-6 C-4,-5,-6 C-4,-5,-6 C-4,-5,-6 C-4,-5,-6
H-17 C-8,-18,-19 C-8,-18,-19 C-8,-18,-19 C-8,-18,-19 C-18,-19
H-18 C-8,-17,-19 C-8,-17,-19 C-8,-17,-19 C-8,-17,-19 C-8,-17,-19
H-20 C-10, -11, -12 C-10, -11, -12 C-10, -11, -12 C-10, -11,-12 C-10, -12
OH-8 n.0.? n.o. n.o. C-7,-8,-9,-17 C-7,-8,-9,-17

a) n.o.=not observed.

between H-2 (S 4.80) and isobutyrate carbonyl (d 176.2).
At the same time, H-4, H-9, and H-14, showed HMBC corre-
lations with acetate carbonyls at 6. 170.2, 169.4, and 170.1,
confirming the acetoxy groups were attached at these three
positions and the remaining hydroxy group had to be posi-
tioned at C-8 (9. 83.0, s).

The relative stereochemistry of 2 was elucidated from the
NOE interactions observed in a NOESY experiment. Due to
the o-orientation of H-10, the ring junction C-15 methyl
group should be S-oriented as no NOE correlation was ob-
served between H-10 and H;-15. The correlation between
H;-15 and H-14 indicated the fB-orientation of H-14. In addi-
tion, the NOE correlations between H-10 and H-2, H-9 sug-
gested the o-orientation of these protons. A proton of C-3
methylene (&, 2.78, H-3f) showed NOE correlations with
H;-15 and H-7, suggesting H-7 is on the f face. Moreover,
H-9 showed NOE responses with H-17 and H;-18, and H-17
exhibited NOE response with H-7, indicating that H-17 was
B-oriented in the y-lactone ring by molecular modeling. The
boat conformation for the methylenecyclohexane unit and the
8 B-hydroxy group of 2 were elucidated by the NOE correla-
tions and by comparing the 'H- and *C-NMR data of 2 with
those of 1 and junceol A (6).'” Based on the above findings,
the configurations of all chiral centers of 2 were assigned as
LR*, 28*, 4R*, 5Z, 75*, 8R*, 98*, 108*, 14S*, and 17R*.

Junceol F (3) had the molecular formula C;,H,,O,, as
determined by HR-ESI-MS (m/z 615.2785, Caled for
C;,H,,0,/Na, 615.2781). The IR absorptions of 3 showed the
presence of hydroxy (3458cm™'), y-lactone (1777cm™'),
and ester carbonyl (1731 cm™") groups. Carbonyl resonances
in the *C-NMR spectrum of 3 at §. 176.4 (s), 175.9 (s),
170.2 (s), 170.1 (s), and 169.4 (s), confirmed the presence
of a 7y-lactone and four esters (Table 1). In the 'H-NMR
spectrum of 3 (Table 2), three acetyl methyls (5 2.25,
2.05, 1.89, each 3HXs) and a 2-methylbutanoxy group
[-OC(O)CH(CH;)CH,CH,, 64 2.28, 1H, m; 1.14, 3H, d,
J=6.4Hz; 1.42, 1H, m; 1.67, 1H, m; 0.94, 3H, t, J=7.2 Hz]

were observed. It was found that the NMR data of 3 were
very similar to those of 2, except that the signals correspond-
ing to an isobutyroxy group in 2 were replaced by a 2-
methylbutanoxy group in 3. In the HMBC spectrum of 3
(Table 3), the 2-methylbutanoxy group positioned at C-2 was
confirmed by the connectivity between H-2 (Jy 4.81) with
the carbonyl carbon (6. 175.9) of 2-methylbutanoxy group.
Furthermore, the HMBC correlations also revealed that the
acetoxy groups were attached to C-4, C-9, and C-14. The
other various HMBC correlations observed fully supported
the location of functional groups, and hence junceol F (3)
was assigned as structure 3 with the same relative sterco-
chemistry as in 2, and the chiral centers of 3 were assigned
as LR*, 28* 4R* 5Z,75*, 8R*, 98*, 10S8*, 14S5*, and 17R*.

