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Abstract- Five new diterpenes violides C (1)-I (7), possessing a 2,3,4-, 2,3-,
and 2,4-oxidized briarane skeleton have been isolated from a gorgonacean
Briareum sp. Their structures were established by spectral methods.

The gorgonian octocoral Briareum has produced a number of briarane type diterpenes, containing a y-
lactone in a bicyclic [8.4.0] ring system.2 The majority of these diterpenes showed interesting biological
activity such as cytotoxic, anti-flammatory, and antiviral activities.3 In a previous paper,! we reported the
isolation of two new diterpenes with a 2,3,4-oxidized briarane skeleton from a Briareum sp., collected in
the area of Bonotsu, Kagoshima prefecture. We here propose to name the two compounds violides A (8)
and B (9) for Pachyclavularia violacea, original name of the gorgonian coral. Further investigation of the
dichloromethane soluble part of the methanol extract of the Briareum sp. has led to the isolation of five
new briaranes, violides C (1)-I (7). In this note, we describe the isolation and characterization of these
compounds.

Compound (1), C34H480;3, showed IR absorptions of a hydroxyl group (3508 cm™!), a y-lactone (1788
cm-1), and an ester carbonyl (1748 cm-!). In the 13C NMR spectrum (Table 1), resonances due to four
tertiary methyl groups (8 10.0, 15.5, 21,2, 25.4, each q], a n-octanoate group [& 14.1 (q) and 22.6,
24.7, 289, 29.0, 31.6, 34.2 each t, 172.8 (s}], four acyl carbons (5 168.8, 169.7, 170.0, 170.7 each s),
three of which are acetyls (& 20.6, 21.0, 21.3, each q), four olefinic carbons [3 125.3, 125.4, 138.5, each
d and 140.5 (s)], seven methine carbons (B 43.1, 65.5, 70.2, 71.0, 73.4, 76.0, 76.9, each d), and four
quaternary carbons (5 46.9, 64.6, 71.5, 74.0} were observed. Comparison of the lH NMR spectral data
(Table 2) with those of violide B (9) indicated that an acetate group in 9 was replaced by the n-octanoate
group [5 0.87 (3H, t, /=6.8 Hz), 1.27 (4H, m), 1.56 (2H, overlapped), and 2.25 (2H, m)]. The position
of the n-octanoate group was determined to be located at C-4 by the observation of a correlation between
C-21 (8 172.8, s) and H-4 (8 5.11, 1H, d, J=10.4 Hz) in the HMBC spectrum. Therefore, violide C (1)
was the 3-acetyl analogue of violide A. The relative stereochemisty of chiral centers was deduced to be
the same as that of 9 on the basis of NOE correlations (Figure 1) and coupling patterns. NOEs from H-
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20 (& 1.15, 3H, s) to H-12 (3 3.70, 1H, br d, /=62 Hz) and H-15 (& 1.14, 3H, s) showed these
hydrogens occur on the same face on the ring system (f) and the ring junction is rrans. H-2 (8 4.69, 1H,
br s) and H-10 (8 2.69, 1H, d, /=4.0 Hz) were on the face () opposite H-20, since an NOE between H-2
and H-10 was observed. The broad singlet of H-2 and the large coupling constant (J3 4=10.4 Hz)
between H-3 (& 6.10, 1H, br d) and H-4 (8 5.11, 1H, d) suggested that H-2 and H-3 are orthogonal to
each other and H-3 and H-4 are antiparallel. The Z configurations of the olefinic bonds at AS and A13
were determined from an NOE between H-6 (8 5.57, 1H, br d, /=9.7 Hz) and H-16 ( 2.16, 3H, br s)
and the coupling constant (J13,14=10.4 Hz) between H-13 (5 5.85, 1H, dd, /=6.2 and 10.4 Hz) and H-14
(65.48, 1H, d, /=104 Hz). The Z nature of the olefinic bond at A% was also consistent with the value
of the chemical shift of C-16 methyl carbon (5 25.4, q). NOEs from H-4 to H-2 and from H-4 to H-16
suggested that H-3 and H-4 were o-oriented, and H-6 and H-16 were folded downward as for violides A
(8)and B (9).! An NOE between H-3 and H-7 (5 5.91, 1H, d, /=9.7 Hz) and the large coupling constant
(/=9.7 Hz) between H-6 and H-7 indicated H-7 to be in a B-orientation. NOEs from H-9 (8 5.96, LH, d,
J=4.0 Hz) to H-18 (5 1.68, 3H, s) and H-20 (5 1.15, 3H, s) and the chemical shifts around the epoxide in
the NMR spectra suggested the a-configuration of the epoxide. Thus, violide C (1) was assigned as 3-

