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Abstract: Three new kalihinane diterpenoids A% kalihinol Y (1), 10-epikalihinol I (2) and 5,10-
bisisothiocyanatokalihinol G (3) were isolated in the present study along with previously detected
kalihinane diterpenoids kalihinol A (4), kalihinene (5) and 6-hydroxykalihinene (6) from the
Okinawan marine sponge, Acanthella sp. Kalihinol A (4) was noted to possess remarkable in vitro
antimalarial activity. © 1998 Elsevier Science Ltd. All rights reserved.
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Various natural products have recenily been isoiated from marine invertebraies and many of which,
from marine sponges, are of considerable interest for their unique structural features and biological activity.!
Over thirty kalihinane diterpenoids, having isonitrile, isothionitrile and/or formamido functionalities have been
obtained from marine sponges.2-14 Members of this series of compounds have antimicrobial,24 antifungal,?-
468 cytotoxic,® anthelmintic37 and antifouling!!-14 properties, The antimalarial activity of axisonitrile-3
containing isonitrile group, isolated from the marine sponge Acanthella klethra, has been demonstrated,!>

which prompted the isolation of various antimalarial compounds containing isonitrile or isothionitrile groups
have been isolated from marine sponges.!6-21  In the present study on biological active compounds of

0
Okinawan marine invertebrates,?Z a new isocyano diterpenoid A%-kalihinol Y (1) and two new isothiocyano
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previousiy detected kalihinol A24 (4), kalihinene® (5) and 6-hydroxykalihinene0 (6). This paper describes

the isolation, structural elucidation and antimalarial activity of these compounds.

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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Sponge specimens (wet weight 1.4 kg), obtained from the cor:

i reef of Ishigaki Island, Okinawa,
Japan, in September 1995, were immersed in MeOH and then acetone. The MeOH and acetone extracts were
combined and partitioned between AcOEt and H,O. The AcOEt soluble portion (14.8 g) was repeatedly
chromatographed on a silica gel column to give isocyano diterpenoid A%-kalihinol Y (1) (12 mg), isothiocyano
diterpenoids 10-epikalihinol T (2) (14 mg), 5,10-bisisothiocyanatokalihinol G (3) (11 mg), along with the

previous isolated kalihinol A24 (4) (85 mg), kalihinene6 (5) (31 mg) and 6-hydroxykalihinene!? (6) (6.7 mg).
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A9%-Kalihinol Y (1) was found to have the molecular formula C,1H3,NO,Cl based on high resolution

mass measurement. The IR spectrum of 1 showed absorptions at 3449 cm-! due to the hydroxyl group and
IR absorption at 2160 cm-! and a singlet at 8¢ 156.4, a broad triplet (/ = 5 Hz) at 8¢ 63.7 in 13C NMR

spectrum indicated the presence of one isocyano group (Table 1). A trisubstituted double bond was shown to
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be present by the NMR spectrum [8y 5.32 (1H, dd like), 1.63 (3H, s); d¢ 134.4 (C), 120.5 (CH), 20.7
(CHa)]. The NMR spectra of 1 were closely related to those of reported kalihinol Y# except for signals of the

trisubstituted double bond instead of the exo-methylene group in kalihinol Y, suggesting A%-kalihinol Y to
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have the structure of 1. The plane structure of 1 was confirmed by COSY, HMQC and HMBC spectra. In
the 1H NMR spectrum, H-1 appeared as a broad triplet (/ = 10.5 Hz) at 8y 2.18, indicating an axial
configuration. NOESY correlation was indicated between H-1 and H-7 (8 1.78). The decalin ring system
of 1 is thus shown to be trans-fused and H-7 to have the axial configuration. The equatorial orientation of
Me-19 was confirmed by its chemical shift (3¢ 28.7). The equatorial orientation of H-5 was determined
based on NOESY correlations (H-5/H-6 and H-5/H-18). The axial orientation of Me-18 was confirmed by its
chemical shift (3¢ 18.0). The coupling constants of H-14 (J = 12, 4.4 Hz) indicated axial orientation of H-