Junceol G (4) had the same molecular formula as that of 3,
C;,H,,0,,, as determined by HR-ESI-MS (m/z 615.2783,
Caled for C;H,,0,Na, 615.2781), indicating that com-
pounds 3 and 4 are isomers, and these two briaranes were
found to possess the same substituents (a 2-methylbutanoxy,
a hydroxy, and three acetoxy groups) by NMR data analysis
(Tables 1, 2). In the HMBC experiment of 4 (Table 3), the
correlations revealed connectivity between H-2 (Jy; 4.92) and
the carbonyl carbon (S 175.4) of 2-methylbutanoxy unit and
demonstrated that the location of 2-methylbutanoxy group
was at C-2. The other three acetoxy groups were positioned
at C-9, C-13, and C-14, as indicated by analysis of key
HMBC correlations. The signal for hydroxy proton was ob-
served in the "H-NMR spectrum of 4 (8;; 2.13, 1H, s) and the
hydroxy group had to be positioned at C-8, as was supported
by the HMBC correlations observed between OH-8/C-7, -8,
-9, -17.

The relative stereochemistry of 4 was deduced by analysis
of NOE correlations. In the NOESY spectrum of 4, the cor-
relations between H;-15 with H-13, H-14, and a proton of C-
3 methylene (8 2.37, H-3f3), suggested that these protons
were all in fB-orientation. Meanwhile, correlations of H-10
with H-2, H-9, and OH-8 indicated the « orientation of these
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protons. H-7 showed NOE responses with H-3 and H-17.
From consideration of molecular models, H-7 was found to
be reasonably close to H-3 8 and H-17, while these three pro-
tons were f-oriented. Like those of briaranes 1—3, the methyl-
enecyclohexane ring of 4 existed in boat form by the follow-
ing NOE correlations: a proton of C-20 methylene (& 5.20,
H-20a) with H-9, H-10, and OH-8; H;-15 with a proton of C-
12 methylene (8 2.34, H-12); and H-12¢ (5 2.68) corre-
lated with H-20b (9 5.11), but not with H-10. Based on the
above findings, the chiral centers of 4 are assigned as 15%,
28*, 57, 7S*, 85*, 98*, 10S*, 135*, 14R*, and 17R*. To the
best of our knowledge, junceols F (3) and G (4) are
the first briarane derivatives possessing 2-methylbutanoxy
groups in structures.

Junceol H (5) was isolated as a white powder and had the
molecular formula C;,H,,0,, on the basis of HR-ESI-MS
(m/z 601.2622, Caled for C,,H,,0,,Na, 601.2625). By de-
tailed analysis, the spectral data of 5§ were very close to those
of junceol G (4), except that the acyloxy groups at C-2 and
C-13 of 4 were replaced by acetoxy and isobutyroxy groups,
respectively. The relative configurations of chiral centers of 5
were assigned as those of 4 by NOE correlations.

The cytotoxicity of new briaranes 1—5 toward CCRF-
CEM (human T-cell acute lymphoblastic leukemia) and
DLD-1 (human colon adenocarcinoma) tumor cells were
studied and the results are shown in Table 4. These data
showed that junceols D (1) and F—H (3—35) exhibited sig-
nificant and modest cytotoxicity against CCRF-CEM cells,
respectively, and junceols D (1) and H (5) showed modest cy-
totoxicity toward DLD-1 cells. In addition, junceols E—H
(2—5) were found to possess weak inhibitory effects on su-
peroxide anion generation by human neutrophils at a concen-
tration of 10 pg/ml (Table 5). Although junceol D (1) was not
active in inhibition of superoxide anion generation, it was the
only compound to show significant cytotoxicity in this study.
The structure—activity relationships among these briarane de-
rivatives will be studied if enough material is obtained in the

