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Four new polysulfur aromatic alkaloids, lissoclibadins1}, & (2), 6 (3), and 7 &), were isolated from the ascidian
Lissoclinumcf. badiumcollected in Indonesia, together with seven known alkaloids, lissoclibadiBy 2 (6), and 3

(7), lissoclinotoxins E §) and F @), 3,4-dimethoxy-6-(2N,N-dimethylaminoethyl)-5-(methylthio)benzotrithian&dj,

and N,N-dimethyl-5-(methylthio)varacinll). Compoundsl—11 were isolated from the ascidian collected in March

(wet season), whil&—11 have been obtained previously from the organism collected in September (dry season) at the
same site. The structures of the new compounds were assigned on the basis of their spectroscopic data. Lissoclibadins
4—7 (1—4) inhibited the colony formation of Chinese hamster V79 cells withB@lues of 0.71, 0.06, 0.06, and 0.17

uM, respectively. Compounds-4 showed also weak antimicrobial activity agaiSsaphylococcus aurepBEscherichia

coli, andSaccharomyces cersiae

Ascidians (tunicates) are a prolific bioresouce for bioactive HPLC to give the four new lissoclibadins (1—4) and seven
metabolites. Many interesting compounds have been obtainedknown compounds5-11). The structures of the seven known
especially from colonial ascidians. In the course of our ongoing compounds3—11) were assigned by comparing their spectroscopic
studies on bioactive metabolites from marine organisms, we have data with those of the compounds obtained previotsly.
isolated in the present investigation four new polysulfur aromatic  Lissoclibadin 4 {) was isolated as a bis-TFA salt. The molecular
alkaloids, lissoclibadins 41§, 5 (2), 6 (3), and 7 @), from the weight (482 daltons) and formula §§130N,0,S;) were deduced
colonial ascidianLissoclinumcf. badium collected in Manado, from HRFABMS and NMR data (Table 1). Two sets % and
Indonesia, together with seven known alkaloids, lissoclibadins 1 33C NMR signals were observed in the NMR spectralofnd
(5), 2 (6), and 3 1), lissoclinotoxins E&) and F ©), 3,4-dimethoxy- assigned to two identical aromatic amine moieties by the analysis
6-(2-N,N-dimethylaminoethyl)-5-(methylthio)benzotrithian&0j, of its IH—'H COSY, HMQC, HMBC, and NOESY spectra. Each
andN,N-dimethyl-5-(methylthio)varacinl(), previously obtained unit had a pentasubstituted benzene ring and two methylenes, an
from the same ascidids?. The related aromatic alkaloids possessing OH, an OMe, and an NMegroup. The connectivity of the two
polysulfide structures have been isolated from ascidians of the methylene groups at the 7 and 8 positions was revealed Birthe
generalissoclinuny~8 Eudistomg® and Polycitor.® More than 10 IH COSY spectrum. Key HMBC correlations were detected from
monomeric polysulfide$;,®89six dimeric polysulfide$;2471%and an aromatic proton signal (H-5) to C-1, 3, 4, 6, and #%9o C-4,

a trimerid-? polysulfide have been reported previously. These and H-7 to C-1, 5, and 6 (Table 1). NOEs were observed between
compounds were reported to have various bioactivities, e.g., H-5 and B-9 (OMe) and H-5 and k7. These data revealed the

antifungal activityt~>° antibacterial activity;2*9cytotoxicity 13510 positions of the aromatic proton at C-5, the OMe at C-4, and the
antimalarial Plasmodium falciparudractivity,® inhibition of protein OH at C-3. Thereforel had two identical aromatic amine units
kinase C57 and inhibition of IL-8a and 3 receptors. depicted as unia shown in Figure 2.