acetylviolide A.
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Figure 1. NOE correlation of 1.
Table 1. 13C NMR Spectral Data for 1-7.2
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The 'H and 13C NMR spectral data of violides D (2)-E
(3) were nearly identical to those of 1, except for

resonances corresponding to aliphatic ester portion.

Resonances due to a methyl carbon (513.8, g}, four

methylene carbons (5 22.3, 24.4, 31.2, 34.1 each t), and
“an ester carbon (5 172.8, s) in the 13C NMR spectrum of

2, C32Haa013, suggested that a ni-octanoate group in 1

was replaced by a n-hexanoate group.

carbon no. 1 2 3 4 5 6 7

1 46.9 46.9 46,9 48.5 46.8 46.7 46.8

2 76.9 76.9 76.9 76.0 774 716 77.6

3 71.0 71.0 71.0 71.1 717 383 38.3

4F 76.0 76.0 76.0 778 346 72.1 72.1

5 140.5 i40.5 140.5 140.9 139.6 1440 144.1

o 125.3 1253 125.3 123.7 1214 123.0 123.0

7 734 73.4 734 736 74.6 737 73.7

8 715 71.5 71.5 714 71.6 711 71.1

o 65.5 65.6 65.5 65.5 65.8 65.8 65.8

10 431 43,1 43,1 439 436 434 434

11 74.0 74.0 74.0 73.9 73.7 737 73.7

12| 70.2 70.2 70.2 70.6 70.7 70.3 70.3

13 1254 125.4 125.4 1232 125.0 1249 124.8

14 138.5 138.5 138.5 140.5 138.1 138.7 138.7

15 15.5 15.5 15.5 14.2 154 15.2 15.2

1 254 254 25.4 26.1 27.1 258 25.8

17 64.6 64.6 64.6 64.7 64.8 64.5 64.5

18 10.0 10.0 10.0 9.7 10.0 9.8 9.8

1 170.7 170.7 170.8 1704 170.7 170.7 170.7

2 21.2 21.2 21.2 21.6 213 214 214

Me 20.6,21.0 206, 21.0 20.6, 21.0 21.5 208, 21.2 21.1, 216 21.1, 21.6
21.3 213 213 21.2

MeC 168.8, 169.7 168.8, 169.7 168.9, 169.7 1683 1689, 1703 1682, 1703 1682, 170.3
170.0 170.0 170.0 170.4

CnH2n+1CO 14.1, 22.6 13.8, 223 136, 18.2 14.1, 22.6 14.1, 226 13.9, 223

24.7, 28.8 244,312 36.1, 1726 24.8, 289 24,9, 289 4.5, 31.2

290,316 341, 1728 290, 316 29.0, 316 34.2

342 1728 34.2, 173.8 343, 1729 172.9

342, 172.8 34.2, 173.8 343, 1729 1729

2 TMS was used as the internal standard; chemical shifts are shown in  scale.

In compound (3), C3gHag0)3,* the presence of a propionate group was suggested by analysis of the 13C
NMR spectrum of 3 (& 13.6, q, 5 18.2,t, 8 36.1, t, & 172.6, s). The acyl groups were determined to be

located at C-4 on the basis of a correlation between C-21 and H-4 in the HMBC experiments of 2 and 3.

The relative stereochemistries of 2 and 3 were deduced from the similar signal patterns in the NMR spectra
and NOE correlations to those of 1 (Tables 1-3).
Inspection of the !H NMR data of 4, mp 149-152 °C, C30H4401 1, indicated that 4 was similar to 8,
except that an acetyl group at C-2 was missing. This was supported by the upfield shift of H-2 (6 3.27,
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1H, br s) by 1.43 ppm as well as the downshift of H-14 (3 5.97, 1H, d, /=104 Hz) by 0.62 ppm
compared to those of 8, The downfield shift of H-14 would be in a position to be deshielded by the
hydroxyl oxygen. Therefore, 4 was the deacetyl derivative of 8. Location of a n-octanoate group at C-4
was evident from an HMBC correlation of C-21 (& 173.8, s) to H-4 (5 4.89, 1H, d, /=10.6 Hz) . The
relative stereochemisiry of 4 was assumed on the basis of the signal patterns and NOE data (Tables 1-3),
as for 8. Therefore, violide F (4) was concluded to assign as 2-deacetylviolide A.

