1130 J. Nat. Prod.2006,69, 1130-1133

Biscembranes from the Soft CoralSarcophyton glaucum
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Four novel biscembranes have been isolated from the soft 8arabphyton glaucuntollected at Amami Oshima,
two of which showed weak activity against proliferation of human promyelocytic leukemia cells (HL-60). Their absolute
structures were determined on the basis of the CD spectra.

Soft corals belonging to the gen@&arcophyton(Alcynoiidae)
have proven to be a rich source of common 14-membered
carbocyclic cembranes that exhibit a range of biological activities
such as antimicrobial, ichthyotoxic, and cytotoxic activitje have
examined the dichloromethane-soluble portion of the methanolic
extract of S glaucum collected at Amami Oshima, Japan, which
has yielded four new biscembranes, bisglaucumlideDA(1—4).

Two of these compounds possess cytotoxicity against proliferation
of human promyelocytic leukemia cells (HL-60). In this paper we
describe the isolation and structure elucidation of these compounds.
A MeOH extract of the animal (5.0 kg wet wt) was dissolved in
H,0 and then extracted with GBI, to give a crude organic extract
(59.2 g), which showed cytotoxic activity against HL-60 cellssgC
20.6ug/mL). A portion of the dichloromethane extract (10 g) was
subjected to vacuum chromatography on Kieselgel 60 eluting with
CH,Cl,—MeOH. Final purification was performed by HPLC on a
uBondapack & column eluting with MeOH-H,O and/or CH-
CN—H0 to give bisglaucumlides Alj, B (2), C (3), and D @).

Results and Discussion

Bisglaucumlide A 1) was isolated as an amorphous powder and
exhibited the [M+ H]* ion atm/z 697.4297, corresponding to the
molecular formula GiHg:10,. The IR spectrum indicated absorptions
indicative of a hydroxyl group (3513 cr¥), an ester carbonyl (1732
cm™1), a carbonyl (1712 cmt), and a conjugated carbonyl (1667
cm1). In the!H NMR spectrum, resonances due to nine methyls,
including two methyls of an isopropyl group 0.82, 0.97, 3H each,
d,J=6.8 Hz,0 2.14, 1H, m), four olefinic methyls)(1.71, 1.73,
1.75, 2.09, 3H each, br s), two methyls attached to a hydroxyl-
bearing carbonq(1.11, 1.33, 3H each, s), and a carbometho&yl (  were evident from thé3C chemical shifts of the olefinic methyl
3.57, 3H, s), were observed as well as those of three carbonylcarbons at C-19 18.6), C-18 ¢ 11.6), and C-38 { 19.7),
carbons § 210.6, 203.4, 203.6) in thEC NMR spectrum (Table respectivel\® The E-geometry of C-22 was also confirmed from
1). These data implied that bisglaucumlide A was a biscembranoid, the observation of a NOE correlation from H-38 to H-21 in the
such as methyl isosartortuodtemethyl sarcophytate, methyl NOESY spectrum (Figure 2). The relative stereochemistry was
chlorosarcophytoatényalolide? and tortuoates A and Byhich elucidated by interpretation of the NOESY spectrum. Thus, H-2
have been isolated from this same geraicophytonThe gross showed correlations to H-4 and to the carbomethoxy methyl protons,
structure was deduced to be as shown in Figure 1 by interpretationthe latter of which, in turn, was correlated to one of the methyl
of the NMR spectra, includingH—H COSY, HMQC, and HMBC protons § 0.97) of the isopropyl group and H-22. This suggested
spectra (Table 1). The resonances in the NMR spectra due to thethat H-2, the carbomethoxy group, and the isopropyl group were
A and B rings were similar to those of methyl sarcophytate and situated on the same fag#)(H-33 (¢ 2.29, 1H, overlapped) showed
nyalolide, respectively. Th&-geometries of C-4, C-8, and C-22  NOE correlations with H-30 and H-22, suggesting fherientation
of H-30 and H-33 § 2.29). NOE correlations between H-38 and

* To whom correspondence should be addressed. F8lt-99-285-8115. H-21, H-26, and H-32 were observed, while H-21 did not indicate
Fax: +81-99-285-8117. E-mail: iwagawa@sci.kagoshima-u.ac.jp. NOE correlation to H-2 and the carbomethoxy methyl. Furthermore,

lggpgmgm cgfcgii?gmg;dsl?ggggn;ﬁaK¢ggﬁgg}ﬂoa Unl}g:r%lts%ima H-26 exhibited NOE correlation with H-40. Therefore, H-21, H-26,
Universpity. gy, Kag H-32, and H-40 were positioned on theface. Thg above f|nd|ngs _