Four new compoundd {-4) were isolated from an ethanol extract On subtraction of the sum of two units from the molecular

of L. cf. badiumcollected in March (the wet season), together with formula of 1, there remained three sulfur atoms. Therefore, each
5-11. On the other hand, compoun8is-11 have been obtained  unit was connected through one disulfide bond and a sulfide bond.
from the same ascidian collected in September (the dry season), aiAs in the case of lissoclibadin B)2 only antiparallel {ranstype)
the same sampling site. Lissoclibadins?(1—4) showed inhibitory orientation of two identical aromatic units would result in an
activity against the colony formation of Chinese hamster V79 cells asymmetric structure. Consequently, the structure of lissoclibadin
and antimicrobial activity against Gram-positive and -negative 4 was assigned &k (Figure 1).
bacteria and a yeast. We describe herein the isolation, structure Lissoclibadin 5 2) was also obtained as a bis-TFA salt.
elucidation, and bioactivity of these four new compountis4). HRFABMS and NMR data (Table 2) revealed the molecular mass
Lissoclinumct. badiumwas collected at Manado, Indonesia, in (542 Da) and formula (GH34N204S;) of 2. Compound gave two
March 2006 and extracted with ethanol. The ethanol extract was sets of!H and 3C NMR signals (Table 2), which showed two
separated by passage over HP-20 and LH-20 columns followed by different aromatic amine units. One unit2rhad the same structure
(unit @) as that inl. The other unit had two more methyl singlets
UDedicated to the late Dr. Kenneth L. Rinehart of the University of ¢ On 2.46 Oc 19.2) and 3.93 (61.2) ascribed to SMe and OMe,
lllinois at Urbana-Champaign for his pioneering work on bioactive natural respectively, but an aromatic proton signal was not detected in the

roducts. : .

P * To whom correspondence should be addressed. Tel#es8¢-22-727- 'H NMR spectrum of2. The structure of this hexasubstituted

0219. E-mail: mnami@tohoku-pharm.ac.jp. benzene unit was the same as thosg-i1. Therefore2 had units
TTohoku Pharmaceutical University. a and b shown in Figure 2, and the two units were connected

* The Nagoya University Museum.

. L through a disulfide and a sulfide bond.
§ Kyoritsu U ty of Ph . .
#ng’n” S:tug,\{girﬂ%fersi;rmacy An NOE correlation was detected between an OM@ & 93
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Figure 1. Structures of compounds-11 isolated fromLissoclinumcf. badium

Table 1. 13C (100 MHz) and*H NMR (400 MHz) Data for
Lissoclibadin 4 L) in CD;OD

position dc Oy, mult. HMBC NOESY
1 137.1
2 124.2
3 149.6
4 150.7
5 114.4 7.00,s 1,3,4,6,7 7,9
6 129.6
7 30.9 3.29, m 1,56 5
8 59.3 3.33,m 6,7,10
9 56.9 3.95,s 4 5
10 43.6 2.98, s 8,10
1 122.2
2 124.9
3 144.6
4 149.0
5 1135 6.83,s 13,4,6 7,9
6' 131.3
7 31.2 3.33,m 15,6 5
8 58.8 3.63,m 67,10 10
9 56.7 3.86, s 4 5
10 43,7 3.03,s 8 10 8

ab Sjgnals are interchangeable for the same letters.

NMe
12 2

Unitb

Unit a
Figure 2. Partial structures of unita andb.

NOESY spectrum oP. Thus, the structure of lissoclibadin 5 was
elucidated a2 (Figure 1).

Lissoclibadin 6 8) was purified as a bis-TFA salt. The molecular
mass (510 Da) and formula £§134N,0,S;) of 3, assigned from
its HRFABMS and NMR data, were 32 Da (S) less than those of
2. 'H and3C NMR data for3 (Table 3) revealed two sets of signals
ascribable to unita andb (Figure 2), as in the case af An NOE
correlation was observed between OM& &.86 (H-9' of unit b)
and NMe at 6 3.01 (H-10 of unita) in the NOESY spectrum of

3. Therefore, the two unita andb were connected through two
sulfide bonds with an antiparallel orientation. Accordingly, the
structure of lissoclibadin 6 was determined3ag-igure 1).