uration of A%-kalihinol Y was thus concluded to he 1
fion of A7-Xalnol Y was s conciuded to be 1.
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Tabie 1 NMR data for A%kaiihinoi Y (1), 10-epikalininoi i (2) and 5,10-bisisothiocyanatokaiininol G (3)
A%-kalihinol Y (1) 10-epikalihinol | (2) 5,10-bisisothiocyanatokalihinol G (3)
3C NMR?®  'H NMRP 3C NMR2 'H NMRP 13C NMR2  'H NMR®
1 37.1(CH) 2.18(brt,10.5) 436 (CH) 164 433(CH) 168
2 25.6 (CHy) 1.23 221 (CHp) 152 220 (CHp) 157
1.90 1.76 1.78
3 33.9 (CH,) 156 33.3(CHp) 160 332(CHy) 164
1.90 174 1.75
4 71.0 (C) - 71.0 (C) - 71.5(C) .
5 63.7* (CH) 4.31 66.0 (CH)  4.68 (brt, 1.9) 65.3 (CH)  4.44 (brt,1.9)
6 38.7 (CH) 201 38.2 (CH) 206 38.0 (CH) 206
7 45.4 (CH) 1.78 49.1 (CH) 158 468 (CH) 173
8 26.8 (CHy) 164 22.6 (CHy) 0.98(qd, 13.5,34) 24.8(CH)) 1.19
9 1205 (CH) 5.32(dd like) 40.1(CH,) 1.80(dt, 3.7, 13.3) 40.2 (CHo) 1;‘3
1.97 (dt,13.3, 3.5) 1.98
10 134.6 (C) - 63.8 (C) - 63.8 (C) .
11 76.8 (C) - 77.0 (C) . 87.3 (C) -
12 37.7 (CHp) 151 38.1 (CHy) 159 38.1 (CHy) 164
1.64 1.60 1.75
13 27.4 (CHp) 2.00 27.4 (CHy) 203 25.1 (CHy) 182
211 208 205
14 64.7 (CH) 3.76(dd,12,4.4) 64.2(CH) 3.76(dd,12, 4.8) 83.5(CH) 3.94(dd 9.1,4.2)
15 76.8 (C) - 76.1 (C) - 63.6 (C) -
16 22.9 (CHg) 137 23.0 (CHg) 135 255(CHs) 136
17 30.9 (CHy) 1.39 30.9 (CHs) 1.36 245(CHz) 138
18 18.0 (CHz) 120 19.4 (CHz) 1.19 17.8(CHz) 1.05
i9 28.7 (CHg) 1.43 29.3 (CHgz) 135 29.1 (CHg) 1.39
20 20.7 {CH3) 163 20.9(CHj3) 1.3 20.9(CHs) 134
5NC  156.4(C)
5-NCS 130.7 (C) 1305 (C)
10-NCS 131.1 (C) 131.1* (C)
15-NCS 131.27 (C)

8 100MHz, CDCl3., ® 400MHz, CDCl5. *signal appears as a broad triplet (J = 5Hz),
**interchangeable
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10-Epikaiihinol 1 (2) was found to have the molecular formula C,;,H33N,0,5,CI based on high
resolution mass measurement. The IR spectrum of 2 showed absorptions at 3518 cm-! due to the hydroxyl
group. Two isothiocyano groups were recognized by IR absorption at 2179 cm!, UV absorption (Aj,,x 246
nm) and 13C NMR spectrum (8¢ 130.7 and 131.1).  The plane structure of 2 was clarified from COSY,
HMQC and HMBC spectra. The NMR spectra of 2 were closely related to those of reported kalihinol 17
except for chemical shifts of Me-20 (3¢ 20.9) and C-10 (3¢ 63.8), suggesting compound 2 to be 10-

epikalihinol I.  The relative stereochemistry of 2 was confirmed from NOESY correlations and chemical shifts

of methvl oroune in 130 NMR
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5,10-Bisisothiocyanatokalihinol G (3) was found to have the molecular formuia C23H33" »S3 based
on high resoiution mass measuremeni. The IR spectrum of 3 indicated absorptions at 3501 cm-1 due to the

hydroxyl group. Three isothiocyano groups were recognized by IR absorption at 2109 cm-!, UV absorption
(Amax 246 nm) and 13C NMR spectrum (8¢ 130.5, 131.1 and 131.2).  The plane structure of 3 was
determined by COSY, HMQC and HMBC spectra. The NMR spectra of 3 were closely related to those of
previously noted for kalihinol G.# The relative stereochemistry of 3 was confirmed by NOESY correlations
and chemical shifts of methyl groups in ‘3C NMR,