Table 4. Cytotoxic Data of Briaranes 1—5

Cell lines LDy, (1g/ml)*

Compound
CCRF-CEM DLD-1
1 1.3 10.0
2 >40.0 >40.0
3 49 >40.0
4 44 >40.0
5 7.2 17.0

a) For significant activity of pure compounds, the values of LD,=4.0 ug/ml is re-
quired. See Geran et al.*®

Table 5. Inhibitory Effects of Briaranes 1—5 on Superoxide Anion Gener-
ation by Human Neutrophils in Response to fMet-Leu-Phe/cytochalastin B

Compound Superoxide generation inhibition® (%)

6.0+0.3
25.6*5.5
23.5%6.0
17.3%1.2
19.4x7.2

N AW -

a) Percentage of inhibition (Inh %) at 10 ug/ml concentration. Results are presented
as means*S.E.M. (n=3).
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Experimental

General Melting points were measured on a Fargo apparatus and were
uncorrected. Optical rotation values were measured with a Jasco P-1010 dig-
ital polarimeter. IR spectra were obtained on a Varian DIGLAB FTS 1000
FT-IR spectrophotometer. NMR spectra were recorded on a Varian MER-
CURY PLUS 400 FT-NMR at 400 MHz for 'H-NMR and 100 MHz for 3C-
NMR, respectively. Proton chemical shifts were referenced to the residual
CHCI, signal (8. 7.26 ppm). *C-NMR spectra were referenced to the center
peaks of CDCl; at & 77.0 ppm. ESI-MS and HR-ESI-MS data were recorded
on a Bruker APEX II mass spectrometer. Gravity column chromatography
was performed on silica gel (230—400 mesh, Merck, Darmstadt, Germany).
TLC was carried out on precoated Kieselgel 60 F,s, (0.2 mm, Merck) and
spots were visualized by spraying with 10% H,SO, solution followed by
heating. HPLC was performed using a system comprised of a Hitachi L-
7100 pump, a Hitachi photodiode array detector L-7455, and a Rheodyne
7725 injection port. A normal phase semi-preparative column (Hibar 250—
25 mm, LiChrospher Si 60, 5 um) and a semi-preparative reverse phase col-
umn (Hibar 250—10mm, Purospher Star RP-18e, 5 um) were used for
HPLC, respectively.

Animal Material Specimens of the gorgonian coral J. juncea were col-
lected by hand using scuba gear off the southern Taiwan coast in September
2006. This organism was identified by comparison with previous descrip-
tions.”* 22 The living reference specimens are being maintained in the au-
thors” marine organisms cultivating tank and a voucher specimen has been
deposited in the National Museum of Marine Biology & Aquarium
(NMMBA), Taiwan.

Extraction and Isolation The freeze-dried and minced material of J
Jjuncea (wet weight 369 g, dry weight 108 g) was extracted with a mixture of
MeOH and CH,CI, (1:1) at room temperature. The residue was partitioned
between EtOAc and H,O. The EtOAc layer (2.57 g) was separated on silica
gel and eluted using hexane/EtOAc (stepwise, 10 : 1-pure EtOAc) to yield
22 fractions (Fr. 1—22). Fr. 16 was separated on silica gel and eluted using
hexane/EtOAc (stepwise, 5 : 1-pure EtOAc) to yield Fr. 16A—I. Fr. 16C was
repurified by normal phase HPLC, using the mixtures of CH,Cl, and EtOAc
to afford 8 fractions, one of which (Fr. 16C-8) was further separated by re-
verse phase HPLC using the mixtures of MeOH/H,0 (7:3) to afford 1
(0.7mg). Fr. 17 and 18 were combined and separated by normal phase
HPLC, using the mixtures CH,Cl, and acetone to yield 13 fractions Fr.
17A—M and Fr. 17G—I were further repurified by reverse phase HPLC, re-
spectively, using the mixtures of MeOH and H,O (7: 3) to afford briaranes 2
(1.7mg), 3 (0.6 mg) (from Fr. 17G), 4 (0.6 mg, from Fr. 17H), and 5 (0.7 mg,
from Fr. 171).