Table 2, 1H NMR Spectral Data for 1-7.2

proton no1 2 3 4 5 6 7
214,69 br s 469brs 4,69 br s 327brs 476 brs 4.61d 462brd
J=7.0 J=713
6.10brd 6.10brd 610brd 483, brd 5.59 brdd ca. 2.05b ca. 2.08b
J=104 J=99 J=103 J=106 J=55,125 292brdd
J=12.6,148 293 brdd
J=12.6, 15.0
4s5.114d 5.104d 511d 4.89d 1.96b 303 ad 30444
J=104 J=59 J=103 J=106 J=53,126 JF=53, 1206
293 brdd
J=55,134
557 d 557ord 557 brd 5.44 brd 5430rd 545brd 545brd
J=9.7 J=09 J=10.1 J=95 J=0.5 J=93 J=0.5
715914 591d 591d 5.68d 5.69d 574d 574d
J=97 J=99 J=10.1 S=95 J=5.5 J=93 J=5
d 5986d 586d 5964 5514 593 d 5934 5944
J=40 J=3.7 J=37 =37 J=3.7 J=37 J=3.5
10{2.69d 269d 2.69d 241b 259d 2.55d 2.55d
J=4.0 J=37 J=37 J=3.7 J=3.7 J=3.3
1203 7brd 170k d 3.70brd 3714 3.6%dd 3.68 brd 3.68brd
J=6.2 J=62 J=64 J=6.1 J=5.1,64 J=6.1 J=30
135.85 brdd 5.85dd 5.85dd 5.83dd 5.82dd 5.82dd 5.82brdd
J=6.2, 104 J=6.2,10.3 J=64,103 J=6.1104 J=64,6 103 J=6.1,104 /=59, 106
144548 d 543d 5484d 597d 542d 5.384d 539brd
J=104 J=103 S=10.3 J=104 J=103 J=104 J=10.6
15/1.14 s 1.14 s 1.14 s 1,18 s 1.13 s 117 s 1.18 s
162.16 br s 2.16brs 216 brs 2.03 brs 1.95brs 28 brs 2.10br s
181168 5 1635 168 s 1.70 s 1.69 s 1.69 s 1.69 s
2001.15 s 1.15s i.15s 1.17 s 1.13 s 1.14 s I.15s
MeCOO|2.07, 2.17 2.07, 217 2,08, 2.17 2.25s 2.12x2s 212 s 2125
230s 2.30 2.30 2.19s 2235 223 s
CpH2pe1COO(0.87 3H, 1 0.893H 1 0923Ht 0883Ht 0.873Ht 0.893Ht
J=6.8 J=70 J=7.3 J=6.6 J=6.8 J=6.7
127 8H m 1324Hm o4 1.60P2H ca 128 8Hm 1288Hm 124-1394Hm
156 2H m 1.26-1324Hm 2242H,m 1.652Hm 160 2Hm  ¢g 1600 2H
2252Hm ) 57b 24 2.39b 21 230 2H1t 2303Ht
2252H m J=1.7 J=75

8 TMS was used as the internal standard; chemical shifts are shown in & scale with J values (Hz).
b This is an overlapped signal.

Violide G (5) was isolated as prisms, mp 131-133 °C, with a molecular formula CagH3401;. The 1H
NMR spectrum was similar to that of 9, except that resonances due to an acyl group were missing and
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instead resonances due to H-4 methylene protons were observed at & 1.96 (1H, overlapped) and 2.93 (1H,
brdd, J=5.5 and 13.4 Hz), suggesting that 5 was the 4-deacetoxyl derivative of 9. The stereochemistry
was determined by the signal patterns and the observation of NOE correlations (Tables 1-3). Therefore,
violide G (5) was determined to be 4-deacetoxyviolide B.