§ Osaka City University. suggested the major conformation of the A ring as depicted in

U Sankei Kagaku Co. Figure 2. The conformation of the A and-® rings was also

10.1021/np058115+ CCC: $33.50 © 2006 American Chemical Society and American Society of Pharmacognosy
Published on Web 08/01/2006



Table 1. NMR Spectral Data ofl—4 w
(%2}
1 2 3 4 &
no. H 13C HMBC (3C) NOESY ¢H) H 13C HMBC (3C)  NOESY {H) H 13C HMBC (*C) NOESY ¢H) H 13C HMBC (3C) NOESY ¢H) Er
1 471 477 485 495 5
2 3.97d(7.5) 46.6 1,3,4,20, 4,COOMe  3.84d(7.8) 46.8 1,3, 4,20, 4 3.75dd (3.6,8.7) 46.7 1,3,4,20, 4,22,COOMe  3.4259 1,3, 14,20, 4,22, 36 &
3 203.6 21, 35, 36 202.1 21,35, 36 201.0 21,35, 36 201.0 21,35, 36 =
4 6.04s 126.8 3,5,6,19 25368 5.98s 126.6 2,3,5,6,19 2368 6.27 brs 126.7 3,5,6,19 2,19 6.20's 124.6 3,5,6,19 2,19 S
5 159.4 158.0 156.7 160.5 2
60 2.42 39.5 4,5,7,8,19 19 2.26m 39.6 4,5,7,8,19 4,8 .05 30.0 4,5,7,809,19 19 2.72 350 4,5,7,8,19 3
6f 2.29 4,5,7,8,19 4,8 2. 4,5,7,19 19 3.79dt (2.9, 12.1) 4,5,7,8,19 8 2.08 4,5,7,8,19 8,19
7o 2.54 6,8,9 18,19 2.51 5,6,8,9 18 2.60m 5,6,9 18 214 1o ¥
75 242 252 6,8,9 18 2.40 252 5,6,8,9 18_19 2.29m 26.1 5,6,8,9 19 38 277 6,89 =
8 6.24m 141.4 6,10,18  486llo,  6.22dd 141.1 6,7, 10,18 486110, 11b 6.38dd (5.7,8.9) 1422 6,7,10,18 f,810,12,19 550t(7.7) 1323 10,18 B618 9
9 138.1 1B (4.7,6.8) 137.6 138.0 138.3 3
10 203.4 203.2 2 206.1 £
1la  3.42dd 10, 12, 3.44dd 10,12, 13,15 8 3.15dd (7.6, 14.1) 10,12,13,15 8 3.13dd 10, 12,13 %, 15 ®
(5.3,13.9) 13,15 (5.3,13.9) (8.6, 18.6) =
118 2.04dd ~ 331 9,10,12, 816,17 2.02dd 331 9,10,12,13,15 8,16,17 203 343 10,12,13,15 16,17 2.24dd  40.6 10,1213 15,16,17,18 ©
(4.9,13.9) 13,15 (5.3,13.9) (2.2,18.6) El
12 258dd ~ 56.0 11,13,15, 8,141,148 251m 56.0 10,11, 13, 14a. 2.70 55.6 10, 12,13, 8, 14 3.24m 51.0 10,11,13,  14a, 148 S
(5.3,9.7) 16,17 15, 16, 17 15, 16, 17 15, 16, 17 S
13 210.6 210.1 211.8 210.5 Q
1400 3.25d(18.9) 1,13,20,21 12,15,38 3.23d (19.0) 1,2,13,20,21  12,15,38 3.01d (19.3) 1,2,13,20,21 12,15,21,16,38 2.88d (18.4) 1,2,13,20, 26 12,2
143 1.98d(18.9) 48.1 2,13,20,21 12,21 212d(19.0) 477 1,2,13,20,21 21 2.61d(19.3) 48.0 1,2,13,20,21 21 2.95d(18.4) 482 1,2,13,20,21 12 §
15 2.14m 301 11,12, 16,17 a4 218 304 11,12,16,17 o) 2.0% 29.7 11,12,16,17 14 1.89 29.9 11,12,13,16,17 34118 5
16 082d(6.8) 17.3 12,1517 alCOOMe 0.80d (6.9) 17.4 12,15,17 AXCOOMe  0.87d(6.8) 18.7 12,15,17 A40, COOMe 0.83d (6.8) 19.4 12, 15,17 Al
17 0.97d(6.8) 205 12,1516 @1COOMe 0.95d (6.8) 20.6 12,15,17 AXCOOMe 0.93d (6.8) 205 12,15,16 AICOOMe 0.93d(6.8) 20.6 12,15,16 A1
18 1.73s 116 8,9,10 of 1.73s 118 8,9,10 o 78 1.81s 11.1 8,9,10 o 1.88s 206 8,910 8, B
19 2.09s 18.6 3,4,56 o670 2.09s 186 3,4,56 & 7o 191s 245 4,5,6 4,678,8 1.86brs 276 3,4,5,6 446
20 173.2 173.4 174.2 174.3