Junceol D (1): White powder; mp 105—108°C; [&]2® +29° (c=0.04,
CHCL,); IR (neat) v, 3453, 1775, 1744 cm™'; 'H-NMR (CDCl,, 400 MHz)
and *C-NMR (CDCl,, 100 MHz) data, see Tables 1 and 2; ESI-MS m/z 701
(M+Na)™; HR-ESI-MS m/z 701.3154 (Caled for C;,H,,0,;Na, 701.3149).

Junceol E (2): White powder; mp 111—113°C; [a]F —6° (¢=0.09,
CHCL,); IR (neat) v,,,, 3448, 1777, 1734 cm™"; "H-NMR (CDCl,, 400 MHz)
and *C-NMR (CDCl,, 100 MHz) data, see Tables 1 and 2; ESI-MS m/z 601
(M+Na)™; HR-ESI-MS m/z 601.2628 (Calcd for C;,H,,0,,Na, 601.2625).

Junceol F (3): White powder; mp 116—118°C; [o]3} —9° (¢=0.03,
CHCL); IR (neat) v, 3458, 1777, 1731 ecm™'; '"H-NMR (CDCl,, 400 MHz)
and C-NMR (CDCl,, 100 MHz) data, see Tables 1 and 2; ESI-MS m/z 615
(M+Na)"; HR-ESI-MS m/z 615.2785 (Caled for C;,H,,0,,Na, 615.2781).

Junceol G (4): White powder; mp 240—243°C (decomposed); [a]3
—21° (¢=0.02, CHCL,); IR (neat) v, 3451, 1772, 1731cm™!; '"H-NMR
(CDCl,, 400 MHz) and '*C-NMR (CDCl,, 100 MHz) data, see Tables 1 and
2; ESI-MS m/z 615 (M+Na)*; HR-ESI-MS m/z 6152783 (Calcd for
C;,H,,0,,Na, 615.2781).

Junceol H (5): White powder; mp 272—275°C (decomposed); [a]3
—33° (¢=0.03, CHCL,); IR (neat) v, 3443, 1771, 1732cm™'; "TH-NMR
(CDCl,, 400 MHz) and '*C-NMR (CDCl,, 100 MHz) data, see Tables 1 and
2; ESI-MS m/z 601 (M+Na)*; HR-ESI-MS m/z 601.2622 (Calcd for
C,0H,,0,\Na, 601.2625).

Cytotoxicity Testing The cytotoxicity of tested compounds 1—5 was
assayed with a modification of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] colorimetric method. Cytotoxicity assays were
carried out according to the procedures described previously.”

Human Neutrophil Superoxide Anion Generation Human neutrophils
were obtained by means of dextran sedimentation and Ficoll centrifugation.
Superoxide generation was carried out according to the procedures de-
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scribed previously.?**> Briefly, superoxide anion production was assayed by
monitoring the superoxide dismutase-inhibitable reduction of ferricyto-
chrome c.

Acknowledgments This research work was supported by grants from
the TCRC, NMMBA (97100107 and 971001101); APORC, NSYSU
(96C031702); and NSTPBP, National Science Council (NSC 97-2323-B-
291-001), Taiwan, awarded to P.-J.S.