Lissoclibadin 7 4) was isolated as a bis-TFA salt and showed
one set ofH and*C NMR signals (Table 4). The molecular mass
(514 Da) and formula (£H3N.0O4S;) showed that4 has a
symmetric structure. The aromatic amine unit assigned from the
NMR data of4 (Table 4) was unit in Figure 2. The sum of the
two units was 128 Da (¥ less than the molecular mass (formula)
of 4. Since4 has a symmetrical structure, two units would be
connected through two disulfide bonds, which was also suggested
by a mass spectrometric fragment ion peakvat258. An example
of this kind of dimeric structure has been reported for lissoclinotoxin
D (Figure 3)* The antiparallel orientation of lissoclinotoxin D was
selected on the basis of a computational modeling stdly.
Therefore, although an antiparallel structure4ds shown in Figure
1, a parallel ¢is-type) structure cannot be excluded since biosyn-
thetic enzymes may construct a thermodynamically more unfavor-
able structuré:210

Lissoclibadins 47 (1—4) have been isolated froim cf. badium
collected in March (wet season) in 2006 but were not obtained from
the same organism collected in September (dry season) in 2003,
2004, and 2005 at the same sampling site.

The antimicrobial activities ocf—4 are listed in Table 4 together
with the reported values &—112 Interestingly, the new lissocli-
badins 47 (1—4) showed weak antibacterial activity against
Staphylococcus aureusnd Escherichia coli while the dimeric
compounds and 7 did not exhibit such activity. The two new
dimeric compound?2 and3 also showed modest antiyeast activity
againstSaccharomyces cerisiae The phenol group ini—4 may
mediate their antimicrobial activity.

Compoundsl—4 were also tested for their effects on the rate of
colony formation of V79 cells. This bioassay reflects the direct
action of compounds on the celisCompounds—5 showed EG
values of 0.71, 0.06, 0.06, 0.17, and 0.2WI, respectively. In
previous experiments, the Egralue of5 was 0.404M and those
of 6—11 were 0.08, 0.34, 0.27, 0.28, 0.19, and 0.iH,
respectivelyi!

Experimental Section

General Experimental Procedures.UV and IR spectra were
recorded on a Hitachi U-3310 spectrophotometer and a Perkin-Elmer
Spectrum One FT-IR spectrometer, respectively. NMR spectra were
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Table 2. 13C (100 MHz) and'H NMR (400 MHz) Data for Lissoclibadins 22) and 6 @) in CDsOD

lissoclibadin 5 2)

lissoclibadin 6 8)

position dc On, mult. HMBC NOESY oc O, mult. HMBC NOESY
1 124.8 1355
2 132.8 140.9
3 146.0 149.8
4 149.6 151.2
5 114.2 6.94, s 1,3,4,6,7 7,9 115.2 7.06, s 1,3,7 7,9
6 132.8 136.7
7 30.9 298, m 8 5,8,10 32.2 3.25;m 1,5,8 5
341, m 1,5,6,8 5,8,10 4.57, m 5,6,8
8 59.3 341, m 7,10 7,10 60.5 3.24, m 7,10 10
3.66, m 10 10
9 57.6 3.89,s 4 5 61.0 3.90, s 4 5
10 43.5 3.01,s 8,10 7,8,9 43.6 3.01,s 8,10 8,9
1 128.4 141.7
2 136.6 141.1
3 154.1 158.2
4 157.0 157.9
5 134.0 136.3
6' 136.2 132.7
7 29.0 2.98, m 8 8,12 30.9 341, m 58
3.61, m 6,8 8,12 3.59, m 16,8 8
8 58.9 3.19,m 712 7,12 58.1 3.14,m 12 7,12
3.92,m 7,12 7,12
9 61.22 3.93,s 3 10, 10 56.9 3.86,s 3 10, 10
10 62.00 3.93,s 4 9,11 62.0 3.87,s 4 9,17
11 19.2 2.46,s 5 10 19.0 2.45,s 5 10, 12
12 43.8 3.01,s 812 7,8 43.6 3.01,s 812 8,11
a.beSjgnals are interchangeable for the same letters.
Table 3. 13C (100 MHz) and'H NMR (400 MHz) Data for NH,
Lissoclibadin 7 4) in CDsOD om
— e
position oc On, mult. HMBC NOESY HO S—s
1 136.1
2 129.9
3 151.7 =S OH
4 151.2 OMe
5 115.7 7.03,s 1,3,4,6,7 7,9
6 133.1 NH,
! 318 3.24,m 1,568 5 Figure 3. Structure of lissoclinotoxin D.
8 59.5 3.26, m 6,7,10 10
9 57.0 3.90, s 4 5
10 43.6 2.94,s 8,10 8