21 3.29d(11.6) 40.2 20,21,34 14,3238 3.27brd (11.7) 40.3 1,22,23, 34,38, 3288 3.51d(11.1) 42.0 1,23,34,35 1445 32,38 3.4% 441 34 141, 32, 38
22 477d(11.6) 124.7 24,34,38 283, 478d(11.7)  124.7 1,21,23,24, 2830, 4.80d (11.4) 124.6 1,21,24,34,38 2/283 4.85d(11.1) 124.8 21,24,34,38 2,283
23 140.0 COOMe 140.1 34,38 COOMe 140.8 141.0
240 1.89 388 23,2526 26 1.851(3.6,13.0) 38.4 22, 23,25, 26,38 26 1.86 m 384 22,23,2538 26 b 1.8638.8 23,25
245 2.4% 23,25,26 22 2.44m 22,23,25,26,38 22 2.43dd (2.6, 10.2) 22,23, 25, 26, 38 22 241m 22,23, 25, 26, 38 22
25 1.57m 26.9 23,24 1.85 26.6 23,2427 39 1.%7 26.6 23,24 1.58 27.0 23,24,27
25 1.92m 24 30 1.95 23,24, 26 30 1.90 26 30 1.88 23,26 30
26 364brd 851 24,2528 @438,39 3.68d(10.2) 852 24,25,27,28,39 0288, 39 3.68d(9.6) 85.1 24,25,27, @488, 39 3.69m 85.1 24,25,27,28 38,39
27 (8.9) 69.9 69.8 69.8 28,39 69.9
280 1.69 26,29,30 39 1.68 26, 27, 29, 30, 39 1.68m 26, 29 1570 29
288 1.49m 31.8 29,30 30 1.49m 31.7 26,29, 30,39 30 1.49dt (5.1, 14.0) 31.5 29,30 30 1.48 ®1.8 29 30
(14.1,4.9)
290 1.59m 19.9 27,28 32,40 161 20.1 28,30 40 1 59 19.9 27,28 40 1.60 20.2 40
298 1.81m 28 40 1. 40 28,31 40 1.76" 30 40 .
30 3.68brd  69.3 31,32,40 B5283, 33 3.69 69.2 31,40 2B, 283, 33 3 63 dd (2.1, 11.4) 69 3 31, 40 25283,32,33 3.63brd 695 31 25,283,332
31 (9.4) 75.4 76.0 (11.0) 75.8 35
32 3.5¢ 70.8 34 21,28, 38,40 5.07m 74.0 21, 38, 40 5.01d(11.1) 75 3 33,34,43 21, 30, 38,40 5.04d(10.9) 75.5 33, 34,43 21,38, 4@
33 229 31.4 34,35 22,30 2.%5 28.6 34,35 22,30 2.19d (14.5) 286 34,35 22,30 224  29.1 22,30 o
33 248 21,32, 37 2.74m 37 2.0 21,32,34,35 37 2.5 21,32,34,35 37 =
34 125.2 34,35 123.8 125.1 125.3 o
35 129.3 127.6 127.0 127.7 g
360 1.87d(18.1) 325 2,3,35,37 1.80d(18.3) 32.8 2,3,21,34,35 37 b2.02 322 1,2,3,34,35 287 33.0 3,34,35 14, 37 8
368  2.93brdd 3,34,35 2.83 brdd 2,34,35 2.79 2,3,34,35 2.33 20, 34, 35 2,37 -
(7.2,18.1) (7.7,18.3) 3
37 1.71s 19.9 34,3536 B3 1.67brs 19.9 34,35,36 B3AC 1.65s 19.6 21,34,3536 B3Ac 1.66s 19.6 34,35,36 B3360, =
63, Ac =}
38 1.75s 19.7 22,23,24  &421,26,32 1.88s 20.0 22,23,24 d®1,26,32 1.93brs 19.7 21,22,23,24 0121,26,32 1.95brs  19.8 21,22,23,24 21,26,32, ©
OMe N
39 1.11s 25.4 26,27,28 @36,28, 1.11s 255 26,27,28 2526 1.11s 25.4 26,27,28 26 1.11s 256 26,27,28 26 =]
2 9}
40 1.33s 18.8 30,31,32 @92%,32 1.14s 18.8 30, 31, 33 @929b, 32, Ac 1.13 s 186 30,31 @929, 32 1.15s 189 30,32 2929, 32 <
COOMe 3.57 s 51.3 1,20 2,16,17,22 3.55s 51.2 1,20 16,17, 22 354s 51.1 20 2,16,17 3.54s 51.0 20 38 =)
Ac 2.09s 21.5, COOMe 37,40 1.95s 20.6COOMe 37 2.04s 21.0,32, 43 37 >
170.6 170.6 170.5 ©
2 Chemical shift values ofH NMR data and*C NMR data are in ppm from TMS and CDQW 77.0), respectively, and values are in HzP Overlapping signals. E
&
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Figure 2. Selected NOE correlations df Figure 4. Selected NOE correlations df