References
1) Isaacs S., Carmely S., Kashman Y., J Nat. Prod., 53, 596—602
(1990).
2) Anjaneyulu A. S. R, Rao N. S. K., J Chem. Soc., Perkin Trans. 1,
1997, 959—962 (1997).
3) Anjaneyulu A. S. R., Rao V. L., Sastry V. G., Venugopal M. J. R. V,
Schmitz F. J., J. Nat. Prod., 66, 507—510 (2003).
4) Sung P-J., Fan T.-Y., Fang L.-S., Sheu J.-H., Wu S.-L., Wang G.-H.,
Lin M.-R., Heterocycles, 61, 587—592 (2003).
5) Qi S.-H., Zhang S., Huang H., Xiao Z.-H., Huang J.-S., Li Q.-X., J.
Nat. Prod., 67, 1907—1910 (2004).
6) Qi S.-H., Zhang S., Qian P-Y., Xiao Z.-H., Li M.-Y., Tetrahedron, 62,
9123—9130 (2006).
7) Shen Y.-C., Lin Y.-C., Chiang M. Y., J. Nat. Prod., 65, 54—56 (2002).
8) Shen Y.-C,, Lin Y.-C., Ko C.-L., Wang L.-T., J. Nat. Prod., 66, 302—
305 (2003).
9) Krishna N., Muralidhar P, Kumar M. M. K., Rao D. V., Rao CH. B.,
Asian J. Chem., 15, 344—348 (2003).
10) Shen Y.-C., Lin Y.-C., Huang Y.-L., J. Chin. Chem. Soc., 50, 1267—
1270 (2003).
11) Lin Y.-C., Huang Y.-L., Khalil A. T., Chen M.-H., Shen Y.-C., Chem.
Pharm. Bull., 53, 128—130 (2005).

12)
13)
14)
15)

16)
17)

18)
19)
20)

21)
22)

23)

24)
25)

26)

1281

Sung P-J., Pai C.-H., Su Y.-D., Hwang T.-L., Kuo F-W,, Fan T.-Y., Li
J.-J., Tetrahedron, 64, 4224—4232 (2008).

Qi S., Zhang S., Huang J., Xiao Z., Wu J., Li Q., Magn. Reson. Chem.,
43,266—268 (2005).

Qi S.-H., Zhang S., Xiao Z.-H., Huang J.-S., Wu J., Li Q.-X., Chem.
Pharm. Bull., 52, 1476—1478 (2004).

Krishna N., Muralidhar P., Kumar M. M. K., Rao D. V., Rao C. H. B.,
Nat. Prod. Res., 18, 551—555 (2004).

Sung P-J., Sheu J.-H., Xu J.-P, Heterocycles, 57, 535—579 (2002).
Sung P-J., Chang P-C., Fang L.-S., Sheu J.-H., Chen W.-C., Chen Y.-
P, Lin M.-R., Heterocycles, 65, 195—204 (2005).

Kokke W. C. M. C., Epstein S., Look S. A., Rau G. H., Fenical W.,,
Djerassi C., J. Biol. Chem., 259, 8168—8173 (1984).

Sung P-J., Fan T.-Y., Chen M.-C., Fang L.-S., Lin M.-R., Chang P-C.,
Biochem. Syst. Ecol., 32, 111—113 (2004).

Bayer F. M., Proc. Biol. Soc. Wash., 94, 902—947 (1981).

Bayer F. M., Grasshoff M., Senckenbergiana Biol., 74, 21—45 (1994).
Fabricus K., Alderslade P, “Soft Corals and Sea Fans—A Comprehen-
sive Guide to the Tropical Shallow-Water Genera of the Central-West
Pacific, the Indian Ocean and the Red Sea,” Australian Institute of Ma-
rine Sciences, Queensland, 2001, pp. 230—231.

Alley M. C., Acudiero D. A., Monks A., Hursey M. L., Czerwinski M.
J., Fine D. L., Abbott B. J., Mayo J. G., Shoemark R. H., Boyd M. R.,
Cancer Res., 48, 589—601 (1988).

Hwang T.-L., Hung H.-W., Kao S.-H., Teng C.-M., Wu C.-C., Cheng
S.-J., Mol. Pharmacol., 64, 1419—1427 (2003).

Yeh S.-H., Chang F-R., Wu Y.-C., Yang Y.-L., Zhou S.-K., Hwang T.-
L., Planta Med., 71, 904—909 (2005).

Geran R. L., Greenberg N. H., MacDonald M. M., Schumacher A. M.,
Abbott B. J., Cancer Chemother. Rep., 3, 1—90 (1972).