Table 3. NOE Spectral Data for 1-7.

proton no. 1a Ja 3a 4 5a 6 7
2IH-4, H-10, H-16 H-4, H-10, H-16 H-4, H-10, H-16 B-10, H-16 H-10, H-16 H-10,H-16 H-10, H-16
3|H-7, H-15 H-7, H-15 H-7, H-15 H-7, H-15 H-7,H-15 H-7,H-15 H-7, H-15

H-2, H-16 H-2, H-16 H-2, H-16 H-16 H-16 H-16 H-16

H-16 H-16 H-16 H-16 H-16 H-16 H-16

7IH-3 H-3 H-3 H-3 H-3 H-3 H-3

H-18, H-20 H-18,H-20 H-18, H-20 H-18, H-20 H-18, H-20 H-18, H-20 H-18, H-20
10/H-2, H-18 H-2, H-18 H-2, H-18 H-2,H-18 H-2,H-18 H-2,H-13 H-2
12|1H-20 H-20 H-20 H-20 H-20 H-20 H-20
14H-15 H-15 H-15 H-15 H-15 H-15 H-15
15|H-3, H-14 H-3, H-14 H-3, H-14 H-3, H-14, H-20 H-3, H-14 H-14, H-20 H-14, H-20
16/H-4, H-6 H-4, H-6 H-4, H-6 H-4, H-6 H-4, H-6 H4, H-6 H-4, H-6
18/H-9, H-10 H-9, H-10 H-9, H-10 H-9, H-10 H-9,H-10 H-% H-10 H-9
201H-9, H-12 H-9, H-12 H-9 H-12 H-9, H-12, H-15 H-9,H-12 H-%, H-12, H-15 H-9, H-12, H-1

2 The signals of H-15 and H-20 were overlapped to each other.

The 1H NMR data of 6, CapHagO11, were closely related to those of 1, except that resonances due to an
acetate group at C-3 in 1 were missing and resonances due to H-3 methylene protons (& 2.09, 1H,
overlapped) and & 2.92 (LH, br dd, /=12.6 and 14.8 Hz) appeared. The position of an n-octanoate group
was concluded to be C-4 from a correlation of H-4 (5 5.03, 1H, dd, /=5.3 and 12.6 Hz) to C-21 (B
172.9, 5) in the HMBC experiment. Compound (6) was therefore the 3-deacetoxyl analogue of 1. The
relative stereochemistry was established on the basis of the signal patterns and NOE interactions (Tables 1-
3). Violide H (6) was, therefore, assigned as 3-dehydroxyviolide A4

The NMR data of 7, C30H42011, were similar to those of 6, except for resonances due to aliphatic ester
portion. As in case of 2, an acyl group was established to be a n-hexanoate group by comparing
resonances due to the n-hexanoate carbons in the 13C NMR spectrum of 7 with those of violide D (2).
The n-hexanoate group at C-4 was deduced to be located at C-4 from an HMBC correlation between H-4
(8 5.04, 1H, br dd, J=5.3 and 12.6 Hz) and C-21 (8 172.9). A close comparison of the signal patterns
and NOE results of 7 with those of & suggested the relative stereochemistry of 7 was the same as that of 6
(Tables 1-3). Violide I (7) was, thus, determined to be 3-deacetoxyviolide D.

Violides A-F were the first example of diterpenes possessing a 2,3,4-oxidized briarane skeleton except for
several briaranes with an acyl group at C-1 and an epoxide between C-3 and C-4.5

Briarane diterpenes, which have been isolated so far only from gorgonian corals,? a soft coral® a sea
pansy,’ and sea pens,®-13 contained several kinds of acyl groups: CH3C0O-, CyH5C0OO-, n-C3H;COO-,
n-CsH11CO0-, n-C7H1sCOQ-, Diterpenes such as violides D (2) and I (7), containing a n-hexanoate
group, were rarely found in briaranes. 14
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EXPERIMENTAL

General Experimental Procedures. Melting points were uncorrected. Optical rotations were
obtained at 22° C on a JASCO DIP-370S spectropolarimeter. UV and IR spectra were recorded on a UV-
210 and a MASCO FT/IR 5300 spectrometers. NMR spectra were recorded with a 400 MHz JEOL NMR
instruments using TMS as internal standard and CDCl3 as solvents. MS were obtained with a JEOL XD-
303 instrument.