10-Epikalihinol I (2), 5,10-bisisothiocyanatokahihinol G (3), kalihinol A (4), kalihinene (5) and 6-
hvdroxvkalihinene (&) exnressed cvtotoyxic activity toward the malaria naracite Placmadium folcinarim (Tahla
AAJ L2 vl‘.J AviRiBRiAREVARw (V) Vl\.ll WP IS VJ FUMU MLV AWMLY lIrJ LW VY QAR NS VLW LilAdGaiaw Pul SRR X iw-}"}v“l“liiju&\'i AT A \ 1 auriw
2).  Additional examination of these compounds for their effects on the FM3A cells has led to the

1ok SOEN 8

establishment of an experimental selectivity index (SI) by which observed antiplasmodial activity can be
assessed as a specific ally or general by toxic. Kalihinol A (4) was found to have particularly potent (ECsq
1.2 x 102 M) and selective (SI 317) in vitro antimalarial activity.

Table 2 Cytotoxicity of Compounds 2-6 to FM3A and Plasmodium falciparum (Antimalarial Activity)

P. falciparum FM3A

compounds ECso (M) ECso (M) l
10-epikalihinol | (2) >1.8x10°° (62%)3 - -
5,10-bisisothiocyanatokalihinol G (3) 26x10° 7.0x107 -
kalihinoi A (4) 1.2x10° 3.8x107 317
kalihinene (5) 1.0x108 3.7x10°8 4
6-hydroxykalihinene (6) 8.0x108 1.2x10°® 15
mefloquine® 3.2x108 2.9x108 90

a Growth percentage at concentration indicated.

b Selectivity index {S!) detined as ratic of FM3A cells cytotoxicity to P. falciparum

¢ Antimalarial standard.

The absolute configuration of kalihinane dlterpen()lds has not yet been reported. A total synthesis of
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Experimenial

Meiting points were measured on a Yazawa BY-2 micro melting point apparatus without correction.
Optical rotation was measured with a JASCO DIP-360 automatic polarimeter. Infrared (IR) spectra were
recorded with a Perkin-Elmer FT-IR 1710 spectrometer.  Ultraviolet (UV) spectra were recorded with a
JASCO V-550 spectrophotometer. TH and 13C NMR spectra were recorded with a Bruker AM-400 or Bruker
AM-500. Chemical shifts were expressed on a & (ppm) scale with tetramethylsilane (TMS) as the internal

standard (s, singlet; d, doublet; , triplet; q, quartet; m, multiplet; br, broad). Electron impact mass spectra

(EIMS), fast atom bombardment mass spectra (FABMS) and high resolution electron impact mass spectra
(HREIMS) ware nhtained with a Hitachi M_20 or V(3 Antn Sner cnectramater
\‘ .A\u‘x'lv, FY Wi VULMMALIEWNAE TV ELIL &8 A ARWAVIARL UVE U UR Y NI (3 ULwV Uy\.r\./ L)}N\Illulll\dwl

Animal Material, Extraction and Isolation. Specimens of orange marine sponge, Acanthella
sp. were collected by scuba diving at depths of 5-8 m off the coral reef of Ishigaki Island (Okinawa, Japan) in
September 1995, and kept frozen until extraction. Wet specimens (1.4 kg) were immersed successively in
MeOH (6 L, 3 L x 5) and then acetone (6 L x 2). The MeOH extracts (100 g) and acetone extracts (2.32 g)
were combined and partitioned between H,O (450 mL) and AcOEt (500 mL, 250 mL x 10).

The AcOEt-soluble portion (14.8 g) was chromatographed on a silica gel column to give three fractions:
fraction 1 (4.62 g) eluted with hexane-AcOEt (5:1), fraction 2 (3.28 g) eluted with hexane-AcOEt (1:1) and
eluted with AcOFt and MeQ
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(297 mg), fraction 1-2 (4.00 g), fraction 1-3 (212 mg), fraction 1-4 (677 mg) and fraction 1-5 (517 mg).

Fraction 1-4 was subjected to chromatography on ODS with MeOH-H,O (15:1) to give fraction 1-4-1 (121
mg), fraction 1-4-2 (57.5 mg), fraction 1-4-3 (8.5 mg) and fraction 1-4-4 (274 mg).  On fraction 1-5,
chromatography on ODS was conducted with MeOH-H,0 (8:1) to give fraction 1-5-1 (20.0 mg), fraction 1-5-
2 (164 mg), fraction 1-5-3 (21.1 mg), fraction 1-5-4 (33.8 mg) and fraction 1-5-5 (204 mg). Fractions 1-4-1
and 1-5-1 were combined and subjected to repeated chromatography on silica gel with CHCI3-Et,O (30:1),
hexane-Et;0 (2:1) and to repeated flash chromatography on ODS with MeOH- H,O (6:1) to give kalihinene®

(5) (34.0 mg). Fraction 1-5-2 was subjected to flash chromatography on silica gel with hexane-acetone (8:1)
zed from AcQFEt-hexane to mve= crude cryst talline A9-kalihinol Y (1) (432 mg) The crude

and crystalliz
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romatography on ODS with MeOH- H,O (8:1) io give 6-hydroxykalihinene!9 (6)

=

5-3 was subjected to flash ¢
(6.7 mg).