Table 4. Antimicrobial Activity of Compoundsl—4 (This

Study) and5—112

The ethanol extract was filtered, and the organism was further extracted
three times with EtOH fol h bysonication. The extract was evaporated
(16.0 g), suspended in 1.0% MBH(aqg), and applied on an HP-20
column (1 L). The column was washed with 1.0% MHH(aq) and

M. hiemali§  S. cereisiae S. aureus E. coli eluted with EtOH. The EtOH eluate was partitioned betwediexane
compd 56 20 50 20 50 20 50 20 and MeOH-0.1% TFA (4:1), and the lower layer was evaporated to
give 6.5 g of an alkaloid fraction. The alkaloid fraction (1.4 g) was

1 c 13.¥ 108 157 separated by LH-20 column chromatography (250 mL) with MeOH

g gé igg 1?)3 iég into two fractions (1 and 2). Fraction 1 (0.8 g) was subjected to LH-20

4 16.8 13.1 94 99 column chromatography and HPLC (ODS, linear gradient elution with

5 : : ) ’ MeOH-0.1% TFA, 1:4 to 9:1) to givd (4.1 mg),2 (5.1 mg),3 (5.0

6 13.8 mg), 5 (35.0 mg),6 (10.0 mg),7 (2.9 mg),8 (8.4 mg),9 (8.5 mg),10

7 (10.0 mg), and.1 (2.8 mg). Compound (11.0 mg) was isolated from

) fraction 2 (0.6 g) by LH-20 column chromatography (twice with MeOH)

9 180 105 followed by HPLC (same condition as above).

10 230 174 118 10.3 17.8 144 Lissoclibadin 4 (1): isolated as a bis-TFA salt; UV (MeOHnax

11 262 196 152 105 142 171 131  (log €) 258 (4.06), 311 (3.81) nm; IR (KBrymax 2731, 1683, 1466,

aTest microorganisms: see Experimental Sectddmount g/
disk). °Not active.qInhibition zone (mm).

1397, 1267, 1204, 1132, 1069, 961 ¢intH and**C NMR data, listed
in Table 1; FABMSn/z 483 [M + H]*; HRFABMS m/z 483.1464
(calcd for G;H31N204S;, 483.1446).

Lissoclibadin 5 (2): obtained as a bis-TFA salt; UV (MeOH)nax

measured on a JEOL AL 400 NMR spectrometer. Mass spectra were (log €) 255 (4.10), 302 (3.86) nm; IR (KBrymax 2934, 2714, 1683,

obtained by a JEOL JMS-MS 700 mass spectrometer (FAB mode, 1459, 1388, 1203, 1132, 1022, 960 ¢iitH and**C NMR data, listed

m-nitrobenzyl alcohol or glycerol as the matrix).
Ascidian. Lissoclinumcf. badiumwas collected by scuba diving at ~ (calcd for GaHssN204Ss, 543.1480).

—7 to —19 m off the coral reef in Manado, Indonesia, in March 2006. Lissoclibadin 6 (3): isolated as a bis-TFA salt; UV (MeOHjnax

The voucher specimen is deposited at the Nagoya University Museum (log €) 260 (4.25), 310 (3.93) nm; IR (KBrymax 2725, 1680, 1462,

as NUM-Az0391.

in Table 2; FABMSm/z 543 [M + H]*; HRFABMS m/z 543.1495

1380, 1267, 1203, 1131, 1064, 1020, 960 &mH and**C NMR data,

Extraction and Isolation. The ascidian (about 600 g) was cut into  listed in Table 2; FABMSwz511 [M + H]"; HRFABMSm/z511.1753
small pieces and soaked in EtOH on a boat immediately after collection. (calcd for G4H3sN204S;, 511.1759).
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Lissoclibadin 7 (4): obtained as a bis-TFA salt; UV (MeOH)nax References and Notes