Extraction and Isolation. The organisms (wet weight: 7.6 kg) was chopped into small pieces and
extracted with MeOH (30 L) at rt for a few days immediately after collection. The MeOH extract (22 g)
was suspended in H2O and extracted with CH2Cla. The CH,Cl; layer was dried over NaaS8Oy, filtered ,
and evaporated to dryness (9.6 g} . Portion (5 g) of the CH2Cl3 extract was absorbed on silica gel and
subjected to chromatography on silica gel packed in hexane, fractions (100 mL) being collected as follows:
1-2 (CHClz-hexane, 4:1), 3-34 (CH2Cla), 5-6 (MeOH-CH>Cl3, 1:49), 7-8 (MeOH-CH;Cl3, 1:19), 9-10
(MeOH-CH1Cla, 1:9), 11-12 (MeOH-CH;Cl3, 1:4), and 13-14 (MeOH). Fractions 8-10 (2.1 g) were
chromatographed on silica gel using MeOH and CH»Cl», increasing the proportion of MeOH to elute the
fractions from the column. The fractions eluted with MeOQH-CH»Cly (1:49) gave a residue (620 mg),
which was applied to HPLC (ODS) with MeOH-H2O (1:1), yielding 1 (8.6 mg), 2 (3.0 mg), 3 (5.9 mg),
5(15.9 mg), 6 (13.4 mg), and 7 (2.8 mg) . Further elution with MeOH-CH>Cl; (1:24) afforded crystals
4 (8.5 mg).

Violide C (1). Amorphous, {a]p +72.6° (¢ 0.43, MeOH); UV (MeOH) Amax 205 nm (e 7800); IR
(film) vmax 3508, 1788, 1747, 1221 cm™!; 1H NMR (see Table 2); 13C NMR (see Table 1); (+)-FABMS
miz 665.3181 [M + H]t (Calcd for C34Hyq9013 665.3173).

Violide D (2). Amorphous, [a]p +74.3° (¢ 0.15, MeOH); UV (MeOH) Amax 205 nm (g 7100); IR
(film) vmax 3499, 1786, 1747, 1221 cm!; |H NMR (see Table 2); 13C NMR (see Table 1); (+)-FABMS
miz 637.2855 [M + H1* (Calcd for C3pHs5013 637.2861).

Yiolide E (3). Amorphous, [a]p +76.2° (¢ 0.30, MeOH); UV (MeOH) Amax 205 nm (e 7600); IR
(film) vmax 3503, 1786, 1748, 1676, 1221 cm™l; 1H NMR (see Table 2); 13C NMR (see Table 1); (+)-
FABMS m/z 609.2534 [M + H]t (Calcd for C3gH41013 609.2547).

Violide F (4). Prisms from CHpClz-n-CgH 14, mp 149-152C°, [a]p -2.6° (¢ 0.39, MeOH); UV
(MeOH) Amax 205 nm (e 8300); IR (film) vmax 3434, 1784, 1745, 1668, 1215 cml; IH NMR (see
Table 2); 13C NMR (see Table 1); (+)-FABMS m/z 581.2952 [M + H]t (Calcd for C3gH450
581.2962).

Violide G (5). Prisms from CgHg-n-CgH 14, mp 131-133C°, [a]p -10.0° (¢ 0.58, MeOH); UV
(MeOH) Amax 205 nm (g 6800); IR (film) vmax 3497, 1784, 1736, 1670, 1229 cm-l; IH NMR (see
Table 2); 13C NMR (see Table 1); (+)-FABMS m/z 523.2198 [M + HJ* (Caled for CogH3501; 523.2179)
Violide H (6). Amorphous, [ap -0.8° (¢ 0.66, MeOH); UV (MeQOH) Amax 206 nm (g 7600); IR (film)
vmax 3501, 1782, 1740, 1213 cm™!; 1H NMR (see Table 2); 13C NMR (see Table 1); (+)-FABMS m/z
607.3113 [M + HJ* (Calcd for C32Hg7011 607.3119).
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Violide I (7). Amorphous, [a]p -3.1° (¢ 0.13, MeOH); UV (MeOH) Amax 205 nm (e 7100); IR (film)
vmax 3499, 1780, 1740, 1213 cm"1; 'H NMR (see Table 2); 13C NMR (see Table 1); (+)-FABMS m/z
579.2825 {M + HI* (Caled for C30Hy430;1 579.2844),
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