Fraction 2 was subjected to chromatography on silica gel with hexane-AcOEt (5:1) to give fraction 2-1
(77.7 mg), fraction 2-2 (2.11 g) and fraction 2-3 (633 mg). Fraction 2-1 underwent repeated
chromatography on silica gel with CHCI;3-Et;0 (30:1) and hexane-acetone (8:1) to give crude crystalline 10-
epikalihinol I (2) (20.5 mg). The crude crystals were recrystallized from EtOH to give colorless needles of
10-epikalihinol I (2) (14.0 mg). Fraction 2-3 was subjected to chromatography on silica gel with CHCl;-

Et,0 (9:1) to give fraction 2-3-1 (57.8 mg), fraction 2-3-2 (12.0 mg) and fraction 2-3-3 (350 mg). On
Fenntinm V.21 vamantad flach nhe~matagranhy an cilica oal wae ravriad Ant with havana_acratana (8:1) and nn
llabllUll LT L, IC})CQI.CU Haosli1l blllUlllatUslaiJ!l)’ Ul dl1iva E\Jl Waod Lailivu Uul wWitkl nHuAanivTavuiuin (J. 1) alg v
..... 1. RaA_ L 8 IV A Yo TS RNV I - IV Y M-S0 SUpIYS ISPl s B3 SeJpis Yo B se ANV T TIY o WSNE | ) oSS T B | a
ODS with MeOH-H>O (9:1) to give 5,10-bisisothiocyanatokahihinol G (3) (11.0 mg . rraction 2-3-2Z was
diluted with EtOH and filtered through active carbon to give crude crystailine kalihinol A. The crude crystals

were recrystallized from EtOH to give colorless needles of kalihinol A24 (4) (85.0 mg).
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A W alithinal V 1) rnlaclace nandla: mam 100 10N O Tl 12Q AC (A NMA LI N\ D /D 2440
O TERGIEIINUR K (1), CUIULICOD 1ITCUIC, THP 100717V U, [W]D TI0.9 (U U,2%, LTI 13 ), IR\ \DD1j O9%7,
2160 cm!; tH NMR (400 MHz) and 13C NMR (100 MHz) see Tabie 1; HMBC correlation (H/C) 1/6, 2/3,
5/1, 5/3, 5/4, 5/6, S/NC(S), 7/11, 7/18, 9/1, 9/7, 9/8, 9/20, 12/18, 14/13, 14/15, 14/16, 14/17, 16/15, 17/14,

17/15, 17/16, 1877, 18/11, 18/12, 19/3, 19/4, 19/5, 20/1, 20/9, 20/10; NOESY correlation (H/H) 1/7, 5/6,
5/18, 5/19; EIMS m/z 365(M*); HREIMS: Calcd for C;;H3,CINO;, (M+) 365.2122: Found: 365.2118.

10-Epikalihinol I (2): colorless pillar: mp 209-210 °C; [a]p -52.4° (¢ 0.3, CHCIl3); IR (KBr) 3518,
2179, 2137 cm}; UV (MeOH) Ay, 246 nm (€ 1161); 'TH NMR (400 MHz) and '3C NMR (100 MHz) see

Table 1; HMBC correlation (H/C) 5/1, 5/3, 5/4, 5/6, 5/19, 5/NCS(5), 6/1, 6/7 QII Q/7 9/ 00 13/11

able 1; HMBC correlatior NEA/ ) Pihy Jidy JiIT GiU, SRSy DIINSNIN\J )y Uik Uiy Fiiy ZiU0y Fl&\y LI[ R Ly
13/12, 13/14, 13/15, 14/15, 14/16, 14/17, 16/15, 17/15, 18/11, 18/12, 19/3, 19/4, 19/5, 20/1, 20/9, 20/10;
NOESY correlation (H/H) 1/7, 5/6, 5/18, 5/19, 8ax/20, 9eq/20; FABMS m/z 456(M+); EIMS m/z 438(M+-

i
20); HREIMS: Calcd for Cy3H31CIN2OS; (M*-H0) 438.1566: Found: 438.1563.