(log €) 260 (4.03), 322 (3.88) nm; IR (KBrymax 2732, 1682, 1459, (1) Liu, H.; Pratasik, S. B.; Nishikawa, T.; Shida, T.; Tachibana, K.
1201, 1129, 1064, 961 crhy *H and**C NMR data, listed in Table 3; Fujiwara, T.; Nagai, H.; Kobayashi, H.; Namikoshi, Metrahedron

FABMS m/z 258, 515 [M+ H]*; HRFABMS m/z 515.1152 (calcd for Lett. 2004 45, 7015-7017.

C22H31N20,S,, 515.1167). (2) Liu, H.; Fujiwara, T.; Nishikawa, T.; Mishima, Y.; Nagai, H.; Shida,
Antimicrobial Activity. The growth inhibitory activity ofL—4 was T.; Tachibana, K.; Kobayashi, H.; Mangindaan, R. E. P.; Namikoshi,

examined by a paper disk method agaidstcor hiemalislAM 6088 M. Tetrahedron2005 61, 8611-8615.

(fungus),Saccharomyces carisiae|AM 1438T (yeast) Staphylococcus (3) Davidson, B. S.; Molinski, T. F.; Barrows, L. R.; Ireland, C. M.

aureuslAM 12544T (Gram-positive bacterium), arEscherichia coli Am. Chem. Socl991, 113 4709-4710.

i : : : : (4) Searle, P. A.; Molinski, T. FJ. Org. Chem1994 59, 6600-6605.
IAM 12119T (Gram-negative bacterium) as test microorganisms. The (5) Litaudon, M. Trigalo, F.: Martin, M.-T.. Frappier, F.; Guyot, M.

results are listed in Table 4.

Relative Plating Efficiency. Chinesg har_nste_r V79 cells were grown (6) E%tggggégﬂle?% gO E:ﬁi;i??’é J.; CaBeK.; Chan, G.; Freyer,
as a monolayer in Eagle’s MEM (Nissui Seiyaku Co., Ltd., Tokyo, A.; Hemling, M. E.; Hofmann, G. A.; Mattern, M. RTetrahedron
Japan) with 10% heat-inactivated FBS. Two hundred cells were seeded 1994 50, 12785-12792.
onto a 60/15 mm Petri dish in 4 mL of MEM with 10% FBS and (7) Patil, A. D.; Freyer, A. J.; Killmer, L.; Zuber, G.; Cart8.; Jurewicz,
incubated overnight at 37C. Samples were dissolved in DMSO, and A. J.; Johnson, R. KNat. Prod. Lett.1997 10, 225-229.

4 ul of each sample was added to the dish, which were incubated for ~ (8) Appleton, D. R.; Pearce, A. N.; Lambert, G.; Babcock, R. C.; Copp,
another 4 days. The numbers of colonies in the sample dishes were B. R. Tetrahedron2002 58, 9779-9783.

. : : . (9) Makarieva, T. N.; Stonik, V. A.; Dmitrenok, A. S.; Grebnev, B. B.;
counted and compared with those in the control dishes. The relative Iskov, V. V.; Rebachyk, N. MJ. Nat. Prod.1995 58, 254258,

plating efficiency of the sample against V79 cells at a given concentra- (10) Davis, R. A.; Sandoval, I. T.; Concepcion, G. P.; da Rocha, R. M.;

tion (0.01-10uM) was described as the ratio of the number of colonies Ireland, C. M.Tetrahedron2003 59, 2855-2859. '
in the sample dish to that in the control culture as described in previous (11) Oda, T.; Kamoshita, K.; Maruyama, S.; Masuda, K.; Nishimoto, M.;
papers?13 Xu, J.; Ukai, K.; Mangindaan, R. E. P.; Namikoshi, Biol. Pharm.

Bull., in press.
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