supported by the similar chemical shifts and couplings in'tte Bisglaucumlide D 4), C43Hs2010, was also an isomer ¢f and
NMR spectrum to those of methyl sarcophytoate and nyalolide, 3. The chemical shift of H-84 5.50, 1H, t,J = 7.7 Hz) in the'H
respectively. A positive Cotton effect in the CD spectruin [  NMR spectrum was shifted upfield by 0.88 ppm, when compared
(MeOH) 249 nm (e +2.5), 227 nm Qe —5.1)] suggested a  with that of3. In addition, the high-field shift of C-8Y132.3) and
clockwise relationship between the dipoles of the enone chro- low-field shift of C-18 ¢ 20.6) in the!3C NMR spectrum were
mophores. Thus, the absolute structure should be as depicted irobserved, suggesting that bisglaucumlide D wasisomer of3.
Figure 17 The major conformation of the A ring was elucidated by interpreta-
Bisglaucumlide B ) was obtained as an amorphous powder, tion of the NOE spectrum as depicted in Figure 4: H-4/H-2, H-19,
and the molecular formula was assigned ag46:010 on the basis H-7/H-11 ( 3.13), H-8/H-6 ¢ 2.08), H-18, H-11 ¢ 2.24)/H-16,
of the HRFABMS. The'H NMR spectrum was similar to that of ~ H-17, H-12/H-14 ¢ 2.95), H-14 ¢ 2.88)/H-21, H-2, COOMe/H-
1, except for an additional acetyl group 2.09, 3H, s). The acetyl ~ 16, H-17. Conformations of the remaining rings were almost the
group was determined to be positioned at C-32, since the chemicalSa@Me as those df-3 on the basis of the similar NOE correlations
shift of H-32 ¢ 5.07, 1H, m) was shifted downfield by 1.51 ppm, to those ofl—3. The CD spectrum showed a negative Cotton effect

when compared to that df. It was concluded to have the same [% (MeOI—_|) 250 nm Qe —9.8)], indicating an anticlockwise
stereochemistry ak on the basis of similar NOE correlations and relatlons_hlp between the enone chromophore_s. The absolute ster-
coupling constants and signal patterns in#HeNMR spectrum to eochem?stry was thys fognd to_ be as shown in struglure

those of1 and2. The absolute configuration & was confirmed The biscembranoid serids-4is formed through a DietsAlder

by the positive Cotton effectl[(MeOH) 244 nm e +2.1), 228 reaction of the geometric isomers of methyl sarcophytoate (left part

nm (Ae —4.4)] in the CD spectrum. Therefore, bisglaucumlide B Of molecule) with the unknowr***%cembratriene (right part of
was 32-acetylbisglaucumlide A. molecule). Bisglaucumlides C and D exhibited cytotoxicity against

. . the growth of HL-60 cells with an 1§ of 33.7 and 42.3uM,
Bisglaucumiide C ) had the molecular formula &He:01o on respectively. However, bisglaucumlides A and B showed no

the basis of HRFABMS data and was isomeric vatftCompound L o o

3 had the same number of functional groups and double bonds as'nh'b'tory activity within 1004M.
2, but several different structural features were evident in'the
NMR spectrum in comparison with that @f Thus, the chemical
shifts of H-4 ¢ 6.27, 1H, br s) and H-195(1.91, 3H, s) were General Experimental Procedures.Optical rotations were mea-
shifted downfield and upfield by 0.29 and 0.18 ppm, respectively. sured at 28C on a JASCO DIP-370S polarimeter. IR spectra were
Comparing thel®3C NMR spectrum with that o, the chemical recorded on a MASCO FT/IR 5300. NMR spectra were recorded with
shifts of C-6 and C-19 i3 were drastically shifted upfield by 9.6  either a 400 MHz JEOL or a Varian UNITY-500 NMR instrument
ppm and downfield by 5.9 ppm, respectively. This suggested that using TMS as an internal standard and Cp43 a solvent. MS spectra
bisglaucumlide C was a geometrical isomeRafith regard to the ~ were obtained with a JEOL JMS XD-303 instrument.