5,10-bisisothiocyanatokalihinol G (3): colorless oil: [a]p -62.7° (¢ 0.8, CHCIl3); IR (neat)
3501, 2109 cm1; UV (MeOH) Anax 246 nm (€ 1660); TH NMR (400 MHz) and 13C NMR (100 MHz) see
Table 1; HMBC correlation (H/C) 5/1, 5/3, 5/4, 53/6, 5/NCS(5), 9/7, 14/16, 14/17, 18/7, 18/11, 18/12, 19/3,
19/4, 19/5, 20/1, 20/9, 20/10; NOESY correlation (H/H) 5/6, 5/18, 5/19, 9eq/20, 14/18; EIMS m/z 479(M*);
HREIMS: Calcd for Cy3H33N10,83 (M*) 479.1735: Found: 479.1731,

................... 23

Antimalarial Assay. Materials; Mefloquine was a gift from F. Hoffman-La Roche LTD (Basel,
Switzeriand).  Parasites of P. falciparum and P. berghei; Plasmodium falciparum strain FCR-3 (ATCC
30932) was used in our study. P. falciparum was maintained in vitro at 37°C in RPMI 1640 medium
(Gibco, NY) containing human red blood cells (RBCs, type A) at 5% hematocrit in 24-well microplates.23
The microplates were placed in a CO; incubator (5% CO3, 5% O3, 90% N») at 37°C and the medium was
changed daily. Mammalian cells; A wild-type mouse mammary tumor FM3A cell line (subclone F28-7) was
supplied by the Japanese Cancer Research Resources Bank (JCRB). FM3A cells were maintained in

suspension culture at 37°C in a 5% CO; atmosphere in plastic bottles containing ES medium (Nissui

Pharmaceuticale Taokva JTanan) cunnlemented with 29% heat-inactivated fetal vine cernim (Giheo V) 24
raarmaceulicals, 10XyQ, Japan) suppiemenicc willl 2% neal-mnacuvaled iglar dovinge serum (U1oCo, N Y ),

| faom rravbiavan 1 .7 £ At al e o Tha fAllawiinag mennadiseas wraea 2oa A Fav cmaibion , £
1 vilro daiiuilid 1 1 Alurneneiiud DP y H1ICT lUllUWlllg l}lULCUUICD WCIT UaCu | vuu i

~

5 Various concentrations of compounds in dimethyisuifoxide were prepared. Ten
microliters of each solution was added to individual wells of a 24-well plate.  Erythrocytes with 0.3%
parasiternia were added to each well containing 990 pL of culture medium to give a final hematocrit level of
3%. The plates were incubated at 37°C for 72 h in a CO; incubator (5% CO,, 5% O3, 90% Njy). To
evaluate the antimalarial activity of compounds of Acanthella sp., we prepared thin smears from each culture
and stained them with Giemsa (E. Merck, Germany). More than 10000 erythrocytes were examined under
microscopy. All of the test compounds were assayed in duplicate at each concentration. Drug-free control

cultures were run simultaneously.  All data points represent the mean of at least two experiments. The fifty

narnant Il‘\“\;h;"(\ﬂl I‘I\ﬂf\ﬂﬂ’f')';f\n 'r‘_ 1/ac Anfnm\;nnr‘ h‘l OoNAMmnarionn fl'\ Al'lln_ TrER nnnfrn]c I“f‘llha’p[‘ II“I’IP"
}J\Jl\/\/lll llllllUll—Ul] \—Ull\a\lllllallull’ l\_/DU, YWAd Ui riEiiianGg wr U\’lll}lull’\lll [SUARW S I-IS 1WAy VUZRILE VIO 1MIvUUALWwY uiivvil
P T L YL S [ AP SR Ly 11 12w Ml o Sele o A leliias gl AF alanaie 179 T
LNe s4inic Conainons. 1 CCIL LTIHEC, LIS ZICW Wil a UOUULIHE LHIC U1 aDVUl 12 1.
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were added to individual wells of a 24-well plate. The plates were incubated at 37°C in a 5% CQ; atmosphere
for 48 h. Cell numbers were measured using a blood cell counter CC-108 (Toa Medical Electric Co., Japan).
All data points represent the mean of at least two experiments. 1Csg was determined compared with those in
drug-free controls incubated under the same conditions.
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