geometry of the C-4 olefin. The relative stereochemistry of the A Animal Material. Specimens ofSarcophyton glaucurwere col-

ring was deduced from the NOESY spectrum: H-4/H-2, H-19;H-7 lected at Amami Oshima, Kagoshima Prefecture. The reference sample
(6 2.29, 1H)/H-8, H-19, H-& (6 2.60, 1H, m)/H-18; H-8/H-6{ (c_oIIe_ction no. 272) was deposited in the Department of Chemistry and
3.79, 1H), H-11 § 3.15, 1H), H-12; COOMe/H-16, H-17; H-21/ ~ Bioscience.

H-14 (0 2.61, 3.01, 1H each). The major conformation of the A hExtra((j:t.iotn and '”SC",a“O“- Thde ortgantisgls ,(t"r‘]’e'\t/lwgigr;tr; S kg) Werﬁ_h
ring was thus as depicted in Figure 3, which would promote an €OPPEC INt0 Small pieces and extracted with Ve ree umes. the
anticlockwise rotation of the dipoles of the enone chromophores. dried MeOH extract was resuspended iCrand extracted with CH

. . - Cl,. A portion (10 g) of the CHCI, extract (59.2 g) was adsorbed on
This assumption was supported by analysis of the CD spectrum of gjjica gel and subjected to chromatography on silica gel (200 g) packed

3[4 (MeOH) 250 nm fe —13.7)]. As for rings B-D, NOE data in hexane. Fractions of 200 mL were collected as follows:31CH-
similar to those ofl and2 were observed. Therefore, the absolute Cl,—n-hexane, 4:1), 46 (CH,Cl,), 7-11 (MeOH-CH,Cl,, 1:49), 12

configuration was determined to be as shown3or and 13 (MeOH-CH.Cly, 1:19), 1721 (MeOH-CH,Cl,, 1:9), 22-24

Experimental Section
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(MeOH—-CHCl,, 1:1), 25-28 (MeOH). Fractions 12 and 13 (6.8 g)

Journal of Natural Products, 2006, Vol. 69, N&38

Bisglaucumlide D (4): amorphous powder,ofp +4 (c 0.14,

were chromatographed on silica gel eluted with a gradient of MeOH MeOH); UV (MeOH) Amax (109 €) 233 nm (4.04); IR (film)vmax 3493,

and CHClI,. Elution with MeOH-CH,ClI (1:49) gave a crude fraction
(184 mg), which was finally purified by HPLC (ODS) with MeOH
H20 (1:1) and CHCN—H;0 (11:9), yielding2 (12.6 mg) and3 (3.8
mg) and4 (1.5 mg), respectively. After the fractions (694 mg) eluted

with MeOH—CH_CI; (1:19), the material was repeatedly subjected to

silica gel chromatography and then HPLC [§CHN—H0O (2:3)] to yield
compoundl (5.6 mg).

Bisglaucumlide A (1): amorphous powder,afp +110 € 0.28,
MeOH); UV (MeOH) Amax (log €) 231 nm (4.04); IR (film)vymax 3513,
1732, 1712, 1667, 1607 cr) CD Aezp7 —5.1, A€q9 +2.5;*H and*3C
NMR (see Table 1); HRFABMS$z 697.4297 [M+ H]* (calcd for
Cu1He10s, 697.4315).

Bisglaucumlide B (2): amorphous powder,ofp +126 € 0.22,
MeOH); UV (MeOH) Amax (I0g €) 231 nm (4.27); IR (film)vmax 3493,
1732, 1713, 1661, 1611 c) CD Aepg —4.4,A€zqs+2.1;H and**C
NMR (see Table 1); HRFABMSwz 739.4420 [M+ H]* (calcd for
Ca3He3010, 739.4421).

Bisglaucumlide C (3): amorphous powder,a]p +32 (¢ 0.23,
MeOH); UV (MeOH) Amax (log €) 230 nm (4.27); IR (film)vmax 3495,
1732, 1715, 1659, 1618 crh CD Aezs0 —13.7;H and?*C NMR (see
Table 1); HRFABMSm/z 739.4412 [M+ H]* (calcd for GsHgzOuo,
739.4421).

1732, 1711, 1692, 1605 crh CD Aezso —9.8;*H and*3C NMR (see
Table 1); HRFABMSn/z 739.4419 [M+ H]* (calcd for GaHs3O10,
739.4421